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Supplementary model code

The code used to implement analyses presented in SI tables 1-10 was as follows:
SI Table 1

i) Without phylogeny

Prior: list(R=list(V=1,nu=0.002))

Model: MCMCglmm/(cbind(number of relatives, number of non-relatives) ~ log(extra-pair
paternity+1), family ="multinomial2", nitt=600000, burnin=100000, thin=100)

ii) With phylogeny
Prior: list(R=list(V=1,nu=0.002), G=list(G1=list(V=1, nu=0.002)

Model: MCMCglmm((cbind(number of relatives, number of non-relatives) ~ log(extra-pair
paternity+1), random = ~animal, pedigree=tree, family = "multinomial2", nitt=600000,
burnin=100000, thin=100)

SI Table2 & 11
i) Without phylogeny
Prior: list(R=list(V=1,nu=0.002))

Model: MCMCglmm/(cbind(extra-pair offspring, within-pair offspring) ~ Cooperation, family
="multinomial2", nitt=600000, burnin=100000, thin=100)

ii) With phylogeny
Prior: list(R=list(V=1,nu=0.002), G=list(G1=list(V=1, nu=0.002)

Model: MCMCglmm/(cbind(extra-pair offspring, within-pair offspring) ~ Cooperation, random
= ~animal, pedigree=tree, family = "multinomial2", nitt=600000, burnin=100000, thin=100)

SI Table 3
i) Without phylogeny
Prior: list(R=list(V=1,nu=0.002))

Model: MCMCglmm/(cbind(% extra-pair offspring, 100-% extra-pair offspring) ~ Cooperation,
family ="multinomial2", nitt=600000, burnin=100000, thin=100)

ii) With phylogeny
Prior: list(R=list(V=1,nu=0.002), G=list(G1=list(V=1, nu=0.002)

Model: MCMCglmm/(cbind(% extra-pair offspring, 100-% extra-pair offspring) ~ Cooperation,
random = ~animal, pedigree=tree, family = "multinomial2", nitt=600000, burnin=100000,
thin=100)
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SI Table 4
Prior: list(R = list(V = diag(2), nu=1.002, fix=2), G = list(G1=list(V = diag(2), nu =1.002)))

Model: MCMCglmm/(cbind(cbind(extra-pair offspring, within-pair offspring), Probability of
Cooperation) ~ trait-1, random = ~us(trait):species, rcov = ~us(trait):units, family =
c("multinomial2”, "categorical"), nitt=7100000, burnin=100000, thin=1000)

SI Table 5 & 12
Prior: list(R = list(V = diag(2), nu=1.002, fix=2), G = list(G1=list(V = diag(2), nu =1.002)))

Model: MCMCglmm/(cbind(cbind(extra-pair offspring, within-pair offspring), Probability of
Cooperation) ~ trait-1, random = ~us(trait):animal, rcov = ~us(trait):units, pedigree=tree,
family = ¢("multinomial2", "categorical"), nitt=7100000, burnin=100000, thin=1000)

SI Table 7 & 14
Prior: list(R=list(V=1,nu=0.002), G=list(G1=list(V=1, nu=0.002)

Model: MCMCglmm(cbind(extra-pair offspring, within-pair offspring) ~ Cooperation category,
random = ~animal, pedigree=tree, family = "multinomial2", nitt=600000, burnin=100000,
thin=100)

SI Table 8
i) Without phylogeny
Prior: list(R=list(V=1,nu=0.002))

Model: MCMCglmm(Z transformed rkin ~ extra-pair paternity+extra-pair paternity?,
mev=measurement error variance, family ="gaussian", nitt=600000, burnin=100000,
thin=100)

ii) With phylogeny
Prior: list(R=list(V=1,nu=0.002), G=list(G1=list(V=1, nu=0.002)

Model: MCMCglmm(Z transformed rkin ~ extra-pair paternity+extra-pair paternity?, random
= ~animal, mev=measurement error variance, pedigree=tree, family = "multinomial2",
nitt=600000, burnin=100000, thin=100)

SI Table 9

i) Without phylogeny
Prior: list(R=list(V=1,nu=0.002))
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Model: MCMCglmm(cbind(% cooperative nests, 100-% cooperative nests) ~ extra-pair
paternity, family ="multinomial2", nitt=600000, burnin=100000, thin=100)

ii) With phylogeny
Prior: list(R=list(V=1,nu=0.002), G=list(G1=list(V=1, nu=0.002)

Model: MCMCglmm/(cbind(% cooperative nests, 100-% cooperative nests) ~ extra-pair
paternity, random = ~animal, pedigree=tree, family = "multinomial2", nitt=600000,
burnin=100000, thin=100)

The code used to implement analyses testing for confounding effects of breeding range and
longevity was as follows:

Breeding range
Prior: list(R=list(V=1,nu=0.002), G=list(G1=list(V=1, nu=0.002)

Model: MCMCglmm(cbind(extra-pair offspring, within-pair offspring) ~
cooperation+breeding range, random = ~animal, pedigree=tree, family = "multinomial2",
nitt=600000, burnin=100000, thin=100)

Longevity
Prior: list(R=list(V=1,nu=0.002), G=list(G1=list(V=1, nu=0.002)

Model: MCMCglmm(cbind(extra-pair offspring, within-pair offspring) ~
cooperation+longevity, random = ~animal, pedigree=tree, family = "multinomial2",
nitt=600000, burnin=100000, thin=100)
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Supplementary figure
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SI Figure 1: Relatedness between potential helpers and breeders and female promiscuity.
Across cooperative species relatedness was negative correlated with promiscuity (Nspecies=11,
f=-0.27,Cl =-0.57 to -0.01, P=0.03).
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Supplementary tables
SI Table 1: The relationship between mean relatedness between potential helpers and breeders (binomial response) and estimated rates of

female promiscuity.

Fixed Terms Parameter Estimate () Lower CI Upper CI P
Promiscuity (log EPP+1): Without phylogeny -0.24 -0.52 -0.02 0.02
Promiscuity (log EPP+1): With phylogeny -0.27 -0.57 -0.01 0.03
Random Terms Variance Component Lower CI Upper CI
Phylogenetic variance (V) 0.004 0.0003 0.85 NA
Residual variation (V) 0.007 0.0003 0.84 NA

Notes: 600,000 iterations with 100,000 burnin and thinning interval of 100. Model excluding phylogenetic effect: DIC = 1300.7. Model including

phylogenetic effect: DIC = 1300.7. Ngpecies=11.
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SI Table 2: The differences in female promiscuity between non-cooperative and cooperative breeding birds.

Fixed Terms Parameter Estimate () Lower CI Upper CI P
Without phylogeny: Cooperative 0.04 0.02 0.08
phyiogeny P 0.00021
Non-cooperative 0.14 0.11 0.17
With phylogeny: Cooperative 0.05 0.02 0.17
0.004!
Non-cooperative 0.15 0.05 0.30
Random Terms Variance Component Lower CI Upper CI
Phylogenetic variance (Vq) 1.84 0.83 3.12 NA
Residual variation (V.) 1.30 0.87 1.78 NA
Phylogenetic heritability (h?) 0.61 0.38 0.77 NA

Notes: 600,000 iterations with 100,000 burnin and thinning interval of 100. Model excluding phylogenetic effect: DIC = 19,135. Model including
phylogenetic effect: DIC = 19,123 (best model). Ngpecies=267. 1P values refer to difference between parameter estimates (cooperative versus non-

cooperative).
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SI Table 3: The differences in female promiscuity between non-cooperative and cooperative breeding birds including data on species where

sample sizes were not reported (6 species).

Fixed Terms Parameter Estimate (f) Lower CI Upper CI P
Without phylogeny: Cooperative 0.02 0.008 0.06
phylogeny P 0.001!
Non-cooperative 0.10 0.08 0.14
With phylogeny: Cooperative 0.03 0.006 0.16
0.005!
Non-cooperative 0.10 0.03 0.32
Random Terms Variance Component Lower CI Upper CI
Phylogenetic variance (V) 2.55 1.29 4.94 NA
Residual variation (V) 2.27 1.60 3.11 NA
Phylogenetic heritability (h?) 0.54 0.37 0.75 NA

Notes: 600,000 iterations with 100,000 burnin and thinning interval of 100. Model excluding phylogenetic effect: DIC = 19,715. Model including

phylogenetic effect: DIC = 19,710. Ngpecies=273. 1P values refer to difference between parameter estimates (cooperative versus non-cooperative).
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SI Table 4: The correlation between promiscuity and cooperative breeding in birds. The analysis was conducted using a multi-response model

(trait 1 = promiscuity (binomial response), trait 2 = cooperative breeding (binary response: 0 = non-cooperative, 1 = cooperative).

Random Terms Variance Component Lower CI Upper CI P
Variance in promiscuity (Vaz) 0.80 0.17 3.14 NA
Variance in cooperative breeding (V,z) 058 0.07 62.17 NA
Covariance between promiscuity and cooperative breeding (Cov; ) -0.35 -5.47 0.49 NA
Residual variation for promiscuity (Ve:) 2.45 0.23 3.25 NA
Correlation between promiscuity and cooperative breeding (r,2) -0.54 -0.95 011 0.07

Notes: 7.1 million iterations with 100,000 burnin and thinning interval of 100. Nspecies=267. Model assuming cooperative breeding and promiscuity

are independent (~idh(trait):species): DIC = 19336. Model assuming cooperative breeding and promiscuity are correlated (~us(trait):species): DIC

=19324 (best model).
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SI Table 5: The phylogenetic correlation between promiscuity and cooperative breeding in birds. Analysis was conducted using a multi-

response model (trait 1 = promiscuity (binomial response), trait 2 = cooperative breeding (binary response: 0 = non-cooperative, 1 =

cooperative).

Random Terms Variance Component Lower CI Upper CI P
Phylogenetic variance in promiscuity (Va:) 2.11 1.06 3.39 NA
Phylogenetic variance in cooperative breeding (Vaz) 20.79 2.46 345.44 NA
Phylogenetic covariance between promiscuity and cooperative breeding (Covs,z) -4.26 -17.74 -1.07 NA
Residual variation for promiscuity (Ve:) 1.18 0.85 1.70 NA
Phylogenetic heritability for promiscuity (H2;) 0.66 0.47 0.79 NA
Intraclass correlation coefficient for cooperative breeding (I/C>) 0.97 0.72 0.99 NA
Phylogenetic correlation between promiscuity and cooperative breeding (r;,2) -0.63 -0.86 -0.33 0.001

Notes: 7.1 million iterations with 100,000 burnin and thinning interval of 1000. Residual variation cannot be estimated for binary traits and
therefore it is not possible to estimate phylogenetic heritability (proportion of phenotypic variation attributable to shared ancestry between
species). However, the intraclass correlation coefficient (IC) can be calculated which gives an estimate of the degree of similarity between related
species providing an analogous measure to heritability. Nspecies=267. Model assuming cooperative breeding and promiscuity evolve independently
(~idh(trait):animal): DIC = 19258, Model estimating correlated evolution between cooperative breeding and promiscuity (~us(trait):animal): DIC =

19232 (best model).
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SI Table 6: Estimation of evolutionary transition rates between cooperative breeding and different levels of promiscuity (low: less than or
equal to the median extra-pair paternity (<=14%). High: higher than the median (>14%) extra-pair paternity) and comparison of models

assuming independent evolution versus correlation evolution of cooperative breeding and promiscuity.

Cooperation transition Promiscuity Transition rate Log-likelihood when Log-likelihood DF P
Transition restricted to 0 Change

Cooperative Low to High 0.08 (0.0) -237.53 1.79 1 0.06

Cooperative High to Low 0.19 (0.33) -238.96 3.22 1 0.01
Non-cooperative Low to High 0.02 (0.42) -245.01 9.27 1 <0.0001

Non-cooperative High to Low 0.004 (0.008) -237.74 2 1 0.05
Cooperative to Non-cooperative Low 0.04 (0.08) -243.33 7.59 1 <0.0001
Non-cooperative to Cooperative Low 0.02 (0.34) -249.75 14.01 1 <0.0001

Cooperative to Non-cooperative High 0.04 (0.04) -237.39 1.65 1 0.08

Non-cooperative to Cooperative High 0.009 (0.027) -238.98 3.24 1 0.01

Notes: Ngpecies=267. Model assuming independent evolution of cooperative breeding and promiscuity: log-likelihood =-241.31. Model assuming
correlated evolution of cooperative breeding and promiscuity: log-likelihood = -235.74. Model of correlated evolution had a significantly higher log-
likelihood than the model assuming independent evolution: log-likelihood ratio test (LRT) =11.2, df=4, P=0.02. Whether transition rates were

significantly different from 0 was tested using LRTs by comparing the log-likelihood of models estimating the transition rate with models that

11
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assumed the transition rate was zero. We also ran the analysis using a covarion model that allows rates of evolution to vary across the tree, which

gave qualitatively similar results (transition rates are presented in the brackets in the transition rate column).
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SI Table 7: The differences in female promiscuity rates between ancestors giving rise to both cooperative and non-cooperative, only

cooperative and only non-cooperative species.

Fixed Terms Parameter Estimate Lower CI Upper CI P

Ancestor Descendents B) (1) (2) 3) 4) (5) (6)
Non-cooperative Only non-cooperative (1) 0.19 0.07 0.34 X 0.002 0.001 0.08 0.005 o0.01
Non-cooperative Both cooperative & non-cooperative (2) 0.06 0.01 0.16 X 0.09 0.71 0.13 0.37
Non-cooperative Only cooperative (3) 0.01 0.001 0.08 X 0.04 052 082
Cooperative Only non-cooperative (4) 0.08 0.01 0.24 X 0.07 0.22
Cooperative Both cooperative & non-cooperative (5) 0.01 0.001 0.10 X 0.16
Cooperative Only cooperative (6) 0.02 0.005 0.16 X
Random Terms Variance Component Lower CI Upper CI

Phylogenetic variance (V) 1.47 0.75 2.77 NA

Residual variation (V) 131 0.86 1.75 NA

Notes: P value is the proportion of iterations where the parameter estimate is greater than 0 (positive estimates) or less than 0 (negative estimates). 600,000

iterations with 100,00 burnin and thinning interval of 100. Nspecies=267, Nnodes=266.
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SI Table 8: Meta-analysis of the relationship between kin discrimination (rkin) and female promiscuity. rKin (response) was Z-transformed

prior to the analysis and data points were weighted against the inverse variance (1/(N-3) of each study of kin discrimination.

Fixed Terms Parameter Estimate (f) Lower CI Upper CI P
Promiscuity: Without phylogeny 0.31 -0.12 0.85 0.07
Promiscuity?: Without phylogeny -0.29 -0.62 0.02 0.03
Promiscuity: With phylogeny 0.37 -0.16 0.91 0.07
Promiscuity?: With phylogeny -0.31 -0.67 0.01 0.03
Random Terms Variance Component Lower CI Upper CI
Phylogenetic variance (Vq) 0.002 0.0001 0.32 NA
Residual variation (V) 0.08 0.0003 0.34 NA

Notes: P value is the proportion of iterations where the parameter estimate is greater than 0 (positive estimates) or less than 0 (negative estimates).

600,000 iterations with 400,000 burnin and thinning interval of 10. Model excluding phylogenetic effect: DIC = 18.0. Model including phylogenetic

effeCt: DIC = 12.79. Nspecieszls.
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SI Table 9: The relationship between percentage of cooperative nests (binomial response) and rates of promiscuity.

Fixed Terms Parameter Estimate (f) Lower CI Upper CI P
Promiscuity: Without phylogeny -0.15 -0.35 -0.01 0.01
Promiscuity: With phylogeny -0.15 -0.29 -0.02 0.01
Random Terms Variance Component Lower CI Upper CI

Phylogenetic variance (Vq) 0.50 0.09 36.30 NA
Residual variation (Ve) 20.53 4.24 53.61 NA

Notes: P value is the proportion of iterations where the parameter estimate is greater than 0 (positive estimates) or less than 0 (negative estimates).
600,000 iterations with 100,000 burnin and thinning interval of 10. Model excluding phylogenetic effect: DIC = 1648. Model including phylogenetic

effect: DIC=1649. Nspecies=30.
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SI Table 10: Inferred transitions to and from cooperative breeding across the bird phylogeny

Ancestor | Estimated Descendent Estimated Inferred Transition
breeding system breeding system
Nodel Noncooperative | Node2 Noncooperative Noncooperative to
Noncooperative
Node2 Noncooperative | Node3 Noncooperative | Noncooperative to
Noncooperative
Node3 Noncooperative | Node4 Noncooperative | Noncooperative to
Noncooperative
Node4 Noncooperative | Node5 Noncooperative Noncooperative to
Noncooperative
Node5 Noncooperative | Node6 Noncooperative Noncooperative to
Noncooperative
Node6 Noncooperative | Node7 Noncooperative Noncooperative to
Noncooperative
Node7 Noncooperative | Node8 Noncooperative Noncooperative to
Noncooperative
Node8 Noncooperative | Node9 Noncooperative Noncooperative to
Noncooperative
Node9 Noncooperative | Nodel0 Noncooperative Noncooperative to
Noncooperative
Node1l0 | Noncooperative | Nodell Noncooperative | Noncooperative to
Noncooperative
Nodell | Noncooperative | Nodel2 Noncooperative | Noncooperative to
Noncooperative
Nodel2 | Noncooperative | Nodel3 Noncooperative | Noncooperative to
Noncooperative
Nodel3 | Noncooperative | Nodel4 Noncooperative | Noncooperative to
Noncooperative
Nodel4 | Noncooperative | Nodel5 Noncooperative Noncooperative to
Noncooperative
Nodel5 | Noncooperative | Nodel6 Noncooperative Noncooperative to
Noncooperative
Nodel6 | Noncooperative | Nodel7 Noncooperative Noncooperative to
Noncooperative
Nodel7 | Noncooperative | Nodel8 Noncooperative Noncooperative to
Noncooperative
Node18 | Noncooperative | Nodel9 Noncooperative | Noncooperative to
Noncooperative
Nodel9 | Noncooperative | Sialia mexicana Cooperative Noncooperative to
Cooperative
Nodel9 | Noncooperative | Node20 Noncooperative | Noncooperative to
Noncooperative
Node20 | Noncooperative | Sialia currucoides Noncooperative Noncooperative to
Noncooperative
Node20 | Noncooperative | Sialia sialis Noncooperative Noncooperative to
Noncooperative
Nodel8 | Noncooperative | NodeZ21l Noncooperative Noncooperative to
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Node21 | Noncooperative | Hylocichla mustelina Noncooperative Noncooperative to
Noncooperative

Node21 | Noncooperative | Node22 Noncooperative Noncooperative to
Noncooperative

Node22 | Noncooperative | Turdus migratorius Noncooperative Noncooperative to
Noncooperative

Node22 | Noncooperative | Node23 Noncooperative | Noncooperative to
Noncooperative

Node23 | Noncooperative | Turdus grayi Noncooperative | Noncooperative to
Noncooperative

Node23 | Noncooperative | Turdus merula Noncooperative Noncooperative to
Noncooperative

Nodel7 | Noncooperative | Node24 Noncooperative | Noncooperative to
Noncooperative

Node24 | Noncooperative | Erithacus rubecula Noncooperative Noncooperative to
Noncooperative

Node24 | Noncooperative | Node25 Noncooperative Noncooperative to
Noncooperative

Node25 | Noncooperative | Phoenicurus phoenicurus Noncooperative Noncooperative to
Noncooperative

Node25 | Noncooperative | Node26 Noncooperative Noncooperative to
Noncooperative

Node26 | Noncooperative | Node27 Noncooperative | Noncooperative to
Noncooperative

Node27 | Noncooperative | Ficedula albicollis Noncooperative Noncooperative to
Noncooperative

Node27 | Noncooperative | Ficedula hypoleuca Noncooperative Noncooperative to
Noncooperative

Node26 | Noncooperative | Luscinia svecica Noncooperative Noncooperative to
Noncooperative

Nodel6 | Noncooperative | Node28 Noncooperative Noncooperative to
Noncooperative

Node28 | Noncooperative | Node29 Noncooperative Noncooperative to
Noncooperative

Node29 | Noncooperative | Node30 Noncooperative Noncooperative to
Noncooperative

Node30 | Noncooperative | Sturnus unicolor Noncooperative Noncooperative to
Noncooperative

Node30 | Noncooperative | Sturnus vulgaris Noncooperative Noncooperative to
Noncooperative

Node29 | Noncooperative | Lamprotornis superbus Cooperative Noncooperative to
Cooperative

Node28 | Noncooperative | Ramphocinclus brachyurus | Cooperative Noncooperative to
Cooperative

Nodel5 | Noncooperative | Node31 Noncooperative | Noncooperative to
Noncooperative

Node31 | Noncooperative | Node32 Noncooperative Noncooperative to
Noncooperative

Node32 | Noncooperative | Node33 Noncooperative Noncooperative to
Noncooperative
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Node33
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Node34
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Cardinalis cardinalis
Piranga olivacea
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Node61

Ammodramus maritimus
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SUPPLEMENTARY INFORMATION

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative

Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
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Node72

Node73

Node73

Node69

Node66

Node41

Node74

Node74

Node40

Node75

Node76

Node77

Node77

Node76

Node78

Node79

Node79

Node80

Node81

Node81

Node82

Node82

Node80

Node78

Node83

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative

Noncooperative
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Node73

Dendroica petechia
Dendroica pensylvanica
Vermivora chrysoptera
Geothlypis trichas
Node74

Calcarius ornatus
Calcarius pictus
Node75

Node76

Node77

Carpodacus erythrinus
Oenanthe oenanthe
Node78

Node79

Carduelis tristis
Node80

Node81

Carduelis cannabina
Node82

Serinus canaria
Serinus serinus

Loxia curvirostra
Node83

Carpodacus mexicanus

SUPPLEMENTARY INFORMATION

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative

Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
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Node83

Node75

Node39

Node38

Node84

Node85

Node85

Node84

Node86

Node86

Node37

Node87

Node88

Node89

Node90

Node90

Node91

Node91

Node89

Node88

Node87

Node36

Node92

Node92

Nodel2

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Cooperative

Noncooperative
Noncooperative

Noncooperative
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Loxioides bailleui
Fringilla coelebs
Anthus spinoletta
Node84

Node85
Taeniopygia guttata
Petronia petronia
Node86

Passer domesticus
Passer montanus
Node87

Node88

Node89

Node90
Philetairus socius
Node91

Euplectes orix
Quelea quelea
Bubalornis niger
Prunella modularis
Prunella collaris
Node92

Nectarinia bouvieri
Promerops cafer

Node93

SUPPLEMENTARY INFORMATION

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Cooperative

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative

Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Cooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Cooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

22



doi: 10.1038/nature09335

Node93

Node94

Node95

Node96

Node97

Node98

Node99

Nodel100

Nodel100

Node99

Node98

Nodel01

Nodel02

Node102

Node101

Nodel103

Node104

Nodel05

Nodel05

Nodel04

Node103

Node106

Node107

Nodel07

Nodel06

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative

Noncooperative
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Node94

Node95

Node96

Node97

Node98

Node99

Node100

Phylloscopus trochilus
Phylloscopus fuscatus
Phylloscopus sibilatrix
Node101

Node102

Acrocephalus palustris
Acrocephalus scirpaceus
Node103

Node104

Node105

Acrocephalus arundinaceus
Acrocephalus vaughani
Acrocephalus sechellensis
Nodel06

Node107

Acrocephalus bistrigiceps
Acrocephalus melanopogon

Nodel108

SUPPLEMENTARY INFORMATION

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Cooperative

Noncooperative
Noncooperative
Noncooperative
Noncooperative

Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Cooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
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Nodel108

Nodel108

Node97

Node109

Nodel10

Nodel11

Nodel111

Nodel10

Nodel109

Node96

Nodel12

Nodel13

Nodel13

Nodel14

Nodel15

Nodel15

Nodel14

Nodel12

Nodell6

Nodel17

Nodel17

Nodell6

Node95

Nodel18

Nodel18

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative

Noncooperative
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Acrocephalus paludicola

Acrocephalus
schoenobaenus

Node109

Nodel10

Nodel11

Turdoides plebejus
Zosterops lateralis
Turdoides bicolor
Paradoxornis gularis
Nodel112

Nodel13

Progne subis
Nodel14

Nodel15

Riparia riparia
Tachycineta bicolor
Tachycineta albilinea
Nodell6

Nodel17

Delichon urbica
Petrochelidon spilodera
Hirundo rustica
Node118

Aegithalos caudatus

Psaltriparus minimus

SUPPLEMENTARY INFORMATION

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Cooperative

Noncooperative
Cooperative

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Cooperative

Cooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Cooperative
Noncooperative to
Noncooperative

Noncooperative to
Cooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Cooperative
Noncooperative to
Cooperative
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Node94

Nodel19

Nodel19

Node93

Nodel20

Node120

Nodel121

Nodel22

Nodel22

Nodel23

Nodel24

Node124

Nodel25

Nodel26

Nodel26

Nodel25

Nodel23

Nodel21

Nodel27

Nodel127

Nodel28

Node128

Nodell

Nodel0

Nodel29

Noncooperative
Cooperative

Cooperative

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative

Noncooperative
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Nodel19

Panurus biarmicus
Alauda arvensis
Nodel20

Remiz pendulinus
Nodel121

Node122
Baeolophus bicolor
Node123

Nodel24
Lophophanes cristatus
Nodel25

Nodel26

Poecile carolinensis
Poecile atricapillus
Poecile montanus
Periparus ater
Nodel27

Cyanistes caeruleus
Node128
Pseudopodoces humilis
Parus major
Petroica goodenovii
Node129

Nodel30

SUPPLEMENTARY INFORMATION

Cooperative

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative

Noncooperative

Noncooperative to
Cooperative
Cooperative to
Noncooperative
Cooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
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Node130 | Noncooperative | Nodel31 Noncooperative Noncooperative to
Noncooperative
Nodel31 | Noncooperative | Nodel32 Noncooperative Noncooperative to
Noncooperative
Nodel32 | Noncooperative | Lanius bucephalus Noncooperative Noncooperative to
Noncooperative
Nodel32 | Noncooperative | Gymnorhina tibicen Cooperative Noncooperative to
Cooperative
Node131 | Noncooperative | Node133 Noncooperative | Noncooperative to
Noncooperative
Nodel33 | Noncooperative | Pachycephala pectoralis Noncooperative Noncooperative to
Noncooperative
Nodel33 | Noncooperative | Nodel34 Noncooperative | Noncooperative to
Noncooperative
Nodel34 | Noncooperative | Nodel35 Noncooperative Noncooperative to
Noncooperative
Node135 | Noncooperative | Nodel36 Noncooperative Noncooperative to
Noncooperative
Node136 | Noncooperative | Nodel37 Cooperative Noncooperative to
Cooperative
Node137 | Cooperative Nodel38 Cooperative Cooperative to
Cooperative
Node138 | Cooperative Node139 Cooperative Cooperative to
Cooperative
Node139 | Cooperative Aphelocoma californica Cooperative Cooperative to
Cooperative
Nodel139 | Cooperative Aphelocoma coerulescens Cooperative Cooperative to
Cooperative
Node138 | Cooperative Node140 Cooperative Cooperative to
Cooperative
Node140 | Cooperative Calocitta formosa Cooperative Cooperative to
Cooperative
Node140 | Cooperative Cyanocorax morio Cooperative Cooperative to
Cooperative
Node137 | Cooperative Nodel41 Cooperative Cooperative to
Cooperative
Node141 | Cooperative Perisoreus canadensis Noncooperative Cooperative to
Noncooperative
Node141 | Cooperative Perisoreus infaustus Noncooperative Cooperative to
Noncooperative
Node136 | Noncooperative | Node142 Noncooperative | Noncooperative to
Noncooperative
Node142 | Noncooperative | Node143 Cooperative Noncooperative to
Cooperative
Nodel43 | Cooperative Nodel44 Cooperative Cooperative to
Cooperative
Node144 | Cooperative Corvus corone Cooperative Cooperative to
Cooperative
Node144 | Cooperative Corvus brachyrhynchos Cooperative Cooperative to
Cooperative
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Node143 | Cooperative Corvus monedula Noncooperative Cooperative to
Noncooperative
Node142 | Noncooperative | Pica pica Noncooperative Noncooperative to
Noncooperative
Node135 | Noncooperative | Nodel45 Cooperative Noncooperative to
Cooperative
Node145 | Cooperative Lanius collurio Noncooperative | Cooperative to
Noncooperative
Node145 | Cooperative Nodel46 Noncooperative | Cooperative to
Noncooperative
Nodel46 | Noncooperative | Lanius minor Noncooperative | Noncooperative to
Noncooperative
Nodel46 | Noncooperative | Lanius ludovicianus Noncooperative Noncooperative to
Noncooperative
Nodel34 | Noncooperative | Nodel47 Noncooperative Noncooperative to
Noncooperative
Node147 | Noncooperative | Grallina cyanoleuca Noncooperative Noncooperative to
Noncooperative
Node147 | Noncooperative | Node148 Cooperative Noncooperative to
Cooperative
Node148 | Cooperative Corcorax melanorhamphos | Cooperative Cooperative to
Cooperative
Node148 | Cooperative Struthidea cinerea Cooperative Cooperative to
Cooperative
Node130 | Noncooperative | Node149 Cooperative Noncooperative to
Cooperative
Node149 | Cooperative Vireo solitarius Noncooperative Cooperative to
Noncooperative
Node149 | Cooperative Vireo olivaceus Noncooperative Cooperative to
Noncooperative
Nodel29 | Noncooperative | Nodel50 Noncooperative Noncooperative to
Noncooperative
Node150 | Noncooperative | Notiomystis cincta Noncooperative Noncooperative to
Noncooperative
Node1l50 | Noncooperative | Philesturnus carunculatus Noncooperative Noncooperative to
Noncooperative
Node9 Noncooperative | Pomatostomus temporalis Cooperative Noncooperative to
Cooperative
Node8 Noncooperative | Nodel51 Noncooperative | Noncooperative to
Noncooperative
Nodel51 | Noncooperative | Nodel52 Cooperative Noncooperative to
Cooperative
Nodel52 | Cooperative Nodel53 Cooperative Cooperative to
Cooperative
Nodel53 | Cooperative Acanthiza pusilla Noncooperative Cooperative to
Noncooperative
Node153 | Cooperative Sericornis frontalis Cooperative Cooperative to
Cooperative
Node152 | Cooperative Nodel54 Cooperative Cooperative to
Cooperative

27

www.nature.com/nature



doi: 10.1038/nature09335

Nodel54

Nodel54

Nodel55

Nodel55

Nodel51

Nodel56

Nodel57

Nodel57

Nodel58

Nodel58

Nodel56

Node7

Nodel59

Nodel59

Node160

Nodel61

Nodel62

Nodel63

Nodel63

Nodel64

Nodel64

Nodel62

Nodel61

Nodel60

Nodel65

Cooperative
Cooperative
Cooperative
Cooperative
Noncooperative
Cooperative
Cooperative
Cooperative
Cooperative
Cooperative
Cooperative
Noncooperative
Cooperative
Cooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative

Noncooperative
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Manorina melanocephala

Nodel55

Petroica australis
Manorina melanophrys
Nodel56

Nodel57

Malurus coronatus
Node158

Malurus cyaneus
Malurus splendens
Stipiturus malachurus
Node159

Cercomacra melanaria
Node160

Nodel61

Nodel62

Nodel63

Sayornis phoebe
Nodel64

Empidonax virescens
Empidonax traillii
Pyrocephalus rubinus
Tyrannus tyrannus
Nodel65

Elaenia flavogaster

SUPPLEMENTARY INFORMATION

Cooperative
Cooperative
Noncooperative
Cooperative
Cooperative
Cooperative
Cooperative
Cooperative
Cooperative
Cooperative
Noncooperative
Cooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative

Noncooperative

Cooperative to
Cooperative

Cooperative to
Cooperative

Cooperative to
Noncooperative

Cooperative to
Cooperative

Noncooperative to
Cooperative

Cooperative to
Cooperative

Cooperative to
Cooperative

Cooperative to
Cooperative

Cooperative to
Cooperative

Cooperative to
Cooperative

Cooperative to
Noncooperative

Noncooperative to
Cooperative

Cooperative to
Noncooperative

Cooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
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Nodel65

Node6

Nodel66

Nodel67

Nodel68

Nodel69

Node169

Nodel68

Nodel70

Nodel70

Nodel71

Nodel72

Nodel72

Nodel73

Nodel74

Nodel74

Nodel73

Nodel71

Nodel67

Nodel75

Nodel75

Nodel66

Nodel76

Nodel76

Node5

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Cooperative

Cooperative

Noncooperative
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Elaenia chiriquensis
Nodel66

Nodel67

Nodel68

Nodel69

Tockus monteiri
Upupa epops

Nodel70

Colaptes auratus
Nodel71

Nodel72

Picoides tridactylus
Nodel73

Nodel74
Dendrocopos major
Picoides borealis
Dendrocopos medius
Melanerpes portoricensis
Nodel75

Dacelo novaeguineae
Merops bullockoides
Nodel76

Cyanoliseus patagonus
Forpus xanthopterygius

Nodel77

SUPPLEMENTARY INFORMATION

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Cooperative

Noncooperative
Cooperative

Noncooperative
Cooperative

Cooperative

Cooperative

Noncooperative
Noncooperative

Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Cooperative

Noncooperative to
Noncooperative
Noncooperative to
Cooperative
Noncooperative to
Noncooperative
Noncooperative to
Cooperative
Noncooperative to
Cooperative
Noncooperative to
Cooperative

Cooperative to
Noncooperative

Cooperative to
Noncooperative

Noncooperative to
Noncooperative
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Nodel77

Nodel78

Nodel79

Nodel79

Nodel78

Nodel77

Node4

Node3

Nodel180

Nodel81

Nodel182

Node183

Nodel84

Node184

Node183

Nodel182

Node185

Nodel86

Nodel87

Nodel87

Node186

Node188

Node188

Node185

Nodel189

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative

Noncooperative
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Nodel78

Nodel79

Cuculus canorus
Chrysococcyx klaas
Clamator glandarius
Centropus sinensis
Apus apus
Node180

Node181

Node182

Node183

Node184

Accipiter gentilis
Buteo galapagoensis
Aquila heliaca
Node185

Node186

Node187

Falco naumanni
Falco tinnunculus
Node188

Falco eleonorae
Falco columbarius
Node189

Falco sparverius

SUPPLEMENTARY INFORMATION

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Cooperative

Noncooperative

Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Cooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
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Nodel189

Nodel181

Nodel190

Node191

Node192

Node192

Node191

Nodel193

Node194

Nodel195

Nodel195

Nodel96

Nodel96

Node194

Node193

Node190

Nodel180

Nodel197

Node198

Nodel199

Node200

Node201

Node202

Node203

Node203

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative

Noncooperative
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Falco peregrinus
Node190
Node191
Node192
Aegolius funereus
Athene noctua
Node193
Node194
Node195

Otus flammeolus
Node196

Asio otus

Otus asio

Strix aluco

Otus sunia

Tyto alba
Nodel197
Node198
Node199
Node200
Node201
Node202
Node203

Actitis hypoleucos

Actitis macularia

SUPPLEMENTARY INFORMATION

Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative
Noncooperative

Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative

Noncooperative to
Noncooperative

Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
Noncooperative to
Noncooperative
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Supplementary tables of analyses excluding Petroica australis

SI Table 11: The differences in female promiscuity between non-cooperative and cooperative breeding birds.

Fixed Terms Parameter Estimate (f) Lower CI Upper CI P
Without phylogeny: Cooperative 0.02 0.02 0.08
phylogeny P 0.00041
Non-cooperative 0.08 0.11 0.17
With phylogeny: Cooperative 0.04 0.02 0.15
0.0008!
Non-cooperative 0.14 0.06 0.30
Random Terms Variance Component Lower CI Upper CI
Phylogenetic variance (V) 1.63 0.75 2.84 NA
Residual variation (V) 1.33 0.84 1.72 NA
Phylogenetic heritability (h?) 0.55 0.38 0.76 NA

Notes: 600,000 iterations with 100,000 burnin and thinning interval of 100. Model excluding phylogenetic effect: DIC = 19,134. Model including
phylogenetic effect: DIC = 19,121 (best model). Ngpecies=266. 1P values refer to difference between parameter estimates (cooperative versus non-

cooperative).
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SI Table 12: The phylogenetic correlation between promiscuity and cooperative breeding in birds. Analysis was conducted using a multi-

response model (trait 1 = promiscuity (binomial response), trait 2 = cooperative breeding (binary response: 0 = non-cooperative, 1 =

cooperative).

Random Terms Variance Component Lower CI Upper CI P
Phylogenetic variance in promiscuity (Va:) 2.19 1.09 3.29 NA
Phylogenetic variance in cooperative breeding (Vaz) 70.53 9.57 479.62 NA
Phylogenetic covariance between promiscuity and cooperative breeding (Covs,z) -10.46 "65.78 -1.86 NA
Residual variation for promiscuity (Ve:) 1.28 0.82 1.67 NA
Phylogenetic heritability for promiscuity (H2;) 0.63 0.45 0.78 NA
Intraclass correlation coefficient for cooperative breeding (I/C>) 0.99 0.93 0.99 NA
Phylogenetic correlation between promiscuity and cooperative breeding (r;,2) -0.58 -0.83 -0.31 <0.0001

Notes: 7.1 million iterations with 100,000 burnin and thinning interval of 1000. Residual variation cannot be estimated for binary traits and
therefore it is not possible to estimate phylogenetic heritability (proportion of phenotypic variation attributable to shared ancestry between
species). However, the intraclass correlation coefficient (IC) can be calculated which gives an estimate of the degree of similarity between related
species providing an analogous measure to heritability3!. Ngpecies=266. Model assuming cooperative breeding and promiscuity evolve independently
(~idh(trait):animal): DIC =19167, Model estimating correlated evolution between cooperative breeding and promiscuity (~us(trait):animal): DIC

=19138 (best model).
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SI Table 13: Estimation of evolutionary transition rates between cooperative breeding and different levels of promiscuity (low: less than or
equal to the median extra-pair paternity (<=14%). High: higher than the median (>14%) extra-pair paternity) and comparison of models

assuming independent evolution versus correlation evolution of cooperative breeding and promiscuity.

Cooperation transition Promiscuity Transition rate Log-likelihood when Log-likelihood DF P
Transition restricted to 0 Change

Cooperative Low to High 0.08 (0.0) -235.76 1.91 1 0.05

Cooperative High to Low 0.19 (0.34) -236.49 2.63 1 0.02
Non-cooperative Low to High 0.02 (0.57) -243.02 9.16 1 <0.0001

Non-cooperative High to Low 0.003 (0.007) -235.90 2.04 1 0.04

Cooperative to Non-cooperative Low 0.04 (0.07) -238.91 5.05 1 0.001
Non-cooperative to Cooperative Low 0.02 (0.46) -248.64 14.78 1 <0.0001

Cooperative to Non-cooperative High 0.05 (0.05) -235.99 2.13 1 0.04

Non-cooperative to Cooperative High 0.009 (0.03) -236.64 2.78 1 0.02

Notes: Ngpecies=266. Model assuming independent evolution of cooperative breeding and promiscuity: log-likelihood =-239.70. Model assuming
correlated evolution of cooperative breeding and promiscuity: log-likelihood = -233.86. Model of correlated evolution had a significantly higher log-
likelihood than the model assuming independent evolution: log-likelihood ratio test (LRT) =11.68, df=4, P=0.02. Whether transition rates were

significantly different from 0 was tested using LRTs by comparing the log-likelihood of models estimating the transition rate with models that
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assumed the transition rate was zero. We also ran the analysis using a covarion model that allows rates of evolution to vary across the tree, which

gave qualitatively similar results (transition rates are presented in the brackets in the transition rate column).
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SI Table 14: The differences in female promiscuity rates between ancestors giving rise to both cooperative and non-cooperative, only

cooperative and only non-cooperative species.

SUPPLEMENTARY INFORMATION

Fixed Terms Parameter Estimate Lower CI Upper CI P

Ancestor Descendents B) (6) (4) (5) 3) (1) (2)
Non-cooperative Only non-cooperative (6) 0.17 0.08 0.36 X 0.002 0.0002 0.07 0.02 0.01
Non-cooperative  Both cooperative & non-cooperative (4) 0.04 0.01 0.16 X 0.08 0.71 0.28 0.36
Non-cooperative Only cooperative (5) 0.009 0.001 0.08 X 0.05 0.69 081
Cooperative Only non-cooperative (3) 0.07 0.01 0.24 X 0.18 0.21
Cooperative Both cooperative & non-cooperative (1) 0.01 0.001 0.17 X 0.36
Cooperative Only cooperative (2) 0.03 0.005 0.16 X
Random Terms Variance Component Lower CI Upper CI

Phylogenetic variance (V) 1.49 0.77 2.75 NA

Residual variation (V) 1.18 0.84 1.69 NA

Notes: P value is the proportion of iterations where the parameter estimate is greater than 0 (positive estimates) or less than 0 (negative estimates). 600,000

iterations with 100,00 burnin and thinning interval of 100. Nspecies=266, Nnodes=265.
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SUPPLEMENTARY INFORMATION

SI Table 10 - List of all species included in analyses for which genetic data was available on % broods containing chicks fathered by extra pair
males (or extra group males, in cooperatively breeding species), sample sizes in brackets.

* Sample size unknown

Point Kin
estimate discrimination
% Broods with for EGP Species Species (rkin)2
Extra Group study upper limit | lower limit
List of species included in analyses Breeding System Paternity (n) population

Seychelles Warbler Acrocephalus sechellensis Cooperative? 40 (45) *° 73.33 73.33 03 0.633

Long-tailed Tit Aegithalos caudatus Cooperative® 12.5 (48)’ 526 0.882

Scrub Jay Aphelocoma coerulescens Cooperative® 0 (60)° 5510 80! 2741 0.406
Mexican Jay Aphelocoma ultramarina Cooperative®1? 62.75 (51)%3 10012 10012 1002
White-throated Magpie-Jay Calocitta formosa Cooperativell/t4 9.38 (32) 100 100! ot
Bicolored Wren Campylorhynchus griseus Cooperative!>1® 0 (99)%° 5013 >5016 1516

Stripe-backed Wren Campylorhynchus nuchalis Cooperative!’ 4.6 (22)'8 671 -0.208
White-winged Chough Corcorax melanorhamphos Cooperative!® 0 (11)¥° 100%° 100%° 100%°
American Crow Corvus brachyrhynchos Cooperative?° 21.7 (60)%° 90%° 30%°

www.nature.com/nature
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Corvus corone

Cyanocorax morio

Dacelo novaeguineae

Falco columbarius

Gallinula chloropus

Gymnorhina tibicen

Lamprotornis superbus

Malurus coronatus

Malurus cyaneus

Malurus splendens

Manorina melanocephala

Manorina melanophrys

Melanerpes formicivorus
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Cooperative?!
Cooperative?324
Cooperative?®
Cooperative?’
Cooperative®
Cooperative3!
Cooperative3
Cooperative3>3°
Cooperative3®
Cooperative*!
Cooperative***
Cooperative*®
Cooperative*’

Cooperative®%°!

0 (19)*

22 (18)»

0 (62)%°

0 (18)%®

0 (42)%°
75.71 (70)3233
25 (100)**
5.8 (104)*
69.28
(293)3940
55.35 (159)*
5.71 (35)*
7.69 (13)%

0 (141)48,49

6.1 (65)>?

100%°

28%°

1003

6036,40

2942

100*

1007

7748

5050
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73.3%2

100%°

65.9%%

14%7

3530

10033

1003*

2035

6036

6643

10044,45

1004

8547

6051

011,22

100%°

14%

036

2942

10044,45

1004

2347

5050

0.289

-0.156

0.045

-0.288

0.376

0.590
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Red-cockaded Woodpecker

Grey-crowned Babbler

American Bushtit
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Monias benschi

Philetairus socius

Phoeniculus purpureus

Picoides borealis
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Psaltriparus minimus

Ramphocinclus brachyurus

Sericornis frontalis

Sialia mexicana
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Tribonyx mortierii

Turdoides squamiceps

Acanthiza pusilla

Cooperative®3
Cooperative®
Cooperative
Cooperative®®
Cooperative®:6!
Cooperative®?
Cooperative®
Cooperative®”
Cooperative®©°
Cooperative®®
Cooperative”®
Cooperative”!

Cooperative’?

Noncooperative””

16.7 (12)°3
2.27 (44)>*
(%5556

0 (44)>
18.33 (60)*
0 (10)%3
13.3 (40)%
12.5 (32)%°
45.1 (51)%
0 (15)%°

0 (67)"°

0 (6)"

0 (44)”

11.9 (67)7®

6654

4459

84°!

3063

3764

5465

10.5%

100°°

917°

9674
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8254

90.5°7

4459

84°!

5762

4264

5455

1666

100°°

9674

46>

90.5°7

3058

84°!

1562

3064

5465

366

100°°

9674

0.245

0.062

-0.069

0.326

-0.047
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Northern Goshawk Accipiter gentilis Noncooperative® 2.56 (64)”7
Great Reed Warbler Acrocephalus arundinaceus Noncooperative”® 6.73 (342)7880
Black-browed Reed Warbler  Acrocephalus bistrigiceps Noncooperative’® 13.5 (37)%
Moustashed Warbler Acrocephalus melanopogon Noncooperative®? 56 (25)83

Aquatic Warbler Acrocephalus paludicola Noncooperative”” 70.97 (93)79:84

Marsh Warbler Acrocephalus palustris Noncooperative”” 9.1 (33) %

20.16
Sedge Warbler Acrocephalus schoenobaenus | Noncooperative’® (129)85:86
Eurasian Reed Warbler Acrocephalus scirpaceus Noncooperative’® 15.4 (52)%¥
Henderson Reed Warbler Acrocephalus vaughani Noncooperative®® 15.38 (13)88

Common Sandpiper Actitis hypoleucos Noncooperative®¥°° | 19.05 (42)8%°

Spotted Sandpiper

Boreal Owl

Red-winged Blackbird

Skylark

www.nature.com/nature

Actitis macularius

Aegolius funereu

Agelaius phoeniceus

Alauda arvensis

Noncooperative®
Noncooperative®
Noncooperative””

Noncooperative””

20.6 (34)°

0 (32)%?
49,17 (423)%*
96

27 (52)%
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Noncooperative®
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