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Tables
Table S1 Results of the most supported generalized linear mixed models evaluating the effects of ambient and nest-entrance environmental variables on bumblebee nest departure and return abundance, with multicollinearity diagnostics (variance inflation factor, VIF). Candidate models included linear and quadratic terms of environmental predictors and were ranked using AICc. Significant effects (P < 0.05) are shown in bold.
	Parameter
	Estimate
	SE
	Z-value
	Pr (>|z|)
	VIF
	VIF 
95% CI
	VIF 
adjust
	Tolerance
	Tolerance
95% CI

	Model (Departure): Abundance ~ RH + NT + NT2 + (1 | Day)

	Intercept
	-0.030
	0.216
	-0.141
	0.888
	-
	-
	-
	-
	-

	Relative humidity (RH)
	0.499
	0.221
	2.255
	0.024
	1.37
	[1.18, 1.76]
	1.17
	0.73
	[0.57, 0.85]

	Nest entrance air temperature (NT)
	1.059
	0.261
	4.062
	< 0.001
	1.82
	[1.50, 2.34]
	1.35
	0.55
	[0.43, 0.67]

	Nest entrance air temperature2 (NT2)
	-0.546
	0.152
	-3.599
	< 0.001
	1.40
	[1.20, 1.80]
	1.18
	0.71
	[0.56, 0.83]

	Model (Return): Abundance ~ NT + NT2 + (1 | Day)

	Intercept
	0.423
	0.300
	1.411
	0.158
	-
	-
	-
	-
	-

	Nest entrance air temperature (NT)
	0.881
	0.230
	3.836
	< 0.001
	1.23
	[1.09, 1.61]
	1.11
	0.81
	[0.62, 0.92]

	Nest entrance air temperature2 (NT2)
	-0.4867
	0.138
	-3.525
	< 0.001
	1.23
	[1.09, 1.61]
	1.11
	0.81
	[0.62, 0.92]




Table S2 Supported generalized linear mixed models (ΔAICc < 2) explaining nest departure and nest-return behaviors, with AICc values and model weights.
	Parameter
	AIC
	AICc
	LogLik
	Delta_AICc
	Weight

	Model (Departure: Delta_AICc < 2)
	
	
	
	
	

	Abundance ~ RH + NT + NT2 + (1 | Day) + AR1 (time + 0 | Day)
	410.443
	411.464
	-197.222
	0.000
	0.073

	Abundance ~ NT + NT2 + (1 | Day) + AR1 (time + 0 | Day)
	411.330
	412.119
	-198.665
	0.654
	0.053

	Abundance ~ NT + NT2 + SR + SR2 + (1 | Day) + AR1 (time + 0 | Day)
	411.734
	413.020
	-196.867
	1.556
	0.034

	Abundance ~ RH + WV + NT + NT2 + (1 | Day) + AR1 (time + 0 | Day)
	411.758
	413.044
	-196.879
	1.580
	0.033

	Model (Return: Delta_AICc < 2)
	
	
	
	
	

	Abundance ~ NT + NT2 + (1 | Day) + AR1 (time + 0 | Day)
	521.817
	522.606
	-253.909
	0.000
	0.092

	Abundance ~ RH + NT + NT2 + (1 | Day) + AR1 (time + 0 | Day)
	522.616
	523.637
	-253.308
	1.031
	0.055

	Abundance ~ WV + NT + NT2 + (1 | Day) + AR1 (time + 0 | Day)
	522.841
	523.862
	-253.420
	1.256
	0.049

	Abundance ~ NT + NT2 + SR + SR2 + (1 | Day) + AR1 (time + 0 | Day)
	523.260
	524.546
	-252.630
	1.940
	0.035


 

Table S3 Model-averaged parameter estimates from competing models (ΔAICc < 2) for nest departure and nest-return behaviors. Significant effects (P < 0.05) are shown in bold.
	Parameter
	Estimate
	SE
	SE adjusted
	Z-value
	Pr (>|z|)

	Model (Departure: Delta_AICc < 2)
	
	
	
	
	

	Intercept
	-0.018
	0.290
	0.293
	0.061
	0.951

	Nest entrance air temperature (NT)
	0.994
	0.276
	0.279
	3.567
	< 0.001

	Nest entrance air temperature2 (NT2)
	-0.510
	0.161
	0.163
	3.135
	0.002

	Relative humidity (RH)
	0.511
	0.221
	0.223
	2.294
	0.022

	Solar radiation (SR)
	0.186
	0.215
	0.217
	0.859
	0.390

	Solar radiation2 (SR2)
	-0.320
	0.171
	0.172
	1.861
	0.063

	Wind velocity (WV)
	0.113
	0.136
	0.137
	0.822
	0.411

	Model (Return: Delta_AICc < 2)
	
	
	
	
	

	Intercept
	0.437
	0.345
	0.348
	1.258
	0.208

	Nest entrance air temperature (NT)
	0.844
	0.243
	0.246
	3.439
	0.001

	Nest entrance air temperature2 (NT2)
	-0.464
	0.141
	0.142
	3.264
	0.001

	Relative humidity (RH)
	-0.394
	0.347
	0.350
	1.127
	0.260

	Wind velocity (WV)
	0.110
	0.112
	0.113
	0.972
	0.331

	Solar radiation (SR)
	0.117
	0.184
	0.185
	0.629
	0.529

	Solar radiation2 (SR2)
	-0.224
	0.143
	0.144
	1.555
	0.120


 

Table S4 Multicollinearity diagnostics (VIF) of environmental variables in global models of departure and return behavior.
	Parameter
	VIF
	VIF 95% CI
	VIF adjust
	Tolerance
	Tolerance 95% CI

	Model (Departure)
	
	
	
	
	

	Low Correlation
	
	
	
	
	

	Wind velocity (WV)
	2.48
	[2.01, 3.16]
	1.57
	0.40
	[0.32, 0.50]

	Solar radiation (SR)
	3.72
	[2.94, 4.81]
	1.93
	0.27
	[0.21, 0.34]

	Ambient temperature2 (AT2)
	2.37
	[1.93, 3.02]
	1.54
	0.42
	[0.33, 0.52]

	Relative humidity2 (RH2)
	2.87
	[2.31, 3.69]
	1.70
	0.35
	[0.27, 0.43]

	Wind velocity2 (WV2)
	1.53
	[1.31, 1.93]
	1.24
	0.65
	[0.52, 0.76]

	Solar radiation2 (SR2)
	2.05
	[1.69, 2.60]
	1.43
	0.49
	[0.38, 0.59]

	Nest entrance air temperature2 (NT2)
	4.60
	[3.60, 5.98]
	2.14
	0.22
	[0.17, 0.28]

	Nest entrance relative humidity2 (NH2)
	4.01
	[3.16, 5.19]
	2.00
	0.25
	[0.19, 0.32]

	Moderate Correlation
	
	
	
	
	

	Relative humidity (RH)
	8.78
	[6.74, 11.54]
	2.96
	0.11
	[0.09, 0.15]

	Nest entrance relative humidity (NH)
	9.05
	[6.94, 11.89]
	3.01
	0.11
	[0.08, 0.14]

	High Correlation
	
	
	
	
	

	Ambient temperature (AT)
	11.75
	[8.98, 15.49]
	3.43
	0.09
	[0.06, 0.11]

	Nest entrance air temperature (NT)
	10.63
	[8.13, 14.00]
	3.26
	0.09
	[0.07, 0.12]

	Model (Return)
	
	
	
	
	

	Low Correlation
	
	
	
	
	

	Wind velocity (WV)
	2.38
	[1.94, 3.04]
	1.54
	0.42
	[0.33, 0.52]

	Solar radiation (SR)
	3.2
	[2.55, 4.12]
	1.79
	0.31
	[0.24, 0.39]

	Ambient temperature2 (AT2)
	2.21
	[1.81, 2.81]
	1.49
	0.45
	[0.36, 0.55]

	Relative humidity2 (RH2)
	2.41
	[1.96, 3.08]
	1.55
	0.41
	[0.32, 0.51]

	Wind velocity2 (WV2)
	1.71
	[1.44, 2.16]
	1.31
	0.58
	[0.46, 0.69]

	Solar radiation2 (SR2)
	1.94
	[1.61, 2.45]
	1.39
	0.52
	[0.41, 0.62]

	Nest entrance air temperature2 (NT2)
	4.23
	[3.32, 5.49]
	2.06
	0.24
	[0.18, 0.30]

	Nest entrance relative humidity2 (NH2)
	3.67
	[2.90, 4.75]
	1.92
	0.27
	[0.21, 0.34]

	Moderate Correlation
	
	
	
	
	

	Relative humidity (RH)
	8.17
	[6.29, 10.73]
	2.86
	0.12
	[0.09, 0.16]

	Nest entrance air temperature (NT)
	9.18
	[7.04, 12.07]
	3.03
	0.11
	[0.08, 0.14]

	Nest entrance relative humidity (NH)
	7.34
	[5.66, 9.63]
	2.71
	0.14
	[0.10, 0.18]

	High Correlation
	
	
	
	
	

	Ambient temperature (AT)
	11.23
	[8.58, 14.80]
	3.35
	0.09
	[0.07, 0.12]




Table S5 Results of separate analyses of environmental variables associated with each diurnal peak in nest departure and return activity. Coefficient estimates (Estimate), standard errors (SE), Z values, and associated P-values (Pr(>|z|)) are from the model summary; Chi-square values (Chisq), degrees of freedom (Df), and P-values (Pr(>Chisq)) are from Type III Wald Chi-square tests. FDR-adjusted P-values (P adjusted) were calculated using the Benjamini–Hochberg procedure, applied to the full set of environmental predictors across all models. Significant differences (P < 0.05) are shown in bold.
	Nest behavior
	Time of the day
	Parameter
	Coefficient estimates
	ANOVA results
	P adjusted

	
	
	
	Estimate
	SE
	Z value
	Pr (>|z|)
	Chisq
	Df
	Pr (>Chisq)
	

	Departure
	Before 13:00
	Intercept
	0.146
	0.259
	0.562
	0.574
	0.316
	1
	0.574
	0.794

	Departure
	Before 13:00
	Ambient temperature (AT)
	-0.353
	0.289
	-1.221
	0.222
	1.492
	1
	0.222
	0.503

	Departure
	Before 13:00
	Ambient temperature2 (AT2)
	-0.373
	0.235
	-1.589
	0.112
	2.526
	1
	0.112
	0.317

	Departure
	After 13:00
	Intercept
	-0.377
	0.653
	-0.577
	0.564
	0.333
	1
	0.564
	0.794

	Departure
	After 13:00
	Ambient temperature (AT)
	1.535
	0.516
	2.975
	0.003
	8.849
	1
	0.003
	0.020

	Departure
	After 13:00
	Ambient temperature2 (AT2)
	-0.468
	0.310
	-1.510
	0.131
	2.281
	1
	0.131
	0.343

	Departure
	Before 13:00
	Intercept
	-0.119
	0.287
	-0.416
	0.678
	0.173
	1
	0.678
	0.823

	Departure
	Before 13:00
	Relative humidity (RH)
	0.255
	0.199
	1.282
	0.200
	1.643
	1
	0.200
	0.486

	Departure
	Before 13:00
	Relative humidity2 (RH2)
	-0.058
	0.208
	-0.281
	0.779
	0.079
	1
	0.779
	0.861

	Departure
	After 13:00
	Intercept
	-0.129
	0.585
	-0.220
	0.826
	0.049
	1
	0.826
	0.861

	Departure
	After 13:00
	Relative humidity (RH)
	-0.826
	0.412
	-2.004
	0.045
	4.017
	1
	0.045
	0.170

	Departure
	After 13:00
	Relative humidity2 (RH2)
	-0.162
	0.266
	-0.607
	0.544
	0.369
	1
	0.544
	0.794

	Departure
	Before 13:00
	Intercept
	-0.107
	0.226
	-0.475
	0.635
	0.225
	1
	0.635
	0.823

	Departure
	Before 13:00
	Wind velocity (WV)
	0.050
	0.210
	0.237
	0.813
	0.056
	1
	0.813
	0.861

	Departure
	After 13:00
	Intercept
	-0.204
	0.352
	-0.580
	0.562
	0.336
	1
	0.562
	0.794

	Departure
	After 13:00
	Wind velocity (WV)
	0.446
	0.106
	4.200
	< 0.001
	17.639
	1
	< 0.001
	< 0.001

	Departure
	Before 13:00
	Intercept
	0.109
	0.298
	0.364
	0.715
	0.133
	1
	0.716
	0.839

	Departure
	Before 13:00
	Solar radiation (SR)
	0.144
	0.252
	0.574
	0.566
	0.329
	1
	0.566
	0.794

	Departure
	Before 13:00
	Solar radiation2 (SR2)
	-0.288
	0.251
	-1.146
	0.252
	1.314
	1
	0.252
	0.535

	Departure
	After 13:00
	Intercept
	0.359
	0.360
	0.997
	0.319
	0.995
	1
	0.319
	0.602

	Departure
	After 13:00
	Solar radiation (SR)
	0.568
	0.198
	2.875
	0.004
	8.266
	1
	0.004
	0.023

	Departure
	After 13:00
	Solar radiation2 (SR2)
	-0.390
	0.184
	-2.120
	0.034
	4.493
	1
	0.034
	0.145

	Departure
	Before 13:00
	Intercept
	0.153
	0.280
	0.547
	0.584
	0.300
	1
	0.584
	0.794

	Departure
	Before 13:00
	Nest entrance air temperature (NT)
	0.496
	0.265
	1.873
	0.061
	3.509
	1
	0.061
	0.207

	Departure
	Before 13:00
	Nest entrance air temperature2 (NT2)
	-0.266
	0.152
	-1.743
	0.081
	3.037
	1
	0.081
	0.252

	Departure
	After 13:00
	Intercept
	0.172
	0.407
	0.421
	0.674
	0.177
	1
	0.674
	0.823

	Departure
	After 13:00
	Nest entrance air temperature (NT)
	1.801
	0.364
	4.941
	< 0.001
	24.412
	1
	< 0.001
	< 0.001

	Departure
	After 13:00
	Nest entrance air temperature2 (NT2)
	-1.113
	0.302
	-3.689
	< 0.001
	13.612
	1
	< 0.001
	0.002

	Departure
	Before 13:00
	Intercept
	0.059
	0.286
	0.208
	0.835
	0.043
	1
	0.836
	0.861

	Departure
	Before 13:00
	Nest entrance relative humidity (NH)
	-0.178
	0.232
	-0.767
	0.443
	0.589
	1
	0.443
	0.793

	Departure
	Before 13:00
	Nest entrance relative humidity2 (NH2)
	-0.138
	0.132
	-1.042
	0.298
	1.085
	1
	0.298
	0.595

	Departure
	After 13:00
	Intercept
	-0.025
	0.520
	-0.048
	0.962
	0.002
	1
	0.962
	0.962

	Departure
	After 13:00
	Nest entrance relative humidity (NH)
	-1.467
	0.365
	-4.018
	< 0.001
	16.145
	1
	< 0.001
	0.001

	Departure
	After 13:00
	Nest entrance relative humidity2 (NH2)
	-0.622
	0.227
	-2.735
	0.006
	7.482
	1
	0.006
	0.030

	Return
	Before 13:00
	Intercept
	0.528
	0.309
	1.707
	0.088
	2.913
	1
	0.088
	0.166

	Return
	Before 13:00
	Ambient temperature (AT)
	-0.281
	0.293
	-0.958
	0.338
	0.918
	1
	0.338
	0.371

	Return
	Before 13:00
	Ambient temperature2 (AT2)
	-0.445
	0.234
	-1.902
	0.057
	3.618
	1
	0.057
	0.114

	Return
	After 13:00
	Intercept
	0.600
	0.475
	1.262
	0.207
	1.592
	1
	0.207
	0.275

	Return
	After 13:00
	Ambient temperature (AT)
	1.624
	0.451
	3.601
	< 0.001
	12.966
	1
	< 0.001
	0.003

	Return
	After 13:00
	Ambient temperature2 (AT2)
	-0.804
	0.287
	-2.808
	0.005
	7.885
	1
	0.005
	0.019

	Return
	Before 13:00
	Intercept
	0.353
	0.279
	1.265
	0.206
	1.601
	1
	0.206
	0.275

	Return
	Before 13:00
	Relative humidity (RH)
	0.362
	0.288
	1.256
	0.209
	1.578
	1
	0.209
	0.275

	Return
	Before 13:00
	Relative humidity2 (RH2)
	-0.210
	0.214
	-0.986
	0.324
	0.971
	1
	0.324
	0.368

	Return
	After 13:00
	Intercept
	0.609
	0.511
	1.192
	0.233
	1.420
	1
	0.233
	0.294

	Return
	After 13:00
	Relative humidity (RH)
	-1.091
	0.343
	-3.182
	0.001
	10.125
	1
	0.001
	0.007

	Return
	After 13:00
	Relative humidity2 (RH2)
	-0.344
	0.228
	-1.512
	0.131
	2.287
	1
	0.131
	0.222

	Return
	Before 13:00
	Intercept
	0.208
	0.277
	0.751
	0.453
	0.564
	1
	0.453
	0.466

	Return
	Before 13:00
	Wind velocity (WV)
	0.139
	0.197
	0.703
	0.482
	0.494
	1
	0.482
	0.482

	Return
	After 13:00
	Intercept
	0.578
	0.239
	2.422
	0.016
	5.864
	1
	0.015
	0.035

	Return
	After 13:00
	Wind velocity (WV)
	0.317
	0.073
	4.368
	< 0.001
	19.077
	1
	< 0.001
	< 0.001

	Return
	Before 13:00
	Intercept
	0.434
	0.339
	1.279
	0.201
	1.636
	1
	0.201
	0.275

	Return
	Before 13:00
	Solar radiation (SR)
	0.240
	0.233
	1.032
	0.302
	1.065
	1
	0.302
	0.362

	Return
	Before 13:00
	Solar radiation2 (SR2)
	-0.320
	0.222
	-1.441
	0.150
	2.077
	1
	0.150
	0.242

	Return
	After 13:00
	Intercept
	1.075
	0.261
	4.118
	< 0.001
	16.957
	1
	< 0.001
	< 0.001

	Return
	After 13:00
	Solar radiation (SR)
	0.432
	0.157
	2.752
	0.006
	7.573
	1
	0.006
	0.020

	Return
	After 13:00
	Solar radiation2 (SR2)
	-0.370
	0.153
	-2.423
	0.015
	5.871
	1
	0.015
	0.035

	Return
	Before 13:00
	Intercept
	0.457
	0.365
	1.253
	0.210
	1.569
	1
	0.210
	0.275

	Return
	Before 13:00
	Nest entrance air temperature (NT)
	0.698
	0.273
	2.556
	0.011
	6.534
	1
	0.011
	0.028

	Return
	Before 13:00
	Nest entrance air temperature2 (NT2)
	-0.314
	0.161
	-1.947
	0.052
	3.792
	1
	0.052
	0.109

	Return
	After 13:00
	Intercept
	1.061
	0.206
	5.158
	< 0.001
	26.606
	1
	< 0.001
	< 0.001

	Return
	After 13:00
	Nest entrance air temperature (NT)
	0.795
	0.279
	2.850
	0.004
	8.123
	1
	0.004
	0.019

	Return
	After 13:00
	Nest entrance air temperature2 (NT2)
	-0.861
	0.263
	-3.270
	0.001
	10.690
	1
	0.001
	0.006

	Return
	Before 13:00
	Intercept
	0.343
	0.377
	0.909
	0.363
	0.826
	1
	0.363
	0.386

	Return
	Before 13:00
	Nest entrance relative humidity (NH)
	-0.365
	0.238
	-1.532
	0.125
	2.348
	1
	0.125
	0.222

	Return
	Before 13:00
	Nest entrance relative humidity2 (NH2)
	-0.136
	0.134
	-1.018
	0.309
	1.037
	1
	0.309
	0.362

	Return
	After 13:00
	Intercept
	0.934
	0.272
	3.436
	0.001
	11.806
	1
	0.001
	0.004

	Return
	After 13:00
	Nest entrance relative humidity (NH)
	-0.706
	0.269
	-2.625
	0.009
	6.892
	1
	0.009
	0.026

	Return
	After 13:00
	Nest entrance relative humidity2 (NH2)
	-0.547
	0.210
	-2.603
	0.009
	6.775
	1
	0.009
	0.026




Table S6 Spearman correlation coefficients among environmental predictor variables included in the global GLMMs. Values in the lower triangle are correlation coefficients (r), and values in the upper triangle indicate statistical significance (P < 0.05 for all pairwise comparisons).
	
	Ambient temperature (AT)
	Relative humidity (RH)
	Wind velocity (WV)
	Solar radiation (SR)
	Nest entrance air temperature (NT)
	Nest entrance relative humidity (NH)

	Ambient temperature (AT)
	1
	P < 0.05
	P < 0.05
	P < 0.05
	P < 0.05
	P < 0.05

	Relative humidity (RH)
	-0.875
	1
	P < 0.05
	P < 0.05
	P < 0.05
	P < 0.05

	Wind velocity (WV)
	0.571
	-0.386
	1
	P < 0.05
	P < 0.05
	P < 0.05

	Solar radiation (SR)
	0.738
	-0.578
	0.525
	1
	P < 0.05
	P < 0.05

	Nest entrance air temperature (NT)
	0.768
	-0.602
	0.538
	0.687
	1
	P < 0.05

	Nest entrance relative humidity (NH)
	-0.734
	0.711
	-0.494
	-0.57
	-0.879
	1



Table S7 Autocorrelation function (ACF) analyses of model residuals for nest departure and nest return behaviors across observation days. Lag1_ACF represents the autocorrelation between residuals from consecutive 30-min observation intervals. The 95% confidence limit was calculated as ±1.96/√N, where N represents the number of observations per day. Lag1_ACF values exceeding the 95% confidence limit were considered indicative of significant temporal autocorrelation.
	Nest behavior
	Day
	Lag1_ACF
	95% confidence limit
	Significant

	Departure
	D1
	0.223
	0.392
	FALSE

	Departure
	D2
	0.408
	0.392
	TRUE

	Departure
	D3
	0.055
	0.392
	FALSE

	Departure
	D4
	0.144
	0.392
	FALSE

	Departure
	D5
	0.028
	0.392
	FALSE

	Departure
	D6
	0.443
	0.392
	TRUE

	Return
	D1
	0.524
	0.392
	TRUE

	Return
	D2
	0.344
	0.392
	FALSE

	Return
	D3
	0.051
	0.392
	FALSE

	Return
	D4
	0.425
	0.392
	TRUE

	Return
	D5
	0.228
	0.392
	FALSE

	Return
	D6
	0.053
	0.392
	FALSE




Figures
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Figure S1 Diurnal patterns of flower visitation (A), nest-departure behavior (B), nest-return behavior (C), nest return with pollen loads (D), and nest returns without pollen loads (E) of B. lepidus. The black curves are fitted circular kernel distributions for the respective behaviors and the grey dashed curves are trend confidence intervals.
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Figure S2 The relationship between the number of nest-departure trips and environmental factors during the afternoon, plotted from the results of the fitted GLMMs. Only significant relationships are plotted. The light orange area represents the 95% confidence interval.
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Figure S3 The relationship between the number of nest-return trips and environmental factors during the two periods, plotted from the results of the fitted GLMMs. Only significant relationships are plotted. The light orange area represents the 95% confidence interval.
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Figure S4 The marginal R2 values of environmental factors for nest-departure and nest-return behaviors across different times of the day.
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