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Executive Summary

We conducted a Species Status Assessment (SSA) to assess the viability of Suckley’s cuckoo bumble bee
(Bombus suckleyi). We define viability as the ability of a species to maintain populations in the wild over
a biologically meaningful timeframe. We characterized the viability of Suckley’s cuckoo bumble bee over
time by assessing its ability to withstand environmental, genetic, and demographic stochasticity and
disturbances (resiliency), catastrophic events (redundancy), and novel changes in its biological and
physical environment (representation). Suckley’s cuckoo bumble bee viability is fostered by maintaining
the demographic and genetic health of its populations and preserving potential connections between
populations.

Biology and habitat requirements: Suckley’s cuckoo bumble bee is an obligate social parasite of social
bumble bees in the genus Bombus. Cuckoo bumble bee females emerge from hibernation in the spring
and usurp the nest of a suitable host colony, where host workers provision their young. Suckley’s cuckoo
bumble bee is described as a semi-specialist parasite and is confirmed to usurp nests of Western bumble
bees (Bombus occidentalis) and Nevada bumble bees (Bombus nevadensis), with other potential hosts in
subgenus Bombus throughout the extent of its range. The species has a broad distribution across North
America, stretching from the Yukon down to Arizona and as far east as Newfoundland. The species has
been collected in various habitat types from 2 to 3,200 meters (6 to 10,500 feet) in elevation.

Suckley’s cuckoo bumble bees cannot successfully reproduce without the availability of suitable host
colonies. Additionally, they require a diversity of native floral resources (pollen and nectar) for nutrition.
Little is known about bumble bee overwintering sites, however they are an important habitat need.
Bumble bees require temperatures to be within a suitable range throughout their lifecycle, however this
number appears to be highly variable both across and within bumble bee species.

Methods: We assessed Suckley’s cuckoo bumble bee viability by evaluating the historical and current
condition of its populations and identifying the primary influences leading to the species current
condition. Climatic influences and land use and management are the key factors driving a multitude of
stressors for Suckley’s cuckoo bumble bee. We used a published multi-species occupancy model
incorporating bumble bee data from across North America to understand trends in both Suckley’s
cuckoo bumble bee and host species occupancy. Our dataset included 2,317 occurrence records of
Suckley’s cuckoo bumble bee. We projected future changes in occupancy using Representative
Concentration Pathway (RCP) climate projections under lower emissions scenario RCP4.5 without trend
momentum (Scenario 1) and higher emissions scenario RCP8.5 with trend momentum (Scenario 2).
Trend momentum accounts for changes in occupancy due to historical drivers, for which we do not have
data, by modeling temporal changes in occupancy. Key uncertainties and the viability implications are
described at the end of the SSA report.

Results: Based on results from a published occupancy model updated for this SSA, we estimate Suckley’s
cuckoo bumble bee has exhibited a strong, statistically significant temporal decline in probability of
occupancy, range wide. This equated to a roughly 85 percent decline in probability of occupancy
between 1900 and 2020. From 1900-1960, the median probability of occupancy of Suckley’s cuckoo
bumble bee range wide was 0.65. By the current time period (2000-2020) all analytical units are
estimated to have lower probability of occupancy, with median probability of occupancy less than 0.16
for all analytical units and 0.13 range wide. Suckley’s cuckoo bumble bee has not been observed in the
current time period (post 2000) in three of four eastern analytical units and three of eleven western
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analytical units. We considered all analytical units with no current observations of Suckley’s cuckoo
bumble bee to be quasi-extripated, except for the Taiga Plains where sampling has been more limited.
The species has not been observed in the contiguous United States since 2016, despite an expanding
survey effort throughout the range through various programs such as the Pacific Northwest Bumble Bee
Atlas. Additional analyses of host species occupancy indicates that four of six host species exhibited
statistically significant temporal declines in probability of occupancy range wide.

The probability of occupancy of Suckley’s cuckoo bumble bee is projected to decline into the future
across the range under both scenarios, and in all analytical units, with more marked declines under
Scenario 2. In the near term (2020-2040) median probability of occupancy is expected to be less than
0.11 under (Scenario 1) and less than 0.05 under (Scenario 2) across all analytical units. In Scenario 1,
median probability of occupancy for all analytical units is estimated to be less than 0.12 beyond mid-
century (2040-2060). Under Scenario 1, projected probability of occupancy in northern analytical units
levels off relative to historical declines, indicating these northern areas may not be as impacted by
climate change in the long term, if in fact declines related to other non-climatic factors are minimal in
the future. In Scenario 2, median probability of occupancy is estimated to be at or near zero in all
analytical units by the 2060-2080 period indicating that, with a worse climate scenario and trend
momentum, nearly all locations across the range are expected to be unoccupied by this time. Confirmed
and widely documented host Bombus occidentalis was projected to decrease in probability of occupancy
under both scenarios, at all time periods, in all analytical units.

Viability synthesis: While there is a paucity of information available about Suckley’s cuckoo bumble bee
biology, occurrence records and occupancy analysis point to widespread declines. One important
uncertainty in the occupancy modeling is it may fail to capture some features that the species’ responds
to at a smaller scale, due to the coarse spatial resolution of the model. The model also does not account
for host species presence, which is required for Suckley’s cuckoo bumble bees to reproduce.
Nevertheless, we have evidence the species is currently in a low resiliency state because the species has
not been observed since 2016 in the contiguous United States and probability of occupancy has declined
85 percent range wide. There has been a loss of redundancy because three of four eastern analytical
units and two of eleven western analytical units are currently in a quasi-extirpated state. Representation
has also declined as a result of this range contraction and occupancy decline, because the breadth of
phenotypic, genetic, and ecological diversity of Suckley’s cuckoo bumble bee is likely lower than
historically.

Under both future scenarios we projected a range wide decline in Suckley’s cuckoo bumble bee, with
Scenario 2 indicating range wide quasi-extirpation by 2060—2080. Thus, in the future we expect the
species to have low to no resiliency, redundancy, and representation. It is likely that any persisting bees
will occur in isolated populations, potentially with low genetic diversity. Finally, it is important to note
that the viability of Suckley’s cuckoo bumble bee is dependent on its host species, many of which have
declined historically and are expected to continue to do so in the future.
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2 Introduction and Analytical Approach

This report synthesizes the results of a Species Status Assessment (SSA) conducted by the U.S. Fish and
Wildlife Service (Service) for Suckley’s cuckoo bumble bee (Bombus suckleyi). Suckley’s cuckoo bumble
bee has historically been found throughout much of the western North America, as far south as Arizona
and in Canada as far north as Yukon and the Northwest Territories. It has also been found into the
eastern Canadian provinces from the Hudson Bay, east to the Canadian Maritime provinces.

This SSA report synthesizes available information on Suckley’s cuckoo bumble bee’s biology and threats
and assesses the species’ current and future viability. Viability is the ability of a species to maintain
populations in the wild over time. To assess viability, we use the conservation biology principles of
resiliency, redundancy, and representation (3Rs, adapted from Shaffer & Stein, 2000, pp. 308-311; Wolf
et al., 2015, entire). To sustain populations over time, a species must have the capacity to withstand:

(1) environmental and demographic stochasticity and disturbances (resiliency),
(2) catastrophes (redundancy), and
(3) novel changes in its biological and physical environment (representation).

A species with a high degree of resiliency, redundancy, and representation is better able to adapt to
novel changes and to tolerate environmental stochasticity and catastrophes. In general, species viability
will increase with increases in resiliency, redundancy, and representation.

Resiliency is the ability of a species to withstand environmental stochasticity (normal, year-to-year
variations in environmental conditions such as temperature and rainfall), periodic disturbances within
the normal range of variation (fire, floods, and storms), and demographic stochasticity (normal variation
in demographic rates such as mortality and fecundity). Simply stated, resiliency is the ability to sustain
populations through the natural range of favorable and unfavorable conditions.

We can best gauge resiliency by evaluating population level characteristics such as: demography
(abundance and the components of population growth rate: survival, reproduction and migration),
genetic health (effective population size and heterozygosity), connectivity (gene flow and population
rescue), and habitat quantity, quality, configuration, and heterogeneity. Also, for species prone to
spatial synchrony (regionally correlated fluctuations among populations), distance between populations
and degree of spatial heterogeneity (diversity of habitat types or microclimates) are also important
considerations.

Redundancy is the ability of a species to withstand catastrophes. Catastrophes are stochastic events that
are expected to lead to population collapse regardless of population health and for which adaptation is
unlikely.

We can best gauge redundancy by analyzing the number and distribution of populations relative to the
scale of anticipated species-relevant catastrophic events. The analysis entails assessing the cumulative
risk of catastrophes occurring over time. Redundancy can be analyzed at a population or regional scale,
or for narrow-ranged species, at the species level.

Representation is the ability of a species to adapt to both near-term and long-term changes in its
physical (climate conditions, habitat conditions, habitat structure, etc.) and biological (pathogens,
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competitors, predators, etc.) environments. This ability to adapt to new environments—referred to as
adaptive capacity—is essential for viability, as species need to continually adapt to their continuously
changing environments. Species adapt to novel changes in their environment by either (1) moving to
new, suitable environments or (2) by altering their physical or behavioral traits (phenotypes) to match
the new environmental conditions through either plasticity or genetic change. The latter occurs via the
evolutionary processes of natural selection, gene flow, mutations, and genetic drift.

We can best gauge representation by examining the breadth of genetic, phenotypic, and ecological
diversity found within a species and its ability to disperse and colonize new areas. In assessing the
breadth of variation, it is important to consider any morphological, behavioral, or life history differences,
environmental or ecological variation across the range, and measures of interpopulation genetic
diversity. In assessing dispersal ability, it is important to evaluate the ability and likelihood of the species
to track suitable habitat and climate over time. Lastly, to evaluate the evolutionary processes that
contribute to and maintain adaptive capacity, it is important to assess (1) natural levels and patterns of
gene flow, (2) degree of ecological diversity occupied, and (3) effective population size. In our species
status assessments, we assess all three facets to the best of our ability based on available data.

2.1 Uncertainties

Suckley’s cuckoo bumble bee is only known from approximately 2,317 occurrence records from across
North America (the average number of occurrence records for all other North American bumble bee
species is 18,756). Cuckoo bumble bees, such as Suckley’s cuckoo bumble bee, are naturally lower in
abundance than eusocial bumble bees (bees which live in a colony with a social structure) and they do
not have a worker caste, so they are inherently more difficult to detect. There are few studies that focus
on Suckley’s cuckoo bumble bee as the focal species. A literature review found only eight studies
including Suckley’s cuckoo bumble bee (Dozier et al., 2023, p. 641). Of these eight, none focus on
Suckley’s cuckoo bumble bee behavior, ecology, biochemistry, conservation, immunology, parasitology,
or phenology (Dozier et al., 2023, p. 642). This leaves vast data gaps for conducting a species analysis.

Furthermore, we generally lack an understanding of cuckoo bumble bees, subgenus Psithyrus. Lhomme
and Hines (2019, p. 136) reviewed the ecology and evolution of cuckoo bumble bees and note that the
patterns described are limited by the lack of data on the subgenus Psithyrus. Bumble bees in general are
increasing in research and conservation attention, but Psithryus remain understudied; fewer than 2
percent of bumble bee publications focus on Psithyrus despite them making up 11 percent of the genus
(Bower et al., 2023, p. 518). Our understanding of Psithyrus behavior comes from studies of only a few
species (Dozier et al., 2023, p. 647). Additionally, the literature available is skewed toward European
species — approximately two thirds of the literature on Psithryus is from Europe (Dozier et al., 2023, p.
640).

During expert team meetings for this analysis, it was clear that we lack a nuanced understanding of
Suckley’s cuckoo bumble bee biology, the species range (see 3.4 Distribution for further discussion), and
the effects of various stressors on this species specifically. While conducting this analysis, when we
lacked specific information about Suckley’s cuckoo bumble bee, we leaned on information about cuckoo
bumble bees generally (subgenus Psithyrus) or bumble bees (genus Bombus) even more generally. We
note these applications when they occur to ensure transparency where species-specific uncertainties
exist. Acknowledging the paucity of data, we have recommended areas for further study (see 11.1
Suggestions For Future Work).
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3 Species Description and Needs

3.1 Taxonomy and Genetics

Bumble bees belong to the genus Bombus (Order Hymenoptera, Family Apidae). Bombus species are
grouped into subgenera based on behavior, morphology, and molecular phylogenies (Cameron et al.,
2007, entire; P. H. Williams et al., 2008, entire). There are approximately 250 bumble bee species
worldwide, with approximately 50 native bumble bee species in the United States and Canada. These
approximately 50 bumble bee species are grouped into eight sub-genera, of which Psithyrus is one (P. H.
Williams et al., 2014, pp. 10, 45).

Suckley’s cuckoo bumble bee was first described by John Greene (Greene, 1860, p. 169), and belongs to
the subgenus Psithyrus, commonly referred to as cuckoo bumble bees. Cuckoo bumble bees comprise
roughly 11 percent of all bumble bee species (Lhomme & Hines, 2019, p. 8), and historically were
classified as a separate genus due to their parasitic nature. Recent bumble bee phylogenetic analysis
(Cameron et al., 2007, entire; P. H. Williams et al., 2008, entire) recognized Psithyrus as a subgenus
within the genus Bombus. Suckley’s cuckoo bumble bee belongs to the bohemicus group of Psithyrus.
This group includes Bombus bohemicus, Bombus ashtoni, and two old-world species Bombus vestalis and
Bombus coreanus (Lhomme & Hines, 2019, p. 8). There are no studies on the within species genetic
variability and population structure of Suckley’s cuckoo bumble bee (COSEWIC, 2019, p. 11).

3.2 Morphology

Cuckoo bumble bees differ morphologically from other Bombus subgenera because they have no pollen-
collecting apparatus on their hind legs, they do not produce a worker caste and they produce
insufficient wax for the construction of a nest. Suckley's cuckoo bumble bee is not eusocial (e.g., there is
no division of labor within the species, no caste system exists, and all individuals are reproductive).

Suckley’s cuckoo bumble bee is medium-sized and grouped within the “long-faced” clade (Cameron et
al., 2007, p. 176; P. H. Williams et al., 2014, p. 163). This species is generally identifiable based on hair
coloration and other physical characteristics. In females, the tip of the abdomen is recurved ventrally
similar to other female cuckoo bumble bees. The ventral surface is ridged with two strong triangular
carinae visible when viewed dorsally (COSEWIC, 2019, p. 163). While females may be identified by color
and the recurved abdomen, proper identification of males may require examination of genitalia
structures (August 2023 Expert Team Meeting, p. 4-5). Species color patterns vary considerably,
descriptions are compiled in part from (P. H. Williams et al., 2014, pp. 163—-165):

Females: Suckley’s cuckoo bumble bee females are 1.8 to 2.3 centimeters (cm) (0.7 to 0.9 inches (in)) in
length. Cuckoo bumble bees, members of the subgenus Psithyrus (including Suckley’s cuckoo bumble
bee), do not have a corbicula (pollen carrying basket on their hind leg), unlike the true bumble bees (pollen
collecting, social species). Instead, their hind leg tibia is convex and densely covered in hairs. Suckley’s
cuckoo bumble bee hair is short and even. The hair of the head (including the vertex — top of the head) is
black. The hair of the thorax (including below the wings) is mostly yellow, with a black spot or band
between the wings, sometimes with a black triangular notch behind, and between the wings. The first two
tergal (T-dorsal plate) segments on the abdomen are black, usually with at least some yellow (laterally
and posteriorly) on T3 — no yellow centrally (Figure 1, Figure 2). T4 has predominantly yellow hairs, with
a patch of black centrally and anteriorly. T5 is usually black but can have yellow laterally; T6 is black. The
tip of the abdomen is recurved ventrally (6" sternite, S6), with two strong triangular carinae (ridges) visible
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in dorsal view. For photographs highlighting specific features, refer to the Suckley's cuckoo bumble bee
COSEWIC report (COSEWIC, 2019, pp. 8-11)

Males: The male is 13 to 16 mm (0.5 to 0.6 in) in length. The color patterns for males of this species are
extremely variable. The only consistent features are yellow on all of T1 and T4, with some (or all) yellow
on T2, T3, T5 and T6. T7 is black (Figure 2). Examination of genital structures is often required for proper
identification.

Head { Inner-alar space
Thorax - \{ Tergum (T)
Abdomen - 13

Figure 1. Bumble bee anatomy. The basic anatomy of a bumble bee can be described by the head,
thorax, and abdomen. The inner-alar space refers to the dorsal plate between the wings on the thorax. A
tergum (T) is an abdominal segment; terga are numbered from the anterior (front) to the posterior
(back) of the abdomen. Tergum 1 through 5 (T1-T5) can be used to identify species by color pattern.
Male bumble bees have a total of seven abdominal segments, which can be used to differentiate them
from females, which have a total of six segments (P. H. Williams et al., 2014). Figure produced by Marion
Clément, Service.
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Figure 2. Suckley’s cuckoo bumble bee coloration by sex: female (top) and male (bottom). Suckley’s
cuckoo bumble bee is a social parasite and does not have workers. Graphic copied from P.H. Williams et
al. (2014, p. 164).

3.3 Life History

Non-parasitic bumble bees are eusocial insects (live in a colony with a social structure) with an annual
lifecycle. Queens emerge from hibernation in early spring and search for nesting sites, usually
underground. The queen collects pollen and brings it to the nesting site to provision brood cells. Eggs
are then laid upon the food store and incubated, with the first workers emerging approximately four to
five weeks later. Workers eventually take over brood care and foraging. The queen generally produces
workers until the end of the summer when she shifts to producing reproductive males and females
(gynes). The new gynes leave the nest, mate, and then hibernate until spring (Lhomme & Hines, 2019, p.
124; P. H. Williams et al., 2014, pp. 12-15). Male reproductive do not overwinter.

Cuckoo bumble bees (subgenus Psithyrus) exhibit an altered life cycle from social bumble bees (Figure 3
and Table 1). Female cuckoo bumble bees emerge from hibernation in late spring, typically after their
hosts (Lhomme & Hines, 2019, p. 132). The timing of Psithyrus emergence compared to their hosts
varies across species. Suckley’s cuckoo bumble bee, along with Bombus bohemicus, B. fernaldae (now
reclassified as B. flavidus), and B. insularis, are thought to emerge shortly after their hosts (Hobbs, 1967,
p. 1291; Lhomme & Hines, 2019, p. 132). After emergence, females feed on nectar and pollen before
invading and usurping host nests (Lhomme & Hines, 2019, p. 132). Host nests are invaded shortly after
nest initiation, after the first batch of workers is produced.
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Figure 3. Diagram depicts the difference in the lifecycle of social bumble bees (blue) and the life cycle of
parasitic cuckoo bumble bees (green). Timing is approximate and may vary by species and latitude.
Graphic copied from Lhomme and Hines, 2019, p. 124.

Upon infiltrating a host nest, the female cuckoo bee must overcome being recognized as alien by the
hosts. This can be accomplished in various ways. Intruder females may hide under the brood to avoid
contact until they acquire the odor of the infiltrated colony, or they may use chemical camouflage (e.g.,
releasing allomones) to prevent attack from host worker bees (Lhomme & Hines, 2019, p. 134). Once
integrated, the female cuckoo bee will often eliminate the host queen, destroy host eggs, and eject host
larvae from the nest. This may be driven by the need to create space for parasitic eggs and/or to
increase the incubation effort of host workers towards parasitic eggs. Cuckoo bees lack a mechanism to
carry pollen and thus depend on social bee hosts to collect the pollen on which they rear their young
(Goulson, 20104, p. 77). Larval development takes approximately five weeks but varies with ecological
factors (COSEWIC, 2019, p. 28). Cuckoo bumble bee offpsring typically emerge in late summer and mate
through the fall although specific timing differs by species and latitude. Only mated females overwinter.
Suckley’s cuckoo bumble bees do not produce a worker caste, only reproductive males and females
(Lhomme & Hines, 2019, p. 126).
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Table 1. Differences in life history traits between bumble bees and socially parasitic cuckoo bumble bees.

Life history trait Social Bumble bees Cuckoo bumble bees
(genus Bombus) (subgenus Psithyrus)

Emergence Early spring Late spring

Produce nest wax Yes No

Collect pollen Yes No

Consume nectar and Yes Yes

pollen

Produce workers Yes No

As an obligate social parasite, Suckley’s cuckoo bumble bees are dependent on host species for much of
their life cycle. Only two species have been confirmed as Suckley’s cuckoo bumble bee hosts: Western
bumble bee (Bombus occidentalis) and Nevada bumble bee (Bombus nevadensis). However, the
distribution of Suckley’s cuckoo bumble bee suggests other species may also serve as hosts. See 4.1.4
Suitable Host Colony Availability for further discussion of hosts and Table 3 for common names of each
host species.

Like other bumble bees, Suckley’s cuckoo bumble bees require suitable foraging, nesting, and
overwintering habitat. Host bumble bee nests are often located in abandoned underground holes, such
as rodent burrows, in a wide array of habitat types including meadows, fallow fields, croplands, urban
areas, and forests (COSEWIC, 2019, p. 26; Liczner & Colla, 2019, p. 795; Martin et al., 2023, p. 24).
Suckley’s cuckoo bumble bee is a generalist nectar forager with meadows, grasslands, and developed
areas providing important foraging habitat (Martin et al., 2023, p. 24). While foraging, cuckoo bumble
bee males visit more flowers and perform significantly slower and longer flower visits than eusocial
bumble bees (Fisogni et al., 2021, p. 199). This is likely due to differing energy needs, given cuckoo
bumble bees consume pollen and nectar, but do not collect pollen for the colony. Therefore, balancing
energy intake over expenditure during foraging may be less important for cuckoo bumble bees. Specific
requirements for overwintering sites are unknown, but Suckley’s cuckoo bumble bee females
overwinter underground in areas separate from nesting habitat, likely using mulch or other
decomposing vegetation (COSEWIC, 2019, p. 27; Liczner & Colla, 2019, p. 793; Martin et al., 2023, p. 25).
For further description of the species needs, see section 4 Species Ecological Needs.

3.4 Distribution

There is significant uncertainty about the range of Suckley’s cuckoo bumble bee. Some of this
uncertainty stems from misidentification of the species, often due to its similarity in appearance to
Bombus bohemicus. While some verification work of occurrence records occurred for this assessment,
further verification of records across the range is needed (11.1 Suggestions For Future Work). The
species has a broad historical distribution across North America, and it has been found in various habitat
types including prairies, grasslands, meadows, and woodlands (COSEWIC, 2019, p. 26; Martin et al.,

17



2023, p. 22; Montana Natural Heritage Program, 2023 p. 3; P. H. Williams et al., 2014, pp. 164-165).
Occurrence records in the dataset compiled for this assessment were found at elevations ranging from
approximately 2 to 3,200 meters (6 to 10,500 feet).
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Figure 4. Occurrence polygon of Suckley’s cuckoo bumble bee in grey overlaid with all known occurrence
points from 1893-2022 in black. The occurrence polygon was delineated with a combination of level Il
ecoregions (CEC 1997) and a 100-kilometer (62-mile) buffer around observations of the species. The
occurrence polygon is generally inclusive of areas between positive occurrence locations — areas with
sparse survey data were included. The methodology used to delineate the occurrence polygon and
analytical units is described in 6 Assessment Methodology.

There are few records of Suckley’s cuckoo bumble bee in eastern North America and all of them occur in
Canada. While historically there were thought to be some records of Suckley’s cuckoo bumble bee in the
eastern United States, verification efforts have proven these to be misidentifications (B. Swartz, 2023
pers. Commes; J. Heron and C. Sheffield 2023, pers. Comms). Currently, there is no evidence of Suckley’s
cuckoo bumble bee in the eastern United States. However, given the proximity of some of the historical
records to the United States border in New York, our occurrence polygon does include a small portion of
northern New York and Maine (Figure 4).

There is also no evidence of connectivity between the eastern and western portions of the range.
Recent efforts in Canada to survey under-sampled areas of habitat that could provide connectivity have
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failed to find any Suckley’s cuckoo bumble bees; however, based on current search effort their presence
cannot be entirely ruled out, particularly in the northern boreal region (S. Cannings, J. Heron, and C.
Sheffield, 2023, pers. Comms). The areas of the midwestern United States that could provide
connectivity for Suckley’s cuckoo bumble bee are currently very well surveyed without detection of the
species and are therefore unlikely to provide connectivity (August 2023 Expert Team Meeting, p. 8).
While connectivity could potentially exist, particularly in Canada where further survey efforts should be
pursued, the current best available science suggests the species has an eastern population in Canada
that is currently disjunct from the core range in the west. The most recent occurrence record from the
east is from Newfoundland in 2010.

In the western portion of the range, Suckley’s cuckoo bumble bee observations extend south to Arizona,
east to Nebraska and the edge of Minnesota, and north through the Yukon of Canada. The species has
not been observed within the United States since 2016. Historically there were records of the species in
Alaska, however verification of all known records has indicated they were misidentifications (D. Sikes
and J. Rykken 2023, pers. Comms). However, Suckley’s was recorded adjacent to the Alaska border in
the Yukon; the species could occur in eastern Alaska, but we have no current evidence of its presence.

The majority of species records are in the western portion of the species range, overlapping the range of
confirmed and widely documented host B. occidentalis. The most southerly records are two male
specimens from 2009 and 2011 in Arizona. Male specimens of this species are challenging to identify,
and these records could not be verified during this assessment. As the area of Arizona is within the
known range of host species B. occidentalis, we chose to include both these specimens, and this
southern region, in the range.
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4 Species Ecological Needs

4.1 Individual Needs

The needs of Suckley’s cuckoo bumble bee individuals vary by sex and life stage, as summarized in Table
2. These needs are further described in the following subsections: 4.1.1 Thermal Suitability, 4.1.2
Diapause Site Availability, 4.1.3 Floral Resource Abundance and Diversity, 4.1.4 Suitable Host Colony
Availability.

Table 2. Ecological needs for survival and reproductive success of Suckley’s cuckoo bumble bee
individuals by life stage and season.

Life Stage Season Activity Needs
Fall through Overwintering e Overwintering sites (loose substrates such as
early spring leaf litter, duff, rotting logs)
e Thermal suitability
Adult females |Late spring Emergence e Diversity of native floral resources
e Thermal suitability
Late spring Usurpation and nest [e  Suitable host colony
through dominance
summer
Eggs & larvae [Summer Growing and e Diversity of native floral resources

receiving provisions e  Host species workers
from host workers e Thermal suitability

Male drones & [Late summer [Mating e Diversity of native floral resources
new females e Unrelated mates

4.1.1 Thermal Suitability

Bumble bee species require temperatures to be within a suitable range, bounded by upper (heat) and
lower (cold) thermal limits. Morphological, physiological, and behavioral characteristics of bumble bees
enable them to thermoregulate to survive in colder temperatures to a greater extent than many other
insects, including other bee taxa (Bishop & Armbruster, 1999, p. 717). Research has not determined the
specific thermal limits for most species of bumble bees, including Suckley’s cuckoo bumble bee.

Thermal suitability and tolerance appear to be highly variable across and within bumble bee species.
Recent bumble bee modelling efforts suggest that species-specific occupancy peaks at intermediate
temperatures, but these trends are variable and not well characterized by the genus-level

trajectories (Jackson et al., 2022, fig. 1b). This indicates ideal temperature ranges are likely species
dependent. Bumble bee species at lower elevations (Oyen et al., 2016, p. 55) and those in warmer
climates (Martinet et al., 2015, p. 4, 2021, p. 8) may exhibit greater tolerance to increased temperatures
and heat stress than species at higher elevations or in cooler climates (i.e., Arctic and boreal species).
Heat tolerance can also vary within species by caste and sex. Bumble bee queens are less heat tolerant
than males and worker bees, and queen heat tolerance varies with age and reproductive status
(Feuerborn et al., 2023, p. 11).
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There is also a thermal suitability component to diapause. Temperatures may affect the length of
diapause and the energy expenditure during diapause, which influence female survival (see 4.1.2
Diapause Site Availability).

Lower thermal limits

Bumble bees’ lower thermal limits are influenced by their ability to increase and maintain their body
temperature above ambient temperatures. Bumble bees can increase their thoracic temperature while
stationary by contracting their flight muscles (Kammer & Heinrich, 1974, p. 219) and potentially through
metabolic activity in their flight muscles (Newsholme et al., 1972, p. entire). Bumble bees’ relatively
larger body sizes, as well as other morphological characteristics such as long, dense hair reduce heat loss
relative to most other bee genera (Bishop & Armbruster, 1999, p. 720). Some researchers have found
that larger-bodied bumble bee species and larger individuals within the same species have an increased
tolerance to lower temperatures (Bishop & Armbruster, 1999, p. 720; Heinrich, 1975, p. 39; Kenna et al.,
2021, p. 9; Lundberg, 1980, p. 106; Oyen et al., 2016, p. 54). Bumble bee species and populations found
at higher latitudes and elevations may have a greater adapted tolerance to lower temperatures (Oyen et
al., 2016, p. 55; Pimsler et al., 2020, p. 2). This supports that the ideal thermal limits for Suckley’s cuckoo
bumble bees likely shift by population, depending on habitat type, latitude, and elevation (September
2023 Expert Team Meeting, pp. 2-3).

Generally, a bumble bee’s thoracic temperature must be above approximately 30 Celsius (°C) (86
Fahrenheit (°F)) to fly, though this likely varies by species (Goulson, 2010a, p. 13; Heinrich, 1975, p. 158).
Bumble bees in the arctic maintain similar thoracic temperatures to temperate bumble bees and higher
abdominal temperatures, in contrast to some insects in arctic regions that have adapted to the lower
ambient temperatures by tolerating lower body temperatures (Heinrich & Vogt, 1993, pp. 260, 265). As
bumble bees approach the lower end of their thermal limits, they become lethargic (Oyen et al., 2016, p.
53). The thoracic temperature at which an insect cannot activate its muscles to warm up, entering a
“chill coma”, ranges from 7.0 to 8.0°C (45 — 46°F) for three Bombus species (Goller & Esch, 1990, p. 224).
Additionally, extreme cold can also affect foraging behavior; exposure to cold narcosis (approximately
4°C (39°F) for 5 min.) reduced bumble bee foraging for days after exposure (Wilson et al., 2006, p. 171).

Nest temperatures are important to the maintenance and growth of the colony (Heinrich, 1979, p. 68;
Vogt, 1986b, p. 64). Temperatures in underground bumble bee nests fluctuate less than in the
surrounding environment, maintaining around 30°C (86°F) (Vogt, 1986b, p. 61; Goulson, 20104, p. 20;
Heinrich, 1979, p. 66), due to insulating qualities and colony behavior. Nest temperatures outside of
ideal thermal ranges can slow larvae development and colony growth (Heinrich, 1979, p. 68;
Vanderplanck et al., 2019, p. 3; Vogt, 1986b, p. 64). The brood is most susceptible to cold temperatures
earlier in the season when ambient temperatures are low, and the colony is small. When this occurs,
workers will incubate the brood (Vogt, 1986b, p. 63, 19864, p. 56).

Upper thermal limits

As bumble bees approach the upper end of their thermal limits, they transfer heat from their thorax to
their abdomen to cool their bodies (Heinrich, 1975, p. 165). When overheated, they become agitated
and begin losing motor coordination, eventually entering into “heat stupor” (Martinet et al., 20214, p. 3;
Oyen et al., 2016, p. 53). Larger bumble bees are generally more susceptible to overheating (Bishop &
Armbruster, 1999, p. 716; Goulson, 201043, p. 55). Researchers have recorded the upper end of bumble
bee thermal limits (critical thermal maxima), where loss of muscle control occurs, across species at
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ambient temperatures ranging from approximately 38 to 53°C (100 — 129°F) (Hamblin et al., 2017, p.
supplemental dataset; Oyen et al., 2016, p. 54; Oyen & Dillon, 2018, p. 4). Compared to other bee
species, bumble bees may be particularly sensitive to increases in temperature because of their
relatively low critical thermal maxima (Hamblin et al., 2017, p. 3). Further, bumble bee abundance was
observed to decrease following heat waves in Europe (Rasmont & Iserbyt, 2012, p. 276).

Exposure to extreme heat can have various effects on bumble bees. High nest temperatures during
development may lead to fewer workers produced and a reduction in the number of workers
performing foraging trips and total foraging trips (Gérard et al., 2022, p. 821). When this occurs, workers
fan with their wings to cool the nest (Vogt, 1986a, p. 56; Weidenmdiller et al., 2002, p. 1068). While
Suckley's cuckoo bumble bees do not produce a worker caste, a reduction in host workers and foraging
effort could impact suitable host availability and abundance. Additionally, heat shock (40°C (104°F))
negatively affected reproductive potential in two cold-adapted bumble bee species by affecting sperm
viability, sperm DNA integrity, and production of hormones (Martinet et al., 2020, pp. 744-746). High
temperatures may also negatively affect bumble bee behavior and morphology (Gérard et al., 2022, p.
821; White & Dillon, 2023, pp. 3-5).

4.1.2 Diapause Site Availability

Only mated Suckley’s cuckoo bumble bee females overwinter. Observations of females tend to trail off
by August or September while males are observed until about October (Koch et al., 2012, p. 134; P. H.
Williams et al., 2014, p. 164). There are no studies on Suckley’s cuckoo bumble bee behavior (Dozier et
al., 2023, p. 642). Therefore, specific overwintering habitat requirements for Suckley’s cuckoo bumble
bee females are unknown. Overwintering is generally understudied and not fully understood in bumble
bees, but previous research highlights some patterns (Liczner & Colla, 2019, pp. 787-788). Suitable
overwintering sites are important for sustaining diapause (hibernation) in mated females and protecting
them from environmental and physical stressors, but extremely limited observations exist for bumble
bees overall. Diapause in parasitic and non-parasitic bumble bees appears to be similar. Studies found
no difference in hibernaculum location and depth for Psithyrus species compared with other non-
parasitic bumble bees (D. V. Alford, 1969, pp. 150-158; Lhomme & Hines, 2019, p. 135).

Bumble bee gynes overwinter alone. Most diapause sites reported in the literature for Bombus species
in North America were underground and most were in shaded areas near trees (Liczner & Colla, 2019, p.
787). In California, bumble bees have been reported to overwinter under tree litter and detritus on the
forest floor, where winter temperatures are generally above freezing (N. M. Williams et al., 2019, p.
789). There is some evidence that overwintering gynes tend to avoid areas with dense vegetation in
favor of sites with more bare ground or moss, although this interpretation may be skewed because it is
easier for researchers to locate hibernacula entrances in sparsely vegetated areas (D. V. Alford, 1969,
pp. 151-154). For underground sites, soil type is often described as sandy and well-drained (D. V. Alford,
1969, p. 169), suggesting that maintaining a consistently low moisture level is important (Sladen, 1912,
pp. 94-101).

Depth of diapause seems to be variable, ranging between 2 and 15 cm (0.8 and 6 in) (Liczner & Colla,
2019, p. 793). Although factors influencing depth have not been directly studied, depth is hypothesized
to vary with ecosystem type and region to best regulate temperature to optimize emergence time
(Liczner & Colla, 2019, pp. 787-801). Aspect may also be important because it can influence snowmelt
date. A large proportion of overwintering gynes have been recorded to use north-facing slopes (D. V.
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Alford, 1969, pp. 149-151; Liczner & Colla, 2019, pp. 787-801), but they have also been found in all
other aspects (Hobbs, 1968, pp. 156—164) and occasionally in flat sites (D. V. Alford, 1969, p.
152,154,159). Because soil temperature influences diapause duration and emergence (D. V. Alford,
1969, pp. 161-168; Beekman et al., 1998, p. 207), it has been hypothesized that the apparent
preference for north-facing slopes and shaded areas is to prevent the gynes from emerging too early on
relatively warm days in the winter or early spring (D. V. Alford, 1969, pp. 149-169), and more generally,
it could suggest selection of sites that buffer diapausing bees from both temperature and moisture
fluctuations (N. M. Williams et al., 2019, pp. 1-3).

Some reports suggest bumble bee diapause occurs immediately around the natal colony, while others
indicate gynes overwinter elsewhere (Plath, 1927, pp. 123-127). Studies of other Bombus species
propose that diapause sites must be close to foraging resources because gynes establish colonies near
hibernacula (D. V. Alford, 1969, p. 150). It is likely that distances depend on both the bumble bee species
and the spatial distribution of suitable overwintering habitat relative to suitable nest locations (Liczner &
Colla, 2019, pp. 787-801; Plath, 1927, pp. 123-127; N. M. Williams et al., 2019, pp. 1-3). There is also
some evidence that gynes might select diapause sites in meadows with more flowers if suitable
overwintering conditions exist (Elliott, 2009, pp. 753-754).

Individual bumble bee weight at the start of diapause may largely determine whether a gyne will be able
to survive diapause, because females does not feed during the 6-to-9-month diapause (Beekman et al.,
1998, p. 207; Ogilvie & CaraDonna, 2022, p. 2419). Fluctuations in winter temperature are suspected to
impact metabolic rates of gynes. Higher temperatures result in higher rates of metabolism, thus gynes
exposed to higher temperatures during diapause expend more energy. A European study of B. lucorum
found that queens in diapause at warmer conditions used more fat compared to queens in diapause at
colder conditions (Vesterlund et al., 2014, p. 270). Increased energy expenditure in lower weight gynes
can reduce their ability to survive the winter unless their hibernaculum is adequately insulated (Hodek &
Hodkova, 1988, pp. 153—165). The duration of diapause is also important for overwinter survival
because if the duration is too long, fewer eggs may be produced, and the likelihood of survival will be
reduced. For instance, queens are not awakened by rising temperatures if diapause is less than three
months, but after five months they can be awoken by increasing temperatures (Larrere et al., 1993, p.
11).

Body condition may also play a role in the timing of emergence. Queens with higher body mass (a proxy
for body condition) emerged later than smaller queens (Keaveny & Dillon, 2022, pp. 5-6). This suggests
that body condition also plays a role in bumble bee phenology and that emergence from diapause may
be determined by multiple factors. Diapause in Psithyrus females is likely similar, although they typically
emerge from overwintering later than their hosts, which could indicate they have adaptations for longer
diapause (Husband et al., 1980, p. 227; Lhomme & Hines, 2019, pp. 132, 135).

Based on the best available data, once suitable substrate is found to create diapause burrows, the two
most important characteristics of diapause sites appear to be microsite conditions that regulate
temperature and moisture fluctuations during the diapause season, with proximity to natal colonies and
spring floral resources being secondary considerations.

4.1.3 Floral Resource Abundance and Diversity

Suckley’s cuckoo bumble bees are found in a wide variety of habitats, including montane meadows and
prairies, farms, woodlands, boreal forests, active and fallow agricultural fields, and urban areas

23



(COSEWIC, 2019, pp. v, 26). Within these habitats, Suckley’s cuckoo bumble bees have been recorded on
a number of genera of plants in the Family Asteraceae (composites), including Aster, Symphyotrichum
(American aster), Chrysothamnus (rabbitbrush), Cirsium (thistle), Haplopappus, Solidago (goldenrod),
Rudbeckia (cone flower), Centaurea (e.g., knapweed and star-thistle), and Helichrysum (licorice plant)
(COSEWIC, 2019, p. 27; Koch et al., 2012, p. 134; P. H. Williams et al., 2014, p. 163). Other food plants
are Melilotus (sweetclover) and Trifolium (clover) in the Family Fabaceae (legumes), Rubus (blackberry)
and Cotoneaster in the Family Rosaceae (roses), Vaccinium (e.g., blueberries and huckleberries) in the
Family Ericaceae (heath), Penstemon (beardtongue) in the Family Plantaginaceae (plantain), and Salix
(willow) in the Family Salicaceae. For a full list of known floral associations, see section 10.2 Floral
Associations.

Because cuckoo bumble bees are dependent on host workers to raise their offspring, females tend to
emerge from hibernation later than their hosts to feed on nectar and pollen in preparation for laying
eggs (Lhomme & Hines, 2019, p. 132). In the German Alps, distribution of all cuckoo bumble bee species
decreased with increasing elevation, likely in response to the shortened seasonal availability of floral
resources for species that have a longer winter diapause compared to their hosts (Sponsler et al., 2022,
p. 9). Limited information exists regarding key forage plants for cuckoo bumble bees (Dozier et al., 2023,
p. 643), but Psithyrus are considered generalist foragers and their short to medium tongue-length limits
the flower types they are able to access (The Trustees of the Natural History Museum, n.d.).

Suckley’s cuckoo bumble bee females emerge from early April to late May depending on the area, (Koch
et al, 2012, p. 134; Thorp et al., 1983, p. 50; P. H. Williams et al., 2014, p. 164) and invade the nests of
host species shortly after they are established. The flight period for males is from mid-May to early
October. Therefore, as with their hosts, abundant spring floral resources are important to Suckley’s
cuckoo bumble bee females upon their emergence for ovary development (Lhomme & Hines, 2019, p.
132) and abundant fall floral resources are important to the fitness of the colony (Hatfield & LeBuhn,
2007, pp. 156-157), since this is when new gynes and drones are produced (Goulson, 2010a, pp. 6-8). In
addition, as noted in the section above, fall floral resources are important for females who must survive
an overwintering diapause without foraging (Beekman et al., 1998, p. 207; Ogilvie & CaraDonna, 2022,
p. 2419).

For bumble bees in general, pollen with a high nutritional composition of proteins and amino acids is
particularly important for larval development (Somme et al., 2015, p. 93). Different foraging strategies
are used to meet colony nutritional needs, sometimes concentrating on a patch of flowers with pollen of
high nutritional value, and in other cases broadening diet breadth even when the nutritional value might
be lower (Kriesell et al., 2017, p. 113; Somme et al., 2015, p. 93). Therefore, bumble bees probably
balance the search for high-quality pollen with the energetics of foraging distance (Kriesell et al., 2017,
p. 113).

4.1.4 Suitable Host Colony Availability

Suckley’s cuckoo bumble bee is an obligate social parasite (it depends on social hosts for survival and
raising young) in the subgenus Psithyrus. Bumble bees in the subgenus Psithyrus lack a mechanism to
carry pollen and thus depend on social bumble bee hosts to collect pollen to rear their young (Goulson,
2010a, p. 77). Suckley’s cuckoo bumble bees are therefore entirely dependent on host bumble bee
colonies, making host colony availability a critical habitat need for the species survival and overall
viability. Cuckoo bumble bees are generally observed in low abundance at the margins of a host species
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range and cuckoo bumble bee distributions are less than that of the host species (Antonovics &
Edwards, 2011, p. 1003).

Psithyrus vary in their degree of host specificity, with both broad generalist Psithyrus parasitizing hosts
from different bumble bee subgenera to specialist Psithyrus parasitizing a single host bumble bee
species currently documented (Lhomme & Hines, 2019, pp. 129, 132). Suckley’s cuckoo bumble bee is
part of the bohemicus group of Psithyrus which are thought to parasitize bumble bees in the subgenus
Bombus (Bombus sensu stricto) (Lhomme & Hines, 2019, p. 129). Suckley’s cuckoo bumble bee has been
described as a semi-specialist (Lhomme & Hines 2019, p. 129), however experts debate the degree of
specialization. Bumble bee nests are rare to encounter at a baseline, and usurped nests are even rarer
to encounter, making observations supporting host choice limited (Lhomme & Hines (2019, pp. 132-
133). Additionally, cuckoo bumble bee females may shelter in nests they do not usurp, leading to
inconclusive observations.

Given these challenges, our current understanding is that Suckley’s cuckoo bumble bee has two
confirmed hosts and numerous potential hosts (Table 3). B. occidentalis is the most widely known host
of Suckley’s cuckoo bumble bee (Hobbs, 1968, p. 164; Lhomme & Hines, 2019, p. 128; P. H. Williams et
al., 2014, p. 165). B. occidentalis occurs throughout the core of Suckley’s cuckoo bumble bee’s range in
Western North America. There are also three records of Suckley’s cuckoo bumble bee nesting
successfully (i.e. rearing young) in B. nevadensis nests (Hobbs, 1965, p. 127).

Aside from these two confirmed hosts, there are numerous potential hosts (Table 3). Suckley’s cuckoo
bumble bee has been observed within the nests of B. terricola, B. rufocinctus, B. fervidus, and B.
appositus (Hobbs, 1968, pp. 157, 164; P. H. Williams et al., 2014, p. 165), however observation in the
nest is not confirmation of breeding (Lhomme & Hines, 2019, p. 132). Suckley’s cuckoo bumble bees are
also observed in locations beyond the range of these confirmed and potential hosts (based on nest
observations). Because of this, it is reasonable to assume there are additional hosts not yet confirmed
through observations. Thus, through conversations with entomological experts, we have identified the
following additional potential hosts for Suckley’s cuckoo bumble bee: Bombus affinis, Bombus mckayi,
and Bombus cryptarum (September Expert Team Call 2023, pp. 5-6, (COSEWIC, 2019, p. 17). All three of
these species are in the subgenus Bombus sensu stricto which is preferred by other Psithyrus in the
bohemicus group.

For several decades and as recently as 2012, Bombus occidentalis (confirmed Suckley’s cuckoo bumble
bee host) and Bombus mckayi were both considered subspecies of Bombus occidentalis (B. o.
occidentalis and B.o. mckayi, respectively) (Sheffield et al., 2016, p. 191). Further genetic research using
cytochrome c oxidase subunit | (COI) barcode-divergence confirmed them to be two distinct species (P.
H. Williams, 2021, entire). In addition to genetic differences, Bombus occidentalis has shorter hair and
larger variations in color patterns across its range than Bombus mckayi. Bombus occidentalis occurs in
the western contiguous United States and southern British Columbia. Bombus mckayi occurs throughout
Alaska, Yukon, and northern British Columbia. The geographic ranges of these two species meet around
57 degrees north in Alberta, Canada. It is possible that some of the confirmed records of Suckley’s
cuckoo bumble bee usurping B. occidentalis nests may have been B. mckayi, however this has not been
confirmed.
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Table 3. Confirmed and potential bumble bee hosts for Suckley’s cuckoo bumble bee. Species highlighted
in blue belong to subgenus Bombus which are considered the preferred hosts of the bohemicus group of

cuckoo bumble bees.

Host species Confirmed or Rationale Nest
potential host descriptions®

B. occidentalis Confirmed Numerous reports of B. suckleyi Usually nests
(western bumble reproducing in B. occidentalis nests, underground
bee) subgenus Bombus ( Hobbs, 1968, p.

164; Lhomme & Hines, 2019, p. 128).
B. nevadensis Confirmed Three records of B. suckleyi Small nests on
(Nevada bumble reproducing in B. nevadensis nests the ground
bee) (Hobbs, 1965b, p. 127). surface
B. terricola Potential B. suckleyi observed in nest, Nests
(yellow-banded reproduction not confirmed, underground
bumble bee) subgenus Bombus (Hobbs, 1968, p.

164).
B. rufocinctus (red- | Potential B. suckleyi observed in nest, Nests on
belted bumble reproduction not confirmed (Williams | surface or
bee) et al., 2014, p. 165). aboveground
B. fervidus (yellow | Potential B. suckleyi observed in nest, Nests on
bumble bee) reproduction not confirmed (Williams | surface or

et al., 2014, p. 165). aboveground
B. appositus Potential B. suckleyi observed in nest, Nests on
(white-shouldered reproduction not confirmed (Hobbs, surface or
bumble bee) 1966, pp. 293-294). aboveground
B. dffinis (rusty- Potential Range overlap, subgenus Bombus Nests
patched bumble (September Expert Team Call, p. 5-6; underground
bee) COSEWIC 2019, p. 17).
B. mckayi Potential Range overlap and no confirmed Usually nests
(McKay’s bumble hosts, subgenus Bombus (September underground*
bee) Expert Team Call, p. 5-6; COSEWIC

2019, p. 17).
B. cryptarum Potential Range overlap and no confirmed Nests
(cryptic bumble hosts, subgenus Bombus (September underground
bee) Expert Team Call, p. 5-6; COSEWIC

2019, p. 17).

lWilliams et al. 2014

*Bombus mckayi and B. occidentalis considered one species in Williams et al. 2014. The subspecies mckayi was recently
elevated to species status (Williams 2021, p. 278).

For Suckley’s cuckoo bumble bee, we lack information about factors leading to successful usurpation of
host nests. We also lack information about specific host attributes that may result in some bumble bee
host species being preferable to others. Using other Psithyrus as proxy, there is information to suggest
that there is an optimal size of the host colony for usurpation; colonies too small may not have enough
workers to provision parasite larvae while colonies too large can lead to failed usurpation by the
parasite (Lhomme & Hines, 2019, pp. 133—134). For example, studies of the European cuckoo bumble
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bee Bombus vestalis indicate highest survival of the parasite in host colonies of about 10-15 workers
(Sramkova & Ayasse, 2009, p. 59). The ideal size of a host colony likely varies by cuckoo bumble bee
species and is unknown for Suckley’s cuckoo bumble bee.

We also lack information on what density or number of host colonies would constitute ideal habitat for
Suckley’s cuckoo bumble bee. While host availability is a key habitat need for Suckley’s cuckoo bumble
bee, areas of high host abundance may not necessarily be ideal habitat for the parasite. In the British
Isles, regions of high host abundance were not always the regions of highest parasite abundance
(Antonovics & Edwards, 2011, p. 1003). Therefore, the constituents of ideal habitat for host and parasite
may differ and more research on the specific habitat needs of Suckley’s cuckoo bumble bee are needed.
The species needs may differ in unknown ways from the host species and other bumble bees in North
America.

Host bumble bee nests may be found on the surface or underground, depending on host species. For
confirmed host B. occidentalis, known nest sites occur in underground cavities (e.g., animal burrows)
more often than in aboveground structures (e.g., woody debris, human-made structures, etc.) (Hobbs,
1968, p. 157; Macfarlane et al., 1994, pp. 4, 6; Richards, 1978, p. 304). The transition zone between
forest and grassland can be particularly valuable bumble bee nesting habitat, as well as field boundaries,
meadow margins, and forest edges due to the presence of abandoned rodent nests and undisturbed
habitat with diverse floral resources (Hines & Hendrix, 2005, p. 1483). Nesting habitat availability may be
dependent on mammal or other ground burrowing animal abundance (Evans et al., 2008, pp. 6, 28). For
instance, within grassland habitat, bumble bees tend to use abandoned rodent nests and areas under
dry dense vegetation (Hines & Hendrix, 2005, p. 1481). Ground-nesting species of bumble bees are
declining more than aboveground species, likely because ideal underground nest sites are more limited
than surface nest sites due to dependence on rodent activity (Higginson, 2017, p. 99).

4.2 Population Needs

There is no population level information available specific to Suckley’s cuckoo bumble bee. The species
is rare to encounter because it is a naturally less abundant parasite, and it does not have a worker caste
active throughout the field season. In this section we rely on the best available science about subgenus
Psithyrus and genus Bombus in the absence of population information specific to Suckley’s cuckoo
bumble bee.

Healthy populations of Suckley’s cuckoo bumble bee must have sufficient survival, abundance,
connectivity, and genetic diversity to support viability. Highly resilient populations consist of many
genetically diverse individuals that have all their basic resource needs met (i.e., thermal suitability, floral
resource abundance and diversity, diapause site availability, and host colony availability) (Figure 5). This
translates into a diverse collection of individuals on the landscape with high survival and reproduction
success, which ultimately results in population growth and larger populations. Survival and reproduction
of Suckley’s cuckoo bumble bees depend on the survival and health of the host colony. Host colony
workers are paramount to the growth and survival of new generations of Suckley’s cuckoo bumble bees
because they forage and care for the brood of parasite larva. We have no definitive information on the
minimum number of host colonies or minimum habitat patch size for a self-sustaining population of
Suckley’s cuckoo bumble bee and hosts.

27



| HebiistNeeds | Demographic Needs

Thermal Suitability § Survival

4 Species Viability
Diapause Site

Abund
Availability undance

Floral Resource

Abundance & Genetic Diversity
Diversit

Population

Habitat Connectivity e Ry

Suitable Host Colony
Availability

Figure 5. The population needs of Suckley’s cuckoo bumble bee that support species viability.

Survival and Abundance

High levels of population resiliency are evidenced by healthy demographics. The size of a population
(abundance) protects that population from extirpation resulting from demographic and environmental
stochasticity. Historically, the Service has described bumble bee population size in assessments using
the number of colonies—not individuals—within a given geographical area. However, Suckley’s cuckoo
bumble bee does not form colonies made up of workers and instead parasitizes the colonies of other
bumble bee hosts. All individuals of Suckley’s cuckoo bumble bees are potentially reproductive.
Therefore, population size and growth are more aptly described by the number of Suckley’s cuckoo
bumble bee individuals and any changes in numbers of individuals through time.

The exact number and distribution of individuals required to ensure long-term persistence of a bumble
bee population is unknown and likely varies across spatial scales, but small populations are inherently
more vulnerable than larger populations and generally have a lower likelihood of persistence over time
(Goulson et al., 2008, pp. 197-198). The resiliency of a population is also evidenced by its long-term
growth rate. For any population to persist over time, its growth rate must exceed 1.0. Species whose
survival and reproduction fluctuate greatly with environmental conditions require high growth rates to
avoid extirpation. The minimum growth rate needed to sustain Suckley’s cuckoo bumble bee
populations over time is unknown, but larger and more stable growth rates are generally an indication
of higher levels of resiliency.

Survival and abundance have important implications for the persistence of populations. Invertebrates
are particularly susceptible to extinction when populations are small (Gaston & Lawton, 1988). Small
populations have lower levels of genetic diversity (heterozygosity) (Colla, 2016, p. 421), which reduces
the capacity of the population to respond to environmental change and may lead to reduced population
fitness, such as reduced longevity and fecundity, via inbreeding depression (Darvill et al., 2006, p. 608).
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Genetic diversity

The genetic diversity of Suckley’s cuckoo bumble bee populations has not been studied and further
studies of both Suckley’s cuckoo bumble bee and Psithyrus genetics are needed. It is likely that Psithyrus
have distinct genetics, as the lineage has a distinct number of chromosomes (26 chromosomes)
compared to other species in the genus Bombus (16-19 chromosomes) (Lhomme & Hines, 2019, p. 129).
Given this, our understanding of genetics and potential constraints for Suckley’s cuckoo bumble bee is
limited and this section relies on our understanding of genus Bombus.

For bumble bees generally, genetic diversity contributes to population health, with one example being
that bumble bees with increased genetic diversity have lower prevalence of some pathogens (Parsche &
Lattorff, 2018, p. 900). Yet, the reproductive system of bumble bees renders them particularly sensitive
to loss of genetic diversity. Bombus species are haplodiploid (i.e., males are haploid, and females are
diploid) and exhibit a single locus complementary sex determination system (Zayed, 2009, p. 239).
Typically, heterozygotes at the sex-determining locus develop into diploid females from fertilized eggs,
while hemizygotes develop into haploid males from unfertilized eggs (Zayed, 2009, p. 239). In cases
where females mate with haploid males that share a sex-determining allele in common (called “matched
mating”), half of the females’ progeny will be homozygous at the sex-determining locus and will
consequently develop into diploid males instead of females. Diploid males are typically unviable, or if
they are viable and mate, produce diploid sperm, which will lead to unviable fertilized eggs or sterile
triploid daughters (Zayed, 2009, p. 239). Therefore, diploid males that survive and mate are unable to
contribute to next year’s cohort.

Matched mating occurs most often when allele diversity at the sex-determining locus is low (Ellis et al.,
2006, p. 4376; Zayed, 2009, pp. 239-241). Probability of extinction due to inbreeding depression is an
order of magnitude higher in haplodiploid populations than in diploid populations (Zayed & Packer,
2005, pp. 10743—-10744). This high extinction risk is attributed to the effects of the “diploid male
vortex;” a phenomenon where diploid males initiate a positive feedback cycle that leads to rapid
extinction. Several species of bumble bee in England have demonstrated a dynamic consistent with this
pattern; for example, despite continued suitability of habitat, Bombus subterraneous eventually was
extirpated following reduction in population size due to habitat loss (Darvill et al., 2006, p. 608). Thus,
maintaining genetic diversity within bumble bee populations is essential. Maintaining genetic diversity
within populations requires enough gene flow within and among populations that are sufficiently large.
Distribution of individuals across the population area increases viability by dissipating risk and enhancing
the success of dispersal and gene flow within a population.

Population and Habitat Connectivity

Population connectivity promotes successful haplodiploid reproduction by increasing the likelihood of
individuals finding unrelated mates. Dispersal of bees to find unrelated mates is aided by the proximity
of other usurped colonies and the presence of suitable dispersal corridors. Bumble bee reproductive
individuals (males and gynes) can disperse up to 10.0 km (6.2 mi) (Darvill et al., 2006, p. 606; Jha &
Kremen, 2013, p. 2490; Lepais et al., 2010, p. 287). Dispersal distance can vary widely across species,
and it has not yet been described for Suckley’s cuckoo bumble bees. The cuckoo bumble bee B. insularis
was found to disperse up to 7.0 km (4.3 mi) which is comparable to research on other Bombus species
(Koch et al., 2021, p. 5). For successful dispersal to occur, Suckley’s cuckoo bumble bees likely require
habitat connectivity; the landscape needs to be permeable and free of hazards for unrelated gynes and
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males to successfully find enough forage flowers and find unrelated mates. Connectivity is a constraint
for cuckoo bumble bees because they live in small, fragmented populations as a result of their
dependence on host bumble bee colonies (Suhonen et al., 2016, p. 529).

In well-distributed populations, colonies occupy areas with diverse environmental conditions (spatial
heterogeneity). Floral resources vary across space and time (seasonally and year-to-year) due to
changes in climate factors, such as temperature and precipitation. Increased spatial heterogeneity
across the population reduces the chances of all colonies failing concurrently due to poor environmental
conditions.

4.3 Species Needs
4.3.1 Resiliency

Resiliency is the ability of a species to sustain populations in the face of environmental variation (e.g.,
localized fire and drought; Smith et al., 2018, p. 306). Resiliency of Suckley’s cuckoo bumble bee is a
function of the number of healthy populations and the distribution of these populations on the
landscape. A healthy population is defined above (4.2 Population Needs). Generally, the greater number
of healthy populations and the greater spatial heterogeneity occupied by the species, the greater
likelihood of sustaining populations through time. Populations with high abundance, survival,
connectivity, and genetic diversity are better able to withstand and recover from stochastic events and
environmental variation. Thus, the greater the number and diversity of healthy populations, the more
resiliency a species possesses. Furthermore, when numerous healthy populations are distributed across
diverse environmental gradients, a species is less likely to experience synchronous environmental
stochasticity and synchronous population declines; thus, the greater the number and diversity of healthy
populations, the greater the overall resiliency at both the population, and species-level, and the lower
the extinction risk.

4.3.2 Redundancy

Species-level redundancy reflects the ability of a species to withstand catastrophic events, and it is best
achieved by having multiple, widely distributed populations relative to the spatial occurrence of
catastrophic events (Smith et al., 2018, p. 306). In addition to guarding against a single or series of
catastrophic event(s) extirpating all populations of Suckley’s cuckoo bumble bee, redundancy is
important to protect against losing irreplaceable sources of adaptive diversity. Having multiple
populations distributed across the range of the species will help preserve the breadth of adaptive
diversity and, hence, the evolutionary flexibility of the species. Thus, redundancy for Suckley’s cuckoo
bumble bee is described as having multiple, healthy populations widely distributed across the breadth of
adaptive diversity relative to the spatial occurrence of catastrophic events.

4.3.3 Representation

Representation is the ability of the species to adapt to physical (e.g., climate conditions or habitat
conditions across large areas) and biological (e.g., novel diseases, pathogens, and predators) changes in
its environment now and into the future; it is the evolutionary capacity or flexibility of the species (Smith
et al., 2018, p. 306). Representation is the range of variation found in a species, also called adaptive
capacity. The adaptive capacity of Suckley’s cuckoo bumble bee is a function of the amount and spatial
distribution of genetic and phenotypic diversity. By maintaining these two sources of adaptive diversity
across a species’ range, the responsiveness and adaptability of a species over time is preserved.
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Genetic diversity is the raw material upon which natural selection acts and is thus important for
adapting to changing environmental conditions (Hendry et al., 2011, pp. 164—165). Species genetic
diversity is influenced by the level of gene flow among populations and the rates of genetic drift
(changes in the frequency of gene variants) within populations. Gene flow is influenced by the degree of
connectivity among populations, and it is affected by a suite of factors including landscape permeability
(Lankau et al., 2011, p. 320). No studies of within species genetic diversity have occurred for Suckley’s
cuckoo bumble bee and thus we recommend future research in this area (See 11.1 Suggestions ). One
study of the European cuckoo bumble bee B. vestalis showed that Psithyrus females have significantly
lower genetic distances compared to within-group differences of the host species queens (Erler &
Lattorff, 2010, p. 375). Another study of American cuckoo bumble bee B. insularis showed a lack of
within-species diversity or structure across two study sites (Koch et al., 2021, p. 5).

Many bumble bee species exhibit high levels of gene flow at multiple spatial scales (Cameron, Lozier, et
al., 2011, pp. 664—665; Lozier et al., 2011, pp. 4880—4882; Woodard et al., 2015, p. 2924) and therefore
show little genetic structure at local or regional scales. Although, natural barriers (e.g., large water
bodies) and elevation gradients can limit dispersal (Woodard et al., 2015, p. 2924), and hence, lead to
genetic structuring. Based on genetic studies of other bumble bee species with similar ecologies, and
given the potential dispersal capability, Suckley’s cuckoo bumble bee may not exhibit much genetic
differentiation across its broad range. Genetic variation can be negatively affected by genetic drift; small
populations experience stronger drift (Zayed, 2009, p. 246). Thus, preserving the genetic diversity of
Suckley’s cuckoo bumble bee may require maintaining relatively large populations and connectivity
among them.

Phenotypic diversity (physiological, ecological, and behavioral variation based on genetics/genetic
makeup) is also important for adapting to changes in environmental conditions. Phenotypic variation
determines how organisms interact with their environment and how they respond to selection
pressures (Hendry et al., 2011, p. 161). The degree of phenotypic variation is determined by the diversity
of physical and biological pressures to which organisms are exposed, which vary across spatial and
temporal scales. As such, species that span environmental gradients are expected to harbor the most
phenotypic and genetic variation (Lankau et al., 2011, p. 320). Thus, preserving the breadth of
phenotypic diversity of Suckley’s cuckoo bumble bee requires maintaining populations across historical
latitudinal, longitudinal, and elevational gradients as well as climatic gradients. Doing so increases the
likelihood that the species will retain the potential for adaptation over time. Suckley’s cuckoo bumble
bee representation is, therefore, described as having healthy populations widely distributed across a
breadth of ecological conditions.

The adaptive capacity of Suckley’s cuckoo bumble bee is complicated by its dependence on host species.
The distribution of the parasitic bumble bee is restricted by the geographic distribution and population
health of host bumble bees (Antonovics & Edwards, 2011, p. 1003). With changes in the climate, there is
potential for phenological mismatch between host emergence and parasite emergence. Theoretically,
Psithyrus such as Suckley’s cuckoo bumble bee may be more vulnerable to changes in climate due to the
phenological dependence on host bumble bees, however we currently lack specific studies on the topic
(Bower et al., 2023, p. 521).
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5 Influencing Factors

In this chapter, we review the factors (both negative and positive) that have influenced Suckley’s cuckoo
bumble bee historically, are influencing the species currently, and are likely to influence the species in
the future. Factors which negatively impact bee individuals or colonies are generally referred to as
stressors.

The following sections summarize the factors identified as likely to substantially impact Suckley’s cuckoo
bumble bee’s viability, referred to as stressors. Numerous other stressors were identified by the listing
petition, in the literature, or by experts that were concluded to be insubstantial to the overall resiliency
of Suckley’s cuckoo bumble bee populations. The stressors considered but not carried forward in our
analysis are summarized in 11.3 Stressors Excluded from the Analysis.

5.1 Influence Diagram

The following influence diagram summarizes the factors that may substantially impact Suckley’s cuckoo
bumble bee viability (Figure 6). One of the key complexities to assessing the status of Suckley’s cuckoo
bumble bee is the compounding impact of stressors on the host species. Suitable host colony availability
is a key habitat need of Suckley’s cuckoo bumble bee and all the stressors that directly affect the
parasite also affect the host species. See section 5.2.1 Host Species Declines for further discussion.
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Figure 6. Influence diagram of how sources and stressors can impact the habitat and demographic needs of Suckley’s cuckoo bumble bee. Each
box is linked together with colored arrows to show direction of the effect. See stressor descriptions in 5.2 Stressors.
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5.2 Stressors

There are numerous stressors affecting bumble bees but specific data on direct effects to Suckley’s
cuckoo bumble bee or Psithyrus are rarely available. The following sections summarize stressors to
bumble bees generally and, when possible, describes direct and indirect effects to Suckley’s cuckoo
bumble bee.

5.2.1 Host Species Declines

Cuckoo bumble bees are obligate social parasites and thus entirely dependent on host colonies for their
survival. Cuckoo bumble bee species have higher threat indices (higher extinction vulnerability) than
hosts because they are entirely dependent on hosts (Suhonen et al., 2015, pp. 238-239) and the
geographic range areas of cuckoo bumble bees are consistently smaller than the total geographic area
of all their hosts combined (Suhonen et al., 2016, p. 532). The presence of parasitic bees depends on the
presence of their hosts; any change to resources available to or stressor effects on the host will be
reflected in the status of the parasite (Sheffield et al., 2013, p. 508). Because cuckoo bumble bees
depend on host species, there is a co-extinction risk for host and parasite species (Suhonen et al., 2015,
p. 238). Thus, signs that host species are declining are of major concern to the viability of Suckley’s
cuckoo bumble bee. The effect of all the stressors impacting Suckley’s cuckoo bumble bee are
compounded through the additional effects of theses stressors on host species availability (see Figure 6).

Suckley’s cuckoo bumble bees parasitize numerous host species, as described in 4.1.4 Suitable Host
Colony Availability. In assessments of the status of Suckley’s cuckoo bumble bee, the decline of host
species availability is cited as a primary threat (COSEWIC, 2019, p. vi; Hatfield et al., 2015, p. 4). The
International Union for the Conservation of Nature (IUCN) reported decline of Suckley’s cuckoo bumble
bee is 77.18 percent and the regression trend mirrors that of the host B. occidentalis (Hatfield et al.,
2014, p. 46, 2015, p. 3). Many species that Suckley’s cuckoo bumble bee parasitizes have documented
declines in the past century (Table 4). While one might think that having multiple host species increases
redundancy and reduces parasite extinction risk, one study indicates generalist cuckoo bumble bees
have a higher risk of extinction than specialist species (Suhonen et al., 2015, p. 238). One potential
explanation is that the generalist parasites studied may have stronger compatibilities with some host
species than others (Suhonen et al., 2015, p. 240)

Suckley’s cuckoo bumble bee is in the bohemicus group of the subgenus Psithyrus, which preferentially
parasitize bumble bees in the subgenus Bombus sensu stricto (Lhomme & Hines, 2019, p. 129). Trends
observed across North America suggest subgenus Bombus species are experiencing widespread declines
(Colla & Packer, 2008, p. 1387; Giles & Ascher, 2006, pp. 217-218; Janousek et al., 2023, p. 2; Schweitzer
et al,, 2012, p. 7). Host species Bombus occidentalis has lower genetic diversity compared with co-
occurring populations of stable (non-declining) species (Cameron, Lozier, et al., 2011, pp. 664—666);
there was not enough data to do a similar genetic diversity analysis for the other members of subgenus
Bombus.
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Table 4. Conservation status and trends of Suckley’s cuckoo bumble bee and all confirmed and potential host species. Species highlighted in blue
belong to subgenus Bombus, which are considered the preferred hosts of the bohemicus group of cuckoo bumble bees.

Species Global IUCN red list? USA federal | Canada State statuses® ™" Other trend information
status’ listing federal
status3 listing
status’
B. suckleyi G2 Critically In review Threatened | SH—NY -In Washington state, relative abundance
(Suckley’s Imperiled endangered. (2019) S1-CA, MT, OR, WA declined 98.36% from historical (pre-2011)
cuckoo Average decline S2-CO, ID to current (2011-2021) time period?.
bumble bee) =77.18%
B. G3 Vulnerable. In review Threatened | S1—CA, Or, UT -Detected range area reduction from
occidentalis | Vulnerable | Average decline (2014) S2 — AZ, WA historical records to 2009 = 28%°
(western =40.32%* S3-CO, ID -Probability of occupancy declined 93% from
bumble bee; 1998 to 2019.°
subgenus -Over the past two decades, average
Bombus) occupancy declined 57% in 16 United States
ecoregions.’
-In Washington state, relative abundance
declined 81.76% from historical (pre-2011)
to current (2011-2021) time period?®.
B. G4 Least concern. None None SH-NC
nevadensis Apparently | Average decline S4 - CO, WA
(Nevada secure =15.48% S5-1D
bumble bee)
B. terricola G3 Vulnerable. Not listed Special SX—IL -Detected range area reduction = 31%°
(yellow- Vulnerable | Average decline (2019) concern SH—IN
banded = 49.94% (2015) S1—CT, MD, VA, WI
bumble bee; S2 — MA, Ml, WV
subgenus S3 — ME, NC, NY, VT
Bombus)
B. G5 Secure Least concern. None None SH-NC
rufocinctus No decline. S2 - AK
S3 - ME, MI, NY, VT
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(red-belted

S4—-CO, WA, WI

bumble bee) S5-1D
B. fervidus G3 Vulnerable. None None S1-AR, MO -In Washington state, relative abundance
(yellow Vulnerable | Average decline S2 — CT, MA, ME, VT, WI | declined 43.33% from historical (pre-2011)
bumble bee) =29.71% S3—IN, MI, NC, NY, OR, | to current (2011-2021) time period?.
VA, WV
S4 - WA
S5-1D
B. appositus | G3 Least Concern. None None S4 - CO, ID, WA
(white- Vulnerable | Average decline
shouldered =28.40%
bumble bee)
B. dffinis G2 Critically Endangered | Endangered | SX—CT, MA, VT -Detected range area reduction = 87%°
(rusty- Imperiled endangered. (2017) (2022) SH - GA, KY, ME, MI ND,
patched Average decline NH, NY
bumble bee; =69.36% S1-IL, IN, MD, NC, OH,
subgenus PA, TN, VA, WI, WV
Bombus)
B. mckayi G4 Vulnerable. * In review Special S4 — AK
(McKay’s Apparently concern
bumble bee; | Secure (2014)
subgenus
Bombus)
B. cryptarum | G5 Secure | Data deficient. None None S4 — AK
(cryptic
bumble bee;
subgenus
Bombus)

INatureServe 2023, 2 Hatfield et al. 2014, 3 USFWS 2023, * COSEWIC 2023, *Cameron et al. 2011, ®Graves et al. 2020, Janousek et al. 2023, 8Martin et al. 2023.
*Bombus mckayi and B. occidentalis assessed as one species by Hatfield et al. 2014. The subspecies mckayi was recently elevated to species status (Williams 2021, p. 278).
** SX = presumed extirpated, SH = possibly extirpated, S1 = critically imperiled, S2 = imperiled, S3 = vulnerable, S4 = apparently secure, S5 = secure

36




5.2.2 Managed and Introduced Bees

Throughout this assessment, we use the term managed bees as a broad term inclusive of a wide variety
of bee species and management practices. Managed bees are a threat to Suckley’s cuckoo bumble bee
in two primary contexts — competition for resources and as a pathway for pathogen introduction and
spread (First et al., 2014, p. 365; Goulson et al., 2008, p. 193; Goulson, 2010b, p. 10; Goulson et al.,
2015, p. 11; D. M. Thomson, 2004, p. 467; Winter et al., 2006, entire). While individual Suckley’s cuckoo
bumble bees do need floral resources for nectar and pollen, competition for resources likely more
directly affects the hosts for Suckley’s cuckoo bumble bees, such as B. occidentalis, whose colonies may
have hundreds of foraging workers. Also, managed bees may potentially play a role in the spread of
other invasive species (particularly the introduction of invasive plants and present a hybridization risk in
certain situations.

Generally, the term managed bees describes hives or colonies of bees that are used commercially to
provide pollination services for a wide variety of crops over the growing season, with some hives or
colonies moved within and between states multiple times throughout any one growing season.
Managed bees also include hobby or backyard bee keeping, as well as small-scale greenhouse
operations. Managed bees include many different species of bees, some of which are crop specialists.
European honey bees (Apis mellifera) are the main managed bee, but managed bees also include
alkaline bees (Nomia melanderi) and leaf-cutting bees (Megachile rotundata), both of which are used to
pollinate alfalfa; and blue orchard bees (Osmia lignaria), which are used to pollinate early-bloom tree
fruit, such as apples (Ratti et al., 2008, pp. 3, 5). Managed bees also include several species of native
North American bumble bees, including common eastern bumble bee (B. impatiens), an eastern species
that has recently been moved into the range of Suckley’s cuckoo bumble bee for commercial pollination
services (Palmier & Sheffield, 2019, p. 9).

Managed beehives and colonies that are moved around the landscape to provide pollination services are
most often open, such as hives placed in orchards, and allow managed bees to freely move around the
environment. Bombus species that are commercially raised and used for greenhouse production
commonly escape from greenhouses (Ratti & Colla, 2010, p. 30). Studies have shown that where honey
bee density increases, populations of wild Bombus decrease as a result of competition, even when
controlling for annual variation in other factors (D. M. Thomson, 2016, p. 1251). Another study found
that proximity to higher densities of managed Apis hives reduced B. occidentalis colony reproductive
success, as measured by gyne number, gyne ratio, mean gyne size, and male observations (D. M.
Thomson, 2004, p. 464). The same study also found reduced pollen foraging effort, suggesting that
Bombus colonies located closer to Apis hives experienced greater nectar scarcity and reallocated
foragers from pollen collection for larval rearing to nectar collection for meeting basic colony energy
requirements. Increasing the density of honey bees in agricultural fields has various competitive effects
on different species of Bombus, but short-tongued, generalist species may be able to shift their foraging
behavior in response to competition (Walther-Hellwig et al., 2006, pp. 526-527).

Wild bumble bees located more closely to managed honey bee colonies had significantly higher disease
rates than wild bumble bees located farther away (Alger et al., 2019, p. 5). Infection rates for several
bumble bee pathogens were higher in multiple Bombus species near commercial greenhouses where
managed bees were used than in areas located far away from commercial greenhouses (Colla et al.,
2006, pp. 462—-464). Recent research has also found that several RNA viruses, previously thought to be
specific to honey bees, have been detected in bumble bees including B. terrestris and B. pascuorum
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(Alger et al., 2019, p. 5; Genersch et al., 2006, entire; Meeus et al., 2011, entire), and that transmission
occurs when species forage on the same floral resources (Singh et al., 2010, p. 6). See 5.2.3 Pathogen
Prevalence for further discussion of pathogen transmission.

Within the range of Suckley’s cuckoo bumble bee, managed bees are used to provide pollination
services for a wide variety of crops including, but not limited to, alfalfa, almonds, apples, avocado,
canola, cherries, sunflowers, squash, melon, berries, cucumbers, and clover (Bond et al., 2014, entire).
The use of managed bees is expanding in some portions of the range of Suckley’s, including western
Canada (COSEWIC, 2019, p. 49). Nearly all movement of managed bees is unregulated and does not
require permits; insufficient data is currently available for us to include a spatial representation of
managed bees in our model and analysis. However, managed bees are widespread within our analysis
area, and an increasing threat in some areas, posing a threat to Suckley’s cuckoo bumble bee and its
hosts.

Bombus insularis, another cuckoo bumble bee, has been documented attempting to invade honeybee
hives, though it is unclear if this is related to competition among Psithyrus, an attempt to steal
resources, or some other factor (Strange et al., 2014, p. 556).

5.2.3 Pathogen Prevalence

Bumble bees are susceptible to a variety of pathogens and parasites including fungi, viruses, bacteria,
protozoa, tracheal mites, and nematodes. Many of these pathogens and parasites are widespread and
cause lethal and sublethal effects for one or more Bombus species, including Suckley’s cuckoo bumble
bee and its known and likely hosts. However, no in-depth studies specific to Suckley’s cuckoo bumble
bee parasitology currently exist (Dozier et al., 2023, p. 642). We lack spatial data on the spread of
various bumble bee diseases (Janousek et al., 2023, p. 7), so we are currently unable to model this
stressor.

5.2.3.1 Fungal microsporidians

The fungal pathogen Vairimorpha bombi (formerly Nosema bombi; Tokarev et al., 2020, p. 11) was
historically present and widespread in North America (Cordes et al., 2012, p. 215; Goulson et al., 2015,
p. 3; Graystock et al., 2016, p. 71). This pathogen infects the excretory and water-regulating organs
(malpighian tubules), fat bodies, midgut, connective tissue, and tracheal system of bumble bees
(Macfarlane et al., 1995, p. 135). Bumble bees that are infected may have disabled wings, and queens
may have distended abdomens and be incapable of mating (Otti & Schmid-Hempel, 2007, p. 122).
Vairimorpha bombi is spread by bumble bee workers, larvae, queens, and gynes through fecal-oral
contact at flowers that are shared with bees from other nests and within the nest, and through
contaminated pollen or nectar fed to the larvae (Rutrecht et al., 2007, pp. 1719-1721). The negative
effects of this pathogen on bumble bees ultimately leads to a reduction in colony growth and fitness
(Cameron, Lozier, et al., 2011, pp. 664—666; Colla et al., 2006, p. 465; Meeus et al., 2011, p. 666; Otti &
Schmid-Hempel, 2007, pp. 118-123; Rutrecht & Brown, 2008, pp. 505-511). It has been documented in
Suckley’s cuckoo bumble bee, one confirmed host species, B. occidentalis, and four suspected host
species (B. dffinis, B. fervidus, B. rufocinctus, B. terricola; (Cordes et al., 2012, p. 212; Kissinger et al.,
2011, p. 222).
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Vairimorpha ceranae (formerly Nosema ceranae; Tokarev et al., 2020, p. 11) is another fungal pathogen
that infects honey bees and bumble bees (commercial and wild), is highly virulent, and causes rapid
mortality (Graystock, Yates, Darvill, et al., 2013, pp. 116-117). Like V. bombi, V. ceranae can be present
in the midgut and also in the fat body of bumble bees, indicating that the parasite moves between
tissues (Graystock, Yates, Darvill, et al., 2013, p. 116). Its introduction, spread, and prevalence has
increased over time and it is found everywhere that the European honey bees occur (Colla, 2016, p. 419;
Flrst et al., 2014, 2014, p. 364; Goulson et al., 2015, p. 2; Graystock et al., 2016, p. 68). Bumble bees can
become infected with V. ceranae by ingesting spores left on flowers that have been visited by bees with
V. ceranae (Graystock, Yates, Darvill, et al., 2013, p. 116). Effects on bumble bees can be both lethal and
sublethal, including suppressed immune response and increased mortality (Graystock, Yates, Darvill, et
al., 2013, pp. 116-117; Graystock et al., 2014, p. 9, 2015, p. 6, 2016, p. 68; Rotheray et al., 2017, p. 294;
U.S. Fish and Wildlife Service, 2018, p. 52). This pathogen has not been documented in Suckley’s cuckoo
bumble bee.

5.2.3.2 Protozoan parasites

Crithidia bombi is a trypanosome protozoan parasite that affects the intestines of bumble bees. The cells
attach to the gut wall and multiply (P. Schmid-Hempel, 2001, p. 150). Similar to V. bombi, the parasite is
transmitted when ingested through fecal-oral contact and then spread when bees share flowers (Cordes
et al,, 2012, p. 210; Kissinger et al., 2011, p. 223; Otterstatter & Thomson, 2008, p. 2; P. Schmid-Hempel,
2001, p. 150) or when the next host comes into contact with infected cells on the brood comb or other
nest materials (P. Schmid-Hempel, 2001, p. 150). C. bombi does not appear to have been introduced by
an exotic species, but it is unclear if the parasites prevalence can be attributed to spillover from
greenhouses (Cordes et al., 2012, pp. 212-214; Otterstatter & Thomson, 2008, p. 2). Bees from
commercial rearing facilities have tested positive for this pathogen upon delivery (Murray et al., 2013, p.
274; Otterstatter et al., 2005, p. 388). The prevalence and intensity of C. bombi infections in wild bumble
bees has been found to decrease with increasing distance from greenhouses with commercial bumble
bee colonies (Colla et al., 2006, pp. 462-466; Graystock et al., 2016, p. 69; Otterstatter & Thomson,
2008, pp. 2-7), although infected bumble bees in the eastern United States have been found in
relatively isolated areas that were not near commercial greenhouses (Gillespie, 2010, p. 743; Malfi &
Roulston, 2014, p. 24). Nutritionally stressed worker bees infected with C. bombi were found to have a
50 percent higher mortality rate than well-fed bees infected with C. bombi, which contributed to colony
stress and decline, and emergent queens infected with the parasite have delayed colony initiation in the
spring (Brown et al., 2000, pp. 424-425, 2003, pp. 997-1000; Kissinger et al., 2011, p. 223). Effects of C.
bombi infection include reduced colony founding success, lower colony fitness and growth, delayed
reproduction, and inadequate fat reserves in hibernating queens (Shykoff and Schmid-Hempel 1991, p.
242; Schmid-Hempel 2001, pp. 148, 150-154; Brown et al. 2003, pp. 995-1000; Graystock et al. 2014; ).
C. bombi has not been documented in Suckley's cuckoo bumble bee.

Crithidia expoeki is protozoan parasite that has been detected in the contiguous United States and
Mexico (Gallot-Lavallée et al., 2016, p. 75; Tripodi et al., 2018, entire), and in Alaska and Switzerland (R.
Schmid-Hempel & Tognazzo, 2010, p. 337). It may be as widespread as C. bombi (Tripodi et al., 2018, p.
151), but additional data is needed to confirm its distribution and hosts (Palmier et al., 2020, p. 17). Of
30 bumble bees collected from two sites in Saskatchewan, 58 percent tested positive for C. bombi and
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25 percent for C. expoeki. Crithidia spp. have not been documented in Suckley’s cuckoo bumble bee, but
have been documented in its known host in the western portion of the range, B. occidentalis (Cordes et
al. 2012, p. 212).

Apicystis bombi is a protozoan parasite in honey bees, commercial bumble bees, and wild bumble bees
in North America, South America, Europe, and Asia (Graystock et al., 2015, p. 1), and it is classified as an
emerging infectious disease (Sachman-Ruiz et al., 2015, p. 2044; Wilfert et al., 2016, pp. 595-596). The
feeding of commercially-reared bumble bees with pollen that has been collected and processed by
honey bees has provided an exposure route for this bee pathogen (Goulson et al., 2015, p. 3; Graystock
et al.,, 2016, p. 71), and commercially-sourced colonies of B. terrestris were found to harbor this parasite
(Graystock, Yates, Evison, et al., 2013, p. 1208). It is also thought to be spread via fecal-oral transmission
and perhaps from infected queens to eggs (Goulson and Hughes 2015, p. 13; Graystock et al. 2015, p. 1).
Impacts of this pathogen on bees can include degradation of body fat, neurological effects, reduced
overwinter survival, and mortality in adults (Macfarlane et al. 1995, p. 134; Goulson and Hughes 2015, p.
13; Graystock et al. 2015, p. 6). This disease has not been documented in Suckley’s cuckoo bumble bee,
but it has been documented in one of its known hosts, B. nevadensis (Maxfield-Taylor et al., 2011, p. 4).

5.2.3.3 Tracheal mites

Locustacarus buchneri is a widespread bumble bee parasite that has been reported in approximately 25
bumble bee species (Otterstatter & Whidden, 2004, p. 353), and it can be prevalent in both wild and
commercial bumble bee colonies (Colla et al., 2006, pp. 462—466). The mites feed on the hemolymph
(blood-like fluid) of their hosts (Goka et al., 2006, p. 287; Goulson, 2010a, p. 72; Otterstatter & Whidden,
2004, pp. 352-356). They overwinter in the trachea of young queens, then reproduce inside them in the
spring. The larvae from female mites spread to other bees (Goulson, 2010a, p. 72; Husband & Sinha,
1970, p. 1161; Otterstatter & Whidden, 2004, pp. 352—-356). A single female mite can be associated with
as many as 50 eggs (Goka et al., 2006, p. 286). Mites can also spread from infected bee colonies to
uninfected colonies via shared food sources, when infected workers enter colonies other than their own
(“drifting workers”), or when infected males mate with uninfected queens (Colla et al., 2006, p. 465;
Husband & Sinha, 1970, p. 1161; Otterstatter & Whidden, 2004, pp. 351, 355).

Global redistribution of various strains of L. buchneri may have occurred due to the worldwide trade in
bumble bees (Goka et al., 2006, p. 285; Goulson, 20104, p. 188), and there is evidence from Canada that
commercial bumble bee populations were spreading L. buchneri to wild populations (Colla et al., 2006,
pp. 463—-465). The negative effects of L. buchneri on its hosts include physical damage to the trachea
resulting in reduced fitness and colony growth, shortened lifespan of individual bees, and cessation of
foraging in worker bees (Husband & Sinha, 1970, pp. 1160-1161; Otterstatter et al., 2005, pp. 383, 385;
Otterstatter & Whidden, 2004, p. 354). L. buchneri has not been documented in Suckley’s cuckoo
bumble bee, but it has been documented in one of its known hosts, B. occidentalis, and in a suspected
host, B. terricola (Otterstatter & Whidden, 2004, pp. 353—355).

5.2.3.4 RNA viruses

RNA viruses exhibit high mutation rates and short generation times; as such, they are likely to cross
species barriers and adapt rapidly to new host environments (Alger et al., 2019, p. 2). Several honey bee
viruses (deformed wing virus, black queen cell virus, sacbrood virus, Kashmire bee virus, Israeli acute
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paralysis virus, acute bee paralysis virus) are known to infect bumble bees (Robson-Hyska, 2017, pp.
124-125; Singh et al., 2010, p. 8; Tehel et al., 2022, p. 4). These viruses have not been documented in
Suckley’s cuckoo bumble bee, but they have been documented in several of its likely hosts.

Deformed wing virus has been cataloged as an emerging infectious disease (Furst et al., 2014, p. 365;
Wilfert et al., 2016, p. 596). It has been detected in wild and commercially-sourced bumble bees (Amiri
et al., 2018, p. 2; Barroso-Arévalo et al., 2019, p. 1). Honey bees can test positive for deformed wing
virus and be asymptomatic, whereas bumble bees that test positive for this virus are symptomatic (i.e.,
manifest deformed wings), suggesting that deformed wing virus is more virulent in bumble bees than in
honey bees (Genersch et al., 2006, p. 63). Infection with deformed wing virus can also result in non-
viable offspring and reduced longevity in bumble bees (Fiirst et al., 2014, p. 364). This virus has been
documented in a potential Suckley’s cuckoo bumble bee host, B. rufocintus (Robson-Hyska, 2017, pp.
63-65).

Black queen cell virus has been detected in at least 10 bumble bee species (Alger et al., 2019, p. 5;
Manley et al., 2015, p. 333; McMahon et al., 2015, p. 619; Peng et al., 2011, p. 650). It causes mortality
of queen larvae and pupae, and it can infect worker bees, but worker bees do not normally exhibit
outward disease symptoms (Chen & Siede, 2007, p. 38). As with deformed wing virus, its infectivity and
pathology are not well understood (Chen & Siede, 2007, pp. 38—39; McMahon et al., 2015, p. 622). This
virus has been documented in a potential Suckley’s cuckoo bumble bee host, B. rufocintus (Robson-
Hyska, 2017, pp. 64—65).

As with the other honey bee viruses, sacbrood, Kashmire bee virus, Israeli acute paralysis virus, and
acute bee paralysis virus result in various negative effects, including death in honeybees (Brutscher et
al., 2016, p. 2; Grabensteiner et al., 2001, p. 1). The effects of these viruses to bumble bees are
unknown, but these diseases have been documented in several potential hosts of Suckley’s cuckoo
bumble bee including B. fervidus, B. rufocintus, and B. terricola (Robson-Hyska, 2017, pp. 64—65, 124—
125).

5.2.3.5 Nematodes

Sphaerularia bombi is a parasitic nematode. Infection by this species can result in multiple negative
effects to bumble bee queens such as a change in gene expression affecting energy usage, translation,
and circadian rhythm (Colgan et al., 2020, p. 170), and in endocrine gland function involved in growth
and development in the larva and pupa (Maxfield-Taylor et al., 2011, p. 134). Further, queens infected
with S. bombi have ovaries that are undeveloped (Maxfield-Taylor et al., 2011, p. 134) inhibiting them
from establishing nests and laying eggs (Poinar & Van Der Laan, 1972, p. 239). S. bombi has been
reported in 15 Bombus species in North America (Maxfield-Taylor et al., 2011, pp. 134-135). In Nova
Scotia, the prevalence of S. bombi infections for seven species of Bombus was 22 percent
(McCorquodale et al., 1998, pp. 879-881). S. bombi has not been documented in Suckley’s cuckoo
bumble bee, but it has been documented in one of its known hosts, B. occidentalis (Poinar, 1974, p.
305).

5.2.4 Pesticide Application

Throughout this assessment, we use the term pesticides as a broad term inclusive to a wide variety of
human-made chemicals that are generally used to control plant and animal pests. Pesticides include
herbicides, insecticides, fungicides, miticides, rodenticides, and adjuvants. Adjuvants are compounds
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added to many pesticides at the time of application to enhance the penetration, spread, and duration of
effect of the active ingredient(s) (Fine et al., 2017, p. 1).

Lethal and sub-lethal effects on bumble bee eggs, larvae, and adults have been well documented for
many different pesticides under various scenarios (Table 5). Bumble bees, which nest underground, are
exposed to pesticide residues in the soil which can accumulate higher toxicity levels when treated with
pesticides multiple times (DiBartolomeis et al., 2019, p. 21). Bumble bee larvae consume large amounts
of unprocessed pollen, which pose another source of exposure to pesticide residues (Arena & Sgolastra,
2014, p. 333). Studies have also found evidence of adverse impacts to bumble bee habitat associated
with herbicide use. Specifically, they found changes in vegetation and the loss or reduction of flowers
needed to provide consistent sources of pollen, nectar, and nesting material (Johansen, 1977, p. 188;
Kearns et al., 1998, pp. 91-92; Kearns & Inouye, 1997, p. 302; Plowright et al., 1978, p. 1145; Smallidge
& Leopold, 1997, p. 264). Rodenticides such as aluminum phosphide, zinc phosphide, diphacinone,
chlorophacinone, and strychnine may reduce rodent populations in some habitats, which in turn could
limit nesting habitat for the hosts on which Suckley’s cuckoo bumble bee depends (Witmer et al., 2012,
p. 210).

Table 5. Summary of lethal and sub-lethal effects of pesticides on bumble bees. Pesticide effects are not

limited to those listed here.

Pesticide effect

Reference(s)

Reduced or lack of male production

(Fauser-Misslin et al., 2014, pp. 453—454; Feltham et al., 2014, p. 320;
Gill et al., 2012, p. 107; Mommaerts et al., 2006, pp. 754—-755; Scholer &
Krischik, 2014, p. 7)

Reduced or lack of egg hatching

(Elston et al., 2013, pp. 6-7; Mommaerts et al., 2006, pp. 754-755)

Reduced queen production

(Fauser-Misslin et al., 2014, pp. 453—454; Feltham et al., 2014, p. 320;
Whitehorn et al., 2012, p. 352)

Reduced queen longevity

(Fauser-Misslin et al., 2014, pp. 453—454)

Loss of workers and reduced worker
biomass

(Gels et al., 2002, p. 726)

Reduced colony weight

(Feltham et al., 2014, p. 320; Gels et al., 2002, p. 726; Scholer & Krischik,
2014, p. 6; Whitehorn et al., 2012, p. 351)

Reduced brood size/production

(Elston et al., 2013, p. 6; Feltham et al., 2014, p. 320; Gill et al., 2012, p.
107; Laycock et al., 2012, p. 3; Laycock & Cresswell, 2013, p. 4;
Mommaerts et al., 2006, p. 756)

Reduced feeding/foraging

(Fauser-Misslin et al., 2014, pp. 453-454; Feltham et al., 2014, p. 320;
Gill et al., 2012, p. 107; Gill & Raine, 2014, pp. 211-212; Morandin et al.,
2005, pp. 623-624; Scholer & Krischik, 2014, p. 5)

Impaired ovary development

(Baron et al., 2017, p. 4; Laycock et al., 2012, pp. 4-5)
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Impaired sperm viability and feeding | (Minnameyer et al., 2021, p. 7)
gland function

Reduced ability to learn and (Siviter et al., 2018, p. 2816)
remember

Reduced foraging motivation (Ldmsa et al., 2018, p. 4)
Weakened resistance to disease (Manley et al., 2015 entire)

Bumble bee exposure to pesticides can also occur from direct spray or drift (Johansen and Mayer 1990,
entire), or from gathering or consuming contaminated nectar or pollen (Morandin et al., 2005, p. 619).
Systemic pesticides are one source of contamination because the chemicals are absorbed by the plant
and can be transported to the pollen and nectar. The timing of exposure to pesticides affects the
magnitude of their potential impacts. Most pesticides are applied to the landscape during the bumble
bee active season. Bumble bees are especially susceptible to pesticides applied early in the year
because, for approximately one month every year, the entire bumble bee population depends on the
success of the queens to forage and establish new colonies. However, the loss of worker bees is also
concerning. Bumble bees have smaller colonies relative to honey bees, which increases the relative
impact of individual worker losses to colony survival (Thompson & Hunt, 1999, p. 155). As an obligate
parasite that relies on the workers of the parasitized host colony, the loss of individual workers would
also have cascading impacts on Suckley’s cuckoo bumble bee.

5.2.4.1 Neonicotinoids

Neonicotinoid pesticides have been strongly implicated in the decline of several Bombus species due to
the correlated introduction of neonicotinoid insecticides and the precipitous decline of those species
(Colla & Packer, 2008, p. 10; Goulson, 2013, pp. 7-8; Pisa et al., 2015, p. 69). Most studies examining the
effect of neonicotinoids on bees have been conducted using the European honey bee (Apis mellifera)
and a handful of Bombus species (Camp & Lehmann, 2021, p. entire; Lundin et al., 2015, p. 7).

Neonicotinoids are based on nicotine compounds; they are systemic insecticides that act as a neurotoxin
at varying levels of toxicity, affecting the central nervous system of insects. The neonicotinoid family of
insecticides includes: acetamiprid, clothianidin, imidacloprid, nitenpyram, nithiazine, thiacloprid, and
thiamethoxam. Neonicotinoids kill insects by interfering with the receptors of their nervous systems,
causing overstimulation, paralysis, and death (Buszewski et al., 2019, p. 34728). Sub-lethal effects of
neonicotinoids to bumble bees can include impairments to reproduction. Thiamethoxam impairs ovary
development (Baron et al., 2017, p. 4), and imidacloprid reduces reproductive success and the
production of reproductive females (Raine, 2018, p. 40; Whitehorn et al., 2012, pp. 351-352; Wu-Smart
& Spivak, 2018, pp. 4-5). Because Suckley’s cuckoo bumble bees produce only reproductive offspring,
they may be especially vulnerable to the effects of neonicotinoids which impair reproductive function.

Neonicotinoids are used in a wide variety of agricultural applications, including common use as seed
coatings in corn, wheat, soybeans, and cotton (A. Alford & Krupke, 2017, p. 1). These prophylactic seed
treatments can increase toxic loads in soils, increasing risk of bumble bee exposure (DiBartolomeis et al.,
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2019, p. 22). Suckley’s cuckoo bumble bee have been observed in and around regions of agricultural
production, including those involved in the production of crops commonly treated with neonicotinoids.

5.2.4.2 Adjuvants

Pesticide formulations typically contain less than 50 percent active ingredients with the remainder being
surfactants (surface active agent that reduces the surface tension of water) and solvents, collectively
referred to as adjuvants. As bees forage, they are exposed to many pesticide adjuvants as well as the
active ingredients (Mullin et al., 2015, p. 7). Adjuvants, however, are not typically included in risk
assessments that are required for pesticide registration (Mullin et al., 2015, p. 2) and are generally
considered by the Environmental Protection Agency to be biologically inert (Fine et al., 2017, p. 1).
Therefore, adjuvants are less studied, but can be as or more toxic to bees as the active ingredients
(Mullin et al., 2015, p. 4). For example, bumble bees are highly susceptible to emulsifiers such as
perfluorooctane sulfonic acid (Mommaerts et al., 2011, pp. 450-452). Organosilicones are a nonionic
class of surfactant that has been shown to have a toxic effect on honey bees (Fine et al., 2017, p. 1).
Four of 11 commercially available spray adjuvants were toxic to honey bees when applied at field rates
(Goodwin & McBrydie, 2000, p. 232). Pesticide active ingredients and adjuvants may also interact
synergistically, causing impacts that would not occur by exposure to the active ingredients alone (Mullin
et al., 2015, p. 3).

5.2.5 Habitat Conversion and Fragmentation

Throughout North America, habitat historically occupied by bumble bees has been lost, degraded, or
fragmented. The conversion of natural habitat to agricultural and urban areas is the primary cause of
bumble bee habitat loss (Goulson et al., 2015, p. 2). Other factors contributing to the loss or degradation
of forested habitat include increased parcelization and fragmentation of land; deterioration of forests
from introduced pests and pathogens; and unsustainable land management practices in some areas
(Mola et al., 2021).

Suckley’s cuckoo bumble bee is associated with a wide variety of habitats including prairies, grasslands,
meadows, and woodlands as well as urban and agricultural areas (COSEWIC, 2019, p. 26; Martin et al.,
2023, p. 22; Montana Natural Heritage Program, 2023, p. 3). They require host nests and overwintering,
mating, and foraging habitat areas that connect, overlap, and are located relatively near to each other.
Habitat conversion and fragmentation from intensive agriculture (generally, agriculture which is
designed for increased yield, less frequent fallow, and which relies at least in part on technology) and
urbanization are recognized as having significant impacts to many Bombus species and likely contribute
to current bee declines (Colla, 2016, p. 419; Duchenne et al., 2020, p. 6762; Goulson et al., 2015, p. 1;
Grixti et al., 2009, pp. 79-81; Hatfield & LeBuhn, 2007, pp. 154-157; Hines & Hendrix, 2005, pp. 1481—
1483). Habitat loss is commonly cited as a long-term contributor to bee declines through the 20t
century, and it may continue to contribute to current declines, at least for some species (Brown &
Paxton, 2009, pp. 411-412; Goulson et al., 2008, pp. 191-198, 2015, p. 2). Suckley’s cuckoo bumble bee
and the confirmed host species, being generalist foragers, may not be as severely affected by habitat
loss compared to habitat specialists, such as native prairie endemics, but loss or degradation of habitat
reduces bee diversity and abundance (Potts et al., 2010, pp. 348—-349), and small, isolated patches of
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habitat may not be sufficient to support healthy bee populations (Hatfield & LeBuhn, 2007, pp. 154-156;
Ockinger & Smith, 2006, pp. 55-56).

Habitat conversion and fragmentation reduce the amount or accessibility of suitable host nests and
foraging and overwintering habitat. They also reduce the connectivity required for healthy populations
to expand in response to environmental or demographic changes and to maintain genetic diversity. High
bumble bee species richness and abundance are associated with diverse floral resources, particularly
when surrounded by a complexity of natural habitats across the landscape (Hatfield & LeBuhn, 2007, pp.
154-157; Hines & Hendrix, 2005, pp. 1481-1483). Due to their dispersal characteristics, long colony
cycle, and nesting and overwintering requirements, bumble bees are sensitive to the negative effects of
habitat fragmentation (Grixti et al. 2009, p. 79).

Habitat conversion leads to the reduction of abundant and diverse floral resources. We lack information
specific to Suckley’s cuckoo bumble bees, however adverse effects are well documented for bumble
bees in general. The lack of sufficient nutritional resources can reduce colony growth, health, and
reproduction, and negatively influence long-term bee populations (Vaudo et al., 2015, p. 4040). Food
shortfalls because of habitat loss can induce longer larval development, production of smaller and fewer
individuals, and an early shift to male production (Beekman & van Stratum, 1998, entire; Sutcliffe &
Plowright, 1990, pp. 1056—1057). Nutritional stress caused by habitat loss can affect learning and
memory that can lead to reduced foraging efficiency, increased competition, and overall decline in
colony fitness (Colla, 2016, p. 413; Townsend-Mehler & Dyer, 2011, pp. 275-286). Larval and colony
growth can be significantly affected by pollen type (plant species), pollen diversity, and the varying
nutritional quality and quantity. Differences in colony development, growth, and fitness between
bumble bee species have been observed when they are fed the same diet and under the same
controlled rearing conditions (Colla, 2016, pp. 416-417; Tasei & Aupinel, 2008, pp. 397—-409).

Monoculture farming is another factor that impacts plant community changes and thus reduces nesting
opportunities for host colonies (Kearns & Inouye, 1997, p. 298). Agricultural manipulation and changes
across various landscape types have likely impacted the availability of host nest sites in North America in
the 20™ century due to habitat degradation, modification, conversion, and loss (Goulson, 2003, p. 142).
These are important changes because diet breadth and coexistence in bumble bees can become limited
due to habitat loss (Goulson et al., 2008, pp. 193-200) and coexistence is important for parasitic species
like Suckley’s cuckoo bumble bee that rely on host colonies to raise their young. Decreases in foraging
habitat increases competition, because there is overlap in resources that bumble bee species use
(Goulson et al., 2008, p. 196).

While habitat conversion and fragmentation are well documented throughout the range of Suckley’s
cuckoo bumble bee, recent observations of Suckley’s cuckoo bumble bee, B. occidentalis, and B. affinis
do occur in urban and agricultural settings. As outlined above, these areas may not represent high-
quality habitat, and records of these species in these habitats may represent range contraction (U.S. Fish
and Wildlife Service, in review).

5.2.6 Changes in Ambient Temperatures and Heatwaves

Global annual surface temperatures have risen an average of 0.09°C (0.17°F) each decade from 1901 to
2020 (U.S. Environmental Protection Agency, 2021b, n.p.). Temperature increases in the contiguous
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United States since the late 1970s have surpassed the global rates for that period, increasing from
0.17°Ct0 0.30°C (0.31°F to 0.54°F) each decade. The northern and western parts of the United States
and Alaska have experienced the greatest increases (U.S. Environmental Protection Agency, 2021b,
n.p.); this represents the bulk of the range of Suckley’s cuckoo bumble bee. Temperatures in the arctic
have increased at twice the global rate and they are expected to continue to increase at a higher rate
than the global average (Hayhoe et al., 2018, pp. 91-92; IPCC, 2014, p. 60). Climate change is
contracting temperate, arctic, and alpine zones (Staten et al., 2018, p. 770) in which bumble bees are
distributed and to which they are adapted (Goulson, 2010a, p. 2). In addition to increasing average
temperatures, heatwaves in the United States have become more frequent, more intense, and longer in
duration and have occurred over a longer season (U.S. Environmental Protection Agency, 2021a, n.p.).

Temperature influences events in bumble bees’ lifecycles such as diapause, emergence, foraging, and
colony maintenance (see 4 Species Ecological Needs). Rising ambient temperatures and heatwaves can
negatively affect bumble bee individuals and colonies by reducing survival, increasing energy
expenditures, reducing flight and foraging, and reducing reproduction (see ‘upper thermal limits’ in 4.1.1
Thermal Suitability). A study of ten bumble bee species in North America found that queens emerged
from diapause on average 10.4 days earlier per decade from 1880 to 2010, with the biggest shift
occurring since 1970 (Bartomeus et al., 2011, p. 20645). Entering diapause may also be affected by
temperature changes due to climate change (Maebe et al., 2021, p. 4229). Intrinsic characteristics
determine the extent to which Suckley’s cuckoo bumble bee can adapt physiologically to tolerate
warming temperatures (see 4.1.1 Thermal Suitability). Responding to the changes could require
physiological adaptations to persist in habitats despite warming temperatures and behavioral ability to
disperse to and colonize new areas that become suitable (Maebe et al., 2021, pp. 4230-4231).

Bumble bees have low variation in heat stress resistance and therefore may have low capacity to adapt
physiologically to warming temperatures (Martinet et al., 2021, p. 7). Bumble bee species that occur
across a relatively broad climatic range, such as Suckley’s cuckoo bumble bee, likely have a greater
capacity to adapt to warming temperatures than species with narrow ranges. While we do not know
how well Suckley’s cuckoo bumble bee will adapt to rising temperatures, their main host species
appears sensitive to temperature. Between 1998 and 2020, the largest contributor to the decline in
occupancy of B. occidentalis was temperature of the warmest quarter (synonymous with heat wave
events) (Janousek et al., 2023, p. 2). This climate variable had twice the negative effect on occupancy as
the second largest influencing variable, consecutive years of drought. Though this study may not model
the precise climatic niche of B. occidentalis, due to the coarse macroclimate data used, it does suggest
that broad scale temperature patterns are important drivers of where an important Suckley’s cuckoo
bumble bee host species is found on the landscape. Heat waves are projected to increase, particularly in
the western portions of North America (Hicke et al., 2022, p. 1937), which represents the bulk of the
range of Suckley’s cuckoo bumble bee.

Temperature changes could make southern portions of Suckley’s cuckoo bumble bee range less suitable
for the species, while additional habitat may become more suitable in the northern portions of their
ranges and at higher elevations. Colonizing new areas may be dependent on dispersal ability (see
sections 2.3 Life history and 3.2 Population needs for resiliency) and they may require adapting to novel
communities where Suckley’s cuckoo bumble bees could be exposed to new conditions and potential
hosts (Cameron, Jepson, et al., 2011, pp. 39-40; Pradervand et al., 2014, p. 5). Additionally, warming
ambient temperatures and heatwaves commonly co-occur with drought, another influence that could
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compound the effects of any one of the influences alone (Cameron, Jepson, et al., 2011, pp. 39-40;
Pradervand et al., 2014, p. 5).

Trends in bumble bee species' ranges indicate that the taxon does not have a high capacity for adapting
to increasing temperatures (Kerr et al., 2015, p. entire; Sirois-Delisle & Kerr, 2018, p. entire). Ranges of
bumble bee species in North America and Europe have contracted in their southern-most portions (Kerr
et al., 2015, p. 178). This contrasts with dragonfly and butterfly taxa that evolved in the tropics and have
generally maintained their southern range limits despite rising temperatures (Sunday et al., 2012, p.
687). While their ranges are contracting in the south, bumble bees generally have not expanded to track
warming temperatures north of their ranges as dragonfly and butterflies have; this lag may be due to
insufficient capacity to colonize new areas (Fourcade et al., 2018, p. 648; Kerr et al., 2015, p. 178;
Sunday et al., 2012, p. 687). In mountainous areas, bumble bee species have shifted their ranges up
elevational gradients (Bartomeus et al., 2011, p. 20647; Fourcade et al., 2018, p. 649; Kerr et al., 2015, p.
179; Pyke et al., 2016, p. 15). B. occidentalis has been documented shifting to higher elevation subalpine
habitat in Colorado (Pyke et al., 2016, p. 15). Another study of B. vancouverensis using genetic markers
indicated that populations of montane bumble bees may be able to rapidly adapt to climate-associated
range changes (Lozier et al., 2023, p. 10). However, opportunity to move up in elevation is constrained
by the height of the mountains and sometimes results in decreasing area with increasing elevation.
Analyses of long-term data of bumble bee species distribution, including cuckoo bumble bee and its
hosts, reveal widespread declines and predict extirpations in the southern portions of their ranges that
exceed colonization rates in the northern portions of their ranges, resulting in recent and projected
shrinking bumble bee ranges in the future (Sirois-Delisle & Kerr, 2018, pp. 4-5; Soroye et al., 2020, pp.
685, 687).

Warming temperatures could additionally affect Suckley’s cuckoo bumble bee and its hosts by affecting
their floral resources. Studies evaluating multiple decades of data have found shifts in flowering
phenology correlated with warming temperatures. Shifts in flowering times could result in phenological
mismatch between pollinators and their foraging resources (see section 4.2.7, Drought Frequency and
Intensity). Heatwave conditions directly reduce bumble bee foraging, as well as indirect effects on
bumble bee foraging from heat-stressed flowering resources (N. M. Williams & Hemberger, 2023, p.
597). Decreased pollination due to phenological mismatch could reduce plant reproduction and further
affect floral resource availability (Forrest et al., 2010, p. 438; Pyke et al., 2016; J. D. Thomson, 2010, p.
3197).

5.2.7 Drought Frequency and Intensity

Droughts are prolonged periods of reduced precipitation, within- or across-seasons, that reduce soil
moisture, surface and groundwaters, and snow levels in an area. Drought negatively impacts floral
resources and the pollinators that depend on them. A large portion of Suckley’ cuckoo bumble bee
range is within water-limited areas of western North America where drought is frequent and has major
implications for floral resources. The frequency of biologically-significant drought events is projected to
increase within the range of Suckley’s cuckoo bumble bee and its host species due to changes in climate
and resource impacts (Swain & Hayhoe, 2015, pp. 2737-2750).

Droughts could also amplify impacts to pollinators from increased temperatures, grazing, invasive
species, altered surface and groundwater levels, and competition, which directly and indirectly effects
pollinators. Drought indirectly impacts bumble bees by altering or reducing floral resources, including
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reductions to the quality, quantity, and availability of pollen and nectar (Waser and Price 2016, p. 1405;
Phillips et al. 2018, pp. 3226—3235; Carroll et al. 2001, p. 443). Shifts in the spatial and temporal patterns
of flowering resulting in mid-summer floral gaps (Aldridge et al., 2011, entire), highlight that drought-
stress impacts on a plant community could reduce pollen and nectar resources needed for successful
pollinator reproduction. For example, as a result of drought stress, fireweed (Chamaenerion
angustifolium) flower size and nectar volume are measurably reduced (Carroll et al., 2001, p. 443).
Further, drought can cause within-season resource shortages that may impact foraging activity, growth
(Crone & Williams, 2016, p. 6; Westphal et al., 2006, p. 393), and colony health (McNeil et al., 2020, p.
5). Since droughts have a direct effect on floral resources, this in turn has an effect on pollinators at the
population level (Roulston & Goodell, 2011, p. 305). Drought may also lead to increased competition
with honey bees (see section 5.2.2 Managed and Introduced Bees) in areas where their resources
overlap. When drought conditions impact preferred floral resources, bumble bees will forage on less
preferred, drought-resistant species used by the more numerous honey bees (D. M. Thomson, 2016, pp.
1247-1255).

Warming temperatures increase evaporation and decrease transpiration in plants, yet when
temperature is compounded with low precipitation it can alter plant transpiration and survival strategies
during important stages of the growing season(Hanson, 1991, pp. 99-104). Biologically severe droughts
are intensified when combined with higher temperatures (see section 5.2.6 Changes in Ambient
Temperatures and Heatwaves). A model of cumulative effects of climate changes, landcover, and
pesticide-use on B. occidentalis occupancy found that consecutive years of severe drought was the
second most influential cause of occupancy declines (Janousek et al., 2023, pp. 2—-3). In addition, suitable
habitats may be restricted with rising temperatures, reducing the range of some species, especially at
range edges where abundance may decline when floral resources decline in response to drought (D. M.
Thomson, 2016, pp. 1247-1255). Though drought may be locally and temporarilly alleviated by
precipitation, the impacts to the growing season may persist and reduced floral resources impact
Suckley’s cuckoo bumble bees that require pollen and nectar in order to overwinter with adequate body
mass (see section 4.1.2 Diapause Site Availability). Droughts can increase within-season stress on these
resources (flowers, pollen, and nectar) in turn causing gaps in their availability for pollinators later
within the same season.

One study argues that declining availability of floral resources due to warmer summers may be favoring
bumble bees that are generalists, and thus may be prompting evolution of bumble bees toward features
that allow for more generalist foraging(Miller-Struttmann et al., 2015, pp. 1541-1544). However, other
models of climate and drought effects over a few successive seasons reduced B. occidentalis occupancy
(Janousek et al., 2023). Apparent declines in pollinator populations suggest that negative impacts of
increasingly frequent and intense droughts may outpace adaptation opportunities over time.

Droughts, especially in consecutive years (Janousek et al., 2023, p. 2), will likely amplify biologically-
significant negative effects on Suckley’s cuckoo bumble bee resources and host species, though the
direct drought impacts on Suckley’s cuckoo bumble bee individuals and populations are unstudied.
Droughts are expected to negatively affect resources, alter floral communities to less preferred
flowering conditions or timing, increase competition between pollinators, and negatively impact
Suckley’s cuckoo bumble bee and its hosts throughout much of the species’ range.
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5.2.8 W.ildfire Frequency and Intensity

Wildfires pose complex effects to bumble bees, from decreasing resource availability (Galbraith et al.,
2019, p. 15; Mola et al., 2020, p. 1807; Mola & Williams, 2018, p. 7) to increasing floral and bee
abundance and diversity (Carbone et al., 2019, entire; Galbraith et al., 2019, entire; Mola et al., 2020,
pp. 1804-1808; Mola & Williams, 2018, pp. 4-8). Fire disturbance can temporarily increase floral
resources, thereby enhancing bee body size, reproductive output, genetic diversity, and population size
(Carbone et al., 2019; Mola et al., 2020, pp. 1804—1808). Higher floral abundance following fire has been
shown to increase forager abundance, the subsequent number of colonies, and increased mean worker
size (Mola et al., 2020, pp. 1804-1807). The relative effect of high intensity fires varies based on the
ecological conditions in which it took place. Since Suckley’s cuckoo bumble bee is a broad ranging
species with multiple hosts, fire is likely to have variable and diverse effects throughout the range.

While there is evidence to suggest that fires increase resources post-fire, these effects may be
temporary and vary by habitat type (i.e, forested vs. grassland habitats). While increased queen
abundance across burned and unburned sites was observed for two years post-fire, after two years
worker abundance was reduced across all sites, and body sizes were similar between sites (Mola et al.,
2020, pp. 1805-1808). Other studies show the effects of fire and grazing disturbance to floral
communities have similar short-term (two to three year) impacts on bee communities in tallgrass prairie
(Bruninga-Socolar et al., 2022, p. 6).

Regulating factors that impact bumble bees through habitat management, such as habitat restoration or
prescribed fire, may be an effective approach, as evidenced by the findings of a study conducted by
(Mola et al., 2020, p. 1808), but fire regimes would also need to be monitored and managed to inform
biologists about bumble bee population dynamics (Carbone et al., 2019, p. 1487). Given the current fire
regime changes at the global scale, it is important to monitor post-fire pollinators across many
ecosystems, as studies suggest that fire regime is critical in determining the dynamics of pollinator
communities (Carbone et al., 2019, p. 1487). Another consideration is the introduction of fire tolerant
weeds, such as cheatgrass, which reduces floral resources (Stark & Norton, 2015, p. 799). Opportunities
to manage habitat components are limited over space, time, and resources. Regardless, wildfire
frequency and intensity are expected to increase throughout the range of Suckley’s cuckoo bumble bee,
particularly in the western United States (Gao et al., 2021, p. 6; Parks et al., 2018, p. 919).

5.2.9 Livestock Grazing

Livestock grazing occurs throughout much of the historical range of Suckley’s cuckoo bumble bee,
primarily by cattle, sheep and wild horses, and it can have mixed effects on bumble bees. Bee
researchers typically find reduced floral resources and lower bumble bee diversity and abundance at
grazed sites (Hatfield & LeBuhn, 2007, p. 150; Sjodin, 2007, pp. 2110-2113; Sjodin et al., 2008, p. 763).
Although grazing can be a useful management tool for maintaining early successional habitat, benefits
are dictated by frequency, intensity, species (i.e. sheep, cattle, horses, etc. ) and timing (Carvell, 2002, p.
44; Kimoto, DeBano, Thorp, Taylor, et al., 2012, pp. 9-13). Low intensity grazing preserves floral
resources benefiting bumble bees (Scohier et al., 2012, pp. 287-292), while increased intensity of
grazing can reduce species richness of bees as a result of altered floral composition, including invasive
species establishment and soil compaction (Hatfield & LeBuhn, 2007, p. 156; Vazquez & Simberloff,
2003, p. 1080). Bumble bees are sensitive to grazing intensity early in the season, potentially because of
altered foraging behavior (Kimoto, DeBano, Thorp, Rao, et al., 2012, pp. 9—13). Intense summer grazing,
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compared to areas only grazed in winter, reduces vegetation height and floral resources, leading to
fewer bee visits to preferred food plants and decreased bumble bee diversity (Xie et al., 2008, pp. 699—
700). The reduction of vegetation height and structure from high intensity grazing in the Pacific
Northwest bunchgrass prairies has been linked to declines in bumble bee richness and abundance
(Kimoto, DeBano, Thorp, Taylor, et al., 2012, pp. 12-13).

Grazing may compact soil and change plant communities (M. Connors, 2016, pers. comms), thus
impacting nesting habitat for Suckley’s cuckoo bumble bee hosts (Defenders of Wildlife, 2015, p. 14).
Livestock may also trample nesting sites (Kearns et al., 1998, p. 90) and negatively impact ground-
nesting rodents (Johnson & Horn, 2008, p. 444), which in turn may reduce the number of nest sites
available for bumble bees (The Xerces Society & Thorp, 2010, p. 13). Livestock grazing also impacts
hydrology through compaction of soils and degraded riparian areas and may lead to increased fire cycles
through the introduction of exotic species (Dwire et al., 1999, pp. 319-321).

In summary, grazing can assist in maintaining open habitat, and low intensity grazing can preserve floral

resources. However, high intensity grazing can have a negative impact on floral resources and negatively
impact nest site availability. Thus, grazing has varied and complex effects on bumble bees, which makes

the impacts difficult to analyze.

5.2.10 Early Spring Frosts

Early spring frosts pose a risk to bumble bees, specifically to new queens and newly established colonies,
by damaging floral resources; negative effects to bees are of growing concern with the changing climate.
Floral resources are important throughout the lifecycles of both Suckley’s cuckoo bumble bee and its
hosts, but they are particularly important for host colony establishment in early spring (see section 4.1.3
Floral Resource Abundance and Diversity). Negative effects of early spring frost on host colony queens,
workers, and overall colony size may reduce their ability to persist within season, and to successfully
support Psithyrus such as Suckley’s cuckoo bumble bee (see 4.1.4 Suitable Host Colony Availability).

Spring frosts can damage early blooming floral resources (CaraDonna & Bain, 2015, pp. 61-62). Since
1974, there has been an increase in frequency of frost damage to plants in a subalpine, long-term study
(Inouye, 2008, pp. 358—359). Flowers, compared to vegetative parts, are generally more sensitive to
damage from frost events (CaraDonna & Bain, 2015, pp. 61-62), and spring frosts reduce the overall
availability of floral resource abundance across the subsequent summer (CaraDonna et al., 2014, p.
4919).

Despite some plants with early phenology exhibiting some tolerance to freezing temperatures
(CaraDonna & Bain, 2015, pp. 61-63), advancing bloom date for plants triggered by climate change
(CaraDonna et al., 2014, p. 4919) exposes early floral growth to additional risk of frost damage (Willmer,
2012, p. R131). Climate change was found to result in earlier snowmelt, and the reduced snowpack
exposes plants to spring frosts and damage to floral resources (Inouye, 2008, p. 357). The increased frost
damage to flowering plants could also contribute to an observed change in flowering dates across small
geographic and altitudinal scales (Inouye, 2008, pp. 357, 361).

Loss of floral resources at a critical time in the bumble bee life cycle is the main concern for early spring
frosts. Physiological constraints during early spring frost events are less likely to be an issue for Suckley’s
cuckoo bumble bee and its hosts because bumble bees are somewhat adapted to tolerate cold
temperatures. For example, B. mckayi queens in Alaska were still capable of flight at 9° (C) (49° F) and
workers flew at 18°C (64°F) (Bishop & Armbruster, 1999, p. 715). Bumble bee queens may return to
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torpor if temperatures fall below their lower thermal threshold (Oyen & Dillon, 2018). High-altitude bees
may be more likely to recover from unexpected cold snaps, including early spring frosts, by using rapid-
cold hardening (Oyen et al., 2016, p. 56). However, there is some evidence that exposure to sudden cold
temperatures decreases foraging activity of B. occidentalis (Wilson et al., 2006, pp. 170-172).

Spring frost damage to floral resources has been linked to within-season declines in wild bee
populations (Graham et al., 2021, p. 6). Spring frosts could have a negative impact on the success of
local bumble bee colonies (Inouye, 2008, p. 361) by reducing existing and future within-season
availability of pollen and nectar resources on which pollinators, including host colonies for Suckley’s
cuckoo bumble bee, rely. Inadequate floral resources could especially affect colony establishment and
growth if they occur during critical times, such as early spring when new queens emerge from diapause
and are establishing their colonies. Some bumble bee species may depend on a specific floral resource
during a specific time period. For example, (Vogt et al., 1994, p. 1552) subarctic bumble bee queen
emergence coincided with the first blooming willows, and their early emergence allowed them time to
establish a colony in the shortened growing season in the tundra (Vogt et al., 1994, p. 1552). Delays in
emergence or colony initiation after emergence may hinder the ability of bees to complete their life
cycle before the end of the relatively short subarctic season (Vogt et al., 1994, p. 1554).

During the early stage of the colony's cycle, the queen, larvae, and the small number of workers are
especially vulnerable to floral resource gaps since the colony initially relies on small pollen stores and a
nectar pot during establishment (see sections 4.1.3 Floral Resource Abundance and Diversity). While
host colonies for Suckley’s cuckoo bumble bee may be able to physiologically survive the impacts of
early spring frost events, resource gaps that result from damaging spring frosts have the potential to
negatively impact host queens and colonies necessary to support the lifecycle of Suckley’s cuckoo
bumble bees.

5.3 Voluntary and Regulatory Conservation Measures

Suckley's cuckoo bumble bee is listed as threatened by the Committee on the Status of Endangered
Wildlife in Canada (COSEWIC) (COSEWIC, 2019, p. iii) and is listed as critically endangered by the IUCN
(Hatfield et al., 2015, p. 1). In the United States, Suckley's cuckoo bumble bee is listed on the sensitive
species list for the U.S. Forest Service and Bureau of Land Management Interagency Special Status
/Sensitive Species Program (ISSSSP) in the Pacific Northwest (ISSSSP, 2021). It is also listed as a species of
greatest conservation need in Idaho, Washington, Colorado, and California, where it is also a candidate
for listing under the California Endangered Species Act (CNDDB, 2023, p. 6; Colorado Parks and Wildlife,
2015, p. B-1; Idaho Department of Fish and Game, 2017, p. xvii; Washington Department of Fish and
Wildlife, 2015, pp. 3—39). These states generally outline research and conservation needs for species of
greatest conservation need in State Wildlife Action Plans, but these plans do not offer regulatory
protection.

Some states regulate the import of nonnative bee species, which can help protect native species,
including Suckley's cuckoo bumble bee (see 5.2.2 Managed and Introduced Bees). The Oregon
Department of Agriculture restricts some potential sources of the parasite V. bombi from entering the
state, including commercially produced colonies of Bombus impatiens; only Bombus species native to
Oregon are permitted for commercial pollination purposes (Oregon Department of Agriculture, 2017, p.
5). California requires permits to import B. impatiens and other species such O. lignaria for pollination
services (California Department of Food and Agriculture, 2023, p. 2).
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The U.S. Forest Service (USFS) has taken steps to reduce impacts of nonnative bee species. The Pacific
Northwest Region of the USFS is working on finalizing apiary guidelines, which include recommendations
for management practices and considerations to protect native pollinators and minimize negative
effects from managed bees and apiaries on USFS managed lands (J. Everett 2023, pers. comms).
Additionally, at least one USFS National Forest in the Pacific Northwest already restricts commercial and
privately owned bees on their managed lands (J. Everett 2023, pers. comms). For example, the Colville
National Forest plan directs that apiaries should not be placed where they would pose a risk to native
pollinators, butterflies, or rare bee species (U.S. Forest Service, 2019, p. 67). These measures highlight
that the USFS takes the threat of managed bees seriously and is actively working in some regions to
protect native bees.

States have also begun implementing strategies to limit pesticide effects on bees. The Oregon Bee
Project was initiated in 2017 as a collaboration between the Oregon Department of Agriculture, the
Oregon State University Extension Service, and the Oregon Department of Forestry. One project goal is
to mitigate bee exposure to pesticides through increased pesticide label comprehension, adoption of
new application practices, and increasing coordination between beekeepers and pesticide applicators
(Oregon Department of Agriculture et al., 2022, pp. 2—3). Washington State has established similar
goals, as stated in their Managed Pollinator Protection Plan, which offers best management practices for
beekeepers, growers, and pesticide applicators to help protect pollinators from pesticides (Washington
State Department of Agriculture, 2018, p. 5). Washington State also recently adopted additional
recommendations and funding for pollinator health (State Bill SB5253).

Neither the Managed Pollinator Protection Plan nor the State Bill restrict the use of pesticides in
Washington, but several other states have begun passing regulations on pesticides that are harmful to
bees and other pollinators. For example, California recently developed regulations that will implement
mitigation measures to protect pollinators by limiting the agricultural uses of certain neonicotinoid
pesticides, which went into effect January 1, 2024 (California Department of Pesticide Regulation, 2023).
Other states that have enacted various regulations on neonicotinoid pesticides to reduce impacts to
bees and other pollinators include Colorado, Connecticut, Maine, Minnesota, Massachusetts, Maryland,
Nevada, New York, New Jersey, Rhode Island, and Vermont (Malfi, 2023).

Other recent efforts aim to better understand bees at risk and implement broader protections. The
Pacific Northwest Bumble Bee Atlas (a collaborative effort between the Washington Department of Fish
and Wildlife, the Idaho Department of Fish and Game, the Oregon Department of Fish and Wildlife, and
the Xerces Society for Invertebrate Conservation) seeks to increase understanding of bumble bee
distributions and their habitats (Washington Department of Fish and Wildlife et al., 2023). This effort has
contributed to the creation of a statewide strategy to protect bumble bee species of conservation
concern in Washington, with one of the focal species being Suckley's cuckoo bumble bee (Martin et al.,
2023, p. 12). In Alaska, the the Alaska Center for Conservation Science at the University of Alaska
Anchorage and the Bureau of Land Management have developed the Alaska Bee Atlas. The program
aims to collect data on bee biodiversity within the state which can eventually be used to inform sensitive
species lists and management (Fulkerson et al., 2023, p. 18). The number of bumble bee atlases are
increasing across the United States and increasingly covering the range of Suckley’s cuckoo bumble bee
(see bumblebeeatlas.org for up-to-date coverage). The expanding coverage of these atlases will increase
understanding of bumble bee status and distribution in North America.
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On a broader scale, the Colla Laboratory at York University in Toronto has released a national pollinator
strategy for Canada. This national strategy identifies specific goals and actions to protect pollinators and
needed research to fill knowledge gaps (Colla & Nalepa, 2023, p. 5). The Service is also working on a
nationwide plan through a bumble bee Conservation Benefit Agreement, known as The Nationwide
Conservation Benefit Agreement for Bumble Bees on Energy and Transportation Lands. This
Conservation Benefit Agreement is modeled after the nationwide monarch butterfly Candidate
Conservation Agreement with Assurances, which is a voluntary agreement with transportation and
utility landowners that provides incentives for monarch conservation measures on their lands. The
current monarch agreement includes 19 transportation and 27 utility applicants across 39 states,
amounting to approximately 6.3 million acres (2.5 million hectares) (J. Everett 2023, pers. comms). The
bumble bee Conservation Benefit Agreement will likely include many of the same acres enrolled for the
protection of several bumble bee species, including Suckley’s cuckoo bumble bee and some of its host
species (i.e., B. occidentalis, B. affinis, and B. terricola). The Nationwide Conservation Benefit Agreement
for Bumble Bees on Energy and Transportation Lands is expected to be completed in early 2024 (J.
Everett 2023, pers. comms).

Together, these voluntary and regulatory measures highlight an increase in effort to protect native
bumble bee species across North America in recent years. Some of these measures specifically target
Suckley’s cuckoo bumble bee, and/or its host species, for conservation. Broad efforts to protect and
conserve native pollinators and bees will also likely benefit Suckley’s cuckoo bumble bee.
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6 Assessment Methodology

6.1 Bumble Bee Occurrence Data

We compiled a dataset comprised of all known Suckley’s cuckoo bumble bee occurrence records in
North America, herein referred to as the Suckley’s cuckoo bumble bee master dataset. The master
dataset includes all Suckley’s cuckoo bumble bee occurrence records within the Bumble Bees of North
America dataset. The Bumble Bees of North America dataset is curated by Leif Richardson with
contributions from over 300 individuals and institutions around the world. It includes over 275,000
records of bumble bee specimen collected in North America since 1805. The version used for this
assessment reflects data contributions as of August 2023. Please visit
https://www.leifrichardson.org/bbna.html to learn more. We received additional contributions of
Suckley’s cuckoo bumble bee occurrence records from partners across the continent in response to our
August 2023 Dear Interested Party letter. Additionally, we funded the verification and digitization of 350
occurrence records from the Oregon State Arthropod Collection at Oregon State University® and added
these records to the master dataset. The Suckley’s cuckoo bumble bee master dataset used in this
analysis is comprised of 2,317 occurrence records from 1986-2022.

Suckley’s cuckoo bumble bees, particularly males, are difficult to identify (August 2023 Expert Team
Meeting, p. 4-5) and misidentifications may exist in the master dataset. Verification work of specimens
on the margins of the range occurred for this assessment but further work is needed (see 11.1
Suggestions For Future Work). All Suckley’s cuckoo bumble bee specimens collected in Alaska were
reviewed for this assessment and determined to be misidentifications (D. Sikes and J. Rykken 2023, pers.
comms). Specimens historically collected in New York and Maine were also concluded to be
misidentifications (B. Swartz, 2023 pers. comms; J. Heron and C. Sheffield 2023, pers. comms). Given the
history of misidentification of the species, other misidentified occurrence records may exist in the
master dataset used for this analysis.

The location accuracy varies for documented occurrences of Suckley’s cuckoo bumble bee, especially for
older observations. Occurrence data collected before the Global Positioning System (GPS) was publicly
available were digitized based on noted landmarks, municipalities, or geopolitical boundaries (e.g., state,
province, county), and may not reflect the actual observation location.

Survey effort for bumble bees in North America has been variable throughout history and across
ecoregions. Much of the range of Suckley’s cuckoo bumble bee has not been systematically surveyed for
bumble bees, and where surveys have taken place, they may not follow the same methodologies and
lack consistency in timing. For example, we lack sufficient survey data to confirm connectivity between
populations across Canada (S. Cannings, 2023, pers. comms). Similarly, most of the range of the known
and suspected host species has not been systematically surveyed (Xerces Society Wesern bumble bee
website profile; Fiedler, C. 2018, pg. 3,).

! Best, L. & Price, B. (2023) Dataset: 350 Bombus suckleyi species occurrence records based on
specimens archived in the Oregon State Arthropod Collection (OSAC) at Oregon State University.
Corvallis, Oregon.
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Bumble bee surveys include non-lethal methods such as traditional net-capture surveys, as well as lethal
trapping. Most lethal trapping in the contiguous United States does not target bumble bees and is
focused on surveillance for silvicultural pests and other invasive species, however some accidental by-
catch of bumble bees has been reported. Surveys require taxonomic verification of identified species
which, as noted above, is difficult for Suckley’s cuckoo bumble bee. The recent expansion of bumble bee
atlas projects across a portion of the range of Suckley’s cuckoo bumble bee, such as the Pacific
Northwest Bumble Bee Atlas managed by The Xerces Socity, has increased survey effort and uses non-
lethal survey methods with taxonomic support. The continued expansion of standardized surveys would
improve our understanding of Suckley’s cuckoo bumble bee, its hosts, and changes in distribution over
time, particularly in higher elevation sites which are poorly studied (see 10.1 Suggestions for Future
Work).

6.2 Analytical Units

The species occurrence polygon was delineated based on the Commission for Environmental
Cooperation level Il ecoregions (Commission for Environmental Cooperation, 1997 entire) and Suckley’s
cuckoo bumble bee occurrence data (described in 6.1 Bumble Bee Occurrence Data). Because of minor
drawing errors with the geospatial data along shorelines, we applied a 1.5 km (1.0 mi) buffer around
occurrence points so each would be associated with an ecoregion. Any ecoregion with a known
occurrence was retained, and those ecoregions without known occurrences were excluded from the
occurrence polygon.

Several large ecoregions extended far beyond known occurrences of Suckley’s cuckoo bumble bee. In
some cases, occurrence points were along the shared border of an ecoregion with many known
occurrences. This likely occurred because of small scale topographic variation between ecoregions that
could provide suitable habitat within the dispersal capacity of the species. To account for this small
topographic variation, we applied a 50 km (31 mi) buffer to the ecoregions, eliminated any large
ecoregions with occurrences only in the buffer zone, and grouped those occurrence points with the
neighboring ecoregion. Where some large ecoregions remained that extended far beyond known
occurrences of Suckley’s cuckoo bumble bee, we constrained the occurrence polygon to within 100 km
(62.1 mi) of a known occurrence and did not include those entire ecoregions. This distance has been
used in bumble bee mapping efforts because it is generally believed to help describe a bumble bee
species’ range (Colla et al., 2011, p. 13; Koch et al., 2012, p. 14). We did not restrict the Taiga Plains
analytical unit because the region is less surveyed.

The resulting level Il ecoregions, which were buffered or constrained during the delineation of the
occurrence polygon, became the analytical units. There are 15 analytical units for Suckley’s cuckoo
bumble bee, 4 in eastern North America and 11 in western North America (Figure 7).
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Figure 7. Map of analytical units for Suckley’s cuckoo bumble. The analytical units were delineated using
modified ecoregion level Il boundaries (CEC 1997) and bounded by the species occurrence polygon (the
gray region in Figure 4).

6.3 Multi-Species Occupancy Model

6.3.1 Historical Trends in Occupancy

We characterized the historical trends of Suckley’s cuckoo bumble bee, and its host species, using
published models developed by (Jackson et al. 2022, entire). This analysis generally followed the
methods outlined in Jackson et al. (2022, entire), with some minor modifications described in 11.4
Additional Details on Occupancy Modelling Approach. Briefly, the analysis used the Bumble Bees of
North America occurrence records database and the Suckley’s cuckoo bumble bee master dataset (see
6.1 Bumble Bee Occurrence Data), along with data on floral resources and climate, to assess how the
probability of occupancy for Suckley’s cuckoo bumble bee, and its host species has changed over time.
The analysis used 796,985 records of 46 bumble bee species, and a method that specifically accounted
for imperfect detection, since Suckley’s cuckoo bumble bee is a cryptic species. For the purposes of the
study, sites were defined as 50 km (19.3 mi) grids.

To assess historical change in occupancy over time, the study binned bumble bee detections from 1900
to present into 10-year bins and modeled temporal changes in probability of occupancy over time.
These temporal trends were estimated range-wide, for the purpose of model predictions. Their model
also included average maximum temperature of the warmest month in each year, decadal monthly
mean precipitation and spatially explicit floral resources that varied through time as a function of land
cover change. All climate data were from the ACCESS1-3 climate model statistically downscaled to a
finer spatial resolution using the CHELSA algorithm, and validated as performing well, using observed
historical climate data (Karger et al., 2020, entire). Calculation of floral resources is described in Jackson
et al. (2022).
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In addition to the models described above, a separate model was run (without climate variables) to
specifically assess whether temporal trends were similar across analytical units. There was enough data
to assess regionally specific historical trend in the Mixed Wood Plains, Temperate Prairies, West-Central
Prairies, Cold Deserts, Western Cordillera, Marine West Coast Forest, Softwood Shield, Boreal Plain, and
Boreal Cordillera (79 percent of the occurrence polygon). All these analytical units exhibited a
substantial historical decline in probability of occupancy, though the confidence bands around the trend
in the Boreal Plain were fairly large. Due to small sample size, regionally specific temporal trends could
not be estimated for the Brooks Range Tundra, Taiga Plains, Mixed Wood Shield, and South Central
Semi-Arid Prairies in the western portion of the range, or for the Hudson Plains, and Atlantic Highlands
in the eastern portion. Given these results, we are confident that the overall rangewide magnitude of
temporal decline is reasonable to use for projections in much of the species’ range. However, we do not
know if the range wide temporal trends are representative in the analytical units with fewer
observations of Suckley’s cuckoo bumble bee.

6.3.2 Current and Future Occupancy

We used the modified Jackson et al. (2022) multi-species occupancy models to spatially project
probability of occupancy for Suckley’s cuckoo bumble bee across its range, currently, and into the future
at multiple time steps (2020-2040; 2040-2060; 2060—2080; 2080—-2100). “Current” projections reflect
estimated occupancy for the 2000-2020 time period. Future occupancy projections were made under
two different scenarios, described further in 8.1 Future Condition Scenarios. We use the results for the
2000-2020 period to document historical trends, and to provide a snapshot of current occupancy, while
we use the near-term occupancy results (2020—-2040) to assess current risk of extinction, and results
from the mid- and late-century projections (2040-2060, and 2080—2100) to assess future risk of
extinction.

For each time step, and each scenario, we summarized occupancy in each analytical unit by taking the
median of the estimated occupancy across all the 50 km (19.3 mi) grids in each analytical unit.
Occupancy trend for an analytical unit was estimated by calculating the percent change in median
probability of occupancy from one time period to another. Specifically, for each analytical unit, we
subtracted the median probability of occupancy from the earlier time period from the median at the
later time period and divided by the median of the earlier time period. Occupancy trend likely reflects
population trends on the landscape, such as changes in abundance and density across populations, so
this metric relates directly to population growth. In addition, localized extirpation is likely implied when
occupancy declines to zero.

We used the same occupancy modeling framework to spatially project current and future probability of
occupancy for the confirmed and potential hosts of Suckley’s cuckoo bumble bee. For each confirmed
and potential host species, we followed all the same procedures as outlined for Suckley’s cuckoo bumble
bee. However, for each host, we limited projections to only those analytical units in which the host
species has been observed at least once since 2000. We specifically used any confirmed records from
the Bumble Bees of North America occurrence records database for this analysis. We present occupancy
information on the confirmed hosts and the likely preferred hosts from the subgenus Bombus.
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6.3.3 Assumptions and Uncertainties of Occupancy Model

Strengths and limitations of the occupancy modeling framework
The analytical approach used in this SSA helps to address several key factors that typically cause

uncertainty in assessments of cryptic species for which poor detection can lead to false absences, and
incorrect inferences. Suckley’s cuckoo bumble bee is a prime example of a cryptic species for which
occupancy modeling is an apt approach. The species does not have workers to detect during surveys,
and adults are only detectable outside nests in early and late summer. Detectabilty may have also
declined over time, if people have increasingly avoided lethal collection of females, over concern for the
species. Similarly, aggregation of data from multiple sources can lead to detection biases across time,
and space. Simple inferences based on raw collection data could therefore infer spurious changes in
occupancy due to these detection biases. However, since the analysis is based on binary occupancy data
(detection or non-detection) rather than abundance data, any potential biases due to changes in
sampling effort are likely minimized (Jackson et al., 2022, p. 7). In addition, the occupancy modeling
framework explicitly accounts for potential detection biases by leveraging repeated surveys at each
location to estimate detection probability and sampling effort, and to adjust occupancy estimates,
accordingly (Kery et al., 2010, p. 1388).

To account for sampling intensity that varies over time, the occupancy models used here also allowed
detection probability to vary spatially and temporally (Jackson et al., 2022, p. 7). While it is possible that
some temporal heterogeneity in sampling intensity was not accounted for by the model, the total
number of worldwide bumble bee specimen records has increased over time in the Global Biodiversity
Information Facility (GBIF) database (Zattara & Aizen, 2021, p. 116). In addition, the number of surveys
in the Bumble Bees of North America dataset within the occurrence polygon of Suckley’s cuckoo bumble
bee has increased over time (see section 11.5 Supplementary Tables and Figures, Figure A3). Thus, any
unmodeled variation in sampling intensity would likely bias the results to show population increases.
Finally, the SSA also specifically uses a multi-species occupancy model, which is an apt approach for 1)
estimating species-specific trends over large timescales, and 2) increasing statistical power for species
with smaller sample size (Jackson et al., 2022, p. 2).

While the multi-species occupancy modeling framework addresses many of the biases and challenges of
assessing occupancy and trends for cryptic and data limited species, there are several important
tradeoffs involved with using this approach. The variables used in the occupancy modeling (maximum
monthly temperature, and floral resources), reflect the species’ need for suitable thermal environments
and their need for diverse pollen and nectar resources to support survival and reproduction (4 Species
Ecological Needs), and thus reflect key aspects of fitness for Suckley’s cuckoo bumble bee. However, the
climate data is aggregated over a large spatial scale and does not likely match the spatial scale at which
most small-bodied organisms experience climate (Potter et al., 2013, p. 1). Since microclimatic features
Suckley’s cuckoo bumble bee and its hosts likely respond to are not well represented in the climate data,
the model may not reflect the actual climate niche experienced by these species well. Failure to account
for habitat selection at the correct scale can lead to spurious understanding of habitat relationships and
could cause probability of occupancy to be underestimated (Potter et al., 2013, p. 1). Consequently,
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assessment across multiple spatial scales is recommended (McGarigal et al., 2016, p. 1). Although the
limited occurrence records precluded an analysis using fine resolution climate data, the results of the
published occupancy model used in the SSA were similar when run at multiple spatial scales (Jackson et
al. 2022, p. 4).

The coarse spatial scale of the climate data used in the analysis also means that within a grid deemed
otherwise unsuitable to the species, small pockets of suitable habitat may remain that are not predicted
by the model. For instance, some locations on the landscape may be temporarily buffered from climate
change in the future due to local topographic or geological conditions that decouple local scale climatic
processes from broader, regional conditions. Consequently, the models may overestimate decline in
occupancy and range contraction in the nearterm for both Suckley’s cuckoo bumble bee, and its hosts,
particularly in topographically complex areas. However, long-term microrefugia are expected to be rare
under anthropogenic climate change due to the sustained trajectory of increasing temperatures
(Hannah et al., 2014, pp. 392—-393, 395). Moreover, populations that persist in microrefugia will typically
become more isolated, and in turn, more vulnerable to stochastic processes like genetic drift.

On the other hand, other limitations of the modeling approach could lead to potential overestimates of
occupancy. For instance, availability of overwintering habitat — which we did not have data to model -
may be limited in a grid otherwise deemed suitable in terms of climate and floral resources. Similarly,
because the occupancy models did not explicitly model host presence as a variable influencing
occupancy of Suckley’s cuckoo bumble bee, the models are limited in their ability to directly
demonstrate relationships between availability of host colonies and the focal species. The models and
the resultant projections do not directly account for small-scale variation in some key threats like land
cover change, invasive species, pathogens, etc. due to lack of data, and the spatial scale of the analysis.

Indeed, the lack of available spatial and temporal data and explicit information about stressors at the
scale of the species range continues to limit our approach to assessing bee population trends (Janousek
et al., 2023, p. 7). However, the modeling framework used here incorporated a temporal trend (e.g.,
change in occupancy over time), that can help to capture the impacts of important influences that were
not explicitly included in the model (like land cover change, invasive species, pathogens, pesticides,
wildfire, grazing, or host availability). Thus, some of these small-scale factors for which we do not have
data are indirectly accounted for, though we cannot precisely say which is driving the historical temporal
trends.

One final limitation of this study is that we used an existing published occupancy model that relied on
climate data from a single statistically downscale climate model. A single climate model does not
typically encapsulate as much variability in climate projections as a multimodel ensemble. However, it is
unlikely that this had a large influence on the overall model results, or conclusions in the SSA, because
the ACCESS 1-3 model is fairly representative of climate conditions that would be derived from a
multimodel ensemble. The climatic conditions simulated by the ACCESS 1-3 model are quite similar to
the averaged climate output from a large suite of 36 climate models from the CMIP5 (Sanderson et al.,
2015, p. 5181). Compared to other climate change models, the ACCESS models tend to project
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temperature changes in North America that are slightly higher, but quite near the average of an
ensemble of 13 other highly skilled climate models for the region, and precipitation increases that are
slightly lower (Mahony et al., 2022, p. entire)?.

Assumptions of occupancy modeling framework
There are several assumptions of the occupancy modeling framework used for this assessment. First,

occupancy modeling assumes that species are correctly identified, as misidentification can result in an
overestimate of the species’ occupancy and range (Louvrier et al., 2018, p. 62). Since some Suckley’s
cuckoo bumble bee occurrence records may be misidentified, this assumption may be modestly violated
in our analysis. Second, the model used here infers nondetection for a species for each site survey, if any
other species of bumble bee was detected at a site during a given survey. This inherently assumes that
conditions were favorable for detection of all species at the site during the survey, even if the survey
was not targetingting the focal species specifically (Kery et al., 2010, p. 1390). Lack of detection at a site
is not however assumed to imply absence; by leveraging multiple temporally repeated surveys across
the landscape the model subsequently teases apart nondetection from nonoccurrence (Kery et al., 2010,
p. 1392). Simulation studies have demonstrated that this assumption is generally robust and does not
bias results (Guzman et al., 2021, p. 1). Another assumption is that the occupancy state does not change
in each time interval; that is, the sites do not become extirpated or become newly colonized during the
interval. Violation of this assumption typically leads to an overestimation of occupancy, especially if
detection probability is low (Devarajan et al., 2020, p. 1614). However, this assumption is likely met
reasonably well in this study; though the sampling era is relatively long, since the sites are so large,
complete turnover in terms of extirpation or colonization is unlikely. Finally, the multi-species model
used here also assumes that surveys are looking for all species in common, which is likely reasonable,
given that most survey efforts are focused on bumble bee community sampling. In addition, the multi-
species model allows for species-specific responses to temperature, and species-specific detection
probabilities, but to simplify the model structure, assumed that the niche breadth and detection
probability both followed a normal distribution across the modeled species; normaility assumptions
were verified during analysis.

There are also assumptions involved with making spatial projections from the occupancy models. For
one, spatial projections assume that rangewide relationships between climate and occupancy, and
rangewide temporal trends are fairly consistent across the range. For instance, the model used
occurrence data from across the range to describe how climate influences the occupancy of Suckley’s
cuckoo bumble bee. This relationship is then used to estimate occupancy in un-surveyed areas,
assuming that the relationship between climate and occupancy is similar across the range. This
assumption is widely applied in the literature, and is likely reasonable here, since the wide geographic

2 This study specifically assessed the CMIP6 version of the ACCESS model (ACCESS-ESM1.5); however,
updates from ACCESS 1-3 to ACCESS ESM 1.5 resulted in negligible alteration of the simulated climate
(zZiehn et al., 2020, pp. 11-12).
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sample of the occurrence records (see section 11.5 Supplementary Tables and Figures, Figure A3) means
that we likely captured the full range of climate conditions experienced today and expected into the
future for the species. However, it is less certain whether temporal trends in occupancy due to historical
threats like land use change, or pesticides are similar across analytical units. As noted earlier, a separate
model run suggested that most of the analytical units (79 percent of the occurrence polygon) have
exhibited historical declines, and that it is therefore likely reasonable to apply rangewide estimates of
temporal decline for projections throughout much of the species’ range. We are less confident that the
rangewide temporal trends are representative in Eastern portion of the range, and sections of the
western range where there are fewer observations of Suckley’s cuckoo bumble bee (Brooks Range
tundra, Taiga Plains, Mixed Wood Shield, South Central Semi-Arid Prairies, Hudson Plains, and Atlantic
Highlands; 21 percent of the occurrence polygon). Implications of this uncertainty are discussed
throughout the SSA results.

Projecting results of the occupancy model into the future requires assuming niche conservatism, or that
a species will remain within their current climate niche into the future (Pearman et al., 2008 entire). If a
species shifts to novel thermal environments in the future, the relationship between climate and
occupancy may not hold into the future, making future projections inaccurate. The assumption of niche
conservativism is likely reasonable for Suckley’s cuckoo bumble bee. For one, rising temperatures and
temperature extremes are key factors driving thermal suitability for the species into the future, and
there is mounting evidence that strong physiological constraints on the evolution of heat tolerance is
present in most terrestrial life forms, causing a high degree of conservatism of upper thermal tolerances
(Araujo et al., 2013, entire). Indeed, there is growing evidence that insects have limited capacity to
change their thermal limits (Hoffmann et al., 2013, pp. 938, 944; Weaving et al., 2022, p. 7), and recent
work has demonstrated that an adaptive response to high temperature is also likely constrained in
bumble bees (Pimsler et al., 2020, p. 1). Furthermore, an adaptive shift to new thermal requirements
(e.g., violation of niche conservativism) is more likely in species with relatively stable historical
distributions and population trends, and a high degree of connectivity and genetic diversity (Maebe et
al., 2021, p. 4231), none of which is likely true for Suckley’s cuckoo bumble bee.

6.4 Analyzing Resiliency, Redundancy, and Representation

The factors influencing the species needs of resiliency, redundancy, and representation of Suckley’s
cuckoo bumble bee are described in 4.3 Species Needs. We will use the following methodology (Table 6)
to analyze these species needs:

Table 6. Methodology for assessing Suckley’s cuckoo bumble bee resiliency, redundancy, and
representation.

Species Needs Assessment Methodology

Resiliency We analyze resiliency by assessing the median occupancy and occupancy
trend of Suckley’s cuckoo bumble bee across analytical units. We do not
have reliable information on what constitutes a Suckley’s cuckoo bumble
bee population, so we based our resiliency analysis on the analytical units
described in 6.2 Analytical Units. Highly resilient populations of Suckley’s
cuckoo bumble bee should have robust median occupancy levels, exhibit
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stable or growing occupancy trends compared to earlier time periods,
and modern occurrence records.

Redundancy

Redundancy for Suckley’s cuckoo bumble bee is described as having
multiple, healthy populations widely distributed across the breadth of
adaptive diversity relative to the spatial occurrence of catastrophic
events. Since we lack the information needed to delineate populations for
the species, the spatial distribution of extant analytical units will be used
to describe redundancy. Contraction of the species range will be
considered a loss in redundancy.

Representation

Suckley’s cuckoo bumble bee representation is described as having
healthy populations widely distributed across a breadth of ecological
conditions. The analytical units are large areas across the continent and
will also be used as representative units in this assessment. These units
delineate broad ecotypes the species occupies, and the number of
representative units and the resiliency condition (based on occupancy) of
the analytical units will be used to describe representation. A loss of
representation at the species level occurs when the number of extant
representative units decreases over a period of time.

We will also use the occupancy results to analyze host availability, a key resource need for Suckley’s

cuckoo bumble bee.
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7 Historical Context and Current Condition

7.1  Model Results for Suckley’s Cuckoo Bumble Bee

Occupancy of Suckley’s cuckoo bumble bee is positively related to floral resources, and negatively
related to monthly mean precipitation (Figure 8a, 8c). The model indicates that Suckley’s cuckoo bumble
bee occupancy peaks when the average maximum temperature is near 20 °C (68 °F) and declines at very
low and high temperatures (Figure 8b).

After accounting for changes in environmental covariates, the model results also demonstrate that
occupancy of Suckley’s cuckoo bumble bee has decreased over time, indicating declines related to
additional factors that were not explicitly incorporated into the models. Moreover, while changes in
temperature, precipitation and floral resources drove part of the observed historical decline, much of
the decline is accounted for by unmodeled variables. These temporal trends (e.g., declines) may be in
response to stressors like Host Species Declines, Pathogen Prevalence, and Pesticide Application, that
were not directly incorporated into the statistical models, but are believed to impact the species (see 5
Influencing Factors).

Suckley’s cuckoo bumble bee has exhibited a strong, statistically significant temporal decline in
occupancy, range wide (Figure 8d). This equated to a roughly 85 percent decline in occupancy between
the 1900-1910 and 2010-2020 eras across the range (Figure 8d), which closely matches the 77 percent
decline from 1912 to 2012 estimated by the IUCN for the species (Hatfield et al., 2015, p. 3). In this
multi-species occupancy model, individual species are pulled modestly toward the mean trend of all
other species. The mean trend in occupancy for all bumble bee species in the multi-species occupancy
model is not declining, so the serious decline observed for Suckley’s cuckoo bumble bee is even more
notable.
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Figure 8b. Modeled relationship between Suckley’s cuckoo bumble bee probability of occupancy and (a)
floral resources, (b) the average maximum temperature of the warmest month in each year, and (c)
decadal monthly mean precipitation. Panel (d) shows the estimated temporal trend in probability of
occupancy over time. All results are based on modified models from Jackson et al. (2022). Here, a larger
value for the floral resource metric equates to greater resource availability.

7.2 Historical Context and Current Condition of Suckley’s Cuckoo Bumble Bee

We analyze the current condition (2000-2020) of Suckley’s cuckoo bumble bee by evaluating the
current occupancy of the species per each analytical unit. We then use the historical occupancy from
1900-1960 to put the current occupancy into perspective. By comparing the two, we can present a trend
in Suckley’s cuckoo bumble bee occupancy for each analytical unit. As noted above, the species has
experienced a range wide decline of 85 percent from the 1900 to 2020 eras. We also provide the most
recent occurrence record of each analytical unit.

Suckley’s cuckoo bumble bee has exhibited a statistically significant decline, resulting in lower occupancy
relative to historical. Historically, the median occupancy of Suckley’s cuckoo bumble bee range wide was
0.653. Median occupancy in each analytical unit ranged in the middle probabilities (0.485 up to 0.706),
except for the South Central Semi-Arid Prairies (0.118; Table 7). By the current time period, all analytical
units exhibit a lower probability of occupancy, with median occupancy probabilities less than 0.16 for all
analytical units, and range wide (0.128). This means that on average there was a less than 16 percent
probability of occupancy in each of the 50 km (19.3 mi) grids in the last two decades. Though we are
representing each analytical unit by its median occupancy score, the maximum value of any of the 50 km
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(19.3 mi) grids in any of the analytical units during the current time period ranges from 0.15 to 0.35
across analytical units (with 0.35 in the Western Cordillera), meaning that even in the most prevalent
analytical unit there was at most a 35 percent probability of occupancy in any location, in the last two
decades.

Comparing current to historical occupancy, the Taiga Plains had the smallest observed decrease in
occupancy of 77 percent, while the greatest declines were in the Temperate Prairies and South Central
Semi-Arid Prairies where occupancy declined 89 percent. This shift in probability of occupancy from
historical to current is visualized across the range in the maps displayed in Figure 10. Across the
analytical units, current median occupancy of Suckley’s cuckoo bumble bee is estimated to currently be
the highest in the Taiga Plains (0.161) and the lowest in the South Central Semi-Arid Prairies (0.100;
Table 7). The species has not been detected in the United States since 2016 and has only been detected
since 2000 in 9 of the 15 analytical units (60 percent of the total analytical units; Table 7 and

Figure 9. Analytical units and all occurrence records of Suckley's cuckoo bumble bee. Occurrence points
shown from time periods pre-2000 (black), post-2000 (blue), and post-2018 (red). The date of the most
recent occurrence point per analytical unit is also labelled.

Figure 9).

In the east, three of four eastern analytical units lack detections of Suckley’s cuckoo bumble bee in the
last 50 years. Suckley’s cuckoo bumble bee has not been detected since 2000 in the Atlantic Highlands
(last detection 1924), Hudson Plains (last detection 1949), Mixed Wood Plains (last detection 1971). The
Softwood Shield (Newfoundland) is the only location in the east where we have modern records of this
species persisting; the last detection was in 2010 (Table 7 and Figure 9).

In the west, three of the eleven analytical units lack modern detections of Suckley’s cuckoo bumble bee.
Notably, Marine West Coast Forest has 515 historical occurrence records (23 percent of total
occurrences), but no occurrence records post 1982. The Mixed Wood Shield has two historical records of
the species, with the most recent in 1995. The species has not been observed in the Taiga Plains since
1962, however this is a much less sampled area. Almost half (49 percent) of total occurrence records for
Suckley’s cuckoo bumble bee are in the Western Cordillera, where occupancy declines from 0.692
historically to 0.140 in the current time period, an 80 percent decline (Table 7).
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Figure 9. Analytical units and all occurrence records of Suckley's cuckoo bumble bee. Occurrence points shown from time periods pre-2000
(black), post-2000 (blue), and post-2018 (red). The date of the most recent occurrence point per analytical unit is also labelled.
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Table 7. Median estimated probability of occupancy for Suckley’s cuckoo bumble bee in each analytical unit during the historical period (average
from 1900-1960) and the current (2000-2020) period. The percent change in median occupancy from historical to current period is also noted for
each analytical unit, as is the maximum current occupancy value currently estimated across any of the 50 km (19.3 mi) grid cells in each
analytical unit, the total land area of each analytical unit (km?) and the percent of the range the unit represents in terms of land area.

Analytical unit Area Percent Last Median Median Maximum Percent
(km?) of range | detection historical current current change
occupancy | occupancy occupancy

Atlantic Highlands (East) 44,482 0.6 1924 0.712 0.149 0.184 -79%
Boreal Cordillera 532,782 7.4 2019 0.706 0.147 0.180 -79%
Boreal Plains 772,369 10.8 2022 0.661 0.145 0.181 -78%
Brooks Range Tundra 99,755 1.4 2019 0.705 0.147 0.188 -79%
Cold Deserts 1,047,895 14.7 2011 0.485 0.061 0.276 -87%
Hudson Plains (East) 55,863 0.8 1949 0.682 0.133 0.153 -80%
Marine West Coast Forests 250,206 3.5 1982 0.580 0.095 0.177 -84%
Mixed Wood Plains (East) 360,958 5.0 1971 0.640 0.106 0.176 -83%
Mixed Wood Shield 205,107 2.9 1995 0.590 0.098 0.181 -83%
Softwood Shield (East) 119,152 1.7 2010 0.685 0.142 0.182 -79%
South Central Semi-Arid Prairies 208,917 2.9 2014 0.118 0.013 0.190 -89%
Taiga Plains 905,619 12.7 1969 0.708 0.161 0.248 -77%
Temperate Prairies 501,088 7.0 2018 0.263 0.028 0.182 -89%
West Central Semi-Arid Prairies 832,871 11.6 2022 0.577 0.100 0.245 -83%
Western Cordillera 1,214,900 17.0 2018 0.692 0.140 0.353 -80%
Range wide 7,151,965 100 20221 0.653 0.128 0.353 -85%>

1The last detection of Suckley’s cuckoo bumble bee in our dataset was 2022. However, field data from across the country from the 2023 field season or beyond had not been
fully curated in time to include in this SSA.

2Range wide decline from 1900 to present, based on an analysis of all Suckley’s cuckoo bumble bee occurrence records, from 7.1 Model Results for Suckley’s Cuckoo Bumble Bee
Figure 8. Decline from the 1900-1960 historical period (as represented in the table) to current time period (2000-2020) is 80 percent.
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Figure 10. Median probability of occupancy for Suckley’s cuckoo bumble bee across analytical units for

the historical (1900-1960) and current (2000-2020) period. Analytical units colored in white are likely

extirpated, given the lack of detections within the current condition time period, and the low estimated
probability of occupancy.
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7.3 Current Condition of Host Species

We assessed host species availability primarily based on whether the confirmed hosts (B. occidentalis
and B. nevadensis) and likely preferred host from subgenus Bombus (B. terricola, B. affinis, B. cryptarum,
B. mckayi) have been detected in each analytical unit since 2000. Suckley's cuckoo bumble bee is most
likely to overlap spatially with a host species in locations where the probability of occupancy is high for
both Suckley's cuckoo bumble bee, and the host. We therefore also assessed host species availability
based on the probability of occupancy of the confirmed host species. The greater the spatial overlap
with hosts, the greater the potential for demographic connectivity of Suckley’s cuckoo bumble bee
individuals for breeding.

Of the confirmed host species, B. occidentalis has been detected at least once in seven of the 15
analytical units since 2000 (47 percent of the total analytical units) and B. nevadensis in nine (60 percent
of the total analytical units). Within the dataset of all Suckley’s cuckoo bumble bee occurrence records,
97 percent of Suckley’s cuckoo bumble bee occurrence points are located within analytical units where
B. occidentalis and B. nevadensis occur. B. occidentalis is the most widely documented and recognized
host species.

Four of six host species exhibited statistically significant temporal declines in occupancy range wide
(Figure 11). All declining species were in the subgenus Bombus, the subgenus documented to be
experiencing range wide declines (Colla & Packer, 2008, p. 1387; Giles & Ascher, 2006, pp. 217-218;
Janousek et al., 2023, p. 2; Schweitzer et al., 2012, p. 7). Confirmed host B. nevadensis and potential
host B. cryptarum (also in subgenus Bombus) have an increased probability of occupancy. If host
declines are the driver of Suckley’s cuckoo bumble bee declines, then the results of this model suggest
B. occidentalis, B. mckayi, B. affinis, and B. terricola are the host species driving Suckley’s cuckoo bumble
bees declining trend. Lastly, host redundancy, or the availability of multiple hosts, is lowest in the east
where the declining B. terricola is the only available and preferred host.
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Figure 11. Median probability of occupancy for Suckley's cuckoo bumble bee hosts across analytical units
for the current (2000—-2020) period. Results are shown for two confirmed Suckley’s cuckoo bumble bee
host species (B. occidentalis and B. nevadensis), and four other likely preferred hosts in the Bombus sub-
genus. Analytical units in white have not had a confirmed detection of the host species since 2000. The
percent change in occupancy from historical period (1900-1910) to current is shown for each species, in
parentheses; negative numbers indicate a decline, positive numbers an increase.
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7.4  Summary of Current Condition
Resiliency

The current condition analysis indicates a statistically significant, range wide 85 percent decline in
Suckley’s cuckoo bumble bee occupancy since the historical period. Median occupancy in all analytical
units is less than 0.16 in the 2000—2020 current period. Additionally, the species has not been observed
in the contiguous United States since 2016 despite widespread historical occurrence records and
increased sampling effort for bumble bees. These results suggest that the species is currently found in
fewer locations across its range than it was historically. High abundance and survival are demographic
needs of healthy Suckley’s cuckoo bumble bee populations. While there are some areas in Canada
where the species is still regularly observed, these results suggest that the resiliency is generally lower
across all analytical units, compared to historical conditions. As noted earlier, there were too fewer
occurrence records to assess if overall rangewide historical declines were exhibited locally in the Brooks
Range Tundra, Taiga Plains, Mixed Woods Shield, South Central Semi-Arid Prairies, Hudson plains, and
Atlantic highlands (roughly 21 percent of the occurrence polygon). However, since Suckley’s cuckoo
bumble bee has not been detected in the Hudson Plains since 1949, the Atlantic Highlands since 1924,
and the Mixed Wood Shield since 1995, it is likely that declines have also occurred in these regions.
Therefore, our estimates of current probability of occupancy are likely more certain and representative
in the analytical units with more occurrence records (79 percent of the of the occurrence polygon) but
are less certain in regions with fewer occurrence records, and especially in the Brooks Range Tundra,
Taiga Plains, and South Central Semi-Arid Prairies.

Redundancy

Redundancy buffers the species against catastrophic events and can be summarized based on the spatial
distribution of resilient populations relative to catastrophic events. Historically, Suckley’s cuckoo bumble
bee was observed in four ecoregions (analytical units) in the East. The only current records (post 2000)
of the species from the eastern portion of the range are in the Softwood Shield (Newfoundland).
Probability of occupancy is estimated to be low across the other three eastern analytical units and we
have no evidence of the species persisting in those areas within the current time period. Thus, three
eastern analytical units are likely quasi-extirpated (when the density of reproductive individuals in a
population becomes so small that it is unable to sustain a growing or even stable population). This
apparent contraction of the range in the east results in a loss of redundancy for the species.

In the west, we have also seen range contraction with quasi-extirpation (no records in the current time
period) in Marine West Coast Forests and Mixed Wood Shield analytical units, and thus a loss in
redundancy. The Taiga Plains analytical unit also does not have modern records of Suckley’s cuckoo
bumble bee; however, we did not consider it quasi-extirpated because the region is less sampled. The
Marine West Coast Forest historically had over 500 records of Suckley’s cuckoo bumble bee and, while
isolated occupied areas may exist, we have not observed the species in this analytical unit since 1982
despite increased search effort by Canadian colleagues since the COSEWIC listing decision in 2019 (S.
Cannings, J. Heron, and C. Sheffield 2023, pers. Comms). Additionally, the reduced occupancy across the
entire range indicates additional areas could be at risk of extirpation, which would further reduce
redundancy.
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Finally, given that four of the six confirmed and potential host species are in decline, redundancy in
terms of host species is potentially currently lower than it was historically. For instance, if a catastrophic
event wipes out one host species in an area, then there is less likely to be an alternative host species
available.

Representation

Currently, Suckley’s cuckoo bumble bee likely has substantially lower connectivity, representation, and
adaptive capacity than historically, due to estimated declines in occupancy.

Population connectivity is important for Suckley’s cuckoo bumble bee’s viability as it increases the
likelihood of genetic diversity and promotes successful haplodiploid reproduction. However, population
connectivity is already a constraint for cuckoo bumble bees because they live in small, fragmented
populations because of their dependence on host bumble bee colonies (Suhonen et al., 2016, p. 529).
Dispersal of bees to find unrelated mates is aided by the proximity of other usurped colonies.
Consequently, the sharp historical decrease in the prevalence of both Suckley’s cuckoo bumble bee, and
many of its confirmed and potential host species, has likely reduced population connectivity relative to
historical conditions. Reduced gene flow may have consequences on the genetic diversity of Suckley’s
cuckoo bumble bee, because small populations can experience stronger genetic drift (Zayed, 2009, p.
246). This is important because high genetic diversity reduces prevalence of some pathogens (Parsche &
Lattorff, 2018, p. 900), and the risk of “matched mating”, which produces diploid males that do not
contribute to population growth (Zayed, 2009, p. 239). Loss of connectivity, genetic drift, and inbreeding
may be particularly consequential for bumble bees due to their low effective population size and their
haplodiploid sex determination (Goulson et al., 2008, p. 205). The research on these phenomena in
Psithyrus is limited.

Preserving the breadth of phenotypic diversity of Suckley’s cuckoo bumble bee requires maintaining
populations across a breadth of ecological conditions. Given the observed 85 percent decrease in the
species’ occupancy relative to historical conditions, the low current occupancy across all analytical units,
and potential that the species is extirpated or quasi-extirpated in three of four analytical units in the
eastern portion of the range, the species has lost representation across longitudinal, and ecological
gradients. This is important as this variation is the raw material for adaptive evolution, and behavioral
plasticity, and determines how organisms respond to selection pressures (Hendry et al., 2011, p. 161).
Consequently, species that span environmental gradients are expected to harbor the most phenotypic
and genetic variation (Lankau et al., 2011, p. 320).

Moreover, the representation and adaptive capacity of Suckley’s cuckoo bumble bee is also dependent
on host species, as the distribution of the parasitic bee is restricted by the geographic distribution and
population health of host bees, and parasite abundance is low where host abundance is low (Antonovics
& Edwards, 2011, p. 1003). Availability of host species may also therefore restrict the adaptive capacity
of Suckley’s cuckoo bumble bee, given that four of the six confirmed or potential host species are in
decline.
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8 Future Condition

8.1 Future Condition Scenarios

To analyze the future condition of Suckley’s cuckoo bumble bee, future occupancy projections were
made under two different scenarios (Table 8). Both scenarios hold floral resources constant at their
2020 levels, as data are not available to project this variable into the future. Both scenarios use future
projections of average decadal maximum temperature of the warmest month in each year and decadal
monthly mean precipitation. Both scenarios were projected in 20-year increments, out to 2100.

Scenario 1 uses climate projections under RCP4.5, which represents a moderate climate change
warming scenario, while Scenario 2 uses projections under RCP8.5, which represents a high warming
scenario. Scenario 2 also assumes that average, observed, historical rates of decline due to other, non-
climatic factors continue into the future (i.e., trend momentum), while Scenario 1 does not project these
historical trends into the future (i.e., no trend momentum). Thus, under Scenario 1, any changes in
future occupancy are based solely on changes in climate (assuming RCP4.5), while under Scenario 2, any
changes in future occupancy are based on both climate change (assuming RCP8.5), as well as historical
rates of change due to non-climatic factors.

We used the same occupancy modeling framework and scenarios to spatially project future probability
of occupancy for the confirmed and potential hosts of Suckley’s cuckoo bumble bee.

Table 8. Scenarios for analyzing the future condition of Suckley's cuckoo bumble bee.

Factor Scenario 1 Scenario 2

Climate change (temperature and RCP4.5 RCP8.5

precipitation)

Floral resources Held constant at 2020 Held constant at 2020
levels. levels.

Trend Momentum. Temporal declines No trend momentum: Continued trend

observed after accounting for changes in Historical rate of temporal | momentum:

climate and floral resources (e.g., decline (driven by non- Historical rate of temporal

temporal declines driven by other factors | climatic factors) not decline (driven by non-

not explicitly included in models, like projected into the future. climatic factors) projected

pesticides, etc.). into the future.

While we would ideally incorporate additional stressors (such as pesticides) into the occupancy model
and future projections, we are limited by a lack of data on many non-climatic stressors. Other bumble
bee assessments acknowledge the limited availability of spatial data about key stressors and resources
for bees (Janousek et al., 2023, p. 7). The model used in this SSA reflects current best available science,
and specifically addresses the data limitation by including a temporal variable that accounts for changes
in occupancy due to important historical drivers for which we do not have data. This modeling approach
does not specifically identify which non-climate related factors drove historical trends but allows us to
account for their influence on occupancy. In turn, by incorporating these unmodeled drivers as “trend
momentum” in Scenario 2, we can model the continued effects of these non-climatic stressors, albeit in
a less direct way. Furthermore, as noted earlier in the SSA we are uncertain whether the historical
temporal decline driven by non-climatic factors are representative in portions of the range with fewer
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occurrence records (Brooks Range Tundra, Mixed Wood Shield, South central Semi-Arid Prairie, Taiga
Plains, Hudson Plains, and Atlantic Highlands). We account in part for this uncertainty by including
separate scenarios with and a scenario without this trend momentum projected into the future. Despite
these data limitations, and our indirect method for incorporating non-climatic stressors, our approach
directly models occupancy in relation to precipitation and temperature, which are key drivers of bumble
bee occupancy and fitness. Indeed, occupancy modelling for the B. occidentalis SSA incorporated more
variables (such as land cover) and found that temperature had the largest effect on occupancy, with
twice the negative effect as the second largest climate effect (Janousek et al., 2023, p. 2).

Both scenarios are somewhat optimistic. Though occupancy of Suckley’s cuckoo bumble bee is entirely
dependent on presence of hosts species, the occupancy model does not necessitate host presence as a
parameter for parasite presence. Thus, future projections may be optimistic under both scenarios, as
they may project occupancy at sites where climate conditions are likely suitable for Suckley’s cuckoo
bumble bee, but host species are not likely present. Moreover, these scenarios both merely capture
occupancy probability, so neither captures the potential for synergistic threats, nor potential impacts to
connectivity, resiliency, redundancy, or representation as occupancy declines, and as populations
become smaller, and more isolated.

In addition, Scenario 1 is likely optimistic (e.g., likely over-estimates occupancy and in turn resiliency),
because it only reflects future changes in occupancy of Suckley’s cuckoo bumble bee due to climate
change, and does not project changes in occupancy due to any of the other factors that have historically
impacted the species, and are likely to continue to do so into the future (see 5.2 StressorsStressors).
While Scenario 2 projects more severe threats into the future, it too may be somewhat optimistic in
part of the range because it assumes that the declining trend of Suckley’s cuckoo bumble bee remains
the same as observed historically. However, where declines have already occurred, it is possible that the
influence of stressors, such as pesticides application and disease, could intensify in the future. In
contrast, as noted earlier, the rangewide historical declines in occupancy may or may not be
representative in analytical units with few occurrence records (Brooks Range Tundra, Mixed Wood
Shield, South central Semi-Arid Prairie, Taiga Plains, Hudson Plains, and Atlantic Highlands; roughly 21
percent of the occurrence polygon). Consequently, future projections that incorporate trend
momentum, under Scenario 2 could be biased low in these analytical units.

8.2 Future Condition of Suckley’s Cuckoo Bumble Bee
Occupancy of Suckley’s cuckoo bumble bee is projected to decline into the future across the range, and
in all analytical units under both scenarios, with more marked declines under Scenario 2 (Figure 12).
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Figure 12. Range-wide temporal trend in occupancy of Suckley’s cuckoo bumble bee over time, including
declines from the historical to current period, and projected occupancy into the future under (a) Scenario
1, which assumes RCP4.5, and projects changes in future occupancy based solely on climate change (e.g.,
historical rates of declines due to other factors are not projected), and (b) Scenario 2, which assumes
RCP8.5, and projects changes in future occupancy based on both climate change, and historical rates of
decline due to non-climactic factors.
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Near-term projections (2020-2040)

As noted earlier, Suckley’s cuckoo bumble bee is already potentially quasi-extirpated in the Atlantic
Highlands, Hudson Plains, Marine West Coast Forests, Mixed Wood Plains, and Mixed Wood Shield
analytical units, where it is estimated to currently have low probability of occupancy and lacks modern
detections. Our analyses indicate that occupancy is expected to continue to decline in the near term
(2020-2040), across all analytical units, under both scenarios. Thus, all analytical units are projected to
have relatively low occupancy, in the next two decades, while the South Central Semi-Arid Prairie
analytical unit may also approach quasi-extirpation, particularly under Scenario 2.

Under Scenario 1, median probability of occupancy is estimated to be less than 0.11 across all analytical
units over the next two decades (Table 9). This represents a 26 to 77 percent decline relative to 2000—
2020 estimates, depending on analytical unit. Median occupancy is estimated to be highest in the
Brooks Range Tundra (0.109), and lowest in the South Central Semi-Arid Prairies (0.003).

Under Scenario 2, median probability of occupancy is estimated to be less than 0.05 across all analytical
units over the next two decades (Table 10). This represents a 73 to 92 percent decline relative to 2000—
2020 estimates, depending on analytical unit. Median occupancy is estimated to be highest in the
Brooks Range Tundra (0.04), and lowest in the South Central Semi-Arid Prairies (0.001).

Mid- and late-century projections (2040-2060 and 2080—-2100)

Under scenario 1, median probability of occupancy is estimated to be less than 0.1 in all but two
analytical units by mid-century (2040-2060). At mid-century, the highest probability of occupancy
(0.124) is projected to occur in the Brooks Range Tundra, in the northwestern portion of the range
(Table 9). Relative to current conditions, occupancy is expected to decline from 16 to 79 percent by mid-
century and by 17 to 92 percent late-century depending on analytical unit. All but four analytical units
are expected to experience a greater than 50 percent decline in occupancy, relative to current, by late
century. The steepest future declines are projected in the Atlantic highlands, Boreal Plains, Hudson
Plains, Mixed Wood Shield, West Central Semi-Arid Prairies, and Western Cordillera (Figure 13). While
occupancy in the Brooks Range Tundra and Boreal Cordillera has exhibited a marked historical decline
and is expected to be low at the 2020-2040 time step, occupancy is projected to subsequently level off
from the 2020-2040 period into the future under this scenario. This indicates that future occupancy in
these far northern analytical units may not be sharply impacted by climate change in the long term, if in
fact declines related to other non-climactic factors are minimal in the future.

Under scenario 2, median probability of occupancy is projected to be less than 0.1 across all analytical
units as early as the 2020-2040 period (Table 10). Compared to current conditions, median occupancy is
expected to decline by 96 to 100 percent across the analytical units by mid-century. Median probability
of occupancy is expected to be at or near zero by the 2040-2060 period in the Cold Desert, South Central
Semi-Arid Prairies, and Temperate Prairies, indicating quasi-extirpation in these regions. Median
occupancy is estimated to be at or near zero in all analytical units by the 2060-2080 period, indicating
that nearly all locations across the range are expected to be unoccupied by this time. Steep declines are
evident across all analytical units except the South Central Semi-Arid Prairies and the Temperate
Prairies, where current occupancy is already low enough that steep future declines in occupancy are
simply not possible (Figure 13). In Scenario 2, all analytical units are projected to be unoccupied by 2100,
and all but one by the 2060-2080 period, suggesting near extirpation across the range by as early as
2060-2080 (Table 10 and Figure 14).

76



Table 9. Scenario 1. Median estimated probability of occupancy for Suckley’s cuckoo bumble bee in each analytical unit during the current (2000—
2020) period, near term (2020—2040), and future time periods. Scenario 1 assumes RCP4.5, and projects changes in future occupancy based solely
on climate change (e.g., historical rates of declines due to other factors are not projected). The percent change in median occupancy from the
current period to near term (2020-2040), mid-century (2040-2060), and late century (2080-2100) is also noted for each analytical unit. The 25,
50" and 75 quantile for historical, current, and all future estimates of probability of occupancy are presented in Table A6 in 11.5 Supplementary
Tables and Figures.

Analytical unit Historical Current Near- | 2040- | 2060- | 2080- Percent Percent Percent
(2000- term 2060 2080 2100 | change by change by change by
2020) (2020- 2020-2040 2040-2060 2080-2100
2040)
Atlantic Highlands (East) 0.712 0.149 0.096 0.087 | 0.079 | 0.075 -36% -42% -50%
Boreal Cordillera 0.706 0.147 0.108 0.112 | 0.111 0.110 -27% -24% -25%
Boreal Plains 0.661 0.145 0.084 0.067 | 0.048 | 0.033 -42% -54% -77%
Brooks Range Tundra 0.705 0.147 0.109 0.124 | 0.125 | 0.122 -26% -16% -17%
Cold Deserts 0.485 0.061 0.019 0.016 | 0.010 | 0.009 -69% -74% -85%
Hudson Plains (East) 0.682 0.133 0.079 0.078 | 0.064 | 0.056 -41% -41% -58%
Marine West Coast Forests 0.580 0.095 0.060 0.052 | 0.052 0.041 -37% -45% -57%
Mixed Wood Plains (East) 0.640 0.106 0.060 0.054 | 0.041 | 0.034 -43% -49% -68%
Mixed Wood Shield 0.590 0.098 0.051 0.056 | 0.033 | 0.011 -48% -43% -89%
Softwood Shield (East) 0.685 0.142 0.096 0.093 | 0.094 | 0.009 -32% -35% -37%
South Central Semi-Arid Prairies 0.118 0.013 0.003 0.003 | 0.002 | 0.001 -77% -77% -92%
Taiga Plains 0.708 0.161 0.106 0.092 | 0.084 | 0.090 -34% -43% -44%
Temperate Prairies 0.263 0.028 0.014 0.010 | 0.006 0.004 -50% -64% -86%
West Central Semi-Arid Prairies 0.577 0.100 0.046 0.021 | 0.016 0.009 -54% -79% -91%
Western Cordillera 0.692 0.140 0.078 0.052 | 0.046 | 0.030 -44% -63% -79%
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Table 10. Scenario 2. Median estimated probability of occupancy for Suckley’s cuckoo bumble bee in each analytical unit during the current
(2000--2020) period, near-term (2020-2040) and future time periods. Scenario 2 assumes RCP8.5, and projects changes in future occupancy
based on both climate change, and historical rates of decline due to non-climactic factors. The percent change in median occupancy from the
current period to near-term (2020-2040), mid-century (2040-2060), and late century (2080-2100) is also noted for each analytical unit. The 25,
50" and 75 quantile for historical, current, and all future estimates of probability of occupancy are presented in Table A7 in 11.5 Supplementary
Tables and Figures.

Analytical unit Historical Current Near- 2040- | 2060- | 2080- Percent Percent Percent

(2000- term 2060 2080 2100 change by change by change by

2020) (2020- 2020-2040 2040-2060 | 2080-2100

2040)

Atlantic Highlands (East) 0.712 0.149 0.031 0.004 0 0 -79% -97% -100%
Boreal Cordillera 0.706 0.147 0.037 0.005 0 0 -75% -97% -100%
Boreal Plains 0.661 0.145 0.031 0.003 0 0 -79% -98% -100%
Brooks Range Tundra 0.705 0.147 0.040 0.006 | 0.001 0 -73% -96% -100%
Cold Deserts 0.485 0.061 0.007 0 0 0 -89% -100% -100%
Hudson Plains (East) 0.682 0.133 0.025 0.003 0 0 -81% -98% -100%
Marine West Coast Forests 0.580 0.095 0.020 0.002 0 0 -79% -98% -100%
Mixed Wood Plains (East) 0.640 0.106 0.019 0.002 0 0 -82% -98% -100%
Mixed Wood Shield 0.590 0.098 0.014 0.001 0 0 -86% -99% -100%
Softwood Shield (East) 0.685 0.142 0.032 0.004 0 0 -77% -97% -100%
South Central Semi-Arid Prairies 0.118 0.013 0.001 0 0 0 -92% -100% -100%
Taiga Plains 0.708 0.161 0.035 0.004 0 0 -78% -98% -100%
Temperate Prairies 0.263 0.028 0.004 0 0 0 -86% -100% -100%
West Central Semi-Arid Prairies 0.577 0.100 0.013 0.001 0 0 -87% -99% -100%
Western Cordillera 0.692 0.140 0.024 0.002 0 0 -83% -99% -100%
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Figure 13. Projected changes in median probability of
occupancy for each analytical unit under Scenario 1
(solid lines), which assumes RCPA4.5, and projects future
changes in occupancy based solely on climate change
(e.g., historical rates of declines due to other factors are
not projected), and Scenario 2 (dashed lines), which
assumes RCP8.5, and projects future changes in
occupancy based on both climate change, and historical
rates of decline due to non-climactic factors. A map of
the analytical units is shown for reference. Note these
declines are above and beyond the 85 percent decline
that has occurred since the 1900s.



Scenaric 1 Scenaric 2

O0Z-0Z02

080Z-00Z

DE0Z-090E

00k Z-0802

Probability

of occupancy
0.2 0.4 ne

Figure 14. Predicted median probability of occupancy for Suckley’s cuckoo bumble bee in each analytical
unit under a low impact future scenario (Scenario 1; left) and a higher impact future scenario (Scenario 2;
right). Scenario 1 assumes RCP4.5 and projects changes in future occupancy based solely on climate
change (e.qg., historical rates of declines due to other factors are not projected), while Scenario 2 assumes
RCP8.5, and projects changes in future occupancy based on both climate change, and historical rates of
decline due to non-climactic factors. Analytical units are colored white if the median probability of
occupancy is predicted to be less than 0.001, or if Suckley’s cuckoo bumble bee has not been detected in
the analytical unit during the current condition period (2000—-2020), with the exception of the Taiga
Plains.
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8.3 Future Condition of Host Species

Under both scenarios, confirmed and widely documented host B. occidentalis decreases in occupancy in
all analytical units (Figure 15). Under Scenario 1, B. occidentalis has less than a 50 percent probability of
occupancy in six of seven analytical units by mid-century and all but one has less than 30 percent
probability of occupancy by late century. Interestingly, the one analytical unit with relatively higher
occupancy is the Marine West Coast Forest, where Suckley’s cuckoo bumble bee have not been
observed since 1982. This result supports the notion that ideal host and parasite habitat may not be the
same. Meanwhile, under Scenario 2, B. occidentalis has less than a 40 percent probability of occupancy
in all analytical units by mid-century and less than six percent probability of occupancy in all analytical
units by late century.

Under Scenario 1, probability of occupancy of all confirmed and preferred host species is projected to
decline into the future range wide, with the sharpest declines projected for B. occidentalis, B. cryptarum,
B. mckayi, and B. terricola (Figure 15Figure 14). Thus, host availability and redundancy are both
expected to decrease in the future across the range. As both Suckley’s cuckoo bumble bee and its hosts
become less prevalent, the probability of them overlapping spatially decreases, as does demographic
connectivity between Suckley’s cuckoo bumble bees during the breeding period.

Under Scenario 2, occupancy of B. occidentalis, B. affinis, B. mckayi, and B. terricola is expected to
decline, while occupancy of B. nevadensis and B. cryptarum are expected to increase (Figure 15). Host
availability is also expected to generally decrease into the future across the range. Though the
prevalence of B. cryptarum and B. nevadensis is expected to increase, prevalence of all other host
species is projected to decline markedly. We do not have a nuanced understanding of host preference
and if certain hosts are more biologically suitable to support the parasite. Thus, it is difficult to presume
that the increased occupancy of B. nevadensis and B. cryptarum will widely support Suckley’s cuckoo
bumble into the future if other hosts, such as B. occidentalis, are absent.
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Figure 15. Estimated median probability of occupancy and change from current conditions for Suckley’s cuckoo bumble bee hosts. Occupancy
depicted in the near term (2020-2040), mid-century (2040-2060), and late century (2080-2100) under Scenario 1 (top) and Scenario 2 (bottom).
Probability of occupancy at each time step is depicted by color, and the trend relative to current conditions is shown as increasing (+) or
decreasing (-). Species for which occupancy is projected to decline to less than 0.001 are marked in white with a (-) symbol.
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8.4 Summary of Future Condition
Resiliency

Both future condition scenarios project a continued, range wide decline of Suckley’s cuckoo bumble bee.
By the 2020-2040 period, median probaillity of occupancy is expected to be less than 0.11 across
analytical units under Scenario 1, and less than 0.05 across all analytical units under Scenario 2. These
scenarios both represent potentially optimistic estimates, as they do not account for the presence of
host species. Our results collectivity suggest that Suckley’s cuckoo bumble bee may already be quasi-
extirpated in the Atlantic Highlands, Hudson Plains, Marine West Coast Forests, Mixed Wood Plains, and
Mixed Wood Shield, and may also approach quasi-extirpation in the near-term in the South Central
Semi-Arid Prairie analytical unit.

Median probability of occupancy in all analytical units is projected to be less than 0.13 by mid-century in
Scenario 1, which represents a best-case scenario with optimistic estimates. In Scenario 2, median
occupancy probability of all analytical units is projected to be less than 0.05 by mid-century and zero by
late-century. While Scenario 2 is a high threat plausible future, the stressors driving the trend in
historical Suckley’s declines could intensify in the future, resulting in an even worse outcome for the
species. As noted earlier, we are less confident that historical trends have matched overall range
declines in several analytical units due to low data availability, particularly those with modern
occurrence records. In specific, we are less certain about projecting historical declines due to non-
climatic factors into the future under Scenario 2 in the Brooks Range Tundra, or South Central Semi-Arid
Prairie, and the Taiga Plains. This uncertainty is inconsequential in the South Central Semi-Arid Prairie,
where both future scenarios project extremely low probability of occupancy, due to high projected
temperatures along the species’ southern range boundary.

These projections indicate that there will be a large decline in occupancy, with potentially few to no
Suckley’s cuckoo bumble bees on the landscape by 2100. Even if the species persists in some small
pockets of suitable habitat, these remnant populations are likely to be small and isolated. There are no
indicators the species will have healthy demographics (survival and abundance) in the future compared
to the historical condition, and the already less resilient current condition. Without healthy
demographics, the species will not be able to withstand stochastic events. Resiliency in the future is
expected to be poor at best and non-existent at worst.

Redundancy

Redundancy buffers the species against catastrophic events and can be summarized based on the spatial
distribution of resilient populations relative to catastrophic events. Currently we estimate three of four
eastern analytical units and two of 11 western analytical units are quasi-extirpated, with another likely
approaching quasi-extirpation in the west in the near-future. Under both future scenarios we project
continued range contraction, albeit much more extreme in Scenario 2. In Scenario 1, probability of
occupancy is expected to decline for all analytical units through late-century. We project probability of
occupancy at less than 0.10 across the entire range, except for the northern portion in the Boral
Cordillera (0.11) and Brooks Range Tundra (0.122). In Scenario 2, the species is expected to be quasi-
extirpated across the entire range. While there may be isolated, fragmented regions where the species
persists in the future, they likely will not provide redundancy in the face of catastrophic events such as
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pathogen outbreak or wildfire. Additionally, we project a loss in host redundancy as at least four of six
hosts are expected to decline in occupancy into the future.

Representation

Under both future scenarios Suckley’s cuckoo bumble bee is expected to have lower representation and
adaptive capacity in the future compared to current conditions. This is notable given the species has
already experienced a statistically significant decline in probability of occupancy from historical to
current condition. The fewer Suckley’s cuckoo bumble bees on the landscape, the lower the likelihood of
population connectivity; population connectivity is important for genetic diversity and successful
reproduction of bumble bees. Under both future scenarios, occupancy probability is expected to be low
(less than 0.15) for all analytical units. Low abundance and connectivity will likely make it difficult for
bees to find unrelated mates.

Preserving the breadth of phenotypic diversity of Suckley’s cuckoo bumble bee requires maintaining
populations across a breadth of ecological conditions. Projections from mid-century to late-century for
both scenarios demonstrate a declining trend in occupancy, with lowest occupancy probability and
earliest quasi-extirpation in the southern portion of the range (i.e., the contiguous United States).
Suckley’s cuckoo bumble bees in this region are likely more adapted to warm temperatures and their
extirpation will reduce phenotypic diversity.

Moreover, representation and adaptive capacity of Suckley’s cuckoo bumble bee is also dependent on
host species, as the distribution of the parasitic bee is restricted by the geographic distribution and
population health of host bees, and parasite abundance is low where host abundance is low (Antonovics
& Edwards, 2011, p. 1003). Therefore, availability of host species may also restrict the adaptive capacity
of Suckley’s cuckoo bumble bee, given that under both future scenarios four of the six confirmed and
preferred host species are in decline. Ideal habitat requisites for the parasite may differ or be more
specific than that of the host (Antonovics & Edwards, 2011, p. 1003), so future changes in habitat due to
climate change could further restrict areas of ide

dspial parasite habitat which also supports hosts. Lastly, there is potential for phenological mismatch
between host and parasite emergence with changing climate (Bower et al., 2023, p. 520).

Suckley’s cuckoo bumble bees may be limited in their ability to respond to changes in climate by shifting
in space. There is evidence suggesting that while bumble bee species have some capacity to shift in
elevation to track changing climatic conditions, most have a limited capacity to shift in space
latitudinally. For instance, using a database of approximately 423,000 georeferenced observations of 67
European and North American bumble bee species from 1975 to 2010, researchers found little evidence
of northward range expansion, despite substantial concurrent warming, and evidence of rapid and
marked range losses along southern range limits, independent of patterns of human land-use and
development (Kerr et al., 2015, p. 178). The same study found that elevational shifts occurred, but
varied by species, and latitude (Kerr et al., 2015, p. 179). Our understanding of these patterns for
Suckley’s cukoo bumble bee and other bumble bees in North America are limited by a lack of data in the
far northern regions of the continent.

Suckley’s cuckoo bumble bee also potentially limited in their ability to respond to changes in climate by
adjusting their upper thermal limits. As noted earlier, most terrestrial species are thought to have strong
physiological constraints on the evolution of greater heat tolerance (Araujo et al., 2013, entire). Insects
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have an especially limited capacity to change their thermal limits (Hoffmann et al., 2013, pp. 938-934;
Weaving et al., 2022, p. 7), including bumble bees (Pimsler et al., 2020, p. 1). Furthermore, the ability of
Suckley’s cuckoo bumble bee to adaptively respond to climate change through evolution or behavioral
plasticity will likely be limited in the future due to declines in occupancy, and concurrent declines in
connectivity, population sizes, representation across ecological conditions, and genetic diversity.
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9 Viability Synthesis
While there is a paucity of information available about Suckley’s cuckoo bumble bee biology, both
occurrence records and occupancy analysis point to widespread declines.

Suckley’s cuckoo bumble bee was historically widespread across western North America and somewhat
prevalent in the east, with some records in Canada. We have evidence the species is currently in a low
resiliency state throughout much of its range because 1) there are no records of the bee in the
continental United States since 2016, despite historical persistence, and 2) the species has exhibited an
average 85 percent decline in probability of occupancy range wide from historical to current. This
historical decline was evident in all analytical units for which there was enough data to assess local
temporal declines in occupancy (79 percent of the occurrence polygon).

However, for several analytical units (21 percent of the occurrence polygon), there were too few
occurrence records to estimate a local historical trend; consequently, current estimates in those
analytical units are driven in part by range wide temporal declines that may or may not be
representative. These historical declines are plausible in the in the Hudson Plains, Atlantic Highlands,
and Mixed Wood Shield, where the species has not been detected since 1949, 1924, and 1995,
respectively, but may or may not be representative in the Brooks Range Tundra, Mixed Wood Shield,
and South Central Semi-Arid Prairie, where more recent detections have occurred, or the Taiga Plains
where the species has not been detected since 1969, but survey effort is low. Consequently, current
occupancy in the Brooks Range Tundra, Mixed Wood Shield, Taiga Plains, and South Central Semi-Arid
Prairie could be biased low, if Suckley’s cuckoo bumble bee has not been exposed to a similar degree of
non-climatic threats in these portions of the range as it has elsewhere. Similary, future projections in
these analytical units could be biased low in Scenario 2, as the rangewide historical temporal trends are
projected into the future under this scenario.

Acknowledging these uncertainties, our results suggest that the species has likely lost redundancy
because three of four eastern analytical units and two of eleven western analytical units are currently in
a quasi-extirpated state. The Marine West Coast Forest is a particularly concerning loss because
Suckley’s cuckoo bumble bee was historically widespread and well-documented in this analytical unit.
Representation has also declined as a result of this range contraction and occupancy decline, because
the breadth of phenotypic, genetic, and ecological diversity of Suckley’s cuckoo bumble bee is lower
than historically.

The observed historical declines in occupancy are expected to continue in the near-term, and
consequently, six analytical units are expected to be quasi-extirpated in the next two decades. The near-
term decline in prevalence can have important consequences for the extinction risk of Suckley’s cuckoo
bumble bee. First, as usurped colonies become less common across the landscape, Suckley’s cuckoo
bumble bees will likely have a harder time finding unrelated mates. This decline in demographic
connectivity can increase the risk of “matched mating”, which produces diploid males that do not
contribute to population growth (Zayed, 2009, p. 239). Population fragmentation, genetic drift, and
inbreeding may all become more likely in the near term as the species becomes even less prevalent.
These processes can be particularly consequential for bumble bees due to their low effective population
size and their haplodiploid sex determination (Goulson et al., 2008, p. 14). Furthermore, our results
suggest that the species will continue to lose representation across longitudinal, and ecological
gradients in the near-term. This is important as this variation is the raw material for adaptive evolution,
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and behavioral plasticity (Hendry et al., 2011, p. 161). Finally, it is important to note that the viability of
Suckley’s cuckoo bumble bee is also highly dependent on its host species, many of which have declined
historically, and are expected to continue to do so in the near term.

Under both future scenarios we projected substantial subsequent declines in probability of occupancy
for Suckley’s cuckoo bumble bee. Scenario 2 suggests range wide quasi-extirpation by 2060-2080.
Though results are less certain in the Brooks Range Tundra, Mixed Wood Shield, Taiga Plains, and South
Central Semi-Arid Prairie under Scenario 2, all these analytical units also are projected to have low
probability of occupancy under Scenario 1, which does not project historical declines from non-climatic
threats into the future. Thus, in the future we expect the species to have very low resiliency,
redundancy, and representation. It is likely that any persisting bees will occur in isolated populations,
which can pose a threat to gene flow and genetic diversity.

As noted earlier in the SSA, there are several sources of uncertainty, and model assumptions that must
be considered carefully when interpreting these results. First, the occupancy modeling may fail to
capture some features that Suckley’s cuckoo bumble bee and its hosts respond to at a smaller spatial
scale, due to the coarse spatial resolution of the climate data. Reflecting this, current occupancy may be
underestimated by coarse-resolution climate models, especially in regions with high topographic
variation. Second, though some locations on the landscape may be temporarily buffered from climate
change due to local topographic or geological conditions, the coarse scale climate data used in the
analysis does not represent these potential micro-refugia, and the models may consequently
overestimate decline in occupancy and range contraction in the near-term for both Suckley’s cuckoo
bumble bee, and its hosts in topographically complex areas. However, long-term microrefugia are
expected to be rare due to the sustained trajectory of increasing temperatures (Hannah et al., 2014, pp.
392-393, 395). Third, Suckley’s cuckoo bumble bee is an obligate social parasite that is entirely
dependent on host species. The occupancy model does not necessitate host presence as a parameter for
parasite presence, and therefore may overestimate occupancy of Suckley’s cuckoo bumble bee. Four of
six host species are experiencing declines that are projected to continue into the future. There is
potential for host/parasite spatial and/or phenological mismatch with changes to the climate; host and
parasite emergence and/or preferred habitat could be decoupled in a catastrophic way to the parasite.
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11 Appendices

11.1 Suggestions For Future Work

Suckley’s cuckoo bumble bee is a very data poor species. Throughout the development of this
assessment we, our expert group, and our modelers continuously encountered questions about
Psithyrus life history characteristics, behavior, and ecology for which there is a lack of even basic
information. We have compiled the following list of suggestions for future work, with the hope that they
may inform future revisions to this living document as well as other Psithyrus status assessments and
conservation efforts.

Psithyrus fecundity — very little information exists on fecundity in cuckoo bumble bees; for example, how
quickly a Suckley’s cuckoo bumble bee queen begins to lay eggs in the nest of a host colony after killing
or displacing the foundress queen; how many eggs may be deposited and at what rate, and whether this
is correlated with host colony size and age; and information on how male vs. female eggs are deposited.
Limited information can be found in Hobbs 1965, Fisher 1984, Fisher 1987, Goulson 2010, and Koch
2021. In 1965, Hobbs reported a B. suckleyi queen laid 17 and 8 eggs in two cells respectively on top and
near the center of a B. nevadensis nest, but does not indicate how long this took or when the process
started after the B. suckleyi queen invaded the nest (Hobbs 1965a:127). In Fisher 1987, there is no
specific data on fecundity but fascinating study of queen/host interaction in the nest, focused on B.
affinis and B. ashtoni. On page 1032, there is a note that 1,872 male and 1,062 female Psithyrus were
produced in 39 nests (cohorts A and B) with a resulting sex ratio of 0:64 (Fisher 1987:1032).
Extrapolating from this, 1,872 + 1,062 = 2,934/2 = 75.2 Psithyrus per nest, but this result was not a
specific goal of the study.

Host dynamics — at the start of this assessment and as described in the petition (Center for Biological
Diversity 2020:4), B. suckleyi was thought to have only been confirmed as reproducing in B. occidentalis
nests, but suspected in several other likely hosts based on historic observations and nest excavations
(see SSA Section 3.1.4). However, in the development of this assessment we found confirmation that
Suckley’s cuckoo bumble bees reproduced in a B. nevadensis nest (Hobbs 1965b:120). Extensive
research could be done on multiple Psithyrus and the dynamics with their hosts, including host
preference, confirmation of successful reproduction in suspected hosts, rates of infestation,
environmental stressors (specifically heat and resource availability) contributing to rates of success, and
Psithyrus success across multiple hosts. See Antonovics and Edwards, 2011 for more information
(Antonovics and Edwards 2011: entire).

Genetics and specimen verification —investigations of curated B. suckleyi specimens to verify their
identity took place throughout the development of this assessment. This includes work done by our
expert panel on specimens from across the range and in multiple collections, including the Canadian
National Collection, the Oregon State Arthropod Collection, the American Museum of Natural History,
and others. Currently, a verified DNA barcode for B. suckleyi is not publicly available, against which
samples and specimens could be tested to confirm their identity. Additional verification work for
specimens held in private collections may yield further insight into species abundance, distribution, and
population structure. A verified DNA barcode for the species, along with other genomic work, could
provide more information on how the effects of small population structure may have impacted the
species, and form the foundation for additional field survey efforts such as eDNA sampling. Comparing
genetics from the eastern and western portions of the range is of particular interest.
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Expanded and targets survey effort — Our understanding of bumble bee distribution and their
interaction with their environment — particularly their response to threats — would be improved with an
expanded survey effort. Some evidence suggests that current strongholds for multiple species are at
higher elevations, somewhat spatially removed from concentrations of particular threats. Targeted
surveys in higher elevation locations, which are traditionally poorly-sampled due to remoteness, would
improve our understanding of bumble bee distribution and provide insights into conservation.
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11.2 Floral Associations

The table below summarizes known floral associations of Suckley’s cuckoo bumble bee. These
associations should not be considered a complete list of the floral resources used as forage by the
species.

Table A1. Known floral associations for Suckley’s, obtained from occurrence data and published sources

(COSEWIC, 2019, p. 27; Koch et al., 2012, p. 134; P. H. Williams et al., 2014, p. 163).

Family Genus Species Common Name
Asteraceae Balsamorhiza balsamroot
Centaurea knapweeds
Chrysothamnus viscidiflorus yellow or green rabbitbrush
Chrysothamnus rabbitbrush
Cirsium thistle
Gaillardia blanket flower
Grindelia squarrosa curlycup gumweed
Grindelia gumplant
Helianthella little sunflower
Helianthus sunflower
Helianthus multiflora manyflower sunflower
Helichrysum everlasting flower
Heliomeris multiflora showy goldeneye
Hymenoxys hoopesii owl's claws or orange sneezeweed
Pyrrocoma crocea goldenweed
Rudbeckia coneflower
Senecio ragwort
Solidago canadensis Canada goldenrod
Solidago goldenrod
Symphyotrichum American aster
Taraxacum campylodes dandelion
Taraxacum dandelion
Boraginaceae Mertensia ciliata mountain bluebell
Mertensia lanceolata prairie bluebell
Ericaceae Vaccinium blueberry, cranberry, etc.
Fabaceae Astragalus milkvetch
Melilotus sweet clover
Trifolium pratense red clover
Trifolium clover
Gentianaceae Frasera green gentian
Geraniaceae Geranium geranium or crane's bill
Lamiaceae Monarda fistulosa wild bergamot
Onagraceae Chaemaenerion fireweed
Plantaginaceae Penstemon beardtongue
Rosaceae Cotoneaster cotoneaster
Prunus cha plum
Rubus bramble, raspberry, blackberry, etc.
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11.3 Stressors Excluded from the Analysis

Table A2. Stressors that were identified by the petition, in the literature, or by experts that were
concluded to be insubstantial to the overall population resiliencies of Suckley’s cuckoo bumble bee.

Stressor

Summary of affects to bees

Rationale for exclusion

Early spring frost
effect on thermal
suitability and
survival

Spring frosts after the start of
spring may create temperatures
below the lower thermal
thresholds of new queens and
workers, potentially causing direct
mortality.

It is expected that newly emerged
gueens can enter torpor (diapause) to
withstand abnormal cold frosts.
Additionally, Psithyrus tend to emerge
later than other bumble bees which
would lessen the potential effects. This
effect is understudied and could use
further research consideration.

Invasive plants
effect on floral
resources

Invasive plants create a
monoculture, therefore reducing
floral diversity (quality) and
temporal availability.

This effect is mostly localized as well as
complex; in some areas invasive plants
are favored by bumble bees and they
may provide an important source of
nectar and pollen when other blooming
species are scarce. In other cases,
invasives create monocultures that
offer little to no value to pollinators.

Mowing effect on
floral resources

Mowing directly removes floral
resources and may create short-
term resource gaps for colonies.

This effect is localized and complex, as
mowing could also stimulate floral
growth. The influence likely depends
on the seasonality and landscape
context.

Mowing effects on
nest sites and
diapause sites

Mowing may compact soil and
reduce nest sites and diapause
sites when heavy machinery is
used, especially on moist soils.

This effect is localized and complex and
depends on soil moisture and
intensity/frequency of mowing.

Phenological
decoupling effect on
floral resources

With climate change, floral
resources are expected to bloom
earlier as the start of spring
advances. If the cues that plants
use to emerge in the spring are
different than those used by
diapausing bees, a decoupling may
occur between floral and bee
emergence, which can create
resource gaps.

Although this risk may increase in the
future, currently, studies have shown
that bumble bees appear to be keeping
up with the advancing start of spring.

Predation effect on
survival

Predation by vertebrates (birds,
reptiles, and mammals) and
invertebrates (cuckoo bees, and
crab spiders) contribute to direct
mortality of adults and the brood.

There is no evidence that predators
have been increasing recently; as such,
the natural rate of predation is unlikely
to be a substantial threat to the
resiliency of bumble bees.

Rodenticide effect
on nest availability

Rodenticide application reduces
rodent populations, and it may

Application is localized, and the
relationship between rodenticide,
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influence nest site availability (lack
of burrows).

rodent abundance, and nest sites is
understudied in the literature.

Silviculture and
other forestry
activities effect on
floral resources

Activities in timber stands may
reduce floral resources by creating
monocultures, introducing invasive
plants, and compacting soil with
heavy equipment.

Timber practices vary widely and have
complex effects. Clear-cutting or
timber thinning practices may increase
early-succession habitats. The effect of
timber activities on native pollinators is
understudied.

Timber activities
effect on survival

Timber activities may cause direct
mortality if heavy equipment
crushes active nest and diapause
sites.

Timber activities and their effects on
nest site and diapause site availability
are understudied.

Wildfire effect on
survival

Wildfires may cause direct
mortality of individuals, especially
if the fire has high-burn intensity or
if the nest burrow is shallow.

This effect is short-term and localized.
Underground nest sites are somewhat
buffered from burns.

Wildfire effect on
diapause

Wildfires could cause direct
mortality to overwintering gynes or
reduce the loose duff and litter
used as diapause sites. It is also
possible that fires may create
additional diapause sites by adding
woody debris.

Wildfires do not typically occur during
the diapause period of bumble bees
and diapause sites are understudied.
The exact relationship of this influence
is uncertain, and it is likely localized.

119




11.4 Additional Details on Occupancy Modelling Approach

The following summarizes information from Jackson et al. (2022), and additional analyses completed,
in support of this SSA by Teagan Baiotto, Hanna Jackson, and Melissa Guzman.

Introduction

To aid in the assessment of Bombus suckleyi, we modeled bumble bee species occupancy across North
America using the largest currently available dataset of bumble bee presence records (Richardson 2023)
in conjunction with temperature, precipitation, and floral resource data. We quantified 1) the temporal
trends of bumble bees in North America, 2) the effect of temperature, precipitation, and floral resource
quality on bumble bee occupancy, and 3) projected our estimates into the future using climate
projections to estimate trends in species’ occupancy in future time periods.

Species distribution models are commonly used to determine species’ range extents, habitat
associations, and occupancy trends, and to predict future ranges under different climate change
scenarios. While many studies have successfully used species distribution modeling with bee species,
this approach does account for detection bias. Detection bias can be high for cryptic or rare species and
in large-scale historical datasets in which survey methods, and detection, is likely to have changed over
time. Moreover, species distribution models can be challenging for data-poor species.

This study uses a multi-species, Bayesian occupancy model to aid in the assessment of B. suckleyi, a
species that is relatively cryptic and data poor. Occupancy models are an extension of species
distribution modeling that explicitly account for potential biases in detection probability that, if ignored,
can lead to spurious inferences. Occupancy models are apt for analyzing long-term, large-scale
aggregate data, in which detection probability likely varies across surveys, like the Bumble bee
occurrences of North America. The multi-species modeling approach is also apt, as it enables data-poor
species to ‘borrow strength’ from more data-rich species. In this manner, a multi-species model can
provide more statistical power for data-poor species than an analysis of the data-poor species alone.
This approach allows us to model multiple bumble bee species in North America simultaneously but
extract species-specific estimates for B. suckleyi. Finally, this multi-species approach is also beneficial, as
it provides occupancy estimates for the hosts of B. suckleyi.

Methods
The analyses for the SSA generally followed methods outlined in Jackson et al. (2022, entire), with some
modifications, outlined below.

Occurrence records. After data cleaning, the study used 796,985 occurrence records from 46 bumble
bee species, dating 1900-2023. Researchers updated the models described in Jackson et al. (2022,
entire) to include new records of B. suckleyi, and to remove some previously mis-identified records. In
occupancy models, the occupancy probability of each species is estimated for each site in each time
period of interest. Sites were generated by overlaying a 50x50-km grid onto North America. The records
were split into 12 10-year eras, each of which was sub-divided into 10 1-year time intervals. We
estimated occupancy in each era using 10 1-year ‘visits’ that represent replicate observations of the
occupancy state of that species at that site in that era. For each species, non-detection was assigned at
each site in each visit, if at least one other species of bumble bee was observed but that focal species
was not (Kery et al. 2010, p. 1388).
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Habitat and climate data. The models used data on temperature, precipitation, and floral resources.
Models also included time (era) as a covariate to 1) assess overall temporal trends in occupancy, and 2)
to account for any factors that are influencing the species but are not accounted for in the model due to
lack of data (e.g., introduced species, pathogens, pesticides, wildfire, and livestock grazing, etc.). For the
SSA, we allowed time to have a quadratic component (instead of simply linear as in Jackson et al. 2022).

We calculated floral resource data in an identical way to Jackson et al. (2022, p. 3) and based it on land
use classification data for the Holocene, agricultural crop data, and previously established floral resource
scores for bees, which were based on expert-opinion. Floral resource scores are held at 2020 levels in
future projections of bumble bee occupancy, as there are not any future projections of this variable.

Historical and future climate data for this study were from the ACCESS1-3 model that was statistically
downscaled by Karger et al. (2020, entire). These climate data are from global circulation models (GCMs)
from the Coupled Model Intercomparison Project phase 5 (CMIP5), that are downscaled using the
CHELSA algorithm, which provides improved estimates of temperature and precipitation in highly
complex terrain (Karger et al. 2020, p. 2). For each of our sites from 1900-2006, we calculated: 1) the
decadal mean of the average maximum temperature of the warmest month in each year and 2) the
decadal monthly mean precipitation. We used climate data under RCP4.5 for the 2006-2020 time
period.

Occupancy models.
The model used for prediction of occupancy [termed the predictive model] followed the equation:

logit(Wyj) = Wo +
 species; +
(B area x areaj) +
(K xB era;))+ (K*xBera2;)+
(B temp; x tempj) + (B temp2 x tempfk) +
(B precip; x precipj) +
(B floral ; x floralj)

Here, the i subscript indexes each specific species, j indexes each specific site, and k each specific era
(e.g., time). Thus:

... Pjji denotes occupancy of species i at site j, in time k while, Y, denotes mean occupancy of all
species in year one, and s species; denotes a species-specific random effect for occupancy.

.. B area denotes a fixed effect of site area, to account for the fact that some sites are smaller due to
water bodies, while area; represents the area of site j.

.. era; denotes a species-specific effect of era (e.g., time), and K represents era (e.g.., time). Note,
there is also a species-specific linear and quadradic term for era modeled, which is denoted by 8 era2 ;
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...B temp; denotes a species-specific effect of temperature, and tempj;, represents the temperature at
site j at time k. Note there is also a quadratic effect of temperature modeled, that is not species-specific
(e.g., averaged across species), and denoted by 3 temp2

...B precip; denotes a species-specific effect of precipitation, and precipj; represents the precipitation
at site j at time k.

.. floral; denotes a species-specific effect of floral resources, and floralj, represents the
precipitation at site j at time k.

The researchers also developed an additional model [termed the regional model] that specifically tested
whether the temporal trend differed between ecoregions. This model was not used for prediction,
rather solely to assess whether it was reasonable to assume that the overall, average, rangewide trends
estimated in the predictive model were similar across different portions of the range. Here we only ran
the model for regions where there was sufficient data to estimate a regional trend. The model used for
this analysis followed the equation:

logit(Wyj) = Wo +
 species; +
(B area x areaj) +
(K xB era;) + (K?xBera2;)

Here, the | subscript again indexes each specific species, j indexes each specific site, and k each specific
era (e.g., time). In this case, however, there is also an index r, for each region. Thus, all model
parameters are as defined above, with the exception that 8 era; and B era2;, denote the linear, and
guadratic components of a species-specific temporal trend in each region r, respectively.

Occupancy models contain an ecological process component that describes how ecological factors are
influencing species’ distribution across the landscape, and a detection process, that describes factors
that influence probability of detection. The equations above capture the ecological process component.
The detection process was subsequently modeled as:

logit(pijk) = Po t
p species; +
p site. era

Here p;j; denotes the probability of detection for species i, at site j, in time period k, p, represents the
mean detection probability across sites, species, and time periods, and p site. era j; a site-specific and
era-specific random effect that allows detection to vary relatively independently across sites and
between eras.

These models all assume that species-specific (as well as species-region specific, and site-era specific)
slopes are normally distributed about some mean.

Future projections. Using the predictive model, we spatially project probability of occupancy for
Suckley’s cuckoo bumble bee across its range, currently, and into the future at multiple time steps
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(2020-2040; 2040-2060; 2060-2080; 2080-2100). “Current” projections reflect estimated occupancy for
the 2000-2020 time period. Future occupancy projections were made under two different scenarios.
Both scenarios hold floral resources constant at their 2020 levels, as data are not available to project
this variable into the future. Both scenarios use future projections of average maximum temperature of
the warmest month in each year, and decadal monthly mean precipitation, from the same data set as
was used to build the models.

Scenario 1 uses climate projections under RCP4.5, which represents a moderate climate change
warming scenario, while scenario 2 uses projections under RCP8.5, which represents a high warming
scenario. Scenario 2 also assumes that average, observed, historical rates of decline due to other, non-
climatic factors continue into the future (i.e., trend momentum), while Scenario 1 does not project these
historical trends into the future (i.e., no trend momentum). Thus, under scenario 1, any changes in
future occupancy are based solely on changes in climate (assuming RCP4.5), while under scenario 2, any
changes in future occupancy are based on both climate change (assuming RCP8.5), as well as historical
rates of change due to non-climatic factors.

In these scenarios, RCP4.5 specifically projects a net change in radiative forcing of 4.5 W/m2 (~650 ppm
C0O2 eq) by 2100; this equates to an estimated average global mean surface temperature change of
1.8°C (likely range of 1.1 to 2.6°C) (3.2°F [2.0-4.7°F]) by 2100 (Thomson et al. 2011, entire; Collins et al.
2013, entire). In contrast, under RCP8.5, the net change in radiative forcing is 8.5 W/m2 by 2100 (~1370
ppm CO2 eq); this equates to an estimated average global mean surface temperature change of 3.7°C
(likely range of 2.6 to 4.8°C) (6.7°F [4.7-8.6°F]) by 2100 (Riahi et al. 2011, entire; Collins et al. 2013,
entire). These RCP scenarios were chosen, as they are the recommended upper and lower bounds
scenarios for FWS planning and decision making (US Fish and Wildlife Service 2023, p. 10).

We used the same occupancy modeling framework and scenarios to spatially project future probability
of occupancy for the confirmed and potential hosts of Suckley’s cuckoo bumble bee.

Table A3. Scenarios for analyzing the future condition of Suckley’s cuckoo bumble bee.

Factor Scenario 1 Scenario 2

Climate change RCP4.5 RCP8.5

Floral resources Held constant at 2020 Held constant at 2020
levels levels

Trend Momentum. Temporal declines No trend momentum: Continued trend

observed after accounting for changes in Historical rate of temporal | momentum:

climate and floral resources (e.g., decline (driven by non- Historical rate of temporal

temporal declines driven by other factors | climatic factors) not decline (driven by non-

not explicitly included in models, like projected into the future. climatic factors) projected

pesticides, etc.). into the future.
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11.5 Supplementary Tables and Figures

Table A4.. The confirmed hosts, likely preferred hosts (e.g., subgenus Bombus, including Bombus occidentalis, Bombus cryptarum, Bombus
mckayi, Bombus terricola, and Bombus affinis — in light blue) and potential, but unconfirmed hosts (Bombus appositus, Bombus fervidus, and
Bombus rufocinctus) that have been detected at least once in each Suckley’s cuckoo bumble bee analytical unit, since 2000.

Confirmed hosts

Potential hosts

. . Bombus Bombus Bombus | Bombus Bombus | Bombus Bombus Bombus Bombus
Analytical unit . . . .. . . . . .
nevadensis | occidentalis | affinis | cryptarum | mckayi | terricola | appositus | fervidus | rufocinctus
Atlantic Highlands 0 0 0 0 0 1 0 1 1
Boreal Cordillera 1 0 0 1 1 1 0 1 1
Boreal Plains 1 1 0 1 0 1 0 1 1
Brooks Range Tundra 0 0 0 1 0 0 0 0 0
Cold Deserts 1 1 0 0 0 1 1 1 1
Hudson Plains 0 0 0 0 0 1 0 0 0
Marine West Coast

Forests 1 1 0 0 0 0 1 1 1

Mixed Wood Plains 0 0 1 0 0 1 0 1 1
Mixed Wood Shield 1 0 1 0 0 1 0 1 1
Softwood Shield 0 0 0 0 0 1 0 0 1

South Central Semi-Arid

Prairies 1 1 0 0 0 0 1 1 1

Taiga Plains 0 0 0 1 1 1 0 0 0
Temperate Prairies 1 1 1 1 0 1 0 1 1

West Central Semi-Arid

Prairies 1 1 0 1 0 1 1 1 1
Western Cordillera 1 1 0 1 0 1 1 1 1
Totals 9 7 3 7 2 12 5 11 12
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Table A5. Current condition summary information for each analytical unit, including the year of last detection for Suckley’s cuckoo bumble bee,
percent decline of Suckley’s cuckoo bumble bee occupancy from historical to current, current estimated median occupancy for Suckley’s cuckoo
bumble bee and its two confirmed host species, B. occidentalis, and B. nevadensis, the number of likely preferred hosts from subgenus Bombus
(not including B. nevadensis) detected at least once in each analytical unit since 2000, and a tally of the number of different potential, preferred,
and confirmed host species detected since 2000.

. . Last Percent Occupanc Occupancy B. | Occupancy B. | Preferred .

Analytical unit detection | decline Suck;:ey'sy occi:entglis nev:denZis hosts All potential hosts
Atlantic Highlands 1924 -79 1 3
Boreal Cordillera 2019 -79 3 6
Boreal Plains 2022 -78 3 6
Brooks Range Tundra 2019 -79 1 1
Cold Deserts 2011 -87 2 6
Hudson Plains 1949 -80 1 1
Marine West Coast Forests 1982 -84 1 5
Mixed Wood Plains 1971 -83 2 4
Mixed Wood Shield 1995 -83 2 5
Softwood Shield 2010 -79 1 2
South CePrlgri?-ileSseml—Arld 2014 -89 1 5
Taiga Plains 1969 -77 3 3
Temperate Prairies 2018 -89 4 7
West Central Semi-Arid Prairies 2022 -83 3 7
Western Cordillera 2018 -80 3 7
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Table A6. Median occupancy of Suckley’s cuckoo bumble bee in each analytical unit for the historical, current, and future time periods out to end
of century, under Scenario 1. The interquartile range (IQR) which represents the 25" and 75" quantile of values, is also shown to represent the
spread of values around the median in each analytical unit.

Historical Current 2030 2050 2070 2090

Analytical unit median IQR median IQR median IQR median IQR median IQR median IQR
Atlantic Highlands | 0.712 0(‘)'6%56' 0.149 gz;gé 0.096 Oﬁi " | 0.087 0&%251' 0.079 O(')_O:gi' 0.075 Ofgg'
Boreal Cordillera 0.706 0(3.7 70161' 0.147 0‘53‘2 " | 0.108 0;(1332 T | 0112 0(3.111123' 0.111 05_111112' 0.110 g: ﬁl
Boreal Plains 0.661 0('1663; 4' 0.145 0(5'11355 4' 0.084 06?07;5_ 0.067 0(')?()6;5' 0.048 Ofg:z' 0.033 0('1002;2'
Cold Deserts 0.485 0(}.25,‘9:0_ 0.061 0(')_012182' 0.019 0(').0(;)482' 0.016 Ofég' 0.010 0(')_0(;)23 4' 0.009 0(')'0;138'
Hudson Plains 0.682 Ofgz' 0.133 0(')_112;9' 0.079 0590;}5' 0.078 g:g; é 0.064 O(')_O:Z' 0.056 Oc}?::s_
Mixed Wood Plains | 0.640 0('1369;0' 0.106 Ofgz' 0.060 06?02719_ 0.054 0(')?()1699' 0.041 05%537' 0.034 0(')?()1525'
Mix::i;\goc’d 0.590 05_5:127' 0.098 0(')_018029' 0.051 0(')?:5'26' 0.056 05?5652' 0.033 Ob_o(f;g' 0.011 0(5_05195'
Softwood Shield 0.685 05_666989' 0.142 0(')_113532' 0.096 Obigé' 0.093 05_01803 6' 0.094 0(3_018007' 0.09 05_017030'
Taiga Plains 0.708 0(‘.7.6%00- 0.161 06.115:8_ 0.106 0(},()19175_ 0.092 g:‘l)fl' 0.084 05%2’ 0.090 05Z7110'
Temperate Prairies | 0.263 0('1162555' 0.028 0(5'011317' 0.014 Ofg;’g' 0.01 0(')%)537' 0.006 06.0(;)325- 0.004 05%)118-
Western Cordillera | 0.692 g:% 5 0.140 Oﬁi ~ | 0.078 05%2’ 0.052 05?556' 0.046 0&?5851' 0.030 05_001643'
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Table A7. Median occupancy of Suckley’s cuckoo bumble bee in each analytical unit for the historical, current, and future time periods out to end
of century, under Scenario 2. The interquartile range (IQR) which represents the 25" and 75" quantile of values, is also shown to represent the
spread of values around the median in each analytical unit.

Historical Current 2030 2050 2070 2090

Analytical unit median IQR median IQR median IQR median IQR median IQR median IQR
Atlantic Highlands | 0.712 0(‘)'6%56' 0.149 32146 g | 0031 059(72386' 0.004 0(}?5)55' 0.000 Ob(.)ggo_ 0.000 Ofggo_
Boreal Cordillera | 0.706 0(3.7 70161' 0.147 0‘53‘2 " | 0.037 0(')?:3;' 0.005 0(3%)55' 0.000 Ob(.)ggo_ 0000 0(';_)330_
Boreal Plains 0.661 0('1663; 4 | 0145 0(5'11355 , | 0031 0&?5373' 0.003 0(.7%)023- 0000 Ob(.)ggo_ 0:000 ob?ggo—
Cold Deserts 0.485 0(}.25,‘9:0_ 0.061 0(')_012182' 0.007 0(')?(;)13 , | 0.000 0(.).000(:)1_ 0000 Ob?ggo_ 0.000 Ob?ggo_
Hudson Plains 0.682 Ofgz' 0.133 0(')_112;9' 0.025 ob?()zzzg- 0.003 0(}?5)53' 0.000 Ob(.)ggo_ 0:000 Ofggo_
Mixed Wood Plains | 0.640 0('1369;0' 0.106 Ofgz' 0.019 06?(?275_ 0.002 0(.7%)013- 0000 Ob(.)ggo_ 0000 ob?ggo—
Softwood Shield | 0.685 05_666989' 0.142 0(')_113532' 0.032 0(')?()239 6' 0.004 05_0005 5' 0000 ob?ggo— 0.000 ob?ggo—
Taiga Plains 0.708 Ofgoo' 0.161 06.115:8_ 0.035 05?53:19' 0.004 Ofggg 0.000 Ob(.)ggo_ 0000 0;’330'
Temperate Prairies | 0.263 0('1162555' 0.028 0(5'011317' 0.004 0(5,0(;)215_ 0.000 Obf)ggz' 0.000 Ob(,)ggo_ 0000 05‘_’3{,’0‘
Western Cordillera | 0.692 g:% s | 0.140 Oﬁi T | 0.024 0(')?()1;5' 0.002 05_00001 " 0.000 ob?ggo— 0.000 ob?ggo—
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Historical Current 2020-2040

Probability B |

of occupancy 02 04 06 08

Figure Al. Raw predicted probability of occupancy values for Suckley’s cuckoo bumble bee, across the full
range, at each time step, under Scenario 1 (a), and Scenario 2 (b).
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Figure A2. Median estimated range wide probability of occupancy for two confirmed Suckley’s cuckoo
bumble bee host species (B. occidentalis and B. nevadensis), and four other likely preferred hosts in the
Bombus sub-genus over time, under two different scenarios. The data for 2010 represents the midpoint
of the current period (2000-2020), and the future projections represent the midpoints of the future time
periods (2020-2040; 2040-2060; 2060-2080; 2080-2100), respectively. Scenario 1 assumes RCP4.5 and
projects future occupancy based solely on climate change (e.g., historical rates of declines due to other
factors are not projected), while Scenario 2 assumes RCP8.5, and projects future occupancy based on

2090 2010 2030 2080 2070 2090

Year

Scenario 1 = Scenario 2

both climate change, and historical rates of decline due to non-climactic factors.
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Figure A3. Top: Number of unique Bumble Bees of North America locations surved by decade from 1900
to present, within the occurrence polygon of Suckley’s cuckoo bumble bee. Values on the y axis are log-
transformed, so the large uptick in surveys in the last two decades does not visually obscure trends from
1900 to 2000. Bottom: spatial depiction of the BBNA survey locations from 1900 to present, within the
occurrence polygon of Suckley’s cuckoo bumble bee. Data are from the Bumble Bees of North America
(BBNA) survey database.
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