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Abstract:

Two Cape Breton bumble bees have been assessed as at risk by The Committee on the Status of
Endangered Wildlife in Canada (COSEWIC). Yellow-banded Bumble Bee (Bombus terricola)
was assessed as Special Concern in 2015, meaning it is likely to become threatened or
endangered in 10 years given our current understanding of ongoing threats. The Gypsy Cuckoo
Bumble Bee (Bombus bohemicus), an obligate nest parasite of Yellow-banded Bumble Bee was
assessed as Endangered in 2014, meaning there is a reasonable chance of extirpation in the next
10 years. Bombus terricola populations have recovered somewhat since 2010 but are still lower
than they were in the early 1990s. Bombus bohemicus declined dramatically between 1990 to
2010 and has not been found in Cape Breton since 2001. Bombus terricola was assessed based
on declining populations and threats such as pathogen spillover and exposure to insecticide. The
main threat for Bombus bohemicus was the decline of its host Bombus terricola. | searched for
imported bumble bees (source of pathogens) and asked about insecticide use in forestry and
agriculture on Cape Breton Island. Threats to Bombus terricola need to be documented even if
they have a small effect on them. | recommend repeatable surveys for Bombus bohemicus in
locations that Bombus terricola is most frequent on Cape Breton Island.



Introduction:

How are Bumble Bees assessed?

The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) assesses
species at risk. Species at risk have declining populations and face anthropogenic threats that
contribute to the decline (COSEWIC 2019). COSEWIC monitor what threats are present as they
will cause the number of individuals to change over time. The species are placed into a category
that fits their characteristics and this decision is made by experts (COSEWIC 2019). After all is
considered, COSEWIC will take the species and assess what factors are affecting the population,
including threats (COSEWIC 2015). A recovery plan is developed by the Species at Risk Act
(SARA). There is a 3-step process for developing a recovery plan that COSEWIC states the first
being “selection of wildlife species requiring assessment (COSEWIC Candidate list), second is
compilation of available data, knowledge, and information (COSEWIC status report), and third
is the assessment of wildlife species’ risk of extinction or extirpation and subsequent designation
(record of COSEWIC assessment results)” (COSEWIC 2019). After this process is completed,
the Minister will list the species as being under SARA or not, and if the species is listed under

SARA the process for a recovery strategy is started (Colla 2017).

This thesis asks if the populations of Bombus terricola and Bombus bohemicus are
changing in Cape Breton, Nova Scotia. COSEWIC (2015 & 2014) assessed two bumble bee
species that occur in Cape Breton as at risk. Yellow-banded Bumble Bee (Bombus terricola) was
assessed as Special Concern in 2015 due to decline in population connected to threats across its
geographic range in Canada (COSEWIC 2015). Gypsy Cuckoo Bumble Bee (Bombus
bohemicus) was assessed as Endangered in 2014 due to declines in population, threats across

Canada, and the decline of their host species. Bombus bohemicus is a nest parasite, which relies



on other bumble bee species (COSEWIC 2014). Bombus terricola is the only host species of

Bombus bohemicus in Cape Breton.

Special concern is not as serious as Endangered but just as important. COSEWIC
assesses risks based on two important ideas, declining population and the threats that are

connected to the populations that are declining.

Bumble Bee Biology

Bumble bees (Bombus) are eusocial Hymenoptera. Bumble bees have haplodiploid sex
determination, so they produce a non-reproductive caste called workers (Colla et al. 2012a).
Queens initiate nests in spring, and the first eggs develop into female workers. These workers
defend the nest and forage while the Queen lays eggs through the summer (Goulson 2010).
Worker bumble bees forage for pollen and nectar to get energy and nutrients (Colla et al. 2006).
Worker bees are one of the most important pollinators (Laverty & Harder 1988). In late summer,
the other two castes are produced, unfertilized eggs become males and female eggs become
gynes (potential queens) (Goulson 2010). Bumble bees have an annual life cycle; during late
winter or spring, the Queens from the previous year will come out of hibernation to begin
looking for a nest to lay her eggs in. Once the queen initiates a nest, she then lays eggs and
forages for nectar and pollen for her offspring (Goulson 2010). The queen tends the nest and
continues to forage until the first workers hatch in mid-summer months, (the middle of July into
September) (Goulson 2010), depending on where the sites are located and the species. Once they
are hatched, they will leave the nest and mate. The gynes will begin to overwinter while the

males die off (Goulson 2010).



Bombus bohemicus is a social parasite (cuckoo) in the subgenus Psithyrus (Williams et
al. 2014; Goulson 2010) Females search for host nests, enter the nest, sometimes kill the host
queen, and lay eggs in the usurped nest (Williams et al 2014). Workers in the host nest continue
to forage and tend to the cuckoo bumble bee and her offspring. In Cape Breton, the only host is
Bombus terricola (Laverty and Harder 1988). All the eggs that Bombus bohemicus produce will
become males or females that will mate. The males will die, and the females will overwinter and

invade a nest in the next spring or summer (Williams et al. 2014; Goulson 2010).
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Figure 1. Image showing the annual life cycle of a bumble bee (Bumble bees of Wisconsin
2021).

What are the trends and threats from COSEWIC?

Bombus terricola only occurs in North America and around 50-60% of their global range
is in Canada, including every province and territory except Nunavut (COSEWIC 2015). Bombus
terricola was a reasonably common bumble bee species throughout its Canadian range until the
1990s, where we see a decline in population in the southern parts of the country. They are still

reasonably common in the boreal forest from Ontario west to Yukon (COSEWIC 2015).



Bombus bohemicus is Holarctic, found in northern Europe and Asia and across Canada,
except Nunavut (COSEWIC 2014). They are not a common bumble bee, but their relative
abundance has been declining since the 1990s in areas that they are known to be found.

(COSEWIC 2014).

The threats listed by COSEWIC (2015) for Bombus terricola are pathogen spillover from
other bumble bees being imported in for greenhouse usage and pollination, pesticide usage with

agriculture (neonicotinoids), climate change, pollution, and habitat loss (COSEWIC 2015).

Threats for Bombus bohemicus are the declining population of their host species Rusty-
patched Bumble Bee (Bombus affinis), Yellow-banded Bumble Bee (Bombus terricola), and
Western Bumble Bee (Bombus occidentalis), pesticide usage (neonicotinoids), pollution, habitat

loss, pathogen spillover, and climate change (COSEWIC 2014).

Pathogen spillover occurs when a commercial or domestic species is greatly infected with
parasites or disease that then infects wild species that encounter them (Colla et al 2006). Bumble
bees are one of the main pollinators in North America that will collect pollen and nectar to bring
back to their hive (Colla et al 2012b). When bumble bees are used in greenhouses they may
escape and encounter wild bumble bees and may spread their pathogens to the wild bumble bees
(Colla et al 2012b). The wild bumble bees will continue to forage on flowers even flowers that
are not in greenhouses passing on the pathogen to other wild bumble bee species (COSEWIC
2015). Bumble bees need to have a strong colony for survival. With the loss of worker bees
tending to the hive and colony the pathogens can reduce viability of a bumble bee colony (Colla

et al. 2012Db).



Pesticides can be very harmful to bumble bees when they encounter them. Pesticides
contain a variety of different ingredients and formulas that will come together to control living
pests. Insecticides are a type of pesticide that is focused on insects (Eddleston et al 2002). Other
forms of pesticides are herbicides, fungicides, rodenticides, algaecides, and preservatives (Nova
Scotia Canada 2017). A common group of insecticides is the neonicotinoids, which are now
widely used on golf courses, gardens, and farmland (COSEWIC 2015). Pesticides are sprayed
onto grass, lawns, and crops, which is a big factor in why they can be harmful to bumblebees
having direct exposure to the chemicals from the contaminated flowers (Goulson 2010).
Pesticide usage can affect bumble bees and honeybees. We cannot compare the effects of
honeybees to bumble bees because they forage on different flowers and at different times in the
day. For example, some pesticides are sprayed during the morning and evening to avoid direct
contact with honeybees, but that time is prime bumble bee foraging (Goulson 2010). There are
three ways that a bumble bee can contact insecticides, direct contact from the spray in the air and
on flowers while the bumble bee is foraging. Second is from a leaf that has been sprayed and the
bumble bee is walking on it while foraging. The last is the nectar itself getting contaminated and
the bumble bee ingests the nectar with toxic chemicals (Goulson 2010). A bumble bee colony
can survive with the loss of some worker bees in the latter part of the year, but during the spring
when it is just the queens foraging getting the small nest ready then a loss of bees will be
traumatic. When spraying pesticides timing is everything, so spraying in the spring can be very

harmful to the bumblebee’s colony.



Were the trends and threats the similar in Cape Breton?

Postlethwaite (2012) found that Bombus terricola was declining from 1990-2010 and
MacDonald (2014) found that Bombus terricola had an increase in population in 2013. The

threats in Cape Breton that | focused on are pesticides and pathogen spillover.

Avre the populations of Bombus terricola continuing to decline, increase, or stable
compared to other bumble bee species? Are the populations of Bombus bohemicus continuing to

decline, increase, or stable compared to other bumble bee species?

Flowers used by Bombus terricola in Cape Breton.

Access to flowers may be a limiting factor for Bombus terricola because pollen and
nectar are required to complete their colony cycle because the Queen needs both nectar and
pollen to feed to her offspring for them the grow (COSEWIC 2015). During the summer of 2020,
the flowers that Bombus terricola foraged on for pollen and nectar were recorded. What flowers

is Bombus terricola using in Cape Breton relative to availability?

What could be a better sampling protocol?

In life, you want to always be moving forward and not be looking at the past. Yes,
sometimes we need to reference back to something, but it is important to always be moving
forward. | want to set my thesis up so that it will be a guide for other projects in later years.
Other students can take my data and ideas, then build on them to keep the project going on for
more decades. | want to set up a reasonable protocol that can be used for sampling in future
years, so we can collect more useful data. It is good to look at the past for perspective and
understanding former Bombus population dynamics, but like Roman god Janus, we also want to

be simultaneously looking forward. Setting up a framework for population trend monitoring in



the next 10 years, and comparing it to standardized historical data, is the duality in perspective
needed to assess population trends over extended time scales. While positive population growth
would be encouraging, declining populations will trigger SARA attention to ideally mitigate

negative population trends.

Methods:

How Bumble Bee data was compiled.

Postlethwaite (2012) identified all Bombus from the CBU insect collection that contained
a date and location up to 2010. Specimens were collected throughout the active season of bumble
bees in Cape Breton (May through October) with many collected in September as part of
entomology course requirements for undergraduate students. Postlethwaite (2012) calculated
relative abundance for each species for 1990-2000 and 2001-2010. MacDonald (2014) collected
bumble bees in the summer of 2013 from Cape Breton University to Port Morien, Nova Scotia
where Bombus terricola was expected and calculated relative abundance based on his surveys.
Relative abundance is the proportion of any species based on all specimens, (number of species
X/total number of specimensX100). The relative abundance was recorded in percentage. Using
relative abundance partially controls for differences in the number of bumble bees collected in
any given time period, which could be compared with the relative abundances that were

previously calculated.



Table 1. Relative abundance percentage of 14 species of bumble bees found on Cape Breton
Island, Nova Scotia, across 4 decades from 1990-2020. Postlethwaite (2012) 1990-2011,
MacDonald (2014) summer 2013, and this study summer 2020. Bumble bee’s subgenus and

species identified using Laverty and Harder (1988)

Relative Abundance Percent (# of specimens)

Subgenus Species 1990-2000 2001-2011 Summer 2013  Summer 2020

Subterraneobombus Bombus 5.24 (47) 7.67 (46) 7.70 (50) 7.99 (77)
borealis

Fervidobombus Bombus 20.29 (158) 3.22 (21) 9.10 (52) 0.519 (5)
fervidus

Psithyrus Bombus 6.38 (43) 9.90 (81) 1.25(7) 0(0)
citrinus
Bombus 1.80 (14) 0.70 (3) 0.16 (1) 0(0)
insularis
Bombus 3.10(27) 0.50 (2) 0(0) 0(0)
bohemicus
Bombus 1.50 (9) 0.50 (2) 1.26 (8) 0.41 (4)
fernaldae

Pyrobombus Bombus 12.11 (141) 20.54 (130) 16.68 (100) 16.09 (155)
vagans
Bombus 0(0) 0(0) 0(0) 1.24 (12)
bimaculatus
Bombus 17.02 (190) 20.79 (134) 25.85 (157) 43.19 (416)
ternarius
Bombus 0.98 (6) 12.38 (59) 9.86 (52) 13.29 (128)
impatiens
Bombus 3.60 (28) 4.50 (27) 0.94 (6) 5.19 (50)
perplexus
Bombus 2.10(14) 6.20 (33) 4.23 (26) 0.2 (2)
sandersoni

Bombus Bombus 14.08 (181) 2.97 (18) 6.30 (41) 7.26 (70)
terricola

Cullumanobombus  Bombus 11.78 (101) 10.15 (54) 16.66 (99) 3.63 (35)

rufocinctus




Bumble bees were sampled at 8 sites in the Bras d’Or watershed twice from late July to
mid-August 2020 when numerous worker bees were foraging on flowers (Table 2). Of the 8
sites, 5 were along 5 km transects that are also being surveyed in the winter for mammal tracks
(especially Canada Lynx (Lynx canadensis) and European Pine Marten (Martes martes) and in
June for forest birds, such as Rusty Blackbird (Euphagus carolinus), Canada Warbler
(Cardellina canadensis), and Olive-sided Flycatcher (Contopus cooperi). All were forested
roads/ATV trails through wooded areas, recently cut areas, close to lakes, bogs, and other natural
habitats. All had blooming flowers during both surveys and were several kilometers from the
nearest human habitation (Figure 5). Along each 5 km transect, 3 sites were surveyed, once
during the last week of July into the first week of August and the second in the third week of
August. The sites in Irish Cove, Big Pond, Eskasoni (Mountain Road), MacAdam’s Lake, and
Loon Lake were along roads that were away from where any people lived or would come very
often (Figure 5; Table 2). Three other sites Eskasoni, Big Pond, and Georges River were adjacent
to Bras d’Or Lake along roads, amongst houses (Figure 5; Table 2). The same sampling protocol

was followed at all 8 sites.

Each survey had at least 2 people slowly walking searching for bumble bees on flowers,
netting each one and placing it in a vial. At the end of the 10 minutes bumble bees were
identified in the vial and for more difficult identifications, vials were placed on ice to slow the
bumble bee and allow for closer examination (Figure 4). Three similar species in the subgenus
Pyrobombus (B. vagans, B. sandersoni, and B. perplexus) were difficult to distinguish in the
field, so many were recorded as Pyrobombus. VVoucher specimens were collected for each
species and are in the CBU insect collection. Identification was based on Williams et al. (2014)

and Laverty and Harder (1988) along with iNaturalist identifications by experts such as John



Ascher (National University of Singapore) and Cory Sheffield (Invertebrate Zoology Royal

Saskatchewan Museum). While | was in the field to identify a bumble bee species, we had to

have two people, agree on the same species (Figure 2). A list of flowers that bumble bees were

netted from was recorded during each sampling period.

Table 2. Bumble bee sampling sites, 3 for each transect, in Bras d’Or Watershed, in 2020 from
late July to mid August. List of latitude and longitude coordinates from the 5 transect sites and 3
lower elevation sites sampled.

Transect Latitude Longitude
1. Georges River 46.233723 -60.300333
2. Loon Lake 46.042408 -60.489676
3. MacAdams Lake 46.023717 -60.444557
4. Eskasoni 45.9470916 -60.6027149
5. Eskasoni (Mountain Road)  45.9370297 -60.6782580
6. Big Pond (Glengarry Road) 45.907714 -60.508452
7. Big Pond 45.902522 -60.490157
8. Irish Cove 45.808129 -60.66252

10



Figure 2. Photo of observers dicussing what species and caste the bumble bee is on August 5™
2020 Mountian Road, Eskasoni, Nova Scotia (location 5) (UINR).

Figure 3. Group of observers getting ready to head out to sample bumble bees on August 5™,
2020 Mountain Road, Eskasoni, Nova Scotia (location 4 left & location 5 right) (UINR).

Figure 4. Bombus terricola caught in a vial August 24™, 2020 (left) location 4 and after being
chilled on ice August 5™, 2020 (right) location 5 in Eskasoni, Nova Scotia.

11
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Figure 5. Bumble Bee surveys (purple stars) in late July and August 2020 were focused between
Georges River and Irish Cove, the southeast section of Bras d’Or Watershed.

Quialitative data on threats.

Pathogen spillover is connected to the importation of pollinators, usually Bombus
impatiens in eastern Canada that can bring novel pathogens to an area. The local bumble bees
may not have been exposed of these pathogens before (Colla et al. 2006). | contacted Eyking
Farms in Cape Breton, who let me know their supplier of bumble bees for greenhouse
pollination. In Nova Scotia, the main suppliers are Koppert Biological. | contacted Nova Scotia
Department of Agriculture, the Department of Lands and Forestry, and Port Hawkesbury Paper
for information about pesticide use in agriculture and forestry on Cape Breton. | did email 3 golf

courses in Cape Breton about what pesticides were being used but | got no response.
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How flower data was compiled.

All Bombus terricola records from Cape Breton in iNaturalist (2014 to 2020) with an
identifiable flower were compiled in January 2021 (n=49). The identification of Bombus
terricola was confirmed by experts such as John Ascher, David McCorquodale, Cody Chapman,
and others on iNaturalist. The flowers were identified using Flora of Nova Scotia (Munro et al.
2014), GoBotany (Native Plant Trust 2021), and consultation with local botanists. | added a field

for nectar/pollen plant to all iNaturalist observations of Bombus terricola (Figure 6).
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Yellow-banded Bumble Bee (zombus terricol) em Follow »
" dbmcc09
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L2 1
+ Map  Satellite | =
wl e
:/’
o,
o
/7 Boularder
‘/'/‘
delAe Map data €2021 Google Skmi—— 1 Termsof Use  Report amap error
> Cape Breton, CA-NS, CA (Obscured) Details »

) David McCorquodale

¥ Bethe first to fave this observation!
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Figure 6. A sample iNaturalist Bombus terricola observation showing where nectar/pollen plant
was added (Purple box).
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Results:

Bombus terricola and Bombus bohemicus showed a decline in relative

abundance.

More Bombus terricola were found in 2020 than in 2000-2010 but much less than
1990-2000 (Figure 8). No Bombus bohemicus were found in 2020, with the last confirmed
observation being in 2001 on the east coast of Cape Breton near Homeville (MacDonald 2014)
(Figure 8). From 1990-2013, Bombus terricola and Bombus bohemicus relative abundance

declined in Cape Breton based on Postlethwaite (2012) and MacDonald (2014).

Changes in other species

There was an increase in relative abundance for Common Eastern Bumble Bee
(Bombus impatiens) in the 2000-2020s compared to 1990-2000s (Figure 7). Two-spotted Bumble
Bee (Bombus bimaculatus) was not recorded by Postlethwaite (2012) and MacDonald (2014),
but 1 was found in Georges River in 2020, and 11 observations on iNaturalist in Cape Breton
from mid-May to the end of August 2020 (Figure 7). The relative abundance of Yellow Bumble
Bee (Bombus fervidus) has declined since 1990. One of the common species that we found at all
sites was Orange-belted Bumble Bee (Bombus ternarius) and towards the end of the sampling in
2020, it was one of the only species being caught. Orange-belted Bumble Bee has maintained a
high relative abundance and it increased in 2020 (Figure 7). The relative abundance of the
Pyrobombus that was caught was not included in the graphs and that will skew results from
Postlethwaite (2012) and MacDonald (2014) because it will be the sum of relative abundances
for Bombus vagans + Bombus sandersoni + Bombus perplexus. Bombus vagans, Bombus

sandersoni, and Bombus perplexus are all included in the subgenus Pyrobombus, so my

15



unknowns are Pyrobombus, whereas in Postlethwaite and MacDonald data it would be the sum

of all the species within Pyrobombus.

H 1990-2000 w2001-2010 ®mSummer 2013 Summer 2020

W W & & u
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Figure 7. Relative abundance for 14 species of bumble bees from Cape Breton 1990 to 2020.
Data from Postlethwaite (2012) for 1990-2010; MacDonald (2014) for 2013 and this study. For
2020, 1990-2000 (n=959), 2001-2010 (n=610), 2013 (n=599), and 2020 (n=963).
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Figure 8. Relative abundance of Bombus terricola and Bombus bohemicus from Cape Breton,
Nova Scotia. 1990-2010 (Postlethwaite 2012), 2013 (MacDonald 2014), 2020 (this study).
Bombus terricola 1990-2000 (n=181), 2001-2010 (n=18), 2013 (n=41), and 2020 (n=70) and
Bombus bohemicus 1990-2000 (n=27), 2001-2010 (n=2), 2013 (n=0) and 2020 (n=0).

What are the threats in Cape Breton?

The two main threats for bumble bees in Cape Breton, identified in COSEWIC (2014 and
2015) are pathogen spillover and pesticide usage. COSEWIC (2014 and 2015) considers both
pathogen spillover and pesticide usage threats across Canada. The major greenhouse operation in
Cape Breton that | contacted was Eyking Farms. A major supplier that Eyking Farms uses for
their pollinating is Koppert Biological Systems a Canadian company that can ship the pollinators
out across the provinces. This company provides solutions to make your food crops and flowers
more sustainable and better for the environment. The bumble bee species that they use for
pollination are Bombus impatiens (Koppert Biological System 2021). The Ontario recovery

strategy for Bombus bohemicus, states that pathogen spillover might be affecting the species
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themselves or at least contributing to the decline in their hosts. Also mentions that honeybee

pathogens can be spread to native bumble bees (Colla 2017).

Pesticide usage in Cape Breton, Nova Scotia is very small according to sources from
Nova Scotia Department of Agriculture, the Department of Lands and Forestry, and Port
Hawkesbury Paper. Domestic use of pesticides in Nova Scotia must be approved by the Pesticide
Management Regulatory Agency (PMRA) (Nova Scotia Canada 2017). Pesticides available in
stores are all approved for selling and usage. Walmart Canada provides a few options such as
insecticidal soaps and sprays. Some products are Safer’s Insecticidal soap, which contains
potassium salts of fatty acids that will weaken soft body insects and kill them. Another product is
Bug B Gon, which is a spray that will kill insects (Walmart Canada 2021). Home Depot provides
a pesticide called Kombat lawn & garden 15% deet, which is used to repel insects and some
ingredients are citronella, vitamin E, coconut oil, and aloe vera (Home Depot 2021). Home
Hardware provides some sprays and insecticides such as Scotts Grub B Gon Grub killer (Bacillus
thuringiensis), Superior Dormant oil spray (Horticulture oil), Lime sulphur insecticide
(Horticulture oil), Horticultural oil insect spray (Mineral oil 97%), and Trounce yard and garden

insecticide (Potassium salts of fatty acids 1%, Pyrethrins 0.01%) (Home Hardware 2021).

| was in contact with representatives from The Nova Scotia Department of Agriculture,

Department of Lands and Forestry, and Port Hawkesbury Paper.

Jason Sproule, provincial apiculturist with the Department of Agriculture suggested that
the biggest issues that bumble bees face were land use and management, loss of habitat, and a
shift to high efficiency cropping systems. He believes those are the major issues with bumble bee
populations and he suspects that pesticide usage in Nova Scotia does not result in much of the

bumble bee population changes. He could not list all the pesticides that are being used in Nova
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Scotia and the guantities, but he did mention that few reports on pesticide usage harming bumble
bees have been reported to him or Health Canadas Pesticide Management Regulatory Agency
(PMRA). Suggests that forestry and agriculture are the bigger consumers of pesticide usage than
golf courses and residential areas. He was told that turf growers and golf managers have access
to pesticides, but they do not rely on them very much and when they do use them it is in very low

applications. They do spot treatments rather than large applications in their fields.

Harrison Moore, a regional biologist for Lands and Forestry in Antigonish gave me some
information from his work, but he also had some previous experience with pesticides because he
did his masters in ecotoxicology specializing in pesticides. He brought up that pesticides are
regulated by the Pesticide Management Regulatory Agency (PMRA), which tells people what
pesticides can be applied. It also states where, how and who can apply the pesticides. He said
there are many threats to bumble bee’s population and pesticides could be one of them. He says
that golf courses only use pesticides when they needed to which are in small quantities. Most of
the products used on golf courses are herbicides and fungicides. He also says that it is hard to
find all the pesticides available since there are many brands with the same active ingredients but

different formulations.

Elizabeth Walsh, a regional biologist from the Eastern Region of the Department of
Lands and Forestry said that the permitting for pesticide applicators and applications for
businesses such as golf courses need to be done, but if privately owned they do not have to if
they are using approved pesticides. She said that some golf courses and some pesticide applicator

companies use some form of glyphosate, which is a herbicide not an insecticide.

Rick Hoeg, acting manager, animal, and crop services at Nova Scotia Department of

Agriculture said that they cannot provide numbers on commercial/industrial and domestic use,
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but all pesticides are registered through the PMRA. He also mentioned that recommended doses
do not mean it is used each year and that the use will be based on the presence of particular pests

(weeds, insects) that needs to take action.

Andrea Doucette of Port Hawkesbury Paper reported that they do not use any insecticides
or herbicides. They have a Forest Advisory Committee, and it will be one of the planks in their

sustainable forestry audits.

What flowers do Bombus terricola forage on?

COSEWIC 2015 suggests that Bombus terricola forage on flowers in the Ericaceae
(cranberries & blueberries), Solanaceae (potatoes), and Fabaceae (alfalfa). Also they forage on
Rosaceae (apple or cherry) and Asteraceae (aster or goldenrod) (Laverty & Harder 1988). They
are pollinators of Rosaceae (plums & blackberries) and Fabaceae (sweet clover) (Liu

MacFarlane, & Pengelly 1975).

During our sampling, this summer in 2020 we came across a variety of flower species
that bumble bees were foraging on. At the beginning of the summer sampling period, most
flowers were in bloom although some were not. In the middle of the summer most, flowers were
still in bloom and not many flowers were dying. By the end of the summer, most flowers were
dying compared to what was seen at the beginning. We observed general bumble bee species that
we identified and were not unidentified on six different families of flowers Fabaceae,
Asteraceae, Rosaceae, Primulaceae, Apiaceae, and Hypericaceaae (Table 3). Table 3 provides
the Family name and genera name for the observations of flowers during the surveys in 2020,
because we only recorded the frequency of each flower species when we saw them but not how

many times each bumble bee was on each flower. The 5 most frequent genera of flowers were
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Melilotus (White Sweet Clover), Trifolium (Red Clover), Centaurea (Knapweed), Solidago

(Goldenrod), and Hypericum (St. John’s Wort). All are non-native except Solidago.

Table 3. Observations of 6 families of flowers in Cape Breton Island in 2020. Fabaceae (n=4),
Asteraceae (n=8), Rosaceae (n=2), Primulaceae (n=1), Apiaceae (n=2), and Hypericaceae (n=1).
Non-native or native in Canada. Purple writing with underline indicates the top 5 most frequent

genera of flowers.

Family Genus Native (N) vs Non-Native (NON)
Fabaceae Melilotus NON
Lotus NON
Vicia NON
Trifolium NON
Asteraceae Senecio N (Depends on species)
Centaurea NON
Cirsium NON
Solidago N
Sonchus NON
Taraxacum NON
Jacobaea NON
Rudbeckia NON
Rosaceae Spiraea N
Rosa N/NON
Primulaceae Lysimachia N
Apiaceae Daucus NON
Angelica NON
Hypericaceae Hypericum NON
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In the iNaturalist observations there were 10 families of flowers from May until
September. There were 4 observations in May/June, 20 observations in July, 18 observations in
August, and 1 observation in September (Figure 9). In May/June the most flowers that Bombus
terricola were foraging on were Asteraceae, Fabaceae, Ericaceae, and Rosaceae. In July, the
most common flowers that Bombus terricola foraged on were Fabaceae, Rosaceae, and Oleaceae
(Figure 9). In August, the most flowers that Bombus terricola forage on were Apiaceae,

Asteraceae, and Fabaceae (Figure 9).

Number of observations
Lo T N O R O R O T = LT I 5
1

e e e e e ¢ e 2
& & & & & & & 20 & @
RS & & &3 & & & P B &
N A S ) 5 ¢ €
> S N G
& & ¥ O N
ke S Q¥
Family

B May/lune ®July ®Aug

Figure 9. iNaturalist observations of Bombus terricola foraging on flowers in Cape Breton
Island, Nova Scotia. May/June (n=4), July (n=20), and August (n=18).
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Discussion:

Trends in Relative Abundance.

Populations of Bombus terrricola and Bombus bohemicus showed similar changes over
time in Cape Breton. COSEWIC (2015) shows a decline of Bombus terricola in Nova Scotia
from before 2004 to 2013, which is similar to the trends observed in the CBU insect collection
(Postlehwaite 2012). Bombus terricola was found in each transect in 2020 and sites in 2013
(MacDonald 2014), suggesting an increase in population. COSEWIC (2014) shows a decline of
Bombus bohemicus in Canada from 1990-2014, which is similar to the CBU insect collection
(Postlehwaite 2012). Bombus bohemicus was a relatively common species in Cape Breton but
declined from 1990-2010. Only 2 have been found since 2000 and the last one was seen in Cape
Breton in 2001. There is no sign of recovery for this species even though their host appears to

have recovered from their low numbers in the early 2000s (COSEWIC 2014).

Changes in Relative Abundance.

Other bumble bee species that were observed through the decades had some changes in
their population trends in Cape Breton. There was a dramatic increase of Bombus impatiens from
the 1990s in Cape Breton (Postlethwaite 2012). This species was not a common bumble bee
species in the Eastern part of Canada such as the Atlantic provinces until the 1990s (Palmier &
Sheffield 2019). There were no records in Nova Scotia, and a couple in New Brunswick (Laverty
and Harder 1988). Bombus impatiens became a very common bumble bee species in Cape
Breton, Nova Scotia due to their use in pollination in greenhouses and crops (Palmier &
Sheffield 2019). Companies are using this species for pollination so they are brought into the

province and can escape greenhouses (Koppert 2021). Also, they are used for pollinating
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blueberries and other fruits, which are in an open field and do not have to escape a greenhouse
(Drummond 2012). Bombus fervidus was thriving in the 1990s in Cape Breton (Postlethwaite
2012) and now they are declining. They are not only declining in Cape Breton but most of North
America as well (Colla et al. 2012a). There was an interesting arrival of Bombus bimaculatus in
Cape Breton because they were mostly found in southern Ontario and Quebec (Laverty & Harder
1988). Over time Bombus bimaculatus have made their way over to Cape Breton, from none
being found in the 1990s (Postlethwaite 2012) and 2013 (MacDonald 2014) to some being found
in 2020. Bombus ternarius is a very common species and its population is continuing to be stable

over the years in Cape Breton and across Canada (Laverty & Harder 1988).

Threats

Threats in Cape Breton do not appear to play a major role in the population changes of
bumble bees. Pathogen spillover is affecting bumble bee species in Canada and other parts of
North America (Colla et al. 2006) but there seems to be not enough use in Cape Breton. Farmers
are not likely to be sharing much information on what they are doing on their own farms, but we
know that Bombus impatiens are brought in by Eyking farms for pollination. Bombus impatiens
are likely escaping the greenhouses or in open crop fields to infect other bumble bee species and
wild bumble bees (Palmier & Sheffield 2019). In other parts of Canada, Bombus impatiens are
affecting bumble bee species populations causing declines (Colla et al. 2006). When non-native
bumble bees such as Bombus impatiens or any other species are introduced to a new area they
can be carrying any diseases that will be deadly to the native bumble bees in that area when

pollinating (Palmier & Sheffield 2019).

The amount of pesticide use in Cape Breton is low compared to other parts of Canada and

North America, so the threat is very low according to the people | was in contact with from The
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Department of Aquiculture, The Department of Lands and Forestry, and Port Hawkesbury Paper.
| think that if more pesticides such as insecticides are used in larger amounts in Cape Breton,
then it may be considered a bigger threat, but right now the threat from pesticides is relatively
small. There are some available home-use pesticides that are in your local stores that can be

purchased by consumers directly and used without regulatory oversight.

Flowers Bombus terricola forage on.

Bombus terricola forages on many different families of flowers in Cape Breton and
across Canada. Bombus terricola have short tongues, so they will feed on flowers that have their
nectar easy to access such as Rosaceae (apple or cherry and lots of others) and Asteraceae (aster
or goldenrod) (Laverty & Harder 1988). They are generalist foragers that are important for
pollinating many fruits and vegetables such as Ericaceae (cranberries & blueberries), Solanaceae
(potatoes), and Fabacene (alfalfa) (COSEWIC 2015). They are pollinators of Rosaceae (plums &
blackberries) and Fabaceae (sweet clover) (Liu et al. 1975) Most Bombus terricola were foraging
on Fabaceae, Asteraceae, Apiaceae, and Rosaceae. Foraging on Rosaceae, Asteraceae, and
Fabaceae is similar to what the other sources state because these are all important flower families
for them to get nectar and pollen from (Laverty & Harder 1988). An explanation for this is that
iNaturalist is based on photo observations, so it is much easier to take photos on large white

flowers such as Angelica than it is on smaller flowers.

Better survey methods.

There are a variety of sampling methods to catch bumble bees and they all have their pros
and cons, but if we can stay on track with one good sampling protocol, we can have consistent
data, which is very important. Portman and Koch (2020 and 2015) suggest when you know what

your goals are for a study then what method process you chose is very important. Portman
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(2020) suggests that using one sampling technique instead of combining multiple techniques, to
avoid being overwhelmed with data (Portman et al. 2020). | agree with this plan because having
too many techniques can be confusing for the observers and readers. Portman suggests that Bowl
traps, which are differently coloured bowls that are placed around a selected area are a good
sampling technique (Portman et al. 2020). Inside is either alcohol, soapy water, or Ethylene
glycol. A bumble bee will be foraging on nearby flowers and come across the bright colour
bowls and then will fall into the liquid. They will be preserved in the bowls and can be taken to
be identified. Trapping bees can estimate populations and be a useful tool to track changes in
populations (Portman et al. 2020). | do not think this is the best option, because the bumble bees
are being lethally sampled when we are trying to protect the species with declining populations.
Koch (2015) set up a great method of site selection to determine the size of the declining
populations of bumble bees in the United States (Koch et al. 2015). They selected areas known
to have their focal species present. He suggests using sweep nets to capture bumble bees, which
then were cooled on ice until the end of the sampling (Koch et al. 2015). Each person would
walk through the site along with places that had flower patches. Bumble bee identification was

based on using taxonomic keys and field guides (Koch et al. 2015).

Based on both protocols | believe the best way to sample bumble bees is to first find out
exactly what your goals are and what you want to answer. Next, the species that are going to be
focused on should be determined. Once that is determined site selection should be based on the
species habitat, distribution, and if they are an at-risk species. The sampling technique is next to
be selected. I think netting is the best technique to use to sample bumble bees, but there are
disadvantages to netting and an alternate way is the bowl traps. With netting, there is a time limit

and weather restrictions whereas traps can sample for longer periods of time and in any weather.
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While using the netting technique the observer will walk through a site area in a straight line that
has flower patches available and catch bumble bees that are seen foraging on flowers or in flight
and each survey should be timed for exactly 10 minutes. Then the bumble bees will be placed
into vials and chilled so the species and caste can be identified by using taxonomic keys and field
guides; after sampling is done, they can be released. While catching bumble bees each flower
will be identified when each bumble bee is being caught by knowing the flower species or taking

a picture of the flower to be determined later.

Conclusion:

Not all bumble bee species relative abundances are declining in Cape Breton some are
increasing like Bombus ternarius and Bombus impatiens. Whereas Bombus fervidus and Bombus
citrinus relative abundances are decreasing in Cape Breton. Even though some species are doing
well does not mean that we should ignore threats in Cape Breton. Pathogen spillover and
pesticide usage in Cape Breton are relatively small, but | believe we should keep it that way for
the future. The number of flowers available for bumble bees should be increased I believe, so
they will have more flowers to forage on. If future researchers can follow a standardized protocol
that captures the goals of their study, we can collect valuable data. For more future research |
suggest that surveys for Gypsy Cuckoo Bumble Bee (Bombus bohemicus) in mid-June to August
where Yellow-banded Bumble Bee (Bombus terricola) is most abundant to see if still in Cape

Breton because they are most likely to be found close by their host.
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