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Supplementary data



Table S1. Results of repeated measures MANOVA for adult mass and capped brood surface area. “Num”=numerator; “Den”=denominator; “DF”=degrees of freedom.

	Response variable
	Time period
	Factor
	Num DF
	Den DF
	F
	Pr > F

	Adult bee mass
	June-Nov.
	Bee stock
	2
	58.31
	4.75
	0.0123

	
	
	Sampling occasion
	4
	172.9
	38.08
	<0.0001

	
	
	Year
	1
	58.19
	1.65
	0.2037

	
	
	Bee stock *sampl. occ.
	8
	176.8
	1.48
	0.1663

	
	
	Bee stock *year
	2
	60.8
	0.30
	0.7404

	
	
	Sampl. occ.*year
	4
	172.9
	12.55
	<0.0001

	
	
	
	
	
	
	

	Capped brood surface area
	June-Nov.
	Bee stock
	2
	59.99
	6.83
	0.0021

	
	
	Sampling occasion
	4
	165.2
	53.80
	<0.0001

	
	
	Year
	1
	59.85
	5.54
	0.0219

	
	
	Bee stock *sampl. occ.
	8
	171.6
	0.65
	0.7368

	
	
	Bee stock *year
	2
	63.33
	0.11
	0.8978

	
	
	Sampl. occ.*year
	4
	165.3
	9.27
	<0.0001




Table S2. Post hoc contrasts for adult mass and capped brood surface area across three bee stocks.

	Factor
	Group 1
	Group 2
	Estimate ±SE
	DF
	t value
	Adj P
	Hodge’s g

	Adult mass
	Pol-line
	Russian
	-0.16±0.16
	58.39
	-1.00
	0.9618
	0.16±0.33

	
	Pol-line
	Italian
	-0.48±0.16
	58.59
	-3.02
	0.0112
	0.48±0.46

	
	Russian
	Italian
	-0.32±0.16
	57.96
	-2.03
	0.1395
	0.32±0.39

	
	
	
	
	
	
	
	

	Brood area
	Pol-line
	Russian
	-127±130
	59.67
	-0.98
	0.9939
	0.16±0.33

	
	Pol-line
	Italian
	-466±131
	60.47
	-3.57
	0.0021
	0.57±0.51

	
	Russian
	Italian
	-339±130
	59.84
	-2.62
	0.0336
	0.42±0.43

	
	2021
	2022
	250±106
	59.85
	2.35
	0.0219
	0.29±0.31





Table S3. Results of repeated measures MANOVA for daily hive weight change. “Num”=numerator; “Den”=denominator; “DF”=degrees of freedom.

	Time period
	Factor
	Num DF
	Den DF
	F
	Pr > F

	4 June-30 Sept
	Bee stock
	2
	1331
	20.94
	<0.0001

	
	Day
	117
	4981
	44.52
	<0.0001

	
	Year
	1
	1334
	53.72
	<0.0001

	
	Bee stock *day
	234
	4956
	1.15
	0.0622

	
	Bee stock *year
	2
	1336
	0.97
	0.3810

	
	Day*year
	117
	4981
	48.41
	<0.0001

	
	Adult mass
	1
	1339
	48.94
	<0.0001

	
	
	
	
	
	

	1 Oct–4 Feb
	Bee stock
	2
	1383
	17.61
	<0.0001

	
	Day
	126
	4258
	39.05
	<0.0001

	
	Year
	1
	1387
	1.98
	0.1598

	
	Bee stock *day
	252
	4220
	1.73
	<0.0001

	
	Bee stock *year
	2
	1387
	0.90
	0.4050

	
	Day*year
	126
	4258
	41.89
	<0.0001

	
	Adult mass
	1
	1400
	0.15
	0.7034




Table S4. Post hoc contrasts for daily hive weight change across three bee stocks.

	Period
	Group 1
	Group 2
	Est. (g) ±SE
	DF
	t value
	Adj P
	Hodge’s g

	4 June-30 Sept
	Pol-line
	Russian
	3.6±11.6
	1330
	0.31
	1.0000
	0.010±0.065

	
	Pol-line
	Italian
	70.0±12.3
	1331
	5.67
	<0.0001
	0.185±0.144

	
	Russian
	Italian
	66.0±11.7
	1332
	5.66
	<0.0001
	0.185±0.144

	
	2021
	2022
	68.1±9.3
	1334
	7.33
	<0.0001
	0.203±0.146

	
	
	
	
	
	
	
	

	1 Oct–4 Feb
	Pol-line
	Russian
	-2.9±7.4
	1380
	-0.39
	1.0000
	0.014±0.069

	
	Pol-line
	Italian
	37.5±7.6
	1384
	4.97
	<0.0001
	0.173±0.138

	
	Russian
	Italian
	40.4±7.6
	1385
	5.34
	<0.0001
	0.187±0.147


Table S5. Repeated-measures MANOVA for dawn and dusk break points from the 2022 experiment (see text for details).

	Response variable
	Time period
	Factor
	Num DF
	Den DF
	F
	Pr > F

	Dawn break point
	4 June-30 Sept
	Bee stock
	2
	939.7
	4.69
	0.0094

	
	
	Day
	117
	2992
	4.90
	<.0001

	
	
	Bee stock *day
	234
	2951
	1.01
	0.4344

	
	
	Adult mass
	1
	940.7
	1.28
	0.2574

	
	
	
	
	
	
	

	Dusk break point
	4 June-30 Sept
	Bee stock
	2
	973.2
	6.79
	0.0012

	
	
	Day
	117
	2992
	4.32
	<.0001

	
	
	Bee stock *day
	234
	2952
	0.75
	0.9979

	
	
	Adult mass
	1
	973.6
	0.08
	0.7725




Table S6. Post hoc contrasts for differences in dawn and dusk break points from 4 June-30 Sept in 2022 across three bee stocks.

	
	Group 1
	Group 2
	Est. (h:mm) ±SE
	DF
	t value
	Adj P
	Hodge’s g

	Dawn 
	Pol-line
	Russian
	0:10±0:04
	940.8
	2.27
	0.0704
	0.094±0.104

	
	Pol-line
	Italian
	0:14±0:04
	939.5
	2.94
	0.0100
	0.122±0.117

	
	Russian
	Italian
	0:04±0:04
	938.8
	0.92
	1.0000
	0.063±0.105

	
	
	
	
	
	
	
	

	Dusk
	Pol-line
	Russian
	0:31±0:08
	974.4
	3.58
	0.0011
	0.149±0.131

	
	Pol-line
	Italian
	0:11±0:09
	972.9
	1.15
	0.7538
	0.048±0.088

	
	Russian
	Italian
	-0:20±0:09
	972.2
	-2.29
	0.0672
	0.095±0.104




Table S7. Repeated-measures MANOVA for total forager mass (log transformed).

	Year
	Time period
	Factor
	Num DF
	Den DF
	F
	Pr > F

	2021
	1 July-30 Sept
	Bee stock
	2
	144
	0.04
	0.9602

	
	
	Day
	74
	607.2
	4.26
	<0.0001

	
	
	Bee stock *day
	148
	571
	1.16
	0.1161

	
	
	Adult mass
	1
	131.8
	58.62
	<0.0001

	
	
	
	
	
	
	

	2022
	4 June-30 Sept
	Bee stock
	2
	693.9
	12.96
	<0.0001

	
	
	Day
	115
	2029
	7.18
	<0.0001

	
	
	Bee stock *day
	230
	1980
	1.17
	0.0529

	
	
	Adult mass
	1
	600.6
	20.84
	<0.0001




Table S8. Post hoc contrasts for total forager mass from 4 June-30 Sept in 2022 across three bee stocks.

	Group 1
	Group 2
	Est. (g) ±SE
	DF
	t value
	Adj P
	Hodge’s g

	Pol-line
	Russian
	-0.068±0.018
	718.5
	-3.78
	0.0005
	0.190±0.164

	Pol-line
	Italian
	-0.090±0.018
	685.2
	-4.92
	<0.0001
	0.241±0.192

	Russian
	Italian
	-0.023±0.017
	679.8
	-1.30
	0.5774
	0.063±0.105






Table S9. Repeated-measures MANOVA for hive temperature average and amplitudes. “Temp.”= temperature; “ampl.”=amplitude; “Num”=numerator; “Den”=denominator; “DF”=degrees of freedom.

	Response variable
	Date
	Factor
	Num DF
	Den DF
	F
	Pr > F

	Temperature avg.
	29 May-30 Sept
	Bee stock
	2
	141.5
	0.74
	0.4801

	
	
	Day
	124
	5260
	13.14
	<0.0001

	
	
	Year
	1
	140
	11.32
	0.0010

	
	
	Bee stock *day
	248
	5226
	1.29
	0.0018

	
	
	Bee stock *year
	2
	147.7
	0.70
	0.5001

	
	
	Day*year
	124
	5261
	14.33
	<0.0001

	
	
	Adult mass
	1
	169.5
	4.67
	0.0322

	
	
	
	
	
	
	

	
	1 Oct – 4 Feb
	Bee stock
	2
	54.42
	1.71
	0.1898

	
	
	Day
	127
	4155
	11.85
	<0.0001

	
	
	Year
	1
	54.85
	0.03
	0.8704

	
	
	Bee stock *day
	254
	4112
	0.91
	0.8360

	
	
	Bee stock *year
	2
	55.16
	0.10
	0.9009

	
	
	Day*year
	127
	4155
	11.65
	<0.0001

	
	
	Adult mass
	1
	93.12
	32.45
	<0.0001

	
	
	
	
	
	
	

	Temp. ampl. (log trans.)
	29 May-30 Sept
	Bee stock
	2
	95.62
	0.03
	0.9704

	
	
	Time
	42
	1763
	23.59
	<0.0001

	
	
	Year
	1
	93.84
	74.07
	<0.0001

	
	
	Bee stock *day
	84
	1769
	0.99
	0.5037

	
	
	Bee stock *year
	2
	100
	1.06
	0.3500

	
	
	Day*year
	42
	1764
	14.25
	<0.0001

	
	
	Adult mass
	1
	135.7
	0.92
	0.3404

	
	
	
	
	
	
	

	
	1 Oct – 4 Feb
	Bee stock
	2
	59.73
	3.39
	0.0405

	
	
	Time
	41
	1360
	8.69
	<0.0001

	
	
	Year
	1
	60.17
	2.46
	0.1222

	
	
	Bee stock *day
	82
	1353
	0.97
	0.5457

	
	
	Bee stock *year
	2
	61.38
	0.07
	0.9366

	
	
	Day*year
	41
	1359
	8.62
	<0.0001

	
	
	Adult mass
	1
	95.73
	22.35
	<0.0001



Table S10. Post hoc contrasts for average daily temperature average and amplitudes. “Temp.” = temperature; “ampl.” = amplitude; “avg.” = average.

	Factor
	Date
	Group  1
	Group 2
	Estimate ±SE
	DF
	t value
	Adj P
	Hodge’s g

	Temp. avg. 
	29 May-30 Sept
	2021
	2022
	-0.103±0.031
	140
	-3.36
	0.0010
	0.091±0.081

	
	
	
	
	
	
	
	
	

	Temp. ampl.  (log trans.)
	29 May-30 Sept
	2021
	2022
	-0.299±0.035
	93.84
	-8.61
	<0.0001
	0.406±0.283

	
	1 Oct–   4 Feb
	Pol-line
	Russian
	0.225±0.111
	58.81
	2.01
	0.1454
	0.079±0.094

	
	
	Pol-line
	Italian
	0.281±0.115
	60.06
	2.45
	0.0522
	0.097±0.103

	
	
	Russian
	Italian
	0.056±0.112
	60.37
	0.50
	1.0000
	0.020±0.078






Table S11. Repeated-measures MANOVA for within-hive CO2 concentrations. “Num”=numerator; “Den”=denominator; “DF”=degrees of freedom “ampl.” =amplitude; “trans.” =transformed.

	Response variable
	Date
	Factor
	Num DF
	Den DF
	F
	Pr > F

	CO2 average
	13 June-30 Sept
	Bee stock
	2
	280.6
	4.50
	0.0119

	
	
	Day
	109
	4668
	22.54
	<0.0001

	
	
	Year
	1
	279
	14.74
	0.0002

	
	
	Bee stock *day
	218
	4646
	1.95
	<0.0001

	
	
	Bee stock *year
	2
	288.9
	10.42
	<0.0001

	
	
	Day*year
	109
	4668
	20.45
	<0.0001

	
	
	Adult mass
	1
	297.8
	33.69
	<0.0001

	
	
	
	
	
	
	

	
	1 Oct-5 Feb
	Bee stock
	2
	152.1
	7.26
	0.0010

	
	
	Day
	127
	4125
	12.85
	<0.0001

	
	
	Year
	1
	152.3
	49.41
	<0.0001

	
	
	Bee stock *day
	254
	4083
	1.29
	0.0016

	
	
	Bee stock *year
	2
	158.2
	9.02
	0.0002

	
	
	Day*year
	127
	4125
	11.60
	<0.0001

	
	
	Adult mass
	1
	176.8
	0.82
	0.3677

	
	
	
	
	
	
	

	CO2 ampl. (log trans.)
	13 June-5 Feb
	Bee stock
	2
	139
	1.41
	0.2487

	
	
	Time
	36
	1535
	26.39
	<0.0001

	
	
	Year
	1
	136.8
	0.81
	0.3701

	
	
	Bee stock *time
	72
	1544
	2.09
	<0.0001

	
	
	Bee stock *year
	2
	145.7
	6.10
	0.0029

	
	
	Time*year
	36
	1535
	24.17
	<0.0001

	
	
	Adult mass
	1
	166.8
	37.09
	<0.0001

	
	
	
	
	
	
	

	
	1 Oct-5 Feb
	Bee stock
	2
	102.8
	1.42
	0.2475

	
	
	Time
	42
	1398
	7.45
	<0.0001

	
	
	Year
	1
	102.3
	37.75
	<0.0001

	
	
	Bee stock *time
	84
	1398
	1.38
	0.0140

	
	
	Bee stock *year
	2
	107.7
	2.52
	0.0851

	
	
	Time*year
	42
	1398
	10.55
	<0.0001

	
	
	Adult mass
	1
	126.6
	31.94
	<0.0001



Table S12. Post hoc contrasts for average daily CO2 average and amplitudes. “ampl.” = amplitude; “avg.” = average; “trans.” = transformed.

	Factor
	Date
	Group  1
	Group 2
	Estimate ±SE
	DF
	t value
	Adj P
	Hodge’s g

	CO2 avg.
	29 May-30 Sept
	Pol-line
	Russian
	0.024±0.008
	279.9
	3.00
	0.0088
	0.102±0.097

	
	
	Pol-line
	Italian
	0.014±0.009
	281.8
	1.62
	0.3198
	0.055±0.076

	
	
	Russian
	Italian
	-0.010±0.008
	280.2
	-1.29
	0.5990
	0.044±0.073

	
	
	2021
	2022
	0.025±0.006
	279
	3.84
	0.0002
	0.110±0.092

	
	
	
	
	
	
	
	
	

	
	1 Oct–   4 Feb
	Pol-line
	Russian
	0.170±0.044
	152.6
	3.90
	0.0004
	0.134±0.115

	
	
	Pol-line
	Italian
	0.099±0.044
	152.7
	2.24
	0.0802
	0.078±0.087

	
	
	Russian
	Italian
	-0.071±0.044
	153.1
	-1.62
	0.3245
	0.056±0.078

	
	
	2021
	2022
	0.267±0.036
	152.4
	7.33
	<0.0001
	0.210±0.154

	
	
	
	
	
	
	
	
	

	CO2 ampl. (log trans.)
	1 Oct–   5 Feb
	2021
	2022
	0.250±0.041
	102.3
	6.14
	<0.0001
	0.360±0.263







Table S13. Repeated-measures MANOVA for average mite fall on sticky boards. “trans.” = transformed; “sampl. occ.” = sampling occasion.

	Response variable
	Factor
	Num DF
	Den DF
	F
	Pr > F

	Mite fall 
	Bee stock
	2
	56.55
	10.43
	0.0001

	(log trans.)
	Sampling occasion
	2
	89.52
	4.36
	0.0156

	
	Year
	1
	57.78
	38.25
	<0.0001

	
	Bee stock *sampl. occ.
	4
	80.88
	2.48
	0.0506

	
	Bee stock *year
	2
	47.59
	1.07
	0.3497

	
	Sampl. occ.*year
	2
	78.22
	6.08
	0.0035

	
	Adult mass
	1
	83.58
	1.39
	0.2418




Table S14. Post hoc contrasts for average mite fall on sticky boards across three bee stocks.

	Group 1
	Group 2
	Est. (g) ±SE
	DF
	t value
	Adj P
	Hodge’s g

	Pol-line
	Russian
	-0.058±0.088
	54.27
	-0.66
	1.0000
	0.12±0.38

	Pol-line
	Italian
	-0.400±0.094
	57.62
	-4.28
	0.0002
	0.82±0.68

	Russian
	Italian
	-0.342±0.093
	58.14
	-3.69
	0.0015
	0.70±0.62

	2021
	2022
	0.483±0.078
	57.78
	6.18
	<0.0001
	1.05±0.75



