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Source Primer name Primer sequence Product Reference

DWV-A VDR_DWV_F 5 GTCTTGTGGATGAAGGTTATATAACTGG 168bp Milone and Tarpy, 2021
VDR_DWV_R 5- TCCGTAGAAAGCCGAGTTG

DWV-B VDR_VDVI_F 5- ACCAACGCGTGTCGTTCCTG 108 bp Milone and Tarpy, 2021)
VDR_VDVI_R 5- ACAAGTGGTTGGTCCCGTCG

BQCV BQCV_F 5- CGAAGCGTTTTCCGTGG 182bp Milone and Tarpy, 2021
BQCV_R 5- GCTGTCGAGAGTCAGAGTT

SBV SBV-F 5- TACGAATCGTGATTCGATTCATT 87bp Milone and Tarpy, 2021
SBV-R 5- ACGGGTCTGACGCAAC

LSV LSV-F TCATCCCAAGAGAACCACT 120bp Milone and Tarpy, 2021
LSV-R CGCGTGTGCATGGAA

APV IAPV-F GCTAATACCAAGACACCAATCACGGACC 58bp. Milone and Tarpy, 2021
IAPV-R TCTCGACCCTGAGCATCTGTG

RPS5 RPS5-F 5"-AATTATTTGGTCGCTGGAATTG Evans, 2006

RPS5-R 5'-TAACGTCCAGCAGAATGTGGTA
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Bombus

Type of genetic data

Genetic structuring

Reference

species . .
mtDNA = Microsatellites SNPs
B. ardens X
x
B. brasiliensis x
B. morio x x
x X
B. pauloensis X
x
B. lucorum x
x
X
B. lapidarius x
x
B. hortorum X
x
x
X
B. pascuorum >4
x
x
x
X
B. ruderatus X
x
B. distinguendus X
B. affinis X
B. sylvarum x
x
B. alpinus,
B. pyrrhopygus,
B. balteatus,
B. lapponicus, *
B. hyperborea,
B. monticola
B. lapponicus X
B. sylvicola X
B. sylvicola X
B. occidentalis X
B. pensylvanicus - <
B. impatiens %
B. bimaculatus X
B. bifarius 4
x
B. vancouverensis X
B. huntii x
B. vosnesenskii X
x
x
x
X
x
x
B. muscorum X
®
B. jonellus X
B. ignitus x
B. terrestris : 4
x x
x
¢
x
x
B. vestalis x
B. pratorum X
B. monticola X
B. ephippiatus X
B. ruderarius x
B. soroeensis x
B. hypnorum x

South Korea

South Korea

South America

Brazil

Belgium,
France, Spain

Corsica

Germany

Estonia, Belgium
Estonia, Belgium

Southern UK

Estonia, Belgium

Southern UK

New Zealand

Scottish Islands,
Scotland, UK

Eastern
North America

UK, France

Estonia, Belgium

Sweden

Canada

USA

USA

Southwestern USA

USA

Western
North America

USA

California,
Oregon, USA

Southwestern USA

California, USA

Southwestern US
USA
Western USA

Scottish Islands
(Scotland, UK),
Southern UK

Herbrids, UK

South Korea
Southern UK
Europe

Europe, Alps

Romania, Bulgaria

UK,
Ireland, Europe

Corsica

UK, Ireland

Guatemala

Estonia, Belgium

Estonia, Belgium

In isolated island population; Weak across
major mountain range

None

Weak
None

Based on climatic and
elevational differences

None

In one region in the center of the
Tberan peninsular

None
In island population

None (some loci suggest local adaption
to urbanization)

Between Estonia and Belgium

None

Between Estonia and Belgium
In island population
None

Based on continuity and suitability of
foraging habitats

None

Based on latitudinal differences

Rare and therefore geographically isolated

None

In island populations

Based on different climatic niches
None

Weak structuring

In island populations

None
Weak structuring

In mountainous landscapes and based on
latitudinal variations

Based on gene flow impediments; some
loci suggest local adaptions to
high elevation

Based on gene flow impediments:
unsuitable habitat patches in
mountainous landscape

None
None

Based on gene flow impediments:
impervious habitats, croplands and oceans

Based on gene flow impediments:
commercial, industrial and transport-
related impervious land cover

Based on latitudinal variations
Based on elevational variations

Weak

Based on gene flow impediments: Ocean

Based on dispersal abilities between
island population

‘Weak between island population
Based on geographic isolation

None

In island populations

Between North and South of the Alps

Dissimilarities in LAI, temperature
and slope

Based on gene flow impediments:
Irish Sea

In Island population

None

In populations that are
geographically isolated

Weak

None

Between Estonia and Belgium

(Jeong et al., 2023)

(Kim et al., 2009)
(Santos Janior et al, 2019)

(Francisco et al., 2016)

(Frangoso et al., 2016)

(Blasco-Lavilla et al., 2019)

(Lecocq et al., 2013)

(Theodorou et al., 2018)

(Maebe et al., 2019)

(Carvell et al., 2012)

(Dreier et al., 2014)

(Carvell et al,, 2012)
(Ellis et al.,, 2006)
(Maebe et al., 2019)
(Liu et al,, 2024)

(Dreier et al., 2014)

(Bartlett et al., 2016)

(Charman et al., 2010)

(Mola et al., 2024)

(Ellis et al., 2006)

(Maebe et al,, 2019)

(Liu et al., 2024)

(Clake et al., 2024)

(Christmas et al., 2022)

(Lozier et al., 2011)

(Jackson et al., 2018)

(Heraghty et al., 2022)

(Koch et al,, 2018)

(Lozier et al., 2011, 2013)

(Heraghty et al., 2023)

(Jha, 2015)

(Jha and Kremen, 2013)

(Jackson et al., 2018;
Lozier et al., 2021)

(Schenau and Jha, 2017)

(Darvill et al,, 2006)

(Darvill et al,, 2010)

(Han et al., 2014)
(Dreier et al., 2014)
(Estoup et al., 1996)

(Pirounakis et al., 1998)

(Gliick et al., 2022)

(Moreira et al,, 2015)

(Lecocq et al., 2013)

(Huml et al, 2023)

(Landaverde-Gonzalez
et al, 2018)

(Macbe et al,, 2019)

Studies use different types of genetic data (mtDNA, mitochondrial DNA; SNP, single-nucleotide polymorphism); countries (UK, United Kingdom; USA, United States of America) and regions

are indicated to specify bioclimatic conditions.
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Subfamily Species N nests

Hylaeinae Hylaeus euxanthus 3
Hylaeus violaceus 33
Hylaeus ruficeps kalamundae 5
Hylaeus amiculus 1
Hylaeus nubilosus 15
Meroglossa rubricata 15

Megachilidae Megachile speluncarum 2
Megachile tosticauda 20
Megachile “houstoni” 8
Megachile “sp. 21”7 2
Megachile canifrons 65
Megachile fultoni 1
Megachile (Hackeriapis) “sp. 27 4
Megachile “sp. 28” 1
Megachile aurifrons 31
Megachile oblonga 1
M. oblonga 66
Megachile fabricator V 61
Megachile (Austrochile) resinfera 1
Megachile (Hackeriapis) “parimaculae” 4
Megachile “sp. 577 1
Megachile erythopyga 208
Megachile obtusa 3
Rozenapis ignita 58
Megachile * 40

*refers to nests where mortality was 100%, and thus as no offspring emerged; the species using
the nesting tube could not be determined, but based on the diagnostic nest cap, these nests
were able to be assigned as being made by Megachilinae.
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Response variable  Year Habitat Cohort Predicted effect Ho Significance

under competition

Completed nests -v X >0.1
Bush -v X >0.1
Res -v bs >0.1
N provisioned cells -v X >0.1
N emerged offspring -V X >0.1
Mortality +v >0.1
One +v X <0.001

Two +v X >0.1

Prewinterl +v X <0.01
Postwinterl +v X >0.1
Prewinter2 +v X >0.1
Postwinter2 +v X >0.1

Sex ratio -v x <0.05
Body size Male -y X >0.1
Female -v X >0.1
Prewinterl Male =y X >0.1
Postwinter] Male =y X <0.1
Prewinter2 Male -v X >0.1
Postwinter2 Male o & X <0.1
Parasitism +v X >0.1
Bush +V X >0.1
Res +v x <0.1

When interaction effects were significant, responses under each level of this factor were presented. Predicted effect under competition refers to the association [positive (+v) or negative (-v)] of
the response variable in relation to honey bee abundance (refer to Figure 1). Hy refers to the null hypothesis, i.e. no competition, and H, refers to the hypothesis of honey bee competition. An *x’
indicates which direction of association was supported. Significance refers to the p-value associated with the estimate.

Bush, bushland remnant habitat; res, residential garden habitat.

Bold refers to statisically significant (p<0.05).

Italics refers to where the p value was >0.05 p <0.1.
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Pathogen Resistance Model Structure Distribution

Threshold

Vairimorpha 69 63 74 Two Plateau Poisson
Chalkbrood 13 13 14 Two Plateau Poisson
Varroa* 52.8 516 57 Two Plateau Poisson
DWV-A 362 327 39.9 Two Plateau Poisson
DWV-B 49 0.19 9.5 Two Plateau Poisson
IAPV 19 11 26 Two Plateau Poisson
LSV 40 40 40 Two Plateau Poisson

*The varroa dataset used to derive these values was taken from Wagoner et al,, 2021.
Lower and upper describe the uncertainty around each estimate. The model structure indicates the assumed underlying data structure, in this case, a shelf cutoff (two plateau). Count data for all
pathogens were modeled using a Poisson distribution.
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Pathogen Analysis al
Vairimorpha Prevalence 60 69 0.75 0.71
Vairimorpha Load 60 69 0.001 <0.0001
Chalkbrood Prevalence 20 13 039 0.06
Chalkbrood Load 20 13 0.37 0.16
Varroa* Prevalence 60 528 0.008 0.01
Varroa* Load 60 52.8 <0.0001 <0.0001
DWV-A Prevalence 60 36.2 0.17 0.01
DWV-A Load 60 36.2 0.03 0.0001
DWV-B Prevalence 60 49 0.006 0.11
DWV-B Load 60 4.9 0.001 0.0004
IAPV Prevalence 60 19 0.25 0.11
IAPV Load 60 19 0.002 0.002
Lsv Prevalence 60 40 0.005 0.02
LSV Load 60 40 0.07 <0.0001

* The varroa dataset used to derive these values was taken from Wagoner et al, 2021.

The “Analysis” column indicates whether the pathogen data are binary (prevalence) or continuous (load). The “R original” and “R revised” show the resistance threshold from the original
analysis and the new derived values, respectively. The “P original” and “P revised” give the respective p-values for each threshold. Bolded p-values represent the lower value between the original
and revised thresholds.
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