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 746 
Figure 5.  Male bee preferences for and against flower species vary across 747 
flower species. Each point is the conditional mode of the random effects 748 
prediction (the random-effects analog to an estimate), for a flower species that 749 
received at least 20 visits, on the logit scale. Zero represents the odds of a visitor 750 
being male on a random flower, and -2 or 2 indicates a ~7 fold decrease or 751 
increase in those odds, given flower species identity. Error bars are the square 752 
root of the conditional variances on the conditional mode * 1.96, and can be 753 
interpreted as the expected range in which the random effect for a particular 754 
flower truly lies, analogous to 1.96 times the standard error of the mean for a 755 
fixed effect. 756 
  757 
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 758 
Figure S1: Sampling scheme. (a) The six study sites in central New Jersey, 759 
USA. (b) Schematic sampling diagram (not to scale). One observer walked 760 
parallel 2m transects covering the entire sampling area. Each 30-minute 761 
sampling bout resumed where the previous one left off; observers typically 762 
covered the entire meadow once over a 3-day sampling round. (c) The 763 
southwestern-most site in peak bloom.764 
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 765 
 766 

 767 
Figure S2. Schematic cartoon of our simulation for the dissimilarity values 768 
associated with our null hypothesis that diets of male and female bees do not 769 
differ. (a) Each collection record for each bee species associates the sex of an 770 
individual bee to the flower species from which it was collected. (b) To compute 771 
the dissimilarity between males and females, we compare all visits to each flower 772 
species from males (purple vector) to all visits to each flower species from 773 
females (green vector). (c) The Morisita-Horn index summarizes the differences 774 
between the two vectors as a value between 0 (identical) and 1 (maximally 775 
dissimilar). (d) For our null model, we shuffle the sex column from our 776 
observation table. (e) This produces two null vectors. The row and column sums 777 
for the matrices in (b) and (c) are identical, but the elements can differ. (f) For our 778 
null model, we compute the dissimilarity between the null vectors. We repeated 779 
steps d-f 9999 times to generate confidence intervals for the null hypothesis that 780 
the sex of a visiting bee is unrelated to the flower species it is collected from. 781 
When comparing the flower species visited by different species of bee, we 782 
conducted an analysis identical except that rather than comparing two sexes of 783 
the same species, we compared two species of the same sex (i.e. exchanging 784 
“sex” and “species” throughout figure S1). 785 
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 786 
Figure S3. Effect size for diet dissimilarity is independent of sample size, while 787 
standardized effect is strongly driven by the number of individuals of the sex with 788 
the fewest records. a) Observed Morisita-Horn dissimilarity in flower communities 789 
visited by male and female bees of a single species, minus average null 790 
dissimilarity vs. the number of records for the less frequently observed sex. b) 791 
Observed minus null dissimilarity in composition of flowers visited by male and 792 
female bees of a single species, scaled by the variation in the null model, versus 793 
the number of records for the less frequently observed sex.  794 
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 795 
Figure S4. Binned residual plots for each model show minor violation of the 796 
additivity assumption. Residuals and predicted values on the probability scale.   797 
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 798 
Figure S5. Seasonal model predictions are consistent with the hypothesis that 799 
male bees avoid flower species that do not produce nectar, relative to females. 800 
Each point is the random effect prediction (change in odds that a bee visiting that 801 
flower is male) for a flower species.  802 
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 805 
 806 

Figure S6. Dissimilarity in flower communities visited by male and female bees 807 
arise due to complementarity in addition to nestedness patterns. For each bee 808 
species, the proportion of male (blue) and female (red) visits to each flower 809 
species that received >10% of at least one sex’s visits are pictured. Due to 810 
omitted flower species, bars may sum to <1. 811 
  812 
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 30 

Table S1. Model convergence confirmed based on similar parameter estimates across fitting routines. For each model, 813 
the estimate for each term is given for each of 6 fitting algorithms in the R package lme4. Subsequent analyses used 814 
parameter estimates in yellow, in both cases tied for the highest estimated likelihood with other very similar fits. 815 

term model bobyqa Nelder_Mead nlminbw 
optimx.L-
BFGS-B 

nloptwrap.NLOPT_ 
LN_NELDERMEAD 

nloptwrap.NLOPT_ 
LN_BOBYQA 

intercept summed -2.43 -2.43 -2.43 -2.43 -2.43 -2.43 
bee species summed 2.04 2.04 2.04 2.04 2.04 2.04 
flower species summed 1.40 1.40 1.40 1.40 1.40 1.40 
site summed 0.00 0.00 0.00 0.00 0.00 0.00 
bee species:flower species  summed 1.21 1.21 1.21 1.21 1.21 1.21 
site:bee species summed 0.62 0.62 0.62 0.62 0.62 0.62 
site:flower species summed 0.61 0.61 0.61 0.61 0.61 0.61 
intercept seasonal -2.38 -2.45 -2.38 -2.38 -2.45 -2.45 
bee species seasonal 2.09 2.14 2.09 2.09 2.13 2.13 
flower species seasonal 1.25 1.27 1.25 1.25 1.27 1.27 
site seasonal 0.00 0.00 0.00 0.00 0.00 0.00 
bee species:flower species  seasonal 1.09 1.10 1.09 1.09 1.10 1.10 
site:bee species seasonal 0.46 0.47 0.46 0.46 0.47 0.47 
site:flower species seasonal 0.35 0.35 0.35 0.35 0.35 0.35 
sampling round seasonal 0.38 0.36 0.38 0.38 0.36 0.36 
sampling round:bee species seasonal 0.83 0.84 0.83 0.83 0.84 0.84 
sampling round:flower species seasonal 0.00 0.00 0.00 0.00 0.00 0.00 
sampling round:site seasonal 0.29 0.29 0.29 0.29 0.29 0.29 
sampling round:site:bee species seasonal 0.60 0.60 0.60 0.60 0.60 0.60 
sampling round:site:flower species seasonal 0.28 0.29 0.28 0.28 0.28 0.28 

816 
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 817 
 818 
 819 
Table S2.  Bee species with number of female and male specimens collected. 820 
This table will be removed from the final submission when data are deposited on 821 
Dryad. 822 

family genus species females males 
Andrenidae Andrena brevipalpis 1 0 
Andrenidae Andrena carlini 3 0 
Andrenidae Andrena commoda 3 0 
Andrenidae Andrena cressonii 16 0 
Andrenidae Andrena fragilis 2 0 
Andrenidae Andrena hippotes 4 0 
Andrenidae Andrena imitatrix 6 0 
Andrenidae Andrena krigiana 14 0 
Andrenidae Andrena nasonii 13 0 
Andrenidae Andrena nuda 2 0 
Andrenidae Andrena pruni 6 0 
Andrenidae Andrena robertsonii 8 0 
Andrenidae Andrena rudbeckiae 8 11 
Andrenidae Andrena rugosa 1 0 
Andrenidae Andrena spiraeana 1 0 
Andrenidae Andrena vicina 6 0 
Andrenidae Andrena wilkella 277 59 
Andrenidae Andrena wilmattae 2 0 
Andrenidae Calliopsis andreniformis 4 1 

Apidae Anthophora abrupta 4 0 
Apidae Anthophora terminalis 3 2 
Apidae Bombus auricomus 1 0 
Apidae Bombus bimaculatus 577 175 
Apidae Bombus citrinus 0 5 
Apidae Bombus fervidus 18 0 
Apidae Bombus griseocollis 681 815 
Apidae Bombus impatiens 2358 105 
Apidae Bombus perplexus 22 36 
Apidae Bombus vagans 14 2 
Apidae Ceratina calcarata 1417 133 
Apidae Ceratina dupla 151 19 
Apidae Ceratina mikmaqi 130 5 
Apidae Ceratina strenua 285 13 
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Apidae Melissodes agilis 0 7 
Apidae Melissodes bimaculatus 9 1 
Apidae Melissodes denticulatus 7 73 
Apidae Melissodes desponsus 1 7 
Apidae Melissodes subillatus 31 6 
Apidae Melissodes trinodis 1 7 
Apidae Nomada articulata 4 0 
Apidae Nomada bidentate_gr 7 0 
Apidae Nomada erigeronis 1 0 
Apidae Nomada lehighensis 1 0 
Apidae Nomada maculata 2 0 
Apidae Nomada pygmaea 15 0 
Apidae Ptilothrix bombiformis 0 1 
Apidae Triepeolus cressonii 0 1 
Apidae Triepeolus eliseae 1 0 
Apidae Triepeolus remigatus 1 0 
Apidae Xylocopa virginica 137 13 

Colletidae Hylaeus affinis_modestus 1376 363 
Colletidae Hylaeus fedorica 1 0 
Colletidae Hylaeus leptocephalus 1 3 
Colletidae Hylaeus mesillae 575 173 
Halictidae Agapostemon sericeus 5 5 
Halictidae Agapostemon virescens 203 76 
Halictidae Augochlora pura 1036 377 
Halictidae Augochlorella aurata 397 39 
Halictidae Augochlorella persimilis 434 116 
Halictidae Augochloropsis metallica 121 40 
Halictidae Dufourea novaeangliae 0 1 
Halictidae Halictus confusus 174 35 
Halictidae Halictus ligatus 2432 160 
Halictidae Halictus parallelus 6 18 
Halictidae Halictus rubicundus 31 19 
Halictidae Lasioglossum abanci 6 0 
Halictidae Lasioglossum admirandum 15 0 
Halictidae Lasioglossum anomalum 17 0 
Halictidae Lasioglossum atwoodi 7 1 
Halictidae Lasioglossum birkmanni 1 0 
Halictidae Lasioglossum bruneri 6 4 
Halictidae Lasioglossum callidum 54 0 
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Halictidae Lasioglossum cattellae 14 4 
Halictidae Lasioglossum coeruleum 2 0 
Halictidae Lasioglossum coreopsis 1 0 
Halictidae Lasioglossum coriaceum 14 0 
Halictidae Lasioglossum cressonii 16 5 
Halictidae Lasioglossum ellisiae 0 3 
Halictidae Lasioglossum ephialtum 1 0 
Halictidae Lasioglossum foxii 2 2 
Halictidae Lasioglossum fuscipenne 9 0 
Halictidae Lasioglossum gotham 74 2 
Halictidae Lasioglossum hitchensi_weemsi 152 27 
Halictidae Lasioglossum illinoense 70 7 
Halictidae Lasioglossum imitatum 462 15 
Halictidae Lasioglossum leucocomum 2 0 
Halictidae Lasioglossum leucozonium 2 0 
Halictidae Lasioglossum nigroviride 2 0 
Halictidae Lasioglossum oblongum 4 2 
Halictidae Lasioglossum obscurum 7 1 
Halictidae Lasioglossum oceanicum 104 23 
Halictidae Lasioglossum oenotherae 1 0 
Halictidae Lasioglossum paradmirandum 50 0 
Halictidae Lasioglossum pectorale 3 0 
Halictidae Lasioglossum pilosum 2 0 
Halictidae Lasioglossum platyparium 2 3 
Halictidae Lasioglossum rozeni 15 11 
Halictidae Lasioglossum smilacinae 4 0 
Halictidae Lasioglossum subviridatum 5 1 
Halictidae Lasioglossum tegulare 31 2 
Halictidae Lasioglossum trigeminum 44 0 
Halictidae Lasioglossum truncatum 2 0 
Halictidae Lasioglossum versatum 681 93 
Halictidae Lasioglossum viridatum 11 2 
Halictidae Lasioglossum zephyrum 12 1 
Halictidae Sphecodes atlantis 0 1 
Halictidae Sphecodes dichrous 3 5 
Halictidae Sphecodes heraclei 10 5 

Megachilidae Anthidiellum notatum 4 1 
Megachilidae Anthidium manicatum 7 8 
Megachilidae Anthidium oblongatum 18 19 
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Megachilidae Coelioxys alternatus 1 2 
Megachilidae Coelioxys banksi 1 0 
Megachilidae Coelioxys germanus 0 1 
Megachilidae Coelioxys hunteri 0 1 
Megachilidae Coelioxys modestus 0 1 
Megachilidae Coelioxys obtusiventris 1 0 
Megachilidae Coelioxys octodentatus 1 1 
Megachilidae Coelioxys porterae 0 1 
Megachilidae Coelioxys sayi 2 6 
Megachilidae Heriades carinatus 31 2 
Megachilidae Heriades leavitti 1 6 
Megachilidae Heriades variolosus 10 0 
Megachilidae Hoplitis pilosifrons 46 1 
Megachilidae Hoplitis producta 8 0 
Megachilidae Hoplitis spoliata 2 1 
Megachilidae Lithurgus chrysurus 0 6 
Megachilidae Megachile brevis 25 3 
Megachilidae Megachile campanulae 6 18 
Megachilidae Megachile exilis 11 29 
Megachilidae Megachile frugalis 26 6 
Megachilidae Megachile gemula 4 2 
Megachilidae Megachile georgica 1 0 
Megachilidae Megachile inimica 4 0 
Megachilidae Megachile integra 1 0 
Megachilidae Megachile melanophaea 0 1 
Megachilidae Megachile mendica 21 56 
Megachilidae Megachile montivaga 15 9 
Megachilidae Megachile petulans 0 2 
Megachilidae Megachile pugnata 2 3 
Megachilidae Megachile rotundata 11 8 
Megachilidae Megachile sculpturalis 17 32 
Megachilidae Megachile xylocopoides 2 1 
Megachilidae Osmia albiventris 3 0 
Megachilidae Osmia atriventris 9 0 
Megachilidae Osmia bucephala 21 0 
Megachilidae Osmia distincta 7 0 
Megachilidae Osmia georgica 5 0 
Megachilidae Osmia pumila 30 0 
Megachilidae Pseudoanthidium nanum 0 1 
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Megachilidae Stelis lateralis 1 0 
Megachilidae Stelis louisae 1 2 

 823 
Table S3. Number of male and female visitors to each plant species, and bias 824 
towards attracting male bee visitors. This bias is the random effect prediction 825 
from the seasonal model, which indicates the change in log(odds) that a visiting 826 
bee is male when the species of flower it visits is given; greater values indicate 827 
male bias. 828 
 829 

family genus species 
female 
visits 

male 
visits 

random 
effect 

Alliaceae Allium vineale 3 0 -0.224 
Apiaceae Daucus carota 1778 350 0.526 
Apiaceae Eryngium yuccifolium 2 0 -0.225 
Apiaceae Sanicula canadensis 1 0 -0.049 

Apocynaceae Apocynum cannabinum 283 92 0.754 
Asclepidaceae Asclepias incarnata 7 0 -0.736 
Asclepidaceae Asclepias syriaca 28 89 0.929 
Asclepidaceae Asclepias tuberosa 114 26 0.423 

Asteraceae Achillea millefolium 472 36 -0.004 
Asteraceae Bidens trichosperma 1 0 -0.015 
Asteraceae Carduus nutans 1 0 -0.366 
Asteraceae Centuarea stoebe 321 50 0.265 
Asteraceae Cichorium intybus 104 10 0.516 
Asteraceae Cirsium arvense 351 96 0.858 
Asteraceae Cirsium discolor 5 2 0.349 
Asteraceae Cirsium vulgare 112 16 0.121 
Asteraceae Conyza canadensis 32 10 1.097 
Asteraceae Coreopsis lanceolata 21 0 -0.857 
Asteraceae Coreopsis tinctoria 1 0 -0.069 
Asteraceae Crepis capillaris 6 0 -0.236 
Asteraceae Doellingeria umbellata 1 0 -0.052 
Asteraceae Echinacea purpurea 86 45 0.309 
Asteraceae Erechtites hieraciifolius 130 203 1.878 
Asteraceae Erigeron annuus 26 3 0.266 
Asteraceae Erigeron strigosus 712 119 1.037 
Asteraceae Euthamia graminifolia 50 18 1.467 
Asteraceae Eutrochium maculatum 461 166 1.368 
Asteraceae Gaillardia aristata 4 0 -0.274 
Asteraceae Helianthus angustifolius 11 0 -0.411 
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Asteraceae Helianthus strumosus 1 1 0.517 
Asteraceae Heliopsis helianthoides 186 49 0.763 
Asteraceae Hieracium pilosella 2 0 -0.148 
Asteraceae Krigia biflora 19 0 -0.542 
Asteraceae Lactuca serriola 4 0 -0.257 
Asteraceae Leucanthemum vulgare 405 20 -0.349 
Asteraceae Liatris spicata 186 127 1.137 
Asteraceae Ratibida pinnata 539 121 0.005 
Asteraceae Rudbeckia hirta 1174 189 0.645 
Asteraceae Solidago altissima 8 0 -0.586 
Asteraceae Solidago canadensis 8 2 0.816 
Asteraceae Solidago gigantea 107 9 0.613 
Asteraceae Solidago juncea 636 77 1.106 
Asteraceae Solidago rugosa 1 0 -0.015 
Asteraceae Symphyotrichum novae-angliae 25 6 0.451 
Asteraceae Vernonia noveboracensis 52 37 -0.045 

Brassicaceae Barbarea vulgaris 3 0 -0.114 
Campanulaceae Lobelia inflata 12 3 1.147 
Campanulaceae Lobelia siphilitica 2 0 -0.034 
Caryophyllaceae Dianthus armeria 3 0 -0.280 
Commelinaceae Tradescantia ohiensis 34 1 -0.805 
Convulvulaceae Calystegia silvatica 5 0 -0.538 

Cornaceae Swida amomum 4 0 -0.250 
Cornaceae Swida racemosa 12 1 0.546 
Fabaceae Baptisia tinctoria 19 5 -0.566 
Fabaceae Chamaecrista fasciculata 246 2 -1.514 
Fabaceae Desmodium paniculatum 6 1 -0.138 
Fabaceae Lotus corniculatus 142 33 -0.231 
Fabaceae Melilotus albus 20 9 0.571 
Fabaceae Melilotus officinalis 41 21 1.309 
Fabaceae Securigera varia 38 1 -0.654 
Fabaceae Senna hebecarpa 5 5 1.678 
Fabaceae Trifolium aureum 1 0 -0.033 
Fabaceae Trifolium campestre 365 39 0.106 
Fabaceae Trifolium hybridum 11 7 0.739 
Fabaceae Trifolium pratense 192 20 -0.869 
Fabaceae Trifolium repens 130 6 -0.847 
Fabaceae Vicia tetrasperma 1 0 -0.048 

Gentianaceae Sabatia angularis 1 0 -0.034 
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Hypericaceae Hypericum perforatum 223 10 -1.095 
Hypericaceae Hypericum punctatum 1 0 -0.176 

Iridaceae Sisyrinchium angustifolium 9 0 -0.351 
Lamiaceae Clinopodium vulgare 64 3 -0.854 
Lamiaceae Monarda fistulosa 1397 400 -0.131 
Lamiaceae Monarda punctata 0 1 1.242 
Lamiaceae Nepeta cataria 99 81 1.270 
Lamiaceae Prunella vulgaris 17 5 0.296 
Lamiaceae Pycnanthemum muticum 398 59 0.811 
Lamiaceae Pycnanthemum tenuifolium 1113 421 0.609 
Lamiaceae Pycnanthemum verticillatum 5 8 0.886 
Lamiaceae Teucrium canadense 3 0 -0.104 

Loniceraceae Lonicera japonica 1 0 -0.131 
Lythraceae Lythrum salicaria 364 38 -0.016 
Onagraceae Oenothera biennis 2 0 -0.143 
Onagraceae Oenothera fruticosa 2 1 0.221 
Oxalidaceae Oxalis stricta 8 0 -0.249 

Phytolaccaceae Phytolacca americana 108 74 1.580 
Plantaginaceae Plantago lanceolata 147 0 -1.997 

Poaceae Glyceria grandis 1 0 -0.187 
Poaceae Sorghastrum nutans 1 0 -0.092 

Polygonaceae Fallopia convolvulus 3 4 1.044 
Polygonaceae Persicaria pensylvanica 4 0 -0.391 
Polygonaceae Persicaria setacea 3 1 0.158 

Ranunculaceae Ranunculus hispidus 1 0 -0.057 
Rosaceae Drymocallis arguta 22 8 0.604 
Rosaceae Potentilla recta 56 1 -0.628 
Rosaceae Rosa carolina 71 1 -1.412 
Rosaceae Rosa multiflora 5 0 -0.264 
Rosaceae Rubus flagellaris 1 0 -0.027 
Rosaceae Rubus pensilvanicus 7 0 -0.241 
Rubiaceae Galium mollugo 4 0 -0.369 

Scrophulariaceae Linaria vulgaris 275 4 -1.633 
Scrophulariaceae Penstemon digitalis 862 48 -0.847 
Scrophulariaceae Penstemon hirsutus 36 0 -0.822 
Scrophulariaceae Verbascum blattaria 15 0 -0.721 
Scrophulariaceae Verbascum thapsus 129 1 -1.085 

Solanaceae Solanum carolinense 14 0 -0.518 
Verbenaceae Verbena hastata 8 3 0.927 
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Verbenaceae Verbena simplex 11 3 0.482 
Verbenaceae Verbena urticifolia 58 71 2.118 

 830 
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