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As separate Excel file: Supplementary dataset 1
Sheet 1 – Metadata. Definitions and sources for all variables in subsequent data sheets.  
Sheet 2 – Data1 (BirdTree). Sexual selection scores and associated uncertainty estimates and source citations for 9988 bird species included in the BirdTree dataset (Jetz et al. 2012), along with corresponding taxonomic, ecological, morphological and distributional data, where available (n = 9863 species). 
Sheet 3 – Data2 (Clements). Sexual selection scores aligned with an updated taxonomy (Clements et al. 2021) used in major online resources, including Birds of the World and eBird (n = 10671 species).
Sheet 4 - Sexual selection metrics, detailing residual testes mass, bateman gradients, and opportunity for sexual selection values used in sensitivity analysis.
Sheet 5 – Taxonomic crosswalk. Guide to species matching for users transferring data between BirdTree and Clements (eBird) taxonomies, which often differ in spelling and treatment of allospecies.      
Sheet 6 – Data sources. Full references for sources cited in Data1 (BirdTree).
[bookmark: _gjdgxs]The R code used to run analyses and prepare figures is available at https://github.com/Syrph/sexual_selection.
Supplementary methods
[bookmark: _30j0zll]Taxonomy 
To allow the use of phylogenetic analyses, we followed the species names used in the global BirdTree phylogeny (Jetz et al. 2012). Given the rapid state of flux in avian taxonomy, the species limits and family classifications in BirdTree are increasingly obsolete, particularly because the phylogenetic tree itself is likely to be replaced with new phylogenies using updated taxonomic treatments. To maximise future utility of our dataset, we rescored sexual selection and all other variables according to Clements (2021) taxonomy. This will allow integration of our dataset with ecological and life history data published in Birds of the World (https://birdsoftheworld.org/bow), as well as spatially explicit citizen-science data from eBird (https://ebird.org), and forthcoming global phylogenetic datasets based on Clements taxonomy. 
Approximately 93% of species in the BirdTree dataset were directly matched with Clements species, including many that needed to be matched manually because of changes in spelling or higher taxonomic classification. In all these cases, we transferred the same sexual selection and data uncertainty scores from BirdTree to the Clements dataset. For the remaining 7% of species, 512 were taxonomic splits, where a BirdTree species was separated into multiple Clements species. In these cases, we identified the parent (nominate) species  and transferred trait data directly from BirdTree to the parent lineage. For the remaining daughter species, we inferred sexual selection scores from the behaviour of the parent. For example, under BirdTree taxonomy, the House Sparrow Passer domesticus is considered a single species, with the Italian Sparrow considered a subspecies (P. domesticus italiae). However, under Clements taxonomy, P. italiae is considered a separate species. In this instance, we directly transferred sexual selection and data certainty scores from the BirdTree “P. domesticus” values to the Clements “P. domesticus” values. For P. italiae, we used the same sexual selection score as the parent by inference, because breeding behaviour of this geographically restricted form appears similar to the more widespread P. domesticus. Nonetheless, we dropped the data certainty score from 4 to 3 reflecting the reduction in certainty that arises because P. italiae occupies a small geographical range and the sexual selection score is no longer based on direct species-specific evidence.  
The reverse procedure was required in cases where multiple BirdTree species have been merged into a single Clements species. These cases were less frequent, with only 219 BirdTree species combined into 102 Clements species. In almost all cases, sexual selection scores were the same across each set of BirdTree species, so this score was directly transferred to the corresponding Clements species into which they were merged. The only exception was the Ring-necked Pheasant (Phasianus colchicus), in which two BirdTree sister species were scored differently: the mainland nominate P. colchicus was scored 3 for polygamy, whereas the Green Pheasant (P. versicolor), a Japanese endemic,  was scored 2 because a higher incidence of monogamy was reported than for mainland populations. Under 2021 Clements taxonomy, P. colchicus was merged with P. versicolor and took the higher score (3) because the Japanese form makes up only a small part of the total population. 
When transferring data from BirdTree to Clements, 31 species presented challenges because data certainty scores differed between daughter taxa being merged together (lumped) into a single parent taxon. In most of these problematic cases, the sexual selection score of widespread parent taxa was based on direct data from primary sources, whereas this direct data often only applied to one of the BirdTree daughter species (splits). In these instances, we transferred the certainty data from the nominate BirdTree species to the lumped (parent) eBird species. The only exception to this rule was Stercorarius antarcticus which is considered two separate species (Catharacta lonnbergi and Catharacta antarctica) by BirdTree and a single species by Clements. Under BirdTree, the daughter species or split, C. lonnbergi, carries a higher data certainty score (4) because its sexual selection score is based on a molecular study of extra-pair paternity (Millar 1994). In the same treatment, C. antarctica has a lower certainty (3) which is upgraded to higher certainty (4) under Clements taxonomy wherein C. lonnbergi is subsumed into C. antarctica (and transferred to the genus Stercorarius). 
In five cases, BirdTree species were initially lumped and then subsequently re-split into multiple daughter species. However, sexual selection happened to be scored as strict monogamy (0) in all these cases, simplifying the direct transfer of scores from BirdTree to Clements datasets. Finally, 176 Clements species had no corresponding BirdTree species. The majority of cases (n = 144 species) were extinct species that were omitted from BirdTree, which we did not include in our database. The remaining 32 species were described in the last decade, representing new additions to global species lists. In these cases, we scored sexual selection from literature following the same protocol used for BirdTree species (see Methods). 
	We include a taxonomic crosswalk (sheet 4) in Supplementary dataset 1. This resource lists each BirdTree and Clements species aligned in neighbouring columns, showing how they are matched in our data transfer process. Specifically, we include the type of link between the two taxonomies (one-to-one, many-to-one, one-to-many, many-to-many) and highlight the parent taxon in cases where data are duplicated across multiple taxa in the case of splits. The crosswalk is designed to be used alongside the R script (clements_conversion.R) included with this study. As a disclaimer, our crosswalk may contain small errors as it was designed to transfer traits between thousands of species. We recommend that users carefully check the conversion of traits, paying particular attention to species which have transitioned between families or orders. We hope that the Clements dataset and associated taxonomic crosswalk can support future researchers by facilitating the transfer of traits to and from Clements taxonomy, including cases where lumped BirdTree species have conflicting data. This should be a useful resource for macroecological studies combining data from AVONET (Tobias et al. 2022), Birds of the World, and eBird, or for researchers wishing to integrate their datasets with future phylogenies based on Clements taxonomy. 
Sexual selection metrics
To assess the reliability of our scoring system, we collected data on three complementary and widely used measures of sexual selection from existing published datasets: residual testes mass (Pitcher et al. 2005; Baker et al. 2020), Bateman gradients (βSS) (Janicke et al. 2016; Fromonteil et al. 2023), and the opportunity for sexual selection (IS) (Janicke & Morrow 2018). Residual testes size constitutes a commonly used proxy for the strength of post-copulatory sexual selection on males whereas βSS and IS are standardized metrics for the strength of pre-copulatory sexual selection. To increase our sample size, we also calculated metrics for additional species where possible, based on published data. 
Residual testes mass refers to the mass of testes after accounting for total body mass. This metric provides information about the levels of sperm competition between rival males, which correlates with some aspects of sexual selection (Lüpold et al. 2020). To calculate residual testes mass, we used recent data from Baker et al. (2020) (n = 901 species), with an additional 76 species sourced from Pitcher et al. (2005). Because Baker et al. (2020) published testes mass and body mass as separate measurements, we calculated residual testes mass under the same procedure as Pitcher et al. (2005), using the residuals from the regression of log testes mass on log body mass. 
	IS can be calculated as the sex-specific variance in relativized mating success across individuals of a population (defined as the variance in the number of sexual partners per individual, divided by the squared mean of the number of sexual partners). We calculated IS for 28 unique species, either directly from information presented in papers, or from data subsequently provided by authors. Given the scarcity of studies that calculate quantitative measures of sexual selection, we also estimated IS for 51 monogamous species that recorded 0% extrapair paternity (EPP), indicating true genetic monogamy. Assuming that each individual was paired, and that operational sex-ratios are approximately even (as tends to be true for genetically monogamous species), this meant we could assign an IS of zero for these 51 additional species. As a sensitivity analysis, we removed these species from our reliability assessment (see main Methods), which produced near-identical results (Table S1). 
	Bateman gradients (also termed sexual selection gradients) represent the slope of an ordinary least squares regression of reproductive success (number of offspring) on mating success (typically quantified as the number of mating partners) and therefore estimate the fitness benefit that can be obtained from additional matings. To compare between species, we converted Bateman gradients into standardised Pearson correlation coefficients. Lastly, because our sexual selection scores are bi-directional (scoring polyandry and polygyny equally), we took the recorded IS and βSS from the sex with the highest value to generate a single measure per species. 
Spatial methods
To understand how sexual selection varies globally, we incorporated spatial information using expert-drawn geographical range maps provided by Birdlife International (2021). To align species with BirdTree (Jetz et al. 2012), we used the BirdLife-to-BirdTree taxonomic crosswalk provided in AVONET (Tobias et al. 2022). In most cases, BirdTree species had a single equivalent BirdLife species name (one-to-one matches; n = 8949), which allowed us to use the corresponding geographical range polygon for the same species. 
The majority of taxonomic differences between BirdTree and BirdLife were splits, which resulted in a single BirdTree species corresponding with multiple BirdLife species (BirdLife splits; n = 1929). In these cases, we combined multiple BirdLife daughter species into a single range polygon for their corresponding parent BirdTree species using the sf package (Pebesma 2018). In the small number of cases where multiple BirdTree species correspond with one BirdLife species (BirdLife lumps; n = 198), we used BirdLife version 2.0 maps (BirdLife International 2012), created prior to any taxonomic changes. In this resource, we used maps for the corresponding BirdLife synonyms for each BirdTree species. 
For a small number of BirdLife lumps (n = 64), no previous geographical range polygon existed as a version 2.0 map. In addition, some taxonomically stable species lacked geographical data (n = 57), either because no part of their known range is coded as resident or breeding range, or because the map is not openly released by BirdLife International (typically because the species is sensitive to hunting or trapping for the cage-bird trade). For mapping purposes, we restricted range polygons to areas where the species is coded by BirdLife International as extant and either native or reintroduced. Finally, because latitude and environmental conditions in the non-breeding range are largely irrelevant to levels of sexual selection, we limited our selection to the breeding and resident ranges of each study species. 
[bookmark: _1fob9te]To extract species-specific data, we used a Behrmann equal-area projection for geographical range polygons. To calculate a single value of latitude for each species, we determined the geometric centroid of each range polygon using the PBSmapping package (Schnute et al. 2017). This approach was preferred over midpoint latitude metrics because the centroid considers the overall shape of a species’ distribution, particularly important for wide-ranging species. Assigning a single value of latitude to each species greatly over-simplifies their distribution, and can be misleading, particularly in species with wide ranges spanning the equator. Nonetheless, midpoint or centroid estimates have the advantage of simplicity, removing the statistical problem of repeated measures per taxon, and usually provide a reasonable approximation of the latitude at which most individuals in the global population breed. For these reasons, midpoints or centroids are often used in phylogenetic comparative analyses or macroevolutionary models testing for latitudinal effects (Weir & Schluter 2007; Sheard et al. 2020; Weeks et al. 2022). 
To visualise global patterns of sexual selection, we first created a unified map by combining species ranges into a single raster by overlapping the range with a grid of cells at 5-km resolution. To calculate average values of sexual selection per cell, we summed the sexual selection scores of all species with geographical ranges overlapping more than 50% of that cell, then divided the total by the corresponding species richness of the cell. This produced a single raster with cell values representing average sexual selection for the species present. We repeated this process using data certainty scores to generate a map of average data certainty for all birds and for each ecological partition listed in Table S2.
Bayesian ordinal models   
Bayesian mixed-effect models were constructed using the brms package in R (Bürkner 2017). Because our sexual selection scores are rankings, we used ordinal regression models with a cumulative family distribution. This model estimates the cumulative odds of being at or below each category level, providing insights into how the independent variables influence the likelihood of moving up or down the ordinal scale. Coefficient estimates and confidence intervals can be interpreted similarly to other standard generalised-linear models. Posterior predictive checks (Fig. S2) confirmed that a cumulative family distribution fits the data extremely well. 
To first establish if there were latitudinal gradients in sexual selection, we used univariate models with sexual selection score as the response and absolute latitude as the predictor. We chose not to apply any additional transformations to latitude because models fit generally well, and this allowed for the best alignment with maps of sexual selection. We first ran a single model predicting sexual selection strength for all species (n  = 9836), which showed a strong positive gradient in sexual selection (Table S2). Given the strong positive effect of latitude on sexual selection across species, we ran subsequent univariate models to determine if the overall pattern was true for different ecological groups, using the same response and predictor for different data partitions. We then repeated each model using a high certainty dataset (certainty score 3 – 4), which produced similar results. To reduce spatial autocorrelation, we performed a sensitivity analysis by dichotomizing latitude as either tropical (centroid latitude within the Tropics of Capricorn and Cancer) or non-tropical. We then used our binary latitudinal predictor to repeat the set of models outlined in Table S2, which produced similar results (Table S3).
For univariate and multivariate trait models, designed to identify the evolutionary determinants of sexual selection strength, we included a phylogenetic covariance matrix as a random effect, using the Jetz et al. (2012) tree topology grafted to the Prum et al. (2015) genomic backbone. Temperature seasonality – the only continuous variable – was log-transformed to approximate normality and standardised to two standard deviations to facilitate comparison with categorical predictors (Gelman 2008). All categorical predictors were centred to reduce collinearity with interaction terms, and to set the reference level for each trait to the global average (Schielzeth 2010). The variance inflation factors (VIF) of all model terms were below three, suggesting that collinearity between predictors does not affect model interpretation (Table S3). To further address issues of collinearity, multivariate models used additional QR decomposition (whereby a matrix is expressed as the product of two separate matrices, Q and R). This approach helps recover accurate coefficient estimates in the presence of correlated traits (Bürkner 2017). 
	For all Bayesian ordinal models, we used a no u-turn sampler (NUTS) and selected 10,000 total iterations with a 5,000-iteration warmup-phase and thinning every 20 iterations. Each model was run with two chains which we assessed for convergence by visually inspecting the mixing of chains and ensuring that r-hat values reached a value of one. To ensure our results are robust to uncertainty in tree topology, we repeated each model including phylogeny over 50 randomly selected trees, combining draws into a single posterior distribution. Following recommendations in Gelman (2006), we assigned weakly informative priors to the intercept and slope parameters: normal (0,1). To improve sampling speed, and because initial models showed the estimate for the phylogenetic effect was consistently close to 1, we assigned a stronger prior to the phylogenetic effect: gamma (2,1). To assess the proportion of variance explained by model predictors, we used approximate R2 values for Bayesian methods (Gelman et al. 2019), adapted to fit ordinal regression models (McKelvey & Zavoina 1975). To calculate reported p-values from Bayesian regression models, we extracted the probability of direction from posterior draws, as described by Makowski et al. (2019).

Supplementary discussion
We considered using information about parental care roles as evidence for the strength of sexual selection. Costly parental care is often cited as a major hypothesis explaining monogamy (Klug 2018; Kvarnemo 2018) because time constraints can prevent individuals from seeking additional mating opportunities. We excluded parental care in our models because data is lacking at the scale required to test global hypotheses in birds. Alternative binary traits with good coverage such as developmental mode are unsuitable because large sections of the tree have no variation, limiting their accuracy in phylogenetic models. 

Supplementary tables
[bookmark: _3znysh7]Table S1 | Comparing alternative metrics of sexual selection. Results shown are Results are β estimates and 95% credible intervals from phylogenetic Bayesian ordinal mixed-effect models estimating the strength of relationship between sexual selection scores from this study and alternative measures of sexual selection: residual testes mass (a proxy for post-copulatory sexual selection), Bateman gradients (βSS) (reproductive benefit from additional matings), the opportunity for sexual selection (IS) (variance in mating success). To compare sex-specific metrics with bi-directional scores, we selected the largest βSS or IS from each species, treating males and female metrics equally. For 51 monogamous species with 0% extra-pair paternity reported in well-sampled molecular studies, we scored IS as zero. When we ran a sensitivity analysis (IS2) with these arbitrary zeroes excluded, results remained similar. Models were run on a sample of 50 phylogenetic tree topologies extracted from www.birdtree.org (Jetz et al. 2012), grafted to the Prum et al. (2015) genomic backbone. Testes mass = residual testes mass. See Supplementary methods for detailed model descriptions. 

	Metric
	n
	Estimate
	95% CI
	Conditional R2
	Marginal R2

	Testes mass
	977
	2.41
	1.69, 3.36
	0.91
	0.30

	βSS
	14
	4.51
	0.55, 10.86
	0.76
	0.53

	IS
	79
	24.08
	15.48, 37.94
	0.98
	0.97

	IS2
	28
	24.24
	15.59, 38.47
	0.98
	0.97










Table S2 | Latitudinal gradients in sexual selection. Results shown are β estimates and 95% credible intervals from Bayesian ordinal mixed-effect models estimating the strength of latitudinal gradients in sexual selection across different ecological groups of birds. Models were repeated on high certainty data, defined as species scored 3 or 4 for data certainty (see Extended Data Table 2). See Supplementary methods for detailed model descriptions. To increase legibility, estimates were multiplied by 10 to represent the change in sexual selection score over a 10 degree increase in latitude. See Figs. 2 & 3, and Extended Data Figs. 3 & 4 for visualisation (main text).

	Sample
	Certainty 1-4
	Certainty 3-4

	
	n
	Estimate
	95% CI
	n
	Estimate
	95% CI

	All birds
	9836
	0.17
	0.14, 0.20
	7592
	0.15
	0.12, 0.18

	1ry consumers
	2753
	0.01
	-0.04, 0.07
	2311
	-0.03
	-0.09, 0.03

	Frugivores
	1025
	-0.24
	-0.47, -0.01
	767
	-0.30
	-0.57, -0.05

	2ry consumers
	7083
	0.30
	0.26, 0.34
	5281
	0.32
	0.28, 0.36

	Invertivores
	4694
	0.45
	0.39, 0.51
	3477
	0.56
	0.50, 0.63

	Migrants
	901
	0.15
	0.06, 0.23
	793
	0.14
	0.05, 0.23

	Non-migrants
	8935
	0.13
	0.09, 0.17
	6799
	0.11
	0.06, 0.15

	Territorial
	7261
	0.42
	0.37, 0.46
	5353
	0.42
	0.37, 0.47

	Non-territorial
	2575
	-0.11
	-0.15, -0.06
	2239
	-0.12
	-0.17, -0.08






Table S3 | Differences in sexual selection for tropical and non-tropical species. Results shown are β estimates and 95% credible intervals from Bayesian ordinal mixed-effect models estimating the difference in the strength of sexual selection between tropical and non-tropical species for different ecological groups of birds. Species were assigned tropical status if the centre of their range was within the Tropics of Capricorn and Cancer (< 23.4 degrees latitude). Models were repeated on high certainty data, defined as species scored 3 or 4 for data certainty (see Extended Data Table 2). See Supplementary methods for detailed model descriptions. See Extended Data Fig. 6 for visualisation (main text).

	Sample
	Certainty 1-4
	Certainty 3-4

	
	n
	Estimate
	95% CI
	n
	Estimate
	95% CI

	1ry consumers
	2753
	-0.04
	-0.24, 0.14
	2311
	-0.18
	-0.41, 0.03

	Frugivores
	1025
	-0.95
	-1.94, -0.16
	767
	-1.06
	-2.04, -0.22

	2ry consumers
	7083
	0.91
	0.77, 1.05
	5281
	0.99
	0.85, 1.14

	Invertivores
	4694
	1.21
	1.04, 1.39
	3477
	1.52
	1.3, 1.74

	Migrants
	901
	0.33
	-0.11, 0.75
	793
	0.43
	-0.04, 0.9

	Non-migrants
	8935
	0.30
	0.17, 0.42
	6799
	0.21
	0.07, 0.34

	Territorial
	7261
	1.15
	1.00, 1.30
	5353
	1.19
	1.01, 1.35

	Non-territorial
	2575
	-0.43
	-0.61, -0.23
	2239
	-0.52
	-0.69, -0.33






[bookmark: _Hlk143870360]Table S4 | Ecological predictors of sexual selection. Results shown are β estimates and 95% credible intervals from univariate and multivariate phylogenetic Bayesian ordinal mixed-effect models testing drivers of sexual selection in birds (n = 9836 species). Models were run on a sample of 50 phylogenetic trees extracted from www.birdtree.org (Jetz et al. 2012), grafted to the Prum et al. (2015) genomic backbone. See Supplementary methods for detailed model descriptions. See Figs. 4 & 5 (main text) for visualisation. 1ry consumer = primary consumer. 

	Predictor
	Univariate
	Multivariate

	
	Estimate
	95% CI
	Estimate
	95% CI

	1ry consumer
	0.52
	0.13, 0.92
	0.64
	0.21, 1.07

	Migration
	2.06
	1.70, 2.43
	0.84
	0.44, 1.25

	[bookmark: _2et92p0]Territoriality
	-2.61
	-3.13, -2.12
	-2.71
	-3.27, -2.17

	Seasonality
	2.12
	1.83, 2.43
	1.78
	1.44, 2.12

	1ry consumer × territoriality
	-
	-
	0.80
	0.08, 1.51

	1ry consumer × seasonality
	-
	-
	-0.75
	-1.33, -0.18








Table S5 | Results of sensitivity analyses assessing robustness of models to data certainty. Results shown are β estimates and 95% credible intervals from univariate and multivariate phylogenetic Bayesian ordinal mixed-effect models assessing potential drivers of sexual selection in birds, restricted to species with highest data quality (scored 3 or 4; n = 7592 species). Models were run on a sample of 50 phylogenetic trees extracted from www.birdtree.org (Jetz et al. 2012), grafted to the Prum et al. (2015) genomic backbone. See Supplementary methods for detailed model descriptions. 

	Predictor
	Univariate
	Multivariate

	
	Estimate
	95% CI
	Estimate
	95% CI

	1ry consumer
	0.48
	-0.01, 0.98
	0.62
	0.10, 1.16

	Migration
	1.87
	1.46, 2.31
	0.50
	0.03, 0.96

	Territoriality
	-3.03
	-3.66, -2.43
	-3.17
	-3.83, -2.55

	Seasonality
	2.45
	2.04, 2.90
	2.11
	1.68, 2.58

	1ry consumer × territoriality
	-
	-
	0.74
	-0.12, 1.59

	1ry consumer × seasonality
	-
	-
	-1.14
	-1.85, -0.44



















Table S6 | Collinearity between multivariate model predictors. Results shown are Variance Inflation Factors (VIF) calculated for multivariate models predicting sexual selection in birds. The two columns show results for all birds  (n = 9836 species) and a subset of species with high certainty data (n = 7592 species). High certainty data was defined as species scored 3 or 4 for data certainty (see Extended Data Table 2). All VIF were below 3, suggesting that collinearity should not impact model interpretation.

	Predictor
	Certainty 1-4
	Certainty 3-4

	1ry consumer
	1.21
	1.23

	Migration
	1.32
	1.35

	Territoriality
	1.24
	1.24

	Seasonality
	1.27
	1.30

	1ry consumer × territoriality
	1.20
	1.17

	1ry consumer × seasonality
	1.05
	1.06







Supplementary figures 
[image: ]

Figure S1 | Sexual selection strength across data certainty partitions. Plots show how the certainty in data for each species affects (a) average sexual selection and (b) variation in sexual selection score. In (a) and (b), sexual selection is scored from 0 (strict monogamy) to 4 (extreme polygamy; see Extended Data Table 1) and data certainty is scored from 1 (no direct or indirect evidence) to 4 (direct evidence published in primary and secondary literature; see Extended Data Table 2). In (a), points show average sexual selection for each category of data certainty; whiskers denote one standard error; sample sizes are the total number of species in each data certainty partition. In (b), stacked bars show the relative proportion of sexual selection scores across each category of data certainty. Bars are coloured according to sexual selection score (SS) (blue = 0; red = 4).
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Figure S2 | The geographical distribution of species with high-certainty data. Worldwide species richness for 2851 bird species with high data certainty (score = 4) included in a global phylogeny (www.birdtree.org; Jetz et al. 2012). Species were scored as 4 based on direct evidence published in primary and secondary literature (see Extended Data Table 2). Cell values represent the total number of high-certainty species, calculated by counting the number of geographical range maps overlapping more than 50% of each 5-km grid cell. Cell values were grouped into equal-sized bins to reduce the skew in the colour scale caused by outlier cells with high species richness. Cells with <10 species were excluded.
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