Supplementary material
Supplementary Table 1 : Genera and subgenera of bees included in the dataset, with the number of samples (No.), social organization (Sociality: solitary, mixed, eusocial, or cleptoparasitic), resin use (Resin: yes/no), and approximate body size category (Size: Minute  < 5 mm; Small = 5–10 mm; Moderate = 10–17 mm; Large > 17 mm). “NA” within the Subgenus column indicates either absence of a recognized subgenus or unresolved identification at the subgenus level.

	Family
	Genus
	Subgenus
	Sociality
	Resin use 
	Body Size
	Country
	No.

	Andrenidae
	Andinopanurgus
	Andinopanurgus
	Solitary
	No
	Small
	Peru
	1

	Andrenidae
	Andrena
	NA
	Mixed
	No
	Moderate
	France
	10

	Andrenidae
	Andrena
	NA
	Mixed
	No
	Moderate
	Italy
	26

	Andrenidae
	Protandrena
	NA
	Solitary
	No
	Small
	Peru
	1

	Apidae
	Anthophora
	Melea
	Solitary
	No
	Moderate
	USA
	6

	Apidae
	Apis
	Apis
	Eusocial
	Resin
	Moderate
	Ireland
	5

	Apidae
	Apis
	Apis
	Eusocial
	Resin
	Moderate
	Italy
	8

	Apidae
	Apis
	Apis
	Eusocial
	Resin
	Moderate
	Peru
	73

	Apidae
	Austroplebeia
	Austroplebeia
	Eusocial
	Resin
	Minute
	Australia
	10

	Apidae
	Bombus
	Alpigenobombus
	Eusocial
	No
	Large
	Germany
	66

	Apidae
	Bombus
	Bombus
	Eusocial
	No
	Large
	Germany
	115

	Apidae
	Bombus
	Cullumanobombus
	Eusocial
	No
	Large
	Peru
	10

	Apidae
	Bombus
	Kallobombus
	Eusocial
	No
	Large
	Germany
	9

	Apidae
	Bombus
	Pyrobombus
	Eusocial
	No
	Large
	Germany
	31

	Apidae
	Bombus
	Thoracobombus
	Eusocial
	No
	Large
	Germany
	78

	Apidae
	Bombus
	Thoracobombus
	Eusocial
	No
	Large
	Peru
	12

	Apidae
	Bombus
	NA
	Eusocial
	No
	Large
	Germany
	8

	Apidae
	Bombus
	NA
	Eusocial
	No
	Large
	Peru
	26

	Apidae
	Centris
	Paracentris
	Solitary
	Resin
	Moderate
	USA
	14

	Apidae
	Cephalotrigona
	NA
	Eusocial
	Resin
	Small
	Peru
	3

	Apidae
	Ceratina
	NA
	Solitary
	No
	Small
	Italy
	8

	Apidae
	Ceratina
	NA
	Solitary
	No
	Small
	Peru
	12

	Apidae
	Eufriesea
	Eufriesea
	Solitary
	Resin
	Large
	Peru
	7

	Apidae
	Euglossa
	NA
	Mixed
	Resin
	Moderate
	Peru
	113

	Apidae
	Eulaema
	Apeulaema
	Mixed
	Resin
	Large
	Peru
	2

	Apidae
	Eulaema
	Eulaema
	Mixed
	Resin
	Large
	Peru
	19

	Apidae
	Exaerete
	NA
	Clepto-parasitic
	No
	Large
	Peru
	6

	Apidae
	Frieseomelitta
	Frieseomelitta
	Eusocial
	Resin
	Small
	Peru
	7

	Apidae
	Geotrigona
	NA
	Eusocial
	Resin
	Small
	Peru
	2

	Apidae
	Habropoda
	Habropoda
	Solitary
	No
	Moderate
	USA
	6

	Apidae
	Melipona
	NA
	Eusocial
	Resin
	Moderate
	Peru
	5

	Apidae
	Oxytrigona
	Oxytrigona
	Eusocial
	Resin
	Minute
	Peru
	3

	Apidae
	Paratetrapedia
	NA
	Mixed
	No
	Small
	Peru
	5

	Apidae
	Paratrigona
	NA
	Eusocial
	Resin
	Minute
	Peru
	7

	Apidae
	Partamona
	NA
	Eusocial
	Resin
	Small
	Peru
	43

	Apidae
	Plebeia
	NA
	Eusocial
	Resin
	Small
	Peru
	81

	Apidae
	Ptilotrigona
	NA
	Eusocial
	Resin
	Small
	Peru
	5

	Apidae
	Scaptotrigona
	NA
	Eusocial
	No
	Small
	Peru
	22

	Apidae
	Scaura
	NA
	Eusocial
	No
	Minute
	Peru
	23

	Apidae
	Svastra
	Svastra
	Solitary
	No
	Moderate
	USA
	9

	Apidae
	Tetragona
	Tetragona
	Eusocial
	No
	Small
	Peru
	31

	Apidae
	Tetragonisca
	Tetragonisca
	Eusocial
	No
	Minute
	Brazil
	8

	Apidae
	Tetragonisca
	Tetragonisca
	Eusocial
	No
	Minute
	Peru
	1

	Apidae
	Tetragonula
	Tetragonula
	Eusocial
	No
	Small
	Australia
	9

	Apidae
	Tetrapedia
	Tetrapedia
	Solitary
	No
	Moderate
	Peru
	3

	Apidae
	Thygater
	Thygater
	Solitary
	No
	Moderate
	Peru
	2

	Apidae
	Trigona
	Aphaneura
	Eusocial
	No
	Small
	Peru
	4

	Apidae
	Trigona
	NA
	Eusocial
	No
	Small
	Ecuador
	10

	Apidae
	Trigona
	NA
	Eusocial
	No
	Small
	Peru
	147

	Apidae
	Trigonisca
	NA
	Eusocial
	No
	Minute
	Peru
	5

	Apidae
	Xylocopa
	Xylocopa
	Solitary
	No
	Large
	Italy
	9

	Apidae
	Xylocopa
	NA
	Mixed
	No
	Large
	Italy
	4

	Apidae
	Xylocopa
	NA
	Mixed
	No
	Large
	Peru
	14

	Colletidae
	Chilicola
	NA
	Solitary
	No
	Moderate
	Peru
	2

	Colletidae
	Hylaeus
	NA
	Solitary
	No
	Small
	Italy
	5

	Crabronidae
	Bembecinus
	NA
	NA
	NA
	NA
	Italy
	7

	Crabronidae
	Bembix
	Bembix
	NA
	No
	NA
	Italy
	10

	Crabronidae
	Cerceris
	NA
	NA
	NA
	NA
	France
	1

	Crabronidae
	Cerceris
	NA
	NA
	NA
	NA
	Italy
	3

	Crabronidae
	Passaloecus
	NA
	NA
	NA
	NA
	Italy
	3

	Halictidae
	Augochlora
	NA
	Mixed
	No
	Small
	Peru
	8

	Halictidae
	Augochloropsis
	NA
	Mixed
	No
	Small
	Peru
	24

	Halictidae
	Caenaugochlora
	NA
	Mixed
	No
	Moderate
	Peru
	1

	Halictidae
	Caenohalictus
	Caenohalictus
	Mixed
	No
	Small
	Peru
	6

	Halictidae
	Corynura
	Corynura
	Mixed
	No
	Small
	Peru
	2

	Halictidae
	Halictus
	Seladonia
	Mixed
	No
	Small
	Tanzania
	7

	Halictidae
	Halictus
	NA
	Mixed
	No
	Small-
Moderate
	France
	10

	Halictidae
	Halictus
	NA
	Mixed
	No
	Small-
Moderate
	Italy
	10

	Halictidae
	Halictus
	NA
	Mixed
	No
	Small-
Moderate
	Tanzania
	2

	Halictidae
	Lasioglossum
	Ctenonomia
	Mixed
	No
	Small
	Tanzania
	11

	Halictidae
	Lasioglossum
	Hemihalictus
	Mixed
	No
	Small
	Tanzania
	1

	Halictidae
	Lasioglossum
	Sphecodogastra
	Mixed
	No
	Small
	France
	10

	Halictidae
	Lasioglossum
	NA
	Mixed
	No
	Small
	Peru
	8

	Halictidae
	Lasioglossum
	NA
	Mixed
	No
	Small
	Tanzania
	66

	Halictidae
	Lipotriches
	NA
	Solitary
	No
	Small
	Tanzania
	7

	Halictidae
	Megalopta
	NA
	Mixed
	No
	Moderate
	Peru
	22

	Halictidae
	Megaloptidia
	Megaloptidia
	Solitary
	No
	Moderate
	Peru
	1

	Halictidae
	Neocorynura
	Neocorynura
	Mixed
	No
	Small
	Peru
	85

	Halictidae
	Nomia
	Acunomia
	Solitary
	No
	Moderate
	USA
	9

	Halictidae
	Nomioides
	Nomioides
	Solitary
	No
	Minute
	Italy
	5

	Halictidae
	Patellapis
	NA
	Mixed
	No
	Small
	Tanzania
	9

	Halictidae
	Pseudapis
	Pseudapis
	Solitary
	No
	Small
	Tanzania
	8

	Halictidae
	Rhinetula
	Rhinetula
	Solitary
	No
	Moderate
	Peru
	2

	Halictidae
	Sphecodes
	Sphecodes
	Clepto-parasitic
	No
	Moderate
	France
	7

	Halictidae
	Sphecodes
	Sphecodes
	Clepto-parasitic
	No
	Moderate
	Italy
	2

	Megachilidae
	Anthidium
	NA
	Solitary
	Resin
	Moderate
	Italy
	16

	Megachilidae
	Coelioxys
	NA
	Clepto-parasitic
	No
	Mixed
	Italy
	3

	Megachilidae
	Hoplitis
	NA
	Solitary
	No
	Small-
Moderate
	Germany
	3

	Megachilidae
	Hypanthidium
	Hypanthidium
	Solitary
	No
	Small
	Peru
	2

	Megachilidae
	Megachile
	NA
	Solitary
	Resin
	Mixed
	Italy
	7

	Megachilidae
	Megachile
	NA
	Solitary
	Resin
	Mixed
	Peru
	3

	Megachilidae
	Osmia
	Osmia
	Solitary
	No
	Moderate
	Germany
	6

	Sphecidae
	Sceliphron
	Sceliphron
	NA
	NA
	NA
	Italy
	12

	Vespidae
	Celonites
	NA
	NA
	NA
	NA
	Italy
	5


 
Supplementary Table 2 :  Metadata of the 16S rRNA V4 sequencing data from bee gut samples The dataset comprises 60 samples representing eight genera, retrieved from the NCBI BioProject database and analyzed in this study.

	SRA
	SRR
	Sample name
	Accession ID
	Genus
	Species
	Source

	SRS1326414
	SRR3209117
	WKsample209
	SAMN04415161
	Centris
	atripes
	Kwong et al., 2017

	SRS1326414
	SRR3208187
	WKsample209
	SAMN04415161
	
	
	

	SRS1326416
	SRR3209116
	WKsample208
	SAMN04415160
	
	
	

	SRS1326416
	SRR3208185
	WKsample208
	SAMN04415160
	
	
	

	SRS1326417
	SRR3209115
	WKsample207
	SAMN04415159
	
	
	

	SRS1326417
	SRR3208184
	WK sample 207
	SAMN04415159
	
	
	

	SRS1326418
	SRR3209114
	WKsample206
	SAMN04415158
	
	
	

	SRS1326418
	SRR3208183
	WKsample206
	SAMN04415158
	
	
	

	SRS1326419
	SRR3209112
	WKsample205
	SAMN04415157
	
	
	

	SRS1326419
	SRR3208182
	WKsample205
	SAMN04415157
	
	
	

	SRS1327237
	SRR3209297
	A347
	SAMN04415298
	
	
	

	SRS1326425
	SRR3209295
	A346
	SAMN04415297
	
	
	

	SRS1326425
	SRR3208195
	A346
	SAMN04415297
	
	
	

	SRS1327238
	SRR3209294
	A345
	SAMN04415296
	
	
	

	SRS1326427
	SRR3209293
	A344
	SAMN04415295
	
	
	

	SRS1326427
	SRR3208194
	A344
	SAMN04415295
	
	
	

	SRS1327229
	SRR3209292
	A343
	SAMN04415294
	
	
	

	SRS1327232
	SRR3209290
	A342
	SAMN04415293
	
	
	

	SRS1327233
	SRR3209289
	A341
	SAMN04415292
	
	
	

	SRS1327302
	SRR3209534
	A409
	SAMN04415360
	
	
	

	SRS1327303
	SRR3209533
	A408
	SAMN04415359
	
	
	

	SRS1327304
	SRR3209532
	A407
	SAMN04415358
	
	
	

	SRS1327275
	SRR3209500
	A379
	SAMN04415330
	Anthophora
	abrupta
	

	SRS1327276
	SRR3209499
	A378
	SAMN04415329
	
	
	

	SRS1327264
	SRR3209498
	A377
	SAMN04415328
	
	
	

	SRS1327265
	SRR3209497
	A376
	SAMN04415327
	
	
	

	SRS1327266
	SRR3209496
	A375
	SAMN04415326
	
	
	

	SRS1327267
	SRR3209495
	A374
	SAMN04415325
	
	
	

	SRS7674316
	SRR13010964
	M8
	SAMN16707073
	Nomia
	melanderi
	Kapheim et al., 2021

	SRS7674317
	SRR13010963
	M9
	SAMN16707074
	
	
	

	SRS7674309
	SRR13010971
	M44
	SAMN16707067
	
	
	

	SRS7674298
	SRR13010982
	M34
	SAMN16707057
	
	
	

	SRS7674296
	SRR13010984
	M32
	SAMN16707055
	
	
	

	SRS7674292
	SRR13010988
	M27
	SAMN16707051
	
	
	

	SRS7674287
	SRR13010994
	M22
	SAMN16707046
	
	
	

	SRS7674285
	SRR13010995
	M21
	SAMN16707045
	
	
	

	SRS7674275
	SRR13011005
	M12
	SAMN16707036
	
	
	

	SRS8654418
	SRR14162523
	F_HY_O_COR_A_1_F
	SAMN18629843
	Osmia
	cornuta
	Manthey et al., 2023.

	SRS8654417
	SRR14162524
	F_HY_O_COR_A_2_F
	SAMN18629844
	
	
	

	SRS8654416
	SRR14162525
	F_HY_O_COR_A_3_F
	SAMN18629845
	
	
	

	SRS8654415
	SRR14162526
	F_HY_O_COR_A_4_F
	SAMN18629846
	
	
	

	SRS8654414
	SRR14162527
	F_HY_O_COR_A_5_F
	SAMN18629847
	
	
	

	SRS8654768
	SRR14162758
	F_HY_O_BIC_A_1_F
	SAMN18629783
	
	bicornis
	

	SRS8654769
	SRR14162759
	F_HY_O_BIC_A_2_F
	SAMN18629784
	
	
	

	SRS8654767
	SRR14162760
	F_HY_O_BIC_A_4_F
	SAMN18629785
	
	
	

	SRS8654766
	SRR14162761
	F_HY_O_BIC_A_5_F
	SAMN18629786
	
	
	

	SRS8654765
	SRR14162762
	F_HY_O_BIC_A_1_M
	SAMN18629787
	
	
	

	SRS2497750
	SRR6014760
	SDK236
	SAMN07615154
	Sphecodes
	NA
	Rubin et al., 2018

	SRS2497747
	SRR6014763
	SDK237
	SAMN07615155
	
	
	

	SRS2497748
	SRR6014762
	SDK238
	SAMN07615156
	
	
	

	SRS2497745
	SRR6014765
	SDK240
	SAMN07615157
	
	
	

	SRS2497857
	SRR6014653
	SDK223
	SAMN07615143
	
	
	

	SRS2497859
	SRR6014652
	SDK222
	SAMN07615142
	
	
	

	SRS16750551
	SRR23441012
	mnj016
	SAMN33271216
	Svastra
	obliqua
	Holley et al., 2022

	SRS16750552
	SRR23441011
	mnj018
	SAMN33271217
	
	
	

	SRS16750553
	SRR23441010
	mnj022
	SAMN33271218
	
	
	

	SRS16750554
	SRR23441009
	mnja02
	SAMN33271219
	
	
	

	SRS16750555
	SRR23441008
	mnja03
	SAMN33271220
	
	
	

	SRS16750556
	SRR23441007
	mnja04
	SAMN33271221
	
	
	

	SRS16750557
	SRR23441006
	mnjo34
	SAMN33271222
	
	
	

	SRS16750558
	SRR23441005
	mnj017
	SAMN33271223
	
	petulca
	

	SRS16750559
	SRR23441004
	mnj028
	SAMN33271224
	
	
	

	SRS16750571
	SRR23440992
	MNJ074
	SAMN33271208
	Habropoda
	laboriosa
	

	SRS16750534
	SRR23441029
	MNJ075
	SAMN33271209
	
	
	

	SRS16750545
	SRR23441018
	MNJ079
	SAMN33271210
	
	
	

	SRS16750580
	SRR23440983
	MNJ080
	SAMN33271211
	
	
	

	SRS16750591
	SRR23440972
	MNJ081
	SAMN33271212
	
	
	

	SRS16750593
	SRR23440970
	MNJ083
	SAMN33271213
	
	
	

	SRS7717208
	SRR13060435
	B82
	SAMN16795745
	Tetragonisca
	angustula
	Cerqueira et al., 2021

	SRS7717209
	SRR13060434
	B83
	SAMN16795746
	
	
	

	SRS7717210
	SRR13060433
	B84
	SAMN16795747
	
	
	

	SRS7717211
	SRR13060432
	B93
	SAMN16795748
	
	
	

	SRS7717212
	SRR13060431
	B94
	SAMN16795749
	
	
	

	SRS7717213
	SRR13060430
	B95
	SAMN16795750
	
	
	

	SRS7717214
	SRR13060429
	B96
	SAMN16795751
	
	
	

	SRS7717215
	SRR13060428
	B97
	SAMN16795752
	
	
	



Supplementary Table 3: Estimated posterior distributions of random effects from a multi-response phylogenetic generalised mixed models (pGLMMs) quantifying drivers of taxonomic (Bray-Curtis) ꞵ-diversity across 60 genera of bees. Models were fitted for each bee family using Markov chain Monte Carlo techniques, with correlated random effects based on the bee genus-level phylogeny. Community dissimilarity was ordinated via principal coordinates analysis (PCoA), and the first two axes were used jointly as Gaussian response variables. Bee traits (Supplementary Table 1) were included as fixed effects, while phylogeny, location, and sample ID were modeled as random effects, with sample ID accounting for evolutionary divergence among samples within the same genus.
 
	Family   	
	Axis  
	Phylogeny
	Location
	Sample ID  

	Andrenidae  
          	
	Axis 1
	2.824 
	1.478
	0.633 

	
	Axis 2
	2.968
	1.462  
	0.646 

	Apidae   	
          	
	Axis 1
	0.257
	0.267
	0.039

	
	Axis 2
	0.251
	0.260
	0.040

	Colletidae  
          	
	Axis 1
	5.167
	4.427 
	0.957 

	
	Axis 2
	4.683
	3.958  
	1.006

	Halictidae  
          	
	Axis 1
	0.408
	0.392
	0.094

	
	Axis 2
	0.389
	0.417
	0.074

	Megachilidae
          	
	Axis 1
	2.495  
	1.775
	0.244

	
	Axis 2
	2.528  
	1.704
	0.214


 
 
Supplementary Table 4: Wald test results for fixed effects in phylogenetic generalised linear mixed models assessing gut microbial community structure and diversity in bees. We tested the effects of sociality, body size, and resin use on multivariate community composition (taxonomic dissimilarity) within each bee family, while controlling for bee phylogeny, location and sample ID. Reported values are χ² statistics. None of the tests were significant.
 
	
	Sociality
	Body size
	Resin

	Family
	 χ²
	p-value
	 χ²
	p-value
	 χ²
	p-value

	Andrenidae
	0.024
	0.872
	NA
	NA
	NA
	NA

	Apidae
	0.919
	0.828
	0.135
	0.988
	0.000
	0.976

	Colletidae
	NA
	NA
	0.035
	0.826
	NA
	NA

	Halictidae
	0.033
	0.979
	0.357
	0.950
	NA
	NA

	Megachilidae
	0.119
	0.763
	0.080
	0.997
	0.015
	0.939


 
Supplementary Table 5: Estimated posterior distributions of random effects from a multi-response phylogenetic generalised mixed models (pGLMMs) quantifying drivers of taxonomic (Bray-Curtis) ꞵ-diversity across 60 genera of bees. Models were fitted at different bacterial taxonomic levels using Markov chain Monte Carlo techniques, with correlated random effects based on the bee genus-level phylogeny. Genus-level estimates are included for comparative purposes but are presented separately in Figure 1A. Community dissimilarity was ordinated via principal coordinates analysis (PCoA), and the first two axes were used jointly as Gaussian response variables. Bee traits (Supplementary Table 1) were included as fixed effects, while phylogeny, location, and sample ID were modeled as random effects, with sample ID accounting for evolutionary divergence among samples within the same genus.


	Taxonomic level	
	Axis  
	Phylogeny
	Location
	Sample ID  

	Phylum
          	
	Axis 1
	0.151
	0.127
	0.039

	
	Axis 2
	0.147
	0.128
	0.035

	Family 	
          	
	Axis 1
	0.148
	0.118
	0.036

	
	Axis 2
	0.124
	0.117
	0.030

	Genus  
          	
	Axis 1
	0.139
	0.114
	0.029

	
	Axis 2
	0.119
	0.115
	0.027

	ASV
          	
	Axis 1
	0.125
	0.105
	0.026

	
	Axis 2
	0.123
	0.104
	0.022


 
 
