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Birds vary greatly in their life-history strategies, including their breeding systems, which range from brood parasitism to a system

with multiple nonbreeding helpers at the nest. By far the most common arrangement, however, is where both parents participate

in raising the young. The traits associated with parental care have been suggested to affect dispersal propensity and lineage

diversification, but to date tests of this potential relationship at broad temporal and spatial scales have been limited. Here, using

data from a globally distributed group of corvoid birds in concordance with state-dependent speciation and extinction models,

we suggest that pair breeding is associated with elevated speciation rates. Estimates of transition between breeding systems

imply that cooperative lineages frequently evolve biparental care, whereas pair breeders rarely become cooperative. We further

highlight that these groups have differences in their spatial distributions, with pair breeders overrepresented on islands, and

cooperative breeders mainly found on continents. Finally, we find that speciation rates appear to be significantly higher on islands

compared to continents. These results imply that the transition from cooperative breeding to pair breeding was likely a significant

contributing factor facilitating dispersal across tropical archipelagos, and subsequent world-wide phylogenetic expansion among

the core Corvoidea.
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Across the animal world, parental investment strategies range

from a complete lack of care, in the case of brood parasites, to

cooperative breeding, where more than two individuals assist in

the raising of young. Although the evolution of this diversity has

been difficult to explain (Lack 1968; Tinkle et al. 1970; Weir and

Rowlands 1973; Clutton-Brock and Harvey 1978; Greenwood

∗These authors contributed equally to this study.

1980; Newton 1989; Koenig and Dickinson 2004), it is suggested

that different levels of parental investment affect other organismal

traits, including sexual dimorphism (Zahavi 1975), natal philopa-

try (Weatherhead and Forbes 1994), and long-distance dispersal

(Cockburn, 2003; Hatchwell 2009). The traits associated with

different systems of parental care have also been suggested to in-

fluence lineage diversification (Cockburn, 2003), but to date tests

of this potential relationship at broad temporal and spatial scales
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have been limited. Birds, particularly the global radiation of the

order Passeriformes (about 6000 species), are especially suited

for such studies as they exhibit a wide range of types of parental

care, with the different breeding systems well documented for a

large proportion of species (Brown 1987; Cockburn 2003, 2006).

The relative frequency of different modes of parental care varies

greatly, however, with biparental care being by far the most com-

mon system (Cockburn 2006), suggesting the potential for a cor-

relation between the life-history traits associated with breeding

systems and diversification.

Previous comparative studies have suggested that the preva-

lence of species exhibiting alternative breeding strategies may

be related to environmental variables, such as precipitation and

temperature (Arnold and Owens 1999; Rubenstein and Lovette

2007; Covas et al. 2008; Jetz and Rubenstein 2011). However,

while ecological factors may influence the present-day distri-

bution of groups, they cannot provide the sole explanation for

regional differences in diversity, which must also reflect biogeo-

graphic and evolutionary history (Ricklefs 1987; Edwards and

Naeem 1993; Ligon and Burt 2004; Cockburn 2006; Cockburn

and Russell 2011; Jetz and Rubenstein 2011), specifically the

differences among clades in terms of their overall age, rates

of net diversification and/or dispersal (Mittelbach et al. 2007;

Rabosky 2009). Using passerine sister-clade comparisons, Cock-

burn (2003) suggested that cooperatively breeding clades had

lower rates of speciation compared to those of pair breeders, at-

tributing this to higher rates of long-distance dispersal among

the pair breeders (but see Ricklefs 2005). Furthermore, a com-

parison of four passerine families demonstrated declining rates

of net diversification among uniparental breeders, but a constant

rate among pair breeders, differences which were also attributed

to dispersal mediated via the breeding system (Fritz et al. 2012).

Available evidence thus suggests that certain modes of parental

care, including cooperative breeding, may have inhibitory effects

on speciation, because high levels of natal philopatry make these

lineages comparatively poor dispersers and colonizers (Cockburn

2003). Consequently, if dispersal is limited in some breeding sys-

tems this should reduce rates of range expansion and allopatric

speciation that involve founder events (Cockburn 2003; Heinsohn

and Double 2004; Phillimore et al. 2006; Phillimore and Price

2008), particularly in highly fragmented landscapes, such as is-

land archipelagos (Mayr and Diamond 2001; but see Weeks and

Claramunt 2014). If this mechanism is general, it may lead to

differences in the amount of accumulated species diversity, and

in the geographic distributions of groups with alternate breeding

systems. Here, we test these predictions among the passerine in-

fraorder core Corvoidea (Barker et al. 2004), a group that displays

great variation in both mating strategies and species distributions.

A clade of passerine birds informally referred to in the recent

literature as the “core Corvoidea” (since Barker et al. 2004) repre-

sents a speciose radiation (about 760 species), which are suggested

to have originated in the proto-Papuan archipelago (Jønsson et al.

2011; Aggerbeck et al. 2014). Many old lineages still persist

only in the modern Australo-Papuan region (Jønsson et al. 2011),

while others have dispersed and subsequently diversified on

all of the world’s major zoographic realms barring Antarctica

(Barker et al. 2004; Jønsson et al. 2011; Aggerbeck et al. 2014).

The past decade has seen a renewed interest in the phylogenetics

and systematics of this radiation, which has led to an increased

understanding of the relationships among families and genera, the

placement of odd taxa, and biogeographical patterns of dispersal

(Jønsson et al. 2011; Aggerbeck et al. 2014). The combined efforts

of these studies, in concordance with further data collection have

enabled the construction of a well-resolved phylogeny spanning

the entire radiation, thus allowing the application of broad scale

comparative methods. Given the heterogeneous distribution of

breeding systems (with both cooperative and pair breeding found

in several distantly related clades), and their origin within a dy-

namic island archipelago, the core Corvoidea therefore represent

a suitable model group in which to study the effects of different

breeding systems on rates of diversification and colonization.

In this study, we investigate this relationship using multi-

state speciation and extinction models (FitzJohn 2012) that allow

simultaneous estimation of speciation, extinction, and transition

rates among states (Maddison et al. 2007; FitzJohn 2012). By

reconstructing ancestral states in concordance with these models,

we infer that the accumulation of diversity among cooperative

breeders has slowed through time, whereas that of pair breeders

continues to arise at a constant rate. In addition, we assess the cor-

relation between breeding systems and island dwelling/migratory

behavior, before highlighting spatial differences in their island

and continental distributions (particularly in the Australo-Papuan

region). Finally, we use a geographic state speciation and ex-

tinction model (GeoSSE; Goldberg et al. 2011) to demonstrate

the alternate diversification dynamics between islands and con-

tinents. Collectively, these results provide empirical support for

the hypothesis that cooperative and pair breeders have undergone

differential rates of net diversification, which we suggest reflects

the increased dispersal propensity of pair breeders.

Methods
PHYLOGENETIC DATA

We generated a time-calibrated species-level phylogeny for 604

species of the core Corvoidea, with taxonomy broadly following

the International Ornithological Congress (IOC) classifications

version 2.7 (Gill and Donsker 2010). This phylogeny was con-

structed using a total of four mitochondrial and seven nuclear

loci (for a total of 12,221 sites), and was calibrated using a num-

ber of fossil and biogeographic age estimates sampled across a
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broad taxonomic and temporal range. Previous phylogenetic stud-

ies of this group generally cover all deeper lineages. Thus, the 159

species (about 20% of the overall radiation) for which molecu-

lar phylogenetic data were still unpublished at the time of the

phylogeny generation are assumed based on current taxonomic

knowledge, to be nested within terminal groups of closely related

species. Half of the missing species are in the families Lani-

idae and Vireonidae, which are broadly accepted as being mono-

phyletic units. To perform a complete species-level analysis, these

taxa were added randomly as polytomies, with their phylogenetic

placement inferred using taxonomic information from the Hand-

book of the Birds of the World (del Hoyo et al. 2005–2010). To

overcome the potential bias of analyzing diversification rates on

trees with polytomies (FitzJohn 2010), we applied the methods of

Kuhn et al. (2011), which uses a birth–death model to resolve these

and assign branch lengths. This method places constraints on the

resolved topology and node ages, leaving the branch lengths of the

unresolved polytomies to be permuted. Polytomy resolution was

performed using the R package Ape, and BEAST (Paradis et al.

2004; Drummond et al. 2012; R Development Core Team 2012),

utilizing a Markov Chain Monte Carlo (MCMC) approach. The

MCMC chain was run for 11,100,000 iterations, sampling every

111,000th iteration. Parameter estimates were inspected in Tracer

(Rambaut et al. 2013) to assess mixing, convergence, and burn-

in. This process resulted in a pseudo-posterior distribution of 100

trees on which subsequent comparative analyses were performed.

To assess the potential impact of the manual placement of missing

taxa and the polytomy resolution process, all analyses were re-

peated on a fully resolved distribution of 100 trees that contained

approximately 80% of the species. Full details on the methods

used to build the phylogenetic trees can be found in Appendix A.

CHARACTER DATA

Data on breeding systems were primarily based on the dataset

compiled by Cockburn (2003, 2006), with taxonomic updates

following the IOC version 2.7 (Gill and Donsker 2010). Species

that evidently live in pairs during the breeding season, and where

both parents participate in feeding the young were classified as

pair breeding. Cooperative breeders are those species in which a

reasonable proportion (>10%) of broods are fed by more than two

individuals, whereas uniparental species were those where only a

single parent provides care for the offspring. Although the extent

to which a species breeds in pairs or cooperatively is likely to

vary along a continuum from occasional to obligate, detailed data

on the variability and mode of cooperation were lacking for the

majority of species (Heinsohn and Double 2004; Cockburn 2006).

Finer division of the character states would therefore increase

the amount of missing data, and bias this toward well-studied

groups, which would further decrease the number of data points

for parameter estimation, and hence increase the complexity and

interpretation of the evolutionary models (Price et al. 2012). This

dataset therefore represents the best broad-scale approximation

of breeding systems in birds to date (Hatchwell 2009) and has

been used in several previous comparative analyses (e.g., Jetz

and Rubenstein 2011; Covas 2012; Feeney et al. 2013). Despite

this, a large proportion of species remain to have their breeding

systems thoroughly documented (about 48.8% of the overall core

Corvoidea). By using information on natural history habits, and

by determining close relatives from molecular phylogenies (i.e.,

predominantly membership of the same genus), Cockburn (2006)

inferred the breeding system for a large number of species in

which this was unknown (see Cockburn 2006). This approach

assumes that these strategies have been conserved among close

relatives (Ligon and Burt 2004; Cockburn and Russell 2011). We

updated these classifications based on more recent phylogenetic

information, where available. To investigate the uncertainty in this

breeding system classification, we performed two sets of analyses

(described below), the first using both the known and inferred

states, and the second where all inferred states were classified

as unknown. The final dataset included 586 biparental (53.8%

inferred), 124 cooperative (27.4% inferred), and 35 uniparental

(14.2% inferred) breeders. In addition, as a consequence of the

lack of data, and a large phylogenetic distance from their closest

relatives, 18 species were classified as unknown in their breeding

system in all analyses.

All species of core Corvoidea were additionally classified as

being restricted to islands, restricted to continental landmasses,

or as being widespread, that is, occurring in both settings. We

characterized species as being an island resident if its breeding

distribution was restricted to one or several islands, whether con-

tinental or oceanic, but separated from continental landmasses by

deep water channels (see Appendix B for full documentation of

the island/continental classification). As such, we did not consider

a minimum island size, but we chose to define islands in this way

so that their colonization would likely have had to include over-

water dispersal, as opposed to intermittent land bridges. The final

dataset included 90 widespread, 508 continental, and 165 island

species.

Finally, we distinguished species that are migratory from

those that are sedentary using an extensive review of available

literature (see Appendix B). Species that undertake considerable

seasonal movements (generally >1000 km) were classified as

migratory, whereas year-round residents and species that only

undertake altitudinal or local/nomadic movements were classified

as sedentary. Our final dataset included 683 sedentary and 80

migratory species.

BREEDING SYSTEMS AND DIVERSIFICATION

Analyses of diversification were performed using the multiple-

state speciation and extinction (MuSSE) models in diversitree
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(FitzJohn 2012; R Development Core Team 2012). The original

formulation of these models tested the effect of binary charac-

ters on rates of diversification (Maddison et al. 2007), but were

extended to include multiple states (FitzJohn 2012). The model

computes a minimum of three parameters for each character: (1)

the speciation rate (λ), (2) the extinction rate (μ), and (3) its rate of

transition to the other character states (q). Using maximum like-

lihood, models differing in the number of estimated parameters

can be compared. We performed our analyses with breeding state

classified into the three states defined above (uniparental, pair,

or cooperative). However, both due to the rarity of uniparental

breeders, and because they form a monophyletic clade, parame-

ters involving this state were not able to be estimated accurately

(Davis et al. 2013) and are thus excluded from the results we

present. We also assessed the effect of the inclusion of the uni-

parental species by pruning these species from the phylogeny,

and repeating our analyses using the binary-state speciation and

extinction (BiSSE) model (Maddison et al. 2007) both with the

polytomy-resolved trees and those generated using molecular data

only. The results remain qualitatively similar (Figs. S1 and S2) to

those from MuSSE, which we present in the main text.

To assess whether speciation, extinction, and transition rates

were independent of breeding system, we fit eight different evo-

lutionary models to each tree. We compared the fit of a full model

in which speciation, extinction, and transition rates were free to

vary to those in which the complexity (in terms of the number

of parameters) was progressively reduced, until all rates were set

to be equal (see Table 1, for the individual model parameters).

Among all models, transitions between uniparental and cooper-

ative breeding were not allowed, as direct transitions between

these modes of parental care (without transitioning through the

pair breeding state) seem biologically unlikely. Model fit was

compared using �AIC. Models with �AIC � 2 are considered

to have high support, those between 4 � �AIC � 7 have moder-

ate support, and those with �AIC > 10 have little or no support

(Burnham and Anderson 2002). The relative likelihood of each

model is thus represented by its Akaike weight.

We analyzed these models using both maximum-likelihood

(all models) and a Bayesian MCMC approach. In the maximum-

likelihood analysis, to overcome apparent issues with the opti-

mization of the likelihood function, mean point estimates from

short chain (1000 iterations) MCMC runs were used as starting

points (R. G. FitzJohn, pers. comm. 2013). In addition to this ap-

proach, the full 10-parameter model was analyzed in a Bayesian

framework to account for uncertainty in parameter estimation,

assessing their posterior distribution using MCMC. The MCMC

algorithm was run for a total of 10,000 generations using an ex-

ponential prior. All runs were examined in Tracer (Rambaut et al.

2013) to assess chain mixing and convergence, with the first 500

steps discarded as a burn-in. MCMC analyses were performed T
a
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separately for 10 random trees, including the two most disparate

trees, as calculated using the Robinson-Foulds symmetric differ-

ence metric (Robinson and Foulds 1981). We performed these

analyses both on the polytomy-resolved trees (763 species) and

on those generated only with molecular data (604 species), us-

ing the data including inferred states, in addition to that where

the inferred states were classified as unknown (see Figs. S3, S4,

and S5 for these results). In analyses performed on the molecu-

lar data only trees, missing species were accounted for by using

the proportions of sampled species within each character state

(97% uniparental species, 79% pair breeding species and 79%

cooperative species), as suggested by FitzJohn et al. (2009).

ANCESTRAL STATE ESTIMATION AND

DIVERSIFICATION THROUGH TIME

Ancestral states have been shown to be unreliably estimated if

the trait in question influences rates of speciation and extinction,

as this will bias the proportion of extant species with the respec-

tive trait (Maddison 2006; Maddison et al. 2007; Goldberg and

Igić 2008). However, utilization of the MuSSE models allows

their assessment while controlling for these influences (Maddi-

son et al. 2007). We therefore assessed the ancestral states of

breeding system among the core Corvoidea using this method,

and also the accumulation of lineage diversity through time, ap-

plying the approach of Weir (2006) to generate lineage through

time (LTT) plots for each breeding system separately. This anal-

ysis assigns character states to each internal node based on the

likelihoods from the ancestral state estimations (a node was as-

signed the state with the highest probability in the reconstructions;

Weir 2006; Bloom et al. 2013). The LTT plots were then assessed

to determine whether lineages of the respective states accumulate

diversity at a constant rate, increase or decrease toward the present

(Weir 2006; Rabosky and Lovette 2008; Bloom et al. 2013).

DIVERSIFICATION ON ISLANDS AND CONTINENTS

To test for differences in diversification as a consequence of conti-

nental or insular occurrence, we employed the GeoSSE (Goldberg

et al. 2011). Formulation of the GeoSSE model is similar to that

of MuSSE, but includes the estimation of an additional parameter,

which calculates speciation events between the two regions ana-

lyzed (SAB). This between-region mode of speciation represents a

widespread species (present in both regions) that diverges along

the boundary separating the regions (Goldberg et al. 2011), result-

ing in one of the daughter lineages remaining widespread (present

on both islands and continents) and the other being present either

on islands or continents only, or with the daughter lineages found

in one or the other state, respectively (one continental and one

island). As with those of breeding system, we computed these

models using both maximum-likelihood and Bayesian methods

(the methods for the MCMC analysis were the same as those

listed in the above section). We compared the fit of a full model in

which speciation, extinction, and transition rates were free to vary

to those in which the complexity and number of parameters were

reduced until eventually all rates were set to be equal. In total, we

compared six alternative models on the polytomy-resolved tree

(see Table 3 for the estimated model parameters and constraints).

As above, the Bayesian analyses were also computed on the trees

generated with molecular data only, with the missing species ac-

counted for using the proportion of sampled species within each

character state (80% continental species, 72% island species, and

93% widespread species; FitzJohn et al. 2009).

CORRELATED EVOLUTION OF BREEDING SYSTEM

WITH ISLAND DISTRIBUTION AND MIGRATORY

BEHAVIOR

Breeding system has been suggested to influence dispersal dis-

tances among birds (Zack 1990; Hatchwell 2009) and hence their

potential to colonize remote locations, such as islands (Cockburn

2003), and evolve migratory habits (Brown 1987; Russell 1989;

Cockburn 2003). To test for this relationship through time, we

used migratory behavior as a proxy for dispersal, and modeled

potential correlated evolution between this trait, in addition to

island/continental presence as a dependent and independent func-

tion of breeding system, using BayesTraits version 2.0 (Pagel and

Meade 2006). This program uses reverse jump MCMC to sample

the two alternative evolutionary models in proportion to their pos-

terior probabilities over a sample of phylogenetic trees. We used

an exponential hyper prior for both the independent and depen-

dent models, and the chains were run for 20,000,000 iterations,

with the first 5,000,000 states discarded as a burn-in. Each run was

repeated three times to ensure that harmonic means did not signif-

icantly differ between runs. To assess support for the dependent

model, the harmonic means of the independent and dependent

models were compared with Bayes factors. A Bayes factor > 5

indicates strong support for a model of correlated evolution (Pagel

and Meade 2006). To assess the robustness of our results, we also

explored the effect of different treatment of uniparental breed-

ers, coding them either as pair or cooperative breeders, or totally

pruning them from the trees.

SPATIAL DATA AND ANALYSIS

We obtained distributional data for the same species of cooper-

ative and pair breeders as listed in Appendix B from a global

distributional database (Rahbek and Graves 2001; Rahbek et al.

2012), where the geographic ranges of all species are recorded at a

resolution of 1°× 1°, and are considered to represent a conserva-

tive estimate of the extent of the breeding area at this scale. These

maps were rasterized at the same spatial resolution for each class

of breeding system using ArcGIS 10.1, to create maps of species

richness. To estimate areas containing more species of a certain

class than expected given the overall species richness patterns,

we assessed the residuals of linear models in which we regressed
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the richness of each individual breeding state against that of the

total species richness per cell. In this analysis, we excluded the

uniparental breeders, which strongly influence these patterns, due

to their overrepresentation in New Guinean highlands, most likely

reflecting a lack of dispersal form their area of origin (Jønsson

et al. 2011; Fritz et al. 2012).

Results
BREEDING SYSTEM DEPENDENT DIVERSIFICATION

The MuSSE analyses of breeding system dependent diversifi-

cation showed significant differences in speciation and transi-

tion rates across all analyzed trees. In the maximum-likelihood

analyses, the best-fitting model was one in which speciation and

transition rates were free to vary between breeding systems, but

extinction rates were constrained to be equal (Akaike weight =
0.872, Table 1). The second best model was one in which all rates

were free to vary (�AIC = 4, Akaike weight = 0.118, Table 1),

and the poorest fitting model was one in which speciation and

transition rate estimates were fixed to be equal across breeding

systems (�AIC = 80.4, Akaike weight = 3.03 × 10−18, Table 1).

The estimated model parameters from the MCMC analyses (and

also the best fitting maximum-likelihood model, see Table 1)

suggest that there are differential rates of lineage diversification

among breeding systems within the core Corvoidea, with higher

rates of speciation in biparental lineages relative to cooperative

ones (Fig. 1). Transition rate estimates also suggest a greater num-

ber of transitions from cooperative to biparental breeding systems

relative to the reverse scenario. Extinction rate estimates in the full

10 parameter model did not appear to differ significantly between

breeding systems, with both rates approaching zero. Posterior dis-

tributions of parameter values from the MCMC analyses of the

best-fitting model support these conclusions, as overlap in the

95% credibility intervals for cooperative versus pair breeders was

absent or minimal in the 10 trees analyzed (Fig. 1). Results from

analyses performed on the trees inferred from molecular data only

were qualitatively the same (Table S1 and Fig. S5).

ANCESTRAL STATE RECONSTRUCTION AND LINEAGE

ACCUMULATION AMONG BREEDING SYSTEMS

Ancestral reconstructions computed using the MuSSE models

suggest that cooperative breeding has the highest probability of

being the breeding system of the most recent common ancestor

of the core Corvoidea (in all analyzed trees, the probability of

this node being cooperative was 1), with subsequent transitions to

pair breeding occurring in several independent lineages (Fig. 2).

Results from analyses performed on trees inferred from molecular

data only were qualitatively the same (Fig. S6). LTT plots (Fig. 3)

indicate high initial rates of diversification in cooperative lineages,

but with a subsequent slowdown toward the present. Conversely,

the LTT plots for pair breeders indicate a more constant rate of

lineage accumulation through time.

CORRELATED EVOLUTION OF BREEDING SYSTEM

WITH ISLAND DISTRIBUTION AND MIGRATORY

BEHAVIOR

Using BayesTraits (Pagel and Meade 2006), we obtained strong

support for a model of correlated evolution between pair breeding

and migratory behavior (log Bayes factor > 10; Table 2). How-

ever, the correlation between breeding system and island distri-

bution was significant only when applied to the trees based on

molecular data, but not among those for the pseudodistribution of

polytomy-resolved trees. Among all analyses, results were con-

sistent regardless of whether uniparental breeders were grouped

with cooperative or pair breeders, or completely pruned from the

trees (Table S2).

REGION-DEPENDENT DIVERSIFICATION

Maximum-likelihood estimation of the GeoSSE models indi-

cated significant differences in speciation, extinction, and tran-

sition rates between regions (Table 3). The best model was the

full, seven parameter model in which all rates were free to vary

(Akaike weight = 0.924, Table 3), whereas the second best model

was one in which the between-region speciation rates was set to

zero (�AIC = 5, Akaike weight = 0.076, Table 3). Speciation

and extinction rate estimates from the full model were higher

on islands compared to continents, whereas transition rate esti-

mates, representing the per lineage rate of colonization, indicated

that dispersal from islands to continents was more frequent than

the reverse scenario (Table 3). The posterior probability distribu-

tions from the Bayesian MCMC analyses support these results

(Fig. 4), with those from analyses performed on trees inferred

with the molecular data only also similar (Table S3 and Fig. S7).

THE GEOGRAPHICAL DISTRIBUTION OF BREEDING

SYSTEMS

At a resolution of 1° × 1°, there are clear differences among the

distribution of pair and cooperative breeders at the global scale

(Fig. S8), with cooperative breeders reaching their highest species

richness values in both eastern Australia and eastern Africa, as

previously recognized by a number of studies (e.g., Grimes 1976;

Rowley 1976; Cockburn 1996; Cockburn 2006; Jetz and Ruben-

stein 2011). Conversely, pair breeders are most diverse in the

Indo-Pacific and the Sino-Himalayan montane region (Fig. S8).

Upon examining the residual patterns of breeding system diversity

� overall species richness (among cooperative and pair breed-

ers combined), it becomes clear that the Australasian and Indo-

Pacific areas reflect the main differences among the two groups,

with cooperative breeders overrepresented in Australia and
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Figure 1. Posterior probability distributions of parameter rate estimates generated from a MuSSE analysis examining the effect of

breeding system (pair, cooperative, and uniparental) on lineage diversification and transitions, using an MCMC approach. Due to un-

certainty in the parameter estimates for uniparental breeders, these data are not shown. Bars at the bottom of the plots highlight the

95% credibility intervals of these estimates. Results are presented for a single tree, but remain consistent across all 10 trees analyzed.

Phylogenies were inferred using the polytomy resolver method, and thus are complete at the species level (see Methods for further

information).

Table 2. Likelihood and Bayes factors of evolutionary models in which breeding systems are suggested to be dependently or indepen-

dently related to island distribution or migratory behavior, as implemented in BayesTraits.

Independent model Dependent model

Correlation analysis Tree distribution n taxa Mean lnL Max lnL SD lnL Mean lnL Max lnL SD lnL Log BF

Island distribution Polytomy resolved 763 −497.15 −496.48 0.58 −497.08 −496.62 0.42 −0.28
Migratory behavior Polytomy resolved 763 −402.49 −402.02 0.41 −398.34 −398.27 0.06 7.50
Island distribution Fully resolved 604 −393.53 −393.47 0.09 −386.63 −386.44 0.21 14.06
Migratory behavior Fully resolved 604 −364.36 −363.68 1.13 −360.72 −360.09 0.66 7.18

Log Bayes factors (BF) > 5 indicate strong support for a model assuming correlated evolution between traits. Log BF values are calculated using the maximum

harmonic means from the best dependent and independent runs.

underrepresented in the Indo-Pacific, whereas the reverse trend is

true of the pair breeders (Fig. 5 and S9).

Discussion
The relationship between lineage diversification and modes of

parental care remains contentious. Although some evidence sug-

gests parental investment can be important in determining the

evolution of life-history traits among birds (Thomas et al. 2006),

it is less clear whether variation in these traits influences popu-

lation divergence. Here, studying a species rich and widely dis-

tributed group of passerine birds, we show that rates of lineage

diversification appear to be correlated with breeding systems (Fig.

1). These differences are particularly evident among cooperative

and pair breeding groups, and may reflect differences in their

frequency of colonizing islands and continental areas (Fig. 5).

1 8 8 0 EVOLUTION JULY 2015



DIVERSIFICATION DYNAMICS AMONG BREEDING SYSTEMS

40 30 20 10 0

Mohouidae

Pachycephalidae

Cinclosomatidae
Oreoicidae

Oriolidae

Psophodidae

Vireonidae

Campephagidae

Cracticidae
Artamidae

Vangidae
Prionopidae

Platysteiridae

Malaconotidae

Dicruridae

Monarchidae

Corvidae

Laniidae

Paradisaeidae

Rhipiduridae

Figure 2. Ancestral reconstructions of breeding system using MuSSE. The nodal proabilities are presented for a single tree, but remain

consistent across all 10 trees analyzed. Pie charts and tip states are colored to represent uniparental (green), biparental (blue), and

cooperative (red) breeding systems. White represents species for which breeding system cannot be confidently inferred. Phylogenies

were inferred using the polytomy resolver method, and thus are complete at the species level (see Methods for further information).
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Figure 3. Lineage through time plot showing separate evolution-

ary trajectories for uniparental (light gray), pair (black), and coop-

erative (dark gray) lineages. States were inferred by summarizing

the marginal likelihoods from the MuSSE analyses averaged across

the 10 polytomy resolved trees, assigning each node the state with

the highest likelihood.

We suggest that different selection pressures among the alternate

breeding systems may have led to the evolution of alternative life-

history strategies that are important in determining the differen-

tial diversification among groups, possibly by mediating dispersal

propensity.

The analyses presented here not only highlight potential

differences among pair and cooperative breeders in terms of

their rates of speciation and colonization of remote areas, but

also suggest that these rates are correlated with one another

(Table 2). Thus, one possible explanation of these results is that

high dispersal abilities and the colonization of new geographic ar-

eas promote speciation (Owens et al. 1999; Phillimore et al. 2006;

Moore and Donoghue 2007; Moyle et al. 2009; Bocxlaer et al.

2010). Hence, the lack of diversification and historical dispersal

among cooperative breeders reflects high natal philopatry, which

reduces opportunities for geographic isolation and allopatric spe-

ciation among populations (Cockburn 2003). Cockburn (2003)

reported that when migrants and species endemic to oceanic is-

lands were excluded from his analyses, the relationship between

breeding system and species richness was no longer significant.

This suggests an important role of geographic isolation, medi-

ated by dispersal, as a mechanism explaining the differences in

diversity among breeding systems (Cockburn 2003). Lack of dis-

persal may explain why many cooperative species are restricted

in their distributions to Australia (Fig. 5), and potentially only

diversify when relatively rare historical changes in landscape
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Figure 4. Posterior probability distributions of parameter rate estimates generated from a GeoSSE analysis examining the effect of

island and continental dwelling on lineage diversification and transitions, using an MCMC approach. Bars at the bottom of the plots

highlight the 95% credibility intervals of these estimates. Results are presented for a single tree, but remain consistent across all 10 trees

analyzed. Phylogenies were inferred using the polytomy resolver method, and thus are complete at the species level (see Methods for

further information).

connectivity gave rise to a vicariance event within that continent.

Contrastingly, many rapidly speciating pair-breeding lineages are

overrepresented in the Indo-Pacific archipelago (Fig. 5).

In this respect, it is not only the cooperative breeding sys-

tem that is suggested to lead to limited dispersal, but also that

of uniparental care. This system has only evolved a single time

within the core Corvoidea, in the family Paradisaeidae (the birds-

of-paradise). Although we were unable to accurately estimate

historical rates of speciation and extinction among this group in

the present study, previous empirical work has illustrated both

that they are heavily restricted in their distributions (the major-

ity of species only being present in New Guinea), and have un-

dergone a slowdown in their rate of net diversification toward

the present (Fritz et al. 2012). These analyses suggest lineages

within this group have limited ability to undergo range expan-

sion. This may reflect their high fidelity toward male display

areas, which combined with the high independence of males

and females could limit the potential for concerted dispersal

among the two sexes. Finally, the evolution of extreme ornamen-

tation may restrict the long-distance dispersal capabilities of some

lineages.

Although we suggest the differences in diversification re-

covered among the breeding systems generally reflect dispersal

propensity and founding events, at present systematic compar-

isons of the appropriate traits to directly measure these factors

are generally lacking, and should be an avenue of future research

(Hatchwell 2009, but see Rusk et al. 2013). Furthermore, high

levels of dispersal may lead to continued gene flow between pop-

ulations, limiting genetic differentiation. Thus, while geographic

isolation is necessary for speciation, it may be that intermediate

levels of dispersal maximize the rate at which geographic isolation

and population differentiation occur, before facilitating continued

gene flow among populations (Claramunt et al. 2012; Weeks and

Claramunt, 2014). However, the shape of this relationship may

well also depend on regional levels of landscape fragmentation,

and as such could be different between continental and insular

settings, although this idea remains to be tested.

THE EVOLUTIONARY HISTORY OF BREEDING

SYSTEMS

Our transition rate estimates from pair to cooperative breeding are

much lower than the reverse scenario (Fig. 1; Table 1), consistent
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Figure 5. Map of Australian and Indo-Pacific regions showing

studentized residuals of linear models examining the relationship

between species richness of 1° × 1° grid cells, among pair breed-

ers � pair and cooperative breeders combined. Red and blue colors

highlight areas where cooperative and pair breeders are overrep-

resented, respectively.

with the findings of Cornwallis et al. (2010). This, in addition to

the high prevalence of cooperative breeding in the older corvoid

lineages, and the apparent low levels of promiscuity among the

ancestral lineages of the group (Cornwallis et al. 2010) further

support our suggestion that cooperative breeding was found in

the most recent common ancestor of the core Corvoidea. These

patterns are corroborated by the presence of cooperative breeding

in several other closely related groups, including the phyloge-

netically most basal group of oscine songbirds that are largely

endemic to Australia (Edwards and Naeem 1993; Nicholls et al.

2000; Ligon and Burt 2004; Cockburn 2006).

Pair breeding appears to have evolved independently many

times (Fig. 2). If the evolution of pair breeding was also associ-

ated with an increase in dispersal propensity, this may have facili-

tated the initial movement of several lineages out of the Australo-

Papuan region to Africa and Asia (with subsequent colonization

of the New World), in addition to the extensive colonization of

the Pacific islands (Cockburn 2003). In further support of this

idea, among the sister group of the core Corvoidea, the Passerida,

lineages that colonized Australia from Asia are all members of

clades that are currently almost exclusively pair breeding (Russell

1989; Cockburn 2003). Available evidence thus suggests that the

bidirectional movement of passerines through Wallacea has been

mainly limited to highly dispersive pair breeders.

In light of previous studies that have assessed the geographic

origins of the core Corvoidea (Jønsson et al. 2011; Aggerbeck

et al. 2014), our results imply that the ancestor of this radia-

tion inhabited islands that emerged in the epicontinental seas at

the periphery of the Australasian plate, and apparently retained

the cooperative breeding system prevalent in the deeper lineages

of the songbird radiation (Cockburn 1996). Although cooperative

breeding among island species is generally rare, there are a few in-

stances of species endemic to islands evolving cooperative habits

(Gill 1971; Brown 1987; Komdeur 1992; Brooke and Hartley

1995; Cockburn 1996; Saul et al. 1998). However, the high asym-

metry in state transitions between cooperative and pair breeding

may reflect that cooperative breeding is an evolutionary complex

behavior that rarely reappears once lost, and is unlikely to be

found among populations that colonize islands (Covas 2012).

CORRELATED EVOLUTION OF PAIR BREEDING WITH

ISLAND COLONIZATION AND MIGRATORY BEHAVIOR

The finding that breeding systems show temporal correlations

with both migratory behavior and island dwelling lends further

support to the suggestion that cooperative breeders are less likely

to colonize remote areas compared to pair breeders. However,

we report some ambiguity in terms of the correlation with island

distribution, with support found only among the trees generated

using the molecular data alone (Table S2). Several factors may

explain this discrepancy. First, five of seven species of cooper-

ative/uniparental breeders that are distributed on islands (e.g.,

Pomarea dimidiata) were not present in the trees generated us-

ing only the molecular data, hence their presence may influence

the lack of support for a dependent model of evolution between

these two traits in the complete trees. Furthermore, the evolution

of helping behavior in island taxa is generally believed to appear

postcolonization (Komdeur 1992; Covas 2012), which may con-

found these models. Finally, the correlation may also be weakened

as a consequence of short branch lengths and taxonomic incon-

sistencies resulting from the polytomy resolution process.

One factor to have potentially influenced the geographic

expansion of corvoid birds out of Australasia, or at least en-

abled higher dispersal propensity, may have been the evolution

of seasonal nomadism/migratory strategies. We cannot exclude

that Australian corvoid birds may have had to migrate during the

early evolution of the group in the Oligocene, when Australia was

located much further south, and experienced a period of cold as a

consequence of the first Antarctic chill (Sanmartin and Ronquist

2004). Significant irruptive movements associated with such en-

vironmental instability still occur among many extant species.

Elsewhere in the world, most corvoid species are residents or

show only partial migration in response to weather, and only a

few species (which are among the northernmost breeders, and

phylogenetically terminal in their respective groups) are obligate
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migrants. In general, obligate migrant birds are faithful to specific

sites, for breeding as well as staging and wintering, and therefore

this behavior may be less conducive to geographical range ex-

pansion than more weather-dependent facultative migration, no-

madism, and postnatal dispersal (Winkler 2005). Nevertheless,

migratory birds will occasionally settle in their wintering areas

(e.g., Whittington et al. 1999; Billerman et al. 2011), a process

that has recently been suggested to promote colonization of the

tropics and subsequent radiations in these regions (Rolland et al.

2014; Winger et al. 2014).

Although most cooperative breeders are considered to be

highly sedentary and thus poor dispersers characterized by com-

paratively short rounded wings (e.g., Moffatt 1982; Wolfenden

and FitzPatrick 1984; Zack 1990), a few are evidently good fliers

(e.g., woodswallows). Although there is also a prevalence of

highly sedentary species among the pair breeders, the number

of good dispersers as evidenced by migratory behavior, island

occurrence, and wing morphology is considerably higher than

among cooperatively breeding species. Thus, a major contributor

to the groups’ expansion seems likely to be related to breeding

system, or social organization in a broader sense, as indicated

by, for example, Perisoreus infaustus, which is pair breeding but

highly social and resident, even in areas with extreme winter cold

(Ekman et al. 1994).

HISTORICAL ACCUMULATION OF BREEDING SYSTEM

DIVERSITY

One caveat of the MuSSE and GeoSSE models is that estimates

of speciation, extinction, and transition are assumed to have

been constant through time. However, accumulating evidence

suggests that rates of speciation and extinction have the potential

to vary through both time and space (Pybus and Harvey 2000;

Phillimore and Price 2008; Jetz et al. 2012; Rabosky et al.

2012; Pennell et al. 2013). Therefore, the estimates of speciation

for both the continental and cooperative breeders could mask

temporal variation, and a higher historical rate that has slowed

toward the present. The LTT plots do suggest a slowdown

in the accumulation of diversity among cooperative breeders,

whereas the diversity of pair breeders arises at a more constant

rate (Fig. 3). Although these results depend on the accuracy of

the phylogenetic hypothesis, ancestral state reconstructions, and

the state-dependent speciation-extinction (SSE) framework more

generally, they do appear consistent with the idea that cooperative

breeders are limited in their capacity to undergo continual

range expansions, which may ultimately lead to a slowdown in

the rate of allopatric speciation (Mayr 1947; Price 2008). Results

from the MuSSE analyses indicated high rates of speciation for

pair breeders, with little or no extinction, suggesting differential

rates of speciation are the actual drivers of this pattern, not extinc-

tion. However, the difficulty in accurately estimating extinction

rates from molecular phylogenies should be acknowledged

(Rabosky 2010; Davis et al. 2013), whereas another possible

explanation for the observed differences is that these are driven by

the island dwelling species, for which both speciation and extinc-

tion estimates are suggested to be high (Fig. 4; see Price 2008).

We suggest the higher dispersal propensity of pair breeders may

enable them to repeatedly enter novel and underexploited ecolog-

ical space on islands and other biogeographic regions, allowing

them to continue to accumulate diversity at a near constant rate.

SOURCE-SINK DYNAMICS BETWEEN CONTINENTS

AND ISLANDS

The theory of island biogeography, as formulated by MacArthur

and Wilson (1967), explains the build-up of island diversity as

an equilibrium between immigration from continents, and extinc-

tion, with the islands ultimately contributing little to continental

diversity, and thus “downstream colonization” being the major

influence (reviewed in Bellemain and Ricklefs 2008). The core

Corvoidea represent an apparent exception to this paradigm, as

this was apparently an island radiation by ancestry, from which

species have subsequently colonized all of the world’s continental

areas (Jønsson et al. 2011; Aggerbeck et al. 2014). However, the

very high rates of dispersal from islands to continents that we esti-

mated, compared to the very low rates of the reverse scenario could

also potentially be an artifact of the low frequency, and potentially

high rates of speciation and/or extinction among island taxa (165

species). Both island and continental lineages are characterized

by a small number of species-rich clades, with the latter also con-

taining a disproportionately large number of species-poor, ancient

taxa, which likely explain the lower rates of speciation recorded

on continents. The young age of many island species suggest high

turnover in these areas, supporting previous empirical work (Price

2008). This could be a consequence of limited available resources

in these locations, plus their continual colonization by new com-

petitors, hence representing the interplay between high turnover,

and diversity-dependence in a broader sense. However, the high

estimated rates of dispersal from islands to continents seem less

biologically plausible, which may suggest an inability of GeoSSE

to adequately account for the differential rates of speciation, given

the frequency of the island/continental states.

OUTSTANDING ISSUES

Although our study does highlight general trends that may further

our understanding of the causes of asymmetrical species rich-

ness across the core Corvoidea, there are some idiosyncrasies

that do not fit these patterns. For example, some biparental lin-

eages disperse and diversify, whereas others do not. Thus, pair

breeding seems prevalent in a few species-poor genera within

the Australo-papuan region (Psophodes, Strepera, Oreoica, Col-

luricincla, and presumably also Ptilorrhoa), and can even be
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found within lineages that colonized the Old World tropics (e.g.,

Aegithina, Tephrodornis, and Hemipus). Therefore, heterogene-

ity in the rates of lineage diversification and range expansions

among both cooperative and pair breeding taxa require additional

explanatory factors. These could reflect further differences in

life-history traits, such as long-distance dispersal ability, rates of

behavioral innovation (Wyles et al. 1983; Sol et al. 2005a, b; Sol

and Price 2008), and/or generalism, which we were unable to

account for at such a broad analytical scale. Rates of clade-level

annual mortality have also been suggested to vary with breeding

system (Arnold and Owens 1999), which could conceivably also

influence the potential for establishment in new areas. So although

our results suggest significant differences in diversification rates

between species with cooperative and pair breeding systems, and

with island or continental distributions, we cannot exclude the

possibility that other codistributed characters could be responsible

for the observed differences (Maddison et al. 2007). Despite the

potential for intrinsic life-history differences among groups, there

are also likely to be differences in regional diversification rates

(Cardillo et al. 2005; Jetz et al. 2012) and/or clade age/the timing

of regional colonization (Stephens and Wiens 2003), which could

impact these results. Additionally, the classification of a diverse

array of breeding systems as simply being either cooperative or

pair breeding may inhibit more detailed interpretation of the effect

of breeding systems on the dynamics of dispersal and diversifi-

cation. As more avian life-history data becomes available, finer

division of breeding system classifications may allow us to gain

a better understanding of how variation in sociality and modes of

parental care affect these patterns.

Finally, although the statistical power of BiSSE depends on

the size of the phylogeny, and the ratio of the tip states ana-

lyzed (Davis et al. 2013), a recent study highlights that this model

may also be prone to high rates of type I error when assess-

ing state-dependent speciation among neutrally evolving traits

(Rabosky and Goldberg 2015). These latter findings suggest the

results from our analyses implementing the SSE models should

therefore be interpreted with some caution. However, given the

relationships, we illustrate between breeding systems, migratory

behavior, and island colonization/distribution via alternative an-

alytical approaches, there remain good reasons to suggest their

relationship with diversification rates to be nonneutral. Although

the type I error rates of BiSSE are a cause for general concern

(Rabosky and Goldberg 2015), they do not necessarily preclude

that state-dependent diversification, as we propose among core

corvoid breeding systems, may in fact be real.

Conclusions
The results presented here illustrate the potential importance of

breeding systems in influencing rates of lineage diversification

among the core Corvoidea. The evolution of pair breeding strate-

gies in several independent lineages could represent a significant

behavioral shift that enabled certain dispersive lineages to un-

dergo extensive phylogenetic expansion. We suggest dispersal to

and diversification within the island setting of the Indo-Pacific is

important in explaining the differences in diversification rates be-

tween the breeding systems and thus contemporary distributional

patterns among the core Corvoidea. These results should help us

gain better insight into the macroecological and macroevolution-

ary patterns that underlie the build-up of island and continental

assemblages, although future work should aim to highlight in-

stances where these rates have varied between taxa in both time

and space.
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Appendix A
GENERATION OF A SPECIES-LEVEL PHYLOGENY OF

THE CORE CORVOIDEA

Taxonomic sampling and sequence data
We broadly followed the classification of the IOC version 2.7 (Gill

and Donsker 2010) to consider a total of 763 species of core Cor-

voidea, which are listed in Appendix B. To collect suitable candi-

date genes for the supermatrix assembly, DNA sequences for these

same species were downloaded from the EMBL/GenBank/DDBJ

databases. Keyword frequency searches were performed to find

genes that were sequenced over a large taxonomic range using

the species and genus names (Gill and Donsker 2010). With these

results, we decided to focus our phylogenetic analyses on seven

nuclear (c-MOS, GAPDH, Myo2, ODC, RAG1, RAG2, TGFb2)

and four mitochondrial (COI, cytochrome b, ND2, ND3) markers,

which have been used extensively to infer core Corvoidea phylo-

genies (e.g., Cicero and Johnson 2001; Pasquet et al. 2002, 2007;

Cibois et al. 2004; Ericson et al. 2005; Filardi and Moyle 2005;

Filardi and Smith 2005; Irestedt et al. 2008a, b, 2009; Jønsson

et al. 2008a, b, 2010a, b, 2010c, d, 2011, 2012a, b; Norman et al.

2009; Nyári et al. 2009; Fabre et al. 2012, 2013; Fuchs et al. 2012;

Kennedy et al. 2012; Reddy et al. 2012; Aggerbeck et al. 2014).

For species with little or no genetic coverage across these markers,

we generated new sequences of cytochrome b, ND2, and ND3,

which have subsequently been deposited on Genbank (accession

numbers KP726920–KP726925). Where possible, we selected se-

quences obtained from the same voucher specimen, otherwise, we

used sequences that recovered congruent phylogenetic relation-

ships among the genes, as inferred from phylogenetic inferences

using RaXML. A broad selection of outgroup taxa were selected

from the remainder of the Passeriformes (Barker et al. 2002; Eric-

son et al. 2002; Aggerbeck et al. 2014) for which the same genes

were available. These outgroup taxa were subsequently pruned

from the phylogenies to perform all analyses presented in the

main text. A full list of all core Corvoidea sequences used in

the final alignment can be found in Table A1. DNA sequences

were aligned using the program MAFFT (Katoh et al. 2002), with

these alignments subsequently checked by eye using SEAVIEW

(Galtier et al. 1996). The final concatenated supermatrix included

a total of 12,221 comparable sites (70% missing data).

Phylogenetic analyses
We first computed maximum-likelihood inference using RAxML

7.2.6 (Stamatakis 2006) under a general time reversible (GTR,

Gu et al. 1995) model with a gamma rate distribution (�), imple-

mented on the CIPRES Science Gateway (Miller et al. 2010)

for the concatenated dataset. We used 1000 starting trees in

this analysis to avoid local optima, with clade support assessed

using 10,000 nonparametric bootstrap pseudoreplicates. We

summarized the results by generating a 50% majority rule con-

sensus tree.

Molecular dating and calibrating the tree
We used a relaxed uncorrelated lognormal distribution as a molec-

ular clock model, implemented in BEAST 1.6.2 (Drummond &

Rambaut 2007). Due to the large number of characters in the con-

catenated supermatrix, and computational issues in launching an

unconstrained analysis, we constrained our topology to reflect our

consensus tree obtained from the RaXML runs, which facilitated

us to obtain convergence in the Bayesian analyses. In this analysis,

we used a GTR + I + � model of sequence evolution with three

partitions: (1) mitochondrial genes, (2) nuclear exons, and (3)

nuclear introns. We ran two independent analyses of 800 million

generations, sampling trees every 5000 generations, and assum-

ing a Yule speciation process as a tree prior. Diagnostic statistics

of these runs were assessed in Tracer (Rambaut and Drummond,

2007), determining convergence success based on the MCMC

traces of the parameter estimates, and their effective sample sizes

(ESS > 200 representing an acceptable effective sample size). The

resulting distribution of trees were summarized in TreeAnnotator

(Drummond and Rambaut, 2007) as a maximum clade credibil-

ity (MCC) tree, discarding the first 100 million generations as a

burn-in.

The majority of passerine phylogenies for which the

topologies are calibrated, constrain the root age to determine

divergence estimates. This constraint is usually based on the split

between Acanthisittidae and all other passerines, dated at 85–82

Mya (Barker et al. 2004) with several studies using the derived

dates as secondary calibrations (e.g., Jønsson et al. 2010c;

Moyle et al. 2012). These derived dates are very approximate,

as this calibration is based on the assumption that the origin

of the New Zealand endemic taxon Acanthisitta reflects the

age of the separation of New Zealand from Australia, which is

highly contentious (Worthy et al. 2010; Kennedy et al. 2012).

However, choosing appropriate fossil constraints to calibrate

deep divergences within passerine phylogenies is difficult due to

the highly fragmented nature of their fossil record, and the lack

of crown group fossils before the mid-Miocene (Mayr 2005).

Despite these uncertainties, in the absence of such constraints,

the age estimates become highly unreliable (Ericson et al. 2014).

We therefore employed a uniform prior to the root of our tree,

using 85 Mya as the upper boundary, and the present day (0

Mya) as the lower boundary. Using the same uniform prior,

we employed two extrapolated age estimates derived from the

study of Barker et al. (2004): (1) the age of Old World versus

New World suboscines at 73.3–0 Mya, and (2) the split between

Menura noveahollandiae and all other oscines at 66.3–0 Mya.

Additionally, we used alternative fossil/geological calibra-

tion points to constrain three further nodes across the tree. The
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geological calibration points were as follows: (1) the split be-

tween Coracina newtoni from Réunion (island age about 2 Mya,

see Chevallier and Vatin-Perignon 1982) and Coracina typica

from Mauritius (island age about 8 Mya, see McDougall and

Chamalaun 1969). In using this calibration, we assumed that Mau-

ritius was colonized before the emergence of Réunion, and that

Mauritius was the source of colonization of Réunion following

the emergence of the latter. To obtain a calibration point based on

the split between these two species, we applied a uniform prior

with an upper bound at 85 Mya, and a lower bound at 2 Mya

(estimated emergence of Réunion). (2) We also followed Vander-

Werf et al. (2009) and Cibois et al. (2004), in using the divergence

between Chasiempis sandwichensis from Hawaii (Kauai oldest

island age approximately 5.1 Ma; Carson and Clague 1995) and

its Southeast Pacific monarch relatives (Pomarea) as a geolog-

ical calibration point. To do this, we employed a uniform prior

with a lower bound at 5.1 Mya (representing the emergence of

Kauai Island), and an upper bound at 85 Mya. (3) The Most

Recent Common Ancestor of Cyanocitta/Gymnorhinus was con-

strained using the age of the fossil Miocitta (Becker 1987) from

the Miocene (15 Mya), by setting a uniform prior at this node

with a range of dates between 85 and 15 Mya. Although we

employed the use of multiple calibration points in an attempt to

improve the accuracy of our date estimates (Linder et al. 2005),

we accept that many uncertainties remain in the dating scheme

presented.

Adding species for which DNA data were unavailable
to produce a complete species level phylogeny
Species for which no DNA data were available (159 species) were

added as polytomies to the phylogeny following the current tax-

onomic placement of species (del Hoyo et al. 2005, 2006, 2007,

2008, 2009, 2010). In instances where specific species place-

ments were uncertain, we placed the species randomly within the

clade for which it was suggested to be a member. For example,

if a species is currently suggested to be a member of the family

Rhipiduridae (and we were only confident in the placement of the

taxa in question at this taxonomic level), then the polytomy was

randomly placed at a node within this group, however, in the ma-

jority of cases current taxonomic information allows assignment

at much lower levels, that is, among superspecies. We then ap-

plied the methods of Kuhn et al. (2011) to randomly resolve these

polytomies using the birth–death model to assign branch lengths.

This method places constraints on the resolved topology and node

ages, leaving the branch lengths of the unresolved polytomies to

be permuted. The polytomy resolution was performed using the

R package Ape, and BEAST (Paradis et al. 2004; R Develop-

ment Core Team 2012; Drummond et al. 2012), using an MCMC

approach. The MCMC chain was run for 11,100,000 iterations,

sampling every 111,000th iteration. Parameter estimates were in-

spected in Tracer (Rambaut et al. 2013) to assess the burn-in,

mixing, and convergence. This process resulted in a pseudopos-

terior distribution of 100 trees.
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Table A1. List of all mitochondrial and nuclear loci sampled for 604 species of the core Corvoidea to generate the supermatrix used for

phylogenetic inference.

Species COI Cytochrome b ND2 ND3 c-MOS GAPDH Myo2 ODC RAG1 RAG2 TGFb2

Aegithina tiphia - - X - X X X - X X -
Aleadryas rufinucha - X X - - X X X X - -
Androphobus viridis - - - - - - - X - - -
Aphelocoma californica X X X X - - - X - - -
Aphelocoma coerulescens X X X - - - X - - - X
Aphelocoma insularis X X X - - - - - - - -
Aphelocoma ultramarina X X X - - - - X - - -
Aphelocoma unicolor - X X - - - - X - - -
Arses insularis - - X - - - - - - - -
Arses kaupi - - X X - - - - - - -
Arses lorealis - - X - - - - - - - -
Arses telescopthalmus - - X X - - - - - - -
Artamella viridis - - X - - X X X - - -
Artamus cinereus - - X - X X X X - - X
Artamus cyanopterus - - X - - X X - X X -
Artamus leucorynchus - X X - X - X - X X -
Artamus maximus - - - - X X X X - - X
Artamus minor - - X - - - - - - - -
Artamus personatus - - X - - - - - - - -
Artamus superciliosus - - X - - - - - - - -
Astrapia mayeri - X - - - X - X - - -
Astrapia nigra - X - - - X - X - - -
Astrapia rothschildi - X - - - X - X - - -
Astrapia splendidissima - X - - - X - X - - -
Astrapia stephaniae - X - - - X - X - - -
Batis capensis - - - X X X X X X - X
Batis crypta - X X - X X X X - - X
Batis diops X X X X X X X X X - X
Batis minor - - X X - - X - - - -
Batis mixta - X X X - - X - X X -
Batis molitor - - X X X X X X X - X
Batis poensis - - X - X X X X X - X
Batis pririt - - X X X X X X X - X
Batis soror - - X X X X X X - - X
Bias musicus - - X - X X X - X X -
Calicalicus madagascariensis - - X - X X X X - - -
Calicalicus rufocarpalis - - X - - X X X - - -
Calocitta colliei - X X - - - - - - - -
Calocitta formosa - X X - - - X - - - X
Campephaga flava - X X - X X X X X - X
Campephaga petiti - - X - X X X X - - -
Campochaera sloetii - - X - - X X X - - -
Carterornis chrysomela X X X - - - X - X X -
Chaetorhynchus papuensis - - X X - X X X X X X
Chasiempis sandwichensis - - X - - - X - - - -
Chlorophoneus bocagei - - X - - - - - - - -
Chlorophoneus dohertyi - X X X - X X - X X -
Chlorophoneus nigrifrons - - X - - - X - - - -
Chlorophoneus sulfureopectus - - X - X X X X X - X

(Continued)
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Continued.

Species COI Cytochrome b ND2 ND3 c-MOS GAPDH Myo2 ODC RAG1 RAG2 TGFb2

Cicinnurus regius X X - - - X - X - - -
Cinclosoma punctatum - X - - - - X - X - -
Cissa chinensis - X - - - - X - X - -
Clytorhynchus hamlini - - X - - - X - - - -
Clytorhynchus nigrogularis - - X - - - - - - - -
Clytorhynchus pachycephaloides - - X - - - X - - - -
Clytorhynchus vitiensis - - X - - - - - - - -
Colluricincla boweri - - X X - X X X - - -
Colluricincla harmonica - X X X - X X X X X -
Colluricincla megarhyncha - X X X - X X X X - -
Colluricincla sanghirensis - - X X - X X X - - -
Colluricincla umbrina - X X X - - X X - - -
Colluricincla woodwardi - X X X - X X X - - -
Coloeus dauuricus X - X X - X - X - - -
Coloeus monedula X X X X - X X X - - -
Coracina abbotti - - - - - X X X - - -
Coracina analis - - X - - X - X - - -
Coracina atriceps - - - - - X X X - - -
Coracina azurea - - X - X X X X - - -
Coracina bicolor - - X - - X X X - - -
Coracina boyeri - - X - - X X X - - -
Coracina caeruleogrisea - - X - - X X X - - -
Coracina caesia - - X - X X X X - - -
Coracina caledonica - - X - X X X X - - -
Coracina ceramensis - - X - - - - - - - -
Coracina cinerea - - X - X X X X - - -
Coracina coerulescens - - X - X X X X - - -
Coracina dispar - - X - - - - - - - -
Coracina dohertyi - - X - - X X X - - -
Coracina fimbriata X X X - - X X X - - -
Coracina graueri - - X - - X X X - - -
Coracina holopolia - - X - X X X - - - -
Coracina incerta - - X - - X X X - - -
Coracina ingens - - X - - - - - - - -
Coracina larvata - - - - - X X X - - -
Coracina leucopygia - - X - - X X X - - -
Coracina lineata - X X - X X X X X - -
Coracina longicauda - - X - - X X X - - -
Coracina macei - - X - X X X X - - -
Coracina maxima - - X - - X X X - - -
Coracina mcgregori - - X - X X X X - - -
Coracina melanoptera - - X - - X X X - - -
Coracina melaschistos - X X - X X X X - - -
Coracina mindanensis - - - - - X X X - - -
Coracina montana - - X - - X X X - - -
Coracina morio - - X - - X X X - - -
Coracina newtoni - - X - - X X X - - -
Coracina novaehollandiae - X X - X X X X X X -

(Continued)
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Continued.

Species COI Cytochrome b ND2 ND3 c-MOS GAPDH Myo2 ODC RAG1 RAG2 TGFb2

Coracina ostenta - - X - - X - X - - -
Coracina papuensis - X X - X X X X - - -
Coracina pectoralis - - X - X X X - - - -
Coracina polioptera - - X - X X X - - - -
Coracina remota - - X - - X X X - - -
Coracina salomonis - - X - X X X X - - X
Coracina schistacea - - X - - - - - - - -
Coracina striata - - X - X X X X - - -
Coracina sula - - X - - - - - - - -
Coracina temminckii - - X - - X X X - - -
Coracina tenuirostris - - X - X X X X - - -
Coracina typica - - X - - X X X - - -
Coracina welchmani - - X - - X X X - - -
Coracornis raveni - - X X - X X X - - -
Corcorax melanorhamphos - X X X - X X X X X -
Corvinella corvina - - X - - - - - X X -
Corvus albicollis X X X X - - - X - - -
Corvus albus X X X X - X - X - - -
Corvus bennetti - - X X - X - X - - -
Corvus brachyrhynchos X X X X X X - X - - -
Corvus capensis - - X - - - - - - - -
Corvus caurinus X X X X - X - X - - -
Corvus corax X X X - - X X X X - X
Corvus cornix - - X X - X - X - - -
Corvus corone X X X - X X X X X X X
Corvus coronoides X X X X - X - X X X -
Corvus crassirostris - - X X - - - - - - -
Corvus cryptoleucus X X X X - X - X - - -
Corvus culminatus - X X - - X - X X - -
Corvus edithae - - X X - - - - - - -
Corvus enca - - X X - - - - - - -
Corvus florensis - - X X - - - - - - -
Corvus frugilegus X X X X - - X - - - -
Corvus fuscicapillus - - X X - - - - - - -
Corvus hawaiiensis - X X - - - - - - - -
Corvus imparatus - - X - - - - - - - -
Corvus insularis - - X X - X - X - - -
Corvus jamaicensis - - X X - - - - - - -
Corvus kubaryi - X X X - - - - - - -
Corvus leucognaphalus - - X X - - - - - - -
Corvus levaillantii - - X X - - - - - - -
Corvus macrorhynchos X X X X - X - X - - -
Corvus meeki - - X X - - - - - - -
Corvus mellori - - X X - X - X - - -
Corvus minutus - - X X - - - - - - -
Corvus moneduloides - - X X - - - - - - -
Corvus nasicus - - X X - - - - X - -
Corvus orru - X X X - X - X X X -
Corvus ossifragus X - X X - X - X - - -

(Continued)
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Continued.

Species COI Cytochrome b ND2 ND3 c-MOS GAPDH Myo2 ODC RAG1 RAG2 TGFb2

Corvus palmarum - - X X - X - X - - -
Corvus rhipidurus - - X X - - - - - - -
Corvus ruficollis - - X X - - - - - - -
Corvus sinaloae - - X X - X - X - - -
Corvus splendens - - X X - X - X - - -
Corvus tasmanicus - - X X - X - X - - -
Corvus torquatus - - X X - - - - - - -
Corvus tristis - - X X - - - - - - -
Corvus typicus - - X X - - - - - - -
Corvus unicolor - - X X - - - - - - -
Corvus validus - - X X - - - - - - -
Corvus violaceus - - X X - - - - - - -
Corvus woodfordi - - X X - X - X - - -
Cracticus nigrogularis X X - - X X X X X - X
Cracticus quoyi - X X - - X X X X X -
Crypsirina temia - X - - - - - - - - -
Cyanocitta cristata X X X - - - X - X X X
Cyanocitta stelleri X X X X - - - - - - -
Cyanocorax affinis - X X - - - - - - - X
Cyanocorax beecheii - X X - - - - - - - -
Cyanocorax caeruleus - X X - - - - - - - -
Cyanocorax cayanus - X X - - - - - - - X
Cyanocorax chrysops X X X - - - X - - - X
Cyanocorax cristatellus - X X - - - - - - - X
Cyanocorax cyanomelas X X X - - - - - - - X
Cyanocorax cyanopogon - X X - - - - - - - X
Cyanocorax dickeyi - X X - - - - - - - X
Cyanocorax heilprini - X X - - - - - - - -
Cyanocorax melanocyaneus - X X - - - - - - - X
Cyanocorax morio X X X - - - - - - - X
Cyanocorax mystacalis - X X - - - - - - - X
Cyanocorax sanblasianus - X X - - - - - - - -
Cyanocorax violaceus - X X - - - - - - - X
Cyanocorax yncas X X X - - - - - - - X
Cyanocorax yucatanicus - X X - - - - - - - X
Cyanolanius madagascarinus - - X - X X X X - - -
Cyanolyca argentigula - - X - - - - - - - X
Cyanolyca armillata - - X - - - - - - - X
Cyanolyca cucullata - - X - - - - - - - X
Cyanolyca mirabilis - X X - - - - - - - X
Cyanolyca nana - - X - - - - - - - -
Cyanolyca pulchra - - X - - - - - - - X
Cyanolyca pumilo - - X - - - - - - - X
Cyanolyca turcosa - - X - - - - - - - X
Cyanolyca viridicyanus - X X - - - - - - - X
Cyanopica cooki - X - - - - - - - - -
Cyanopica cyanus X X X - - - X - - - -
Cyclarhis gujanensis X X X X - X X X - - -
Daphoenositta chrysoptera - X - - - X X - X X X
Dendrocitta formosae - X X - - - - - - - X

(Continued)
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Continued.

Species COI Cytochrome b ND2 ND3 c-MOS GAPDH Myo2 ODC RAG1 RAG2 TGFb2

Dendrocitta frontalis - X X - - X X X X - -
Dendrocitta vagabunda X X X - - - X - - - -
Dicrurus adsimilis X X X - X - X - X X X
Dicrurus aeneus - X X - X - X - - - -
Dicrurus aldabranus - X X - X - X - - - -
Dicrurus annectans - X X - X - X - - - -
Dicrurus atripennis - X X - X - X - - - -
Dicrurus balicassius - X X - X - X - - - -
Dicrurus bracteatus - X X - X X X X X - -
Dicrurus caerulescens - X - - - X - - - - -
Dicrurus forficatus - X - - X - X - - - -
Dicrurus fuscipennis - X X - X - X - - - -
Dicrurus hottentottus X X X X X - X - X X X
Dicrurus leucophaeus - X X - X X X X - - -
Dicrurus ludwigii - X X - X - X - - - -
Dicrurus macrocercus - X X - X - X X - - -
Dicrurus megarhynchus - X X - X - X - - - -
Dicrurus modestus - X X - X - X - - - -
Dicrurus paradiseus - X X - X X X - - - -
Dicrurus remifer - X X - X - X - - - -
Dicrurus waldenii - X X - X - X - - - -
Diphyllodes magnificus - X X - - X - X - - -
Diphyllodes respublica X X - - - X - X - - -
Drepanornis albertisi - X X X - X X X X - -
Drepanornis bruijnii - X - - - X - X - - -
Dryoscopus cubla - - X - X X X X X X -
Dryoscopus gambensis - - X X X X X X X - X
Dyaphorophyia castanea - - X - X X X X X X X
Dyaphorophyia chalybea - - X - X X X X X - X
Dyaphorophyia concreta - - X - - - X - - - -
Dyaphorophyia jamesoni - - X - X X X X X - X
Dyaphorophyia tonsa - - X - - - X - - - -
Epimachus fastuosus - X - - - X - X - - -
Epimachus meyeri - X - - - X - X - - -
Erpornis zantholeuca - X X X - X X X - - X
Eulacestoma nigropectus - X X - X X X X X - X
Eurocephalus anguitimens - - X - - - - - - - -
Euryceros prevostii - - X - X X - X - - -
Falculea palliata - - X - X X - X - - -
Falcunculus frontatus - X X - - - X - X X -
Finschia novaeseelandiae - - X - X - X - X - -
Garrulus glandarius X X X X - - X X - - -
Garrulus lanceolatus - X X - - X - - - - -
Garrulus lidthi - X - - - - X - - - -
Grallina bruijni - - X X - - - - - - -
Grallina cyanoleuca - X X X - - X - X X -
Gymnorhina tibicen X X X X X X X X X X X
Gymnorhinus cyanocephalus X X X - - - X - - - X
Hemipus hirundinaceus - X - - - - - - X X -
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Hemipus picatus - - X - X X X X X - X
Hylophilus poicilotis - - - - - - - - X X -
Hypositta corallirostris - - X - X X X X - - -
Hypothymis azurea - X X X X X X X - - -
Hypothymis coelestis - X X X - X - - - - -
Hypothymis helenae X X X X - X - - - - -
Hypothymis puella - X X X - X - - - - -
Ifrita kowaldi - X X - - - X - X - -
Lalage atrovirens - - X - - X X X - - -
Lalage leucomela X X X - X X X X X X -
Lalage leucopyga - - X - - X X X - - -
Lalage leucopygialis - - X - - X X X - - -
Lalage maculosa X X X - - - - - - - -
Lalage melanoleuca - - X - - X X X - - -
Lalage nigra X X X - X X X X - - -
Lalage sharpei - - X - - - - - - - -
Lalage sueurii - - X - - X X X - - -
Lalage tricolor - - X - - X X X - - -
Lamprolia victoriae - - - - - X X X - - -
Laniarius aethiopicus - X X - X X X X X - X
Laniarius atrococcineus - - X - - - - - - - -
Laniarius atroflavus - - X - - - - - - - -
Laniarius barbarus - X X - X - X - - - -
Laniarius bicolor - - X - - - - - - - -
Laniarius erlangeri - - X - - - - - - - -
Laniarius erythrogaster - - X - - - - - - - -
Laniarius ferrugineus - - X - - - - - - - -
Laniarius fuelleborni - - X - - - - - - - -
Laniarius funebris - - X - X X X X X - X
Laniarius leucorhynchus - - - - - - - - - - -
Laniarius luehderi - X X - X X X X X - X
Laniarius mufumbiri - - X - - - - - - - -
Laniarius poensis - - X - - - - - - - -
Laniarius ruficeps - X X - - - - - - - -
Laniarius sublacteus - - X - - - - - - - -
Laniarius turatii - X X - - - - - - - -
Lanioturdus torquatus - - X - - - X - X X X
Lanius bucephalus X X - - - - - - - - -
Lanius cabanisi - X - - - - - X - - -
Lanius collaris - X X - X X X X X - X
Lanius collurio X X X X - - X X X - -
Lanius cristatus X X X - X X X - - - -
Lanius dorsalis - X - - - - - X - - -
Lanius excubitor X X X X - X X X X X X
Lanius excubitoroides - X - - - - - X - - -
Lanius isabellinus X X - - - - X - - - X
Lanius ludovicianus X X X X X - X X X - X
Lanius mackinnoni - X - - - - - X - - -
Lanius meridionalis - X - - - - X X - - -
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Lanius minor X X - - - - X X - - -
Lanius nubicus - X - - - - X X - - -
Lanius pallidirostris - X - - - - - X - - -
Lanius phoenicuroides - X - - - - X X - - -
Lanius schach X X X - - - - X - - -
Lanius senator - X X - - - X X - - X
Lanius somalicus - X - - - - - X - - -
Lanius sphenocercus - X - - - - - X - - -
Lanius tephronotus X X - - - - - X - - -
Lanius tigrinus X X - - - - - - - - -
Lanius vittatus - X X - - X - X X - -
Leptopterus chabert - - X - X X X X - - -
Lobotos oriolinus - - X - - X X X - - -
Lophorina superba - X - - - X - X - - -
Lycocorax pyrrhopterus - X - - - X - X - - -
Machaerirhynchus flaviventer - X X - - - - - X - -
Machaerirhynchus nigripectus - - - - X - X X - - X
Malaconotus alius - - X - - - X - - - -
Malaconotus blanchoti - - X - X X X X X - X
Manucodia ater - X - - - X X X X X -
Manucodia chalybatus - X - - - X - X X X -
Manucodia comrii X X - - - - - - - - -
Manucodia jobiensis - X - - - X - X - - -
Mayrornis lessoni - - X - - - - - - - -
Mayrornis schistaceus - - X - - - - - - - -
Megabyas flammulatus - - X - X X X X X - X
Melampitta gigantea - X X - - - - - X X -
Melampitta lugubris - X - - - X X X X X -
Metabolus rugensis - - X - - - - - - - -
Mohoua albicilla - - - - X X X - X - -
Mohoua ochrocephala - - X - X - X - X - -
Monarcha castaneiventris - - X X - - X - - - X
Monarcha cinerascens - - X - - - X - - - -
Monarcha frater - - X - - - X - - - -
Monarcha godeffroyi - - X - - - - - - - -
Monarcha melanopsis - X X - - X X X X - -
Monarcha richardsii - - X - - - - - - - -
Monarcha rubiensis - - X - - - - - - - -
Monarcha takatsukasae - - X - - - - - - - -
Myiagra albiventris - - X X - - - - - - -
Myiagra alecto - X X X - - X - X - -
Myiagra atra - - X X - - - - - - -
Myiagra azureocapilla - - X X - - - - - - -
Myiagra caledonica - X X X - - - - - - -
Myiagra cervinicauda - - X X - - - - - - -
Myiagra cyanoleuca - X X X - - - - - - -
Myiagra erythrops - - X X - - - - - - -
Myiagra ferrocyanea - - X X - - - - - - -
Myiagra freycineti - - X X - - - - - - -
Myiagra galeata - - X X - - - - - - -
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Myiagra hebetior X - X - - - - - - - -
Myiagra inquieta - - X X - - - - - - -
Myiagra nana - - X - - - - - - - -
Myiagra pluto - - X X - - - - - - -
Myiagra rubecula - - X X - - - - - - -
Myiagra ruficollis - - X X - - - - - - -
Myiagra vanikorensis - - X X - - - - - - -
Mystacornis crossleyi - - X - X X X X - - -
Neolalage banksiana - - X - - - X - - - -
Newtonia amphichroa - - X - X X X X - - -
Newtonia archboldi - - X - X X - X - - -
Newtonia brunneicauda - - X - X X X X - - -
Newtonia fanovanae - - X - - - - - - - -
Nilaus afer - - X - X X X X X - X
Nucifraga caryocatactes X X - - - - X - - - -
Nucifraga columbiana X X X X - - - - - - -
Nucifraga multipunctata - X X - - X - - - - -
Oreocharis arfaki - - - - X X X X - - X
Oreoica gutturalis - X X X X X X X X X -
Oriolia bernieri - - X - X X X X - - -
Oriolus albiloris - - X X - X - X - - -
Oriolus auratus - - X X - X - X - - -
Oriolus bouroensis - - X X - - - - - - -
Oriolus brachyrhynchus - - X X - X - X - - -
Oriolus chinensis - - X X - X - X - - -
Oriolus chlorocephalus - - X X - X - X - - -
Oriolus cruentus - - X X - X - X X X -
Oriolus flavocinctus - X X X - X X X X - -
Oriolus forsteni - - X X - - - - - - -
Oriolus hosii - - X X - - - - - - -
Oriolus isabellae - - X X - X - X - - -
Oriolus kundoo - - X - - X - X - - -
Oriolus larvatus X X X X X X - X X X -
Oriolus melanotis - - X X - - - - - - -
Oriolus mellianus - - X - - X - - - - -
Oriolus monacha - - X X - X - X - - -
Oriolus nigripennis - - X X - X - X - - -
Oriolus oriolus X - X X X X X X X - -
Oriolus percivali - - X X - X - X - - -
Oriolus phaeochromus - - X X - - - - - - -
Oriolus sagittatus - X X X - X - X - - -
Oriolus steerii - - X X - X - X - - -
Oriolus szalayi - - X X - X - X - - -
Oriolus tenuirostris - X X - - - - - - - -
Oriolus traillii - - X X - X - X - - -
Oriolus xanthonotus - - X X - X - X X X -
Oriolus xanthornus - X X - X X X X - - -
Pachycephala albiventris - - X X - X X X - - -
Pachycephala arctitorquis - - X X - X X X - - -
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Pachycephala aurea - - X X - - - - - - -
Pachycephala caledonica - - X X - X X X - - -
Pachycephala cinerea - - X X - X X X - - -
Pachycephala citreogaster - - X X - X - X - - -
Pachycephala flavifrons - - X X - - - - - - -
Pachycephala fulvotincta - - X X - - - - - - -
Pachycephala graeffii - - X X - - - - - - -
Pachycephala griseonota - - X X - - - - - - -
Pachycephala hyperythra - - X X - - X - X X -
Pachycephala hypoxantha - - X X - X X X - - -
Pachycephala implicata - - X X - - - - - - -
Pachycephala inornata - - X X - X X X - - -
Pachycephala jacquinoti - - X X - - - - - - -
Pachycephala lanioides - - X X - X X - - - -
Pachycephala lorentzi - X X X - - X X - - -
Pachycephala macrorhyncha - - X X - X - X - - -
Pachycephala melanura - - X X - X X X - - -
Pachycephala mentalis - - X X - - - - - - -
Pachycephala modesta - - X X - X X X - - -
Pachycephala nudigula - - X X - X X X - - -
Pachycephala olivacea - X X X - X X X X - -
Pachycephala orioloides - - X X - X - X - - -
Pachycephala orpheus - - X X - - - - - - -
Pachycephala pectoralis - X X X - X X X X - -
Pachycephala phaionota - - X X - - X - - - -
Pachycephala philippinensis - - X X - X X X - - -
Pachycephala rufiventris - - X X - X X X - - -
Pachycephala schlegelii - X X X - X X X - - -
Pachycephala simplex - X X X - X X X - - -
Pachycephala soror X X X X X X X X X X -
Pachycephala sulfuriventer - - X X - X X X - - -
Paradigalla brevicauda - X - - - X - X - - -
Paradigalla carunculata - X - - - X - X - - -
Paradisaea apoda - X - - - X - X - - -
Paradisaea decora - X - - - - - - - - -
Paradisaea guilielmi - X - - - X - X - - -
Paradisaea minor - X - - - X - X - - -
Paradisaea raggiana - X X - X X - X X X -
Paradisaea rubra X X - - - X - X - - -
Paradisaea rudolphi - X - - - X - X - - -
Paramythia montium - - - - - - X X X X -
Parotia carolae - X - - - X - X - - -
Parotia helenae - X - - - X - X - - -
Parotia lawesii - X - - - X - X - - -
Parotia sefilata - X - - - X - X - - -
Parotia wahnesi - X - - - X - X - - -
Peltops blainvillii - X X - X X X X X - X
Pericrocotus brevirostris - - X - - X - X - - -
Pericrocotus cantonensis - - X - - X X X - - -
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Pericrocotus cinnamomeus X X X - X X X X - - -
Pericrocotus divaricatus X - X - X X X X - - -
Pericrocotus erythropygius - - X - X X X X - - -
Pericrocotus ethologus - - X - X X X X X X -
Pericrocotus flammeus - - X - X X X X - - -
Pericrocotus igneus - - X - - X X X - - -
Pericrocotus lansbergei - - X - - X - X - - -
Pericrocotus miniatus - - X - - X - X - - -
Pericrocotus roseus - - X - - X - X - - -
Pericrocotus solaris - X X - - X X X - - -
Pericrocotus speciosus - X X - - X - - - - -
Pericrocotus tegimae - - X - - X - X - - -
Perisoreus canadensis X X X - - - - - - - X
Perisoreus infaustus X X - - - - X - - - -
Perisoreus internigrans - X - - - - - - - - -
Philentoma pyrhoptera - - X - X X X X X X X
Philentoma velata - - X - X X X X X - X
Phonygammus keraudrenii X X - - - X - X - - -
Pica hudsonia X X X X - - - - - - -
Pica nuttalli X - - - - - - - - - -
Pica pica X X X X X X X - X X -
Pitohui cristatus - X X X - X X X X X -
Pitohui dichrous - X X X - X X X - - -
Pitohui ferrugineus - X X X - X X X X - -
Pitohui incertus - X X - - - - - - - -
Pitohui kirhocephalus - X X X - X X - - - -
Pitohui nigrescens - X X X - X X X X - -
Pityriasis gymnocephala - - X - X X X X X X X
Platylophus galericulatus - - - - - X X X - - -
Platysmurus leucopterus - X - - - - - - - - -
Platysteira albifrons - - X - - - - - - - -
Platysteira cyanea - X X - X X X X X - X
Platysteira laticincta - - X - - - X - - - -
Platysteira peltata - - X - X X X X X - X
Podoces biddulphi - X - - - - - - - - -
Podoces hendersoni X X - - - - X - - - -
Pomarea iphis - X X - - - X - - - -
Pomarea mendozae - X - - - - - - - - -
Pomarea whitneyi - X - - - - - - - - -
Prionops plumatus X X - X - - - - X X -
Prionops retzii - - X - X X X X X - X
Prionops scopifrons - - X - X X X X X - X
Pseudobias wardi X X X X X X X X X X X
Psophodes olivaceus - X X - X X X X X - X
Pteridophora alberti - X - - - X - X - - -
Pteruthius aenobarbus - X - - - - - - - - -
Pteruthius flaviscapis - X X - - X - X X - -
Pteruthius melanotis - X X - - X X X X X -
Pteruthius rufiventer - X X - - - - - - - -
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Pteruthius xanthochlorus - X X - - - - - X X -
Ptiloris intercedens - X - - - X - X - - -
Ptiloris magnificus - X X - X X X X X X X
Ptiloris paradiseus - X - - - X - X - - -
Ptiloris victoriae - X - - X X X X - - -
Ptilorrhoa caerulescens - - - - - - - - X X -
Ptilorrhoa leucosticta - X - - - X X X X - -
Ptilostomus afer X X - - - - X - - - -
Pyrrhocorax graculus X X X - - X - X X - -
Pyrrhocorax pyrrhocorax X X X - - X X X X - -
Rhagologus leucostigma - X X - - X X X X - X
Rhipidura albicollis - X X X X X X - - - X
Rhipidura albiscapa - X X X - - X - X - X
Rhipidura albolimbata - - X X - - - - - - X
Rhipidura atra - - X X - - - - - - X
Rhipidura aureola - - X X - - - - - - X
Rhipidura brachyrhyncha - - X X - - - - - - X
Rhipidura cockerelli X X X X - - - - - - X
Rhipidura cyaniceps - X X X - X X X - - X
Rhipidura dahli - - X X - - - - - - X
Rhipidura dedemi - - X∗ - - - - - - - -
Rhipidura diluta - - X X - - - - - - X
Rhipidura dryas - - X X - - - - - - X
Rhipidura fuliginosa - - X X - X X X - - X
Rhipidura fuscorufa - - X X - - - - - - X
Rhipidura hyperythra - - X X - - - - X X X
Rhipidura javanica X X X X - - - - - - X
Rhipidura leucophrys X X X X - - - - - - X
Rhipidura leucothorax - - X X - - - - - - X
Rhipidura nigrocinnamomea - - X X - - - - - - X
Rhipidura perlata X X X X - - - - - - X
Rhipidura phasiana - - X X - - - - - - X
Rhipidura rennelliana X X X X - - - - - - X
Rhipidura rufidorsa - - X X - - - - - - X
Rhipidura rufifrons X X X X - X X X X - X
Rhipidura rufiventris - - X X - - - - - - X
Rhipidura superciliaris - - X X - - - - - - X
Rhipidura superflua - - X∗ - - - - - - - -
Rhipidura tenebrosa - - X X - - - - - - X
Rhipidura teysmanni - - X X - - - - - - X
Rhipidura threnothorax X X X X - - - - - - X
Rhipidura verreauxi - - X X - - - - - - X
Rhodophoneus cruentus - - X - - - X - - - -
Schetba rufa X X X X - X X X X - -
Seleucidis melanoleucus - X - - - X - X - - -
Semioptera wallacii - X - - - X - X - - -
Sphecotheres vieilloti - X X X - X X X X X -
Strepera graculina - X - - - - - - X X -
Strepera versicolor - - X - X - X - X - X
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Struthidea cinerea - X X - - - X - X X -
Symposiachrus axillaris - - X - X - X - X X -
Symposiarchrus barbatus - - X - - - X - - - -
Symposiachrus bimaculatus - - X∗ - - - - - - - -
Symposiachrus everetti - - X - - - - - - - -
Symposiachrus guttula - - X - - - X - - - -
Symposiachrus infelix - - X - - - - - - - -
Symposiachrus leucurus - - X - - - - - - - -
Symposiachrus loricatus - - X - - - - - - - -
Symposiachrus manadensis - - X - - - X - - - -
Symposiachrus menckei - - X∗ - - - - - - - -
Symposiachrus mundus - - X - - - - - - - -
Symposiachrus trivirgatus - - X - - - - - - - -
Symposiachrus verticalis - - X - - - - - - - -
Symposiachrus vidua - - X X - - - - - - -
Tchagra australis - - X - - - X - X - -
Tchagra senegalus - - X - X X X - X X -
Telophorus zeylonus - - X - X X X X X - X
Temnurus temnurus - X - - - - X - - - -
Tephrodornis pondicerianus X - X - X X X X X - X
Tephrodornis virgatus - X X - - X - X X X -
Terpsiphone atrocaudata X X X X - X - - - - -
Terpsiphone atrochalybeia - X X X - X - - - - -
Terpsiphone batesi - X X X - X - - - - -
Terpsiphone bedfordi - X X X - X - - - - -
Terpsiphone bourbonnensis - X X X - - - - - - -
Terpsiphone cinnamomea X X X X - X - - - - -
Terpsiphone corvina - X∗ X∗ X∗ - - - - - - -
Terpsiphone cyanescens - X X X - X - - - - -
Terpsiphone mutata - X X X - - X - - - -
Terpsiphone paradisi X X X - X X X - - - -
Terpsiphone rufiventer - X X X - X - - - - -
Terpsiphone rufocinerea X X X X - X - - - - -
Terpsiphone smithii - - X X - X - - - - -
Terpsiphone viridis - X X - X X X X - - -
Trochocercus cyanomelas - X X - - - X - - - -
Trochocercus nitens - X X - - - X - - - -
Turnagra capensis - X X X - X X X - - -
Tylas eduardi X X X X X X X X X - -
Urocissa erythrorhyncha X X X - - X X X X - -
Urocissa flavirostris - X X - - - - - - - -
Vanga curvirostris X X X X X X X X X X -
Vireo altiloquus X X - - - - - - - - -
Vireo atricapilla - - X - - - - - - - -
Vireo bellii X X - - - - - - - - -
Vireo cassinii X X - - - - - - - - -
Vireo flavifrons - X - - - - - - - - -
Vireo flavoviridis X - - - - X X X - - -
Vireo gilvus X X X X - - - - - - -
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Vireo griseus X X - - - - - - - - -
Vireo huttoni X X - - - - X - X - -
Vireo latimeri X X X - X - - - - - -
Vireo leucophrys - X X - - - - - - - -
Vireo olivaceus X X X - - X X X X X -
Vireo philadelphicus X X - - X - - - X X -
Vireo plumbeus - X X - - - - - - - -
Vireo solitarius X X X X - - - - - - -
Vireo vicinior X X - - - - - - - - -
Vireolanius leucotis X X X X - X X X - - -
Vireolanius melitophrys X X - X - - - - X - -
Xenopirostris damii X X X X X X X X - - -
Xenopirostris polleni - - X - X X X X - - -
Xenopirostris xenopirostris X X X - X X X X X X -
Zavattariornis stresemanni - X - - - - - - - - -

X indicates sequences downloaded from Genbank, while X∗ indicates sequences generated for the current study.
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Fabre, P. H., M. Irestedt, J. Fjeldså, R. Bristol, J. J. Groombridge, M. Irham,
and K. A. Jønsson. 2012. Dynamic colonization exchanges between con-
tinents and islands drive diversification in paradise-flycatchers (Terpsi-
phone, Monarchidae). J. Biogeogr. 39:1900–1918.
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Irestedt, M., K. A. Jønsson, J. Fjeldså, L. Christidis, and P. G. P. Ericson. 2009.
An unexpectedly long history of sexual selection in birds-of-paradise.
BMC Evol. Biol. 9:235.

Jønsson, K. A., R. C. K. Bowie, J. A. Norman, L. Christidis, and J. Fjeldså.
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Appendix B
CHARACTER DATA HIGHLIGHTING KNOWN AND

INFERRED BREEDING SYSTEMS, ISLAND/

CONTINENTAL DISTRIBUTION, AND DISPERSAL

MODES FOR THE 763 SPECIES OF THE CORE

CORVOIDEA

Data description
Systematics—Species of the core Corvoidea considered in this

study, for which the taxonomy generally follows the IOC version

2.7.

Known breeding system—Breeding systems for all species of

core Corvoidea as summarized by Cockburn (2003, 2006). Uni-

parental denotes species in which only one parent assists in feed-

ing of young. Pair denotes species in which both parents assist

in the feeding of young. Cooperative denotes species in which a

reasonable amount of broods (>10%) are fed by more than two

individuals. Unknown represents those species in which a breed-

ing system cannot be assigned on the basis of field observations

alone.
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Inferred breeding system—In cases where breeding system was

unknown, assignment of breeding system was inferred from

the closest relatives in the phylogeny. However, for 18 species,

breeding systems were unable to be inferred and classified as

unknown, due to lack of field data and a large phylogenetic

distance from their closest relatives.

Distribution—Using a broad definition, we characterized species

as being an island endemic if its distribution is restricted to

one or several oceanic islands. Islands that are closer to conti-

nental landmasses, but separated by deep-water channels were

also regarded as islands in this sense. Consequently, several

Indo-Pacific islands, including Lubang, Sibutu, Sangihe, Ta-

laud, Kofiau, Numfor, Biak, and the D’Entrecasteaux islands,

were treated as islands in the analyses. On the other hand, Yapen,

the Louisiade, Raja Ampat, Sula, Sulu, and Togian archipelagos

were treated as belonging to continental landmasses as these

islands are separated from continents by fairly shallow seas.

Similarly, several large and old landmasses, and/or archipelagos

that were connected during the low sea levels of the Pleistocene

(Madagascar, the Greater Sundas, Japan, Taiwan, Sri Lanka, the

Philippines, New Guinea, and New Zealand) were treated as

continental.

Migration—Resident species are those in which all populations

are sedentary year-round, or only perform occasional, altitu-

dinal, and/or local movements. Migratory species are those

that perform regular seasonal movement (generally >1000 km).

Species in which some populations are resident while others are

migratory were treated as migratory.

Sources—For all species, sources generally follow the species and

family accounts from the Handbook of the Birds of the World

(2005, 2006, 2007, 2008, 2009) and Cockburn (2006), except

where otherwise stated.
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Known breeding Inferred breeding Island/ Migratory
Species system system Continental status Sources

Aegithina lafresnayei Unknown Pair Continental Resident
Aegithina nigrolutea Pair Pair Continental Resident
Aegithina tiphia Pair Pair Continental Resident
Aegithina viridissima Pair Pair Continental Resident
Aleadryas rufinucha Unknown Pair Continental Resident
Androphobus viridis Unknown Pair Continental Resident
Aphelocoma californica Cooperative Cooperative Continental Resident
Aphelocoma coerulescens Cooperative Cooperative Continental Resident
Aphelocoma insularis Pair Pair Island Resident
Aphelocoma ultramarina Cooperative Cooperative Continental Resident
Aphelocoma unicolor Cooperative Cooperative Continental Resident
Arses insularis Unknown Pair Continental Resident
Arses kaupi Pair Pair Continental Resident
Arses lorealis Pair Pair Continental Resident
Arses telescopthalmus Pair Pair Continental Resident
Artamella viridis Pair Pair Continental Resident
Artamus cinereus Cooperative Cooperative Widespread Resident Higgins et al. (2006)
Artamus cyanopterus Cooperative Cooperative Continental Migratory Higgins et al. (2006)
Artamus fuscus Unknown Cooperative Continental Resident
Artamus insignis Unknown Cooperative Island Resident
Artamus leucorynchus Cooperative Cooperative Widespread Migratory Higgins et al. (2006)
Artamus maximus Cooperative Cooperative Continental Resident
Artamus mentalis Cooperative Cooperative Island Resident
Artamus minor Cooperative Cooperative Continental Migratory Higgins et al. (2006)
Artamus monachus Unknown Cooperative Continental Resident
Artamus personatus Pair Pair Continental Migratory Higgins et al. (2006)
Artamus superciliosus Pair Pair Continental Migratory Higgins et al. (2006)
Astrapia mayeri Uniparental Uniparental Continental Resident
Astrapia nigra Unknown Uniparental Continental Resident
Astrapia rothschildi Uniparental Uniparental Continental Resident
Astrapia splendidissima Uniparental Uniparental Continental Resident
Astrapia stephaniae Uniparental Uniparental Continental Resident
Batis capensis Cooperative Cooperative Continental Resident
Batis crypta Unknown Unknown Continental Resident
Batis diops Unknown Cooperative Continental Resident
Batis fratrum Cooperative Cooperative Continental Resident
Batis ituriensis Unknown Unknown Continental Resident
Batis margaritae Unknown Unknown Continental Resident
Batis minima Unknown Unknown Continental Resident
Batis minor Pair Pair Continental Resident
Batis minulla Unknown Unknown Continental Resident
Batis mixta Unknown Unknown Continental Resident
Batis molitor Cooperative Cooperative Continental Resident
Batis orientalis Unknown Unknown Continental Resident
Batis perkeo Unknown Unknown Continental Resident
Batis pririt Pair Pair Continental Resident
Batis poensis Unknown Pair Continental Resident
Batis senegalensis Pair Pair Continental Resident
Batis soror Cooperative Cooperative Continental Resident
Bias musicus Cooperative Cooperative Continental Resident

(Continued)
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Continued.

Known breeding Inferred breeding Island/ Migratory
Species system system Continental status Sources

Bocagia minuta Unknown Pair Continental Resident
Calicalicus madagascariensis Pair Pair Continental Resident
Calicalicus rufocarpalis Unknown Pair Continental Resident
Calocitta colliei Cooperative Cooperative Continental Resident
Calocitta formosa Cooperative Cooperative Continental Resident
Campephaga flava Pair Pair Continental Migratory
Campephaga petiti Unknown Pair Continental Resident
Campephaga phoenicea Pair Pair Continental Migratory
Campephaga quiscalina Pair Pair Continental Resident
Campochaera sloetii Unknown Cooperative Continental Resident
Carterornis chrysomela Pair Pair Widespread Resident
Carterornis leucotis Pair Pair Continental Resident
Carterornis pileatus Unknown Pair Island Resident
Chaetorhynchus papuensis Unknown Pair Continental Resident
Chasiempis sandwichensis Unknown Pair Island Resident
Chlorophoneus bocagei Unknown Pair Continental Resident
Chlorophoneus dohertyi Unknown Pair Continental Resident
Chlorophoneus kupeensis Unknown Pair Continental Resident
Chlorophoneus multicolor Unknown Pair Continental Resident
Chlorophoneus nigrifrons Unknown Pair Continental Resident
Chlorophoneus olivaceus Pair Pair Continental Resident
Chlorophoneus quadricolor Unknown Pair Continental Resident
Chlorophoneus sulfureopectus Pair Pair Continental Resident
Chlorophoneus viridis Pair Pair Continental Resident
Cicinnurus regius Uniparental Uniparental Continental Resident
Cinclosoma ajax Unknown Unknown Continental Resident
Cinclosoma castaneothorax Cooperative Cooperative Continental Resident
Cinclosoma castanotum Cooperative Cooperative Continental Resident
Cinclosoma cinnamomeum Cooperative Cooperative Continental Resident
Cinclosoma punctatum Pair Pair Continental Resident
Cissa chinensis Pair Pair Continental Resident
Cissa hypoleuca Unknown Pair Continental Resident
Cissa thalassina Unknown Pair Continental Resident
Clytorhynchus hamlini Unknown Pair Island Resident
Clytorhynchus nigrogularis Unknown Pair Island Resident
Clytorhynchus pachycephaloides Pair Pair Island Resident
Clytorhynchus vitiensis Unknown Pair Island Resident
Colluricincla boweri Pair Pair Continental Resident
Colluricincla harmonica Pair Pair Continental Resident
Colluricincla megarhyncha Pair Pair Widespread Resident
Colluricincla sanghirensis Pair Pair Island Resident
Colluricincla umbrina Unknown Pair Continental Resident
Colluricincla woodwardi Unknown Pair Continental Resident
Coloeus dauuricus Pair Pair Continental Migratory
Coloeus monedula Pair Pair Continental Migratory
Coracina abbotti Unknown Pair Continental Resident
Coracina analis Unknown Pair Island Resident

(Continued)
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Continued.

Known breeding Inferred breeding Island/ Migratory
Species system system Continental status Sources

Coracina atriceps Unknown Pair Island Resident
Coracina azurea Unknown Pair Continental Resident
Coracina bicolor Unknown Pair Widespread Resident
Coracina boyeri Pair Pair Continental Resident
Coracina caeruleogrisea Unknown Pair Continental Resident
Coracina caesia Pair Pair Continental Resident
Coracina caledonica Pair Pair Island Resident
Coracina ceramensis Unknown Pair Island Resident
Coracina cinerea Unknown Pair Continental Resident
Coracina coerulescens Unknown Pair Continental Resident
Coracina cucullata Unknown Pair Island Resident
Coracina dispar Unknown Pair Island Resident
Coracina dohertyi Unknown Pair Island Resident
Coracina fimbriata Unknown Pair Widespread Resident
Coracina fortis Unknown Pair Island Resident
Coracina graueri Unknown Pair Continental Resident
Coracina holopolia Unknown Pair Island Resident
Coracina incerta Unknown Pair Continental Resident
Coracina ingens Unknown Pair Island Resident
Coracina insperata Unknown Pair Island Resident
Coracina javensis Unknown Pair Continental Resident
Coracina larvata Unknown Pair Continental Resident
Coracina leucopygia Unknown Pair Continental Resident
Coracina lineata Pair Pair Widespread Resident
Coracina longicauda Pair Pair Continental Resident
Coracina macei Unknown Pair Widespread Resident
Coracina maxima Cooperative Cooperative Continental Resident
Coracina mcgregori Unknown Pair Continental Resident
Coracina melanoptera Pair Pair Continental Migratory
Coracina melas Unknown Pair Continental Resident
Coracina melaschistos Unknown Pair Continental Migratory Robson (2008)

and King and
Dickinson
(2008)

Coracina mindanensis Unknown Pair Continental Resident
Coracina monacha Unknown Pair Island Resident
Coracina montana Unknown Pair Continental Resident
Coracina morio Unknown Pair Widespread Resident
Coracina nesiotis Unknown Pair Island Resident
Coracina newtoni Pair Pair Island Resident
Coracina novaehollandiae Pair Pair Widespread Migratory Higgins et al.

(2006)
Coracina ostenta Pair Pair Continental Resident
Coracina papuensis Pair Pair Widespread Resident Higgins et al.

(2006)
Coracina parvula Unknown Pair Island Resident
Coracina pectoralis Pair Pair Continental Resident
Coracina personata Unknown Pair Island Resident

(Continued)

1 9 0 8 EVOLUTION JULY 2015



DIVERSIFICATION DYNAMICS AMONG BREEDING SYSTEMS

Continued.

Known breeding Inferred breeding Island/ Migratory
Species system system Continental status Sources

Coracina polioptera Unknown Pair Continental Resident
Coracina remota Unknown Pair Island Resident Coates and

Peckover
(2001)

Coracina salomonis Unknown Pair Island Resident
Coracina schistacea Unknown Pair Island Resident
Coracina schisticeps Unknown Pair Widespread Resident
Coracina striata Pair Pair Widespread Resident
Coracina sula Unknown Pair Island Resident
Coracina temminckii Unknown Pair Continental Resident
Coracina tenuirostris Pair Pair Widespread Migratory Higgins et al.

(2006)
Coracina typica Pair Pair Island Resident
Coracina welchmani Unknown Pair Island Resident
Coracornis raveni Unknown Pair Continental Resident
Corcorax melanorhamphos Cooperative Cooperative Continental Resident
Corvinella corvina Cooperative Cooperative Continental Resident
Corvus albicollis Pair Pair Continental Resident
Corvus albus Pair Pair Widespread Resident
Corvus bennetti Pair Pair Continental Resident Higgins et al.

(2006)
Corvus brachyrhynchos Cooperative Cooperative Continental Migratory
Corvus capensis Pair Pair Continental Resident
Corvus caurinus Pair Pair Continental Resident
Corvus corax Pair Pair Widespread Resident
Corvus cornix Pair Pair Widespread Migratory
Corvus corone Cooperative Cooperative Widespread Migratory
Corvus coronoides Pair Pair Continental Resident
Corvus crassirostris Pair Pair Continental Resident
Corvus cryptoleucus Pair Pair Continental Migratory
Corvus culminatus Pair Pair Continental Resident Rasmussen and

Anderton
(2005) and
Ali and
Ripley
(1972)

Corvus edithae Pair Pair Continental Resident
Corvus enca Unknown Pair Widespread Resident
Corvus florensis Unknown Pair Island Resident
Corvus frugilegus Pair Pair Continental Migratory
Corvus fuscicapillus Unknown Pair Continental Resident
Corvus hawaiiensis Pair Pair Island Resident
Corvus imparatus Unknown Cooperative Continental Resident
Corvus insularis Pair Pair Island Resident
Corvus jamaicensis Unknown Unknown Island Resident
Corvus kubaryi Pair Pair Island Resident
Corvus leucognaphalus Unknown Unknown Island Resident

(Continued)
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Continued.

Known breeding Inferred breeding Island/ Migratory
Species system system Continental status Sources

Corvus levaillantii Pair Pair Widespread Resident Rasmussen and
Anderton
(2005) and Ali
and Ripley
(1972)

Corvus macrorhynchos Pair Pair Widespread Resident Rasmussen and
Anderton
(2005) and Ali
and Ripley
(1972)

Corvus meeki Unknown Pair Island Resident
Corvus mellori Pair Pair Continental Resident
Corvus minutus Pair Pair Island Resident
Corvus moneduloides Pair Pair Island Resident
Corvus nasicus Unknown Unknown Island Resident
Corvus orru Pair Pair Widespread Resident
Corvus ossifragus Pair Pair Continental Resident McGowan (2001)
Corvus palmarum Pair Pair Island Resident Latta et al. (2006)
Corvus rhipidurus Pair Pair Continental Resident
Corvus ruficollis Pair Pair Widespread Resident
Corvus sinaloae Cooperative Cooperative Continental Resident
Corvus splendens Pair Pair Widespread Resident Rasmussen and

Anderton
(2005), Ali and
Ripley (1972),
and Madge and
Burn (1999)

Corvus tasmanicus Pair Pair Continental Resident
Corvus torquatus Pair Pair Continental Migratory
Corvus tristis Unknown Pair Widespread Resident
Corvus typicus Unknown Pair Continental Resident
Corvus unicolor Unknown Pair Island Resident
Corvus validus Unknown Pair Island Resident
Corvus violaceus Unknown Pair Island Resident
Corvus woodfordi Unknown Pair Island Resident
Cracticus argenteus Unknown Cooperative Continental Resident
Cracticus cassicus Cooperative Cooperative Widespread Resident
Cracticus louisiadensis Unknown Cooperative Continental Resident
Cracticus mentalis Unknown Cooperative Continental Resident
Cracticus nigrogularis Cooperative Cooperative Continental Resident
Cracticus quoyi Pair Pair Continental Resident
Cracticus torquatus Cooperative Cooperative Continental Resident
Crypsirina cucullata Unknown Pair Continental Resident
Crypsirina temia Pair Pair Continental Resident
Cyanocitta cristata Pair Pair Continental Migratory
Cyanocitta stelleri Pair Pair Continental Resident
Cyanocorax affinis Cooperative Cooperative Continental Resident

(Continued)
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Cyanocorax beecheii Cooperative Cooperative Continental Resident
Cyanocorax caeruleus Cooperative Cooperative Continental Resident
Cyanocorax cayanus Cooperative Cooperative Continental Resident
Cyanocorax chrysops Cooperative Cooperative Continental Resident
Cyanocorax cristatellus Cooperative Cooperative Continental Resident
Cyanocorax cyanomelas Unknown Cooperative Continental Resident
Cyanocorax cyanopogon Unknown Cooperative Continental Resident
Cyanocorax dickeyi Cooperative Cooperative Continental Resident
Cyanocorax heilprini Unknown Cooperative Continental Resident
Cyanocorax luxuosus Pair Pair Continental Resident
Cyanocorax melanocyaneus Cooperative Cooperative Continental Resident
Cyanocorax morio Cooperative Cooperative Continental Resident
Cyanocorax mystacalis Unknown Cooperative Continental Resident
Cyanocorax sanblasianus Cooperative Cooperative Continental Resident
Cyanocorax violaceus Cooperative Cooperative Continental Resident
Cyanocorax yncas Cooperative Cooperative Continental Resident
Cyanocorax yucatanicus Cooperative Cooperative Continental Resident
Cyanolanius madagascarinus Unknown Pair Widespread Resident
Cyanolyca argentigula Unknown Pair Continental Resident
Cyanolyca armillata Unknown Cooperative Continental Resident
Cyanolyca cucullata Unknown Cooperative Continental Resident
Cyanolyca mirabilis Unknown Pair Continental Resident
Cyanolyca nana Pair Pair Continental Resident
Cyanolyca pulchra Unknown Cooperative Continental Resident
Cyanolyca pumilo Unknown Pair Continental Resident
Cyanolyca turcosa Unknown Cooperative Continental Resident
Cyanolyca viridicyanus Cooperative Cooperative Continental Resident
Cyanopica cooki Cooperative Cooperative Continental Resident
Cyanopica cyanus Cooperative Cooperative Continental Resident
Cyclarhis gujanensis Pair Pair Continental Resident
Cyclarhis nigrirostris Unknown Pair Continental Resident
Daphoenositta chrysoptera Cooperative Cooperative Continental Resident
Daphoenositta miranda Cooperative Cooperative Continental Resident
Daphoenositta papuensis Cooperative Cooperative Continental Resident
Dendrocitta bayleyi Pair Pair Island Resident
Dendrocitta cinerascens Unknown Pair Continental Resident
Dendrocitta formosae Pair Pair Continental Resident
Dendrocitta frontalis Pair Pair Continental Resident
Dendrocitta leucogastra Pair Pair Continental Resident
Dendrocitta occipitalis Unknown Pair Continental Resident
Dendrocitta vagabunda Pair Pair Continental Resident
Dicrurus adsimilis Pair Pair Continental Resident
Dicrurus aeneus Pair Pair Continental Resident
Dicrurus aldabranus Unknown Pair Island Resident
Dicrurus andamanensis Pair Pair Island Resident
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Dicrurus annectans Pair Pair Continental Migratory Rasmussen and
Anderton
(2005), Ali and
Ripley (1972)

Dicrurus atripennis Unknown Pair Continental Resident
Dicrurus balicassius Unknown Pair Widespread Resident
Dicrurus bracteatus Pair Pair Widespread Migratory
Dicrurus caerulescens Pair Pair Continental Resident
Dicrurus forficatus Pair Pair Widespread Resident
Dicrurus fuscipennis Pair Pair Island Resident
Dicrurus hottentottus Pair Pair Widespread Migratory
Dicrurus leucophaeus Unknown Pair Widespread Migratory
Dicrurus ludwigii Unknown Pair Continental Resident
Dicrurus macrocercus Cooperative Cooperative Continental Migratory
Dicrurus megarhynchus Unknown Pair Island Resident
Dicrurus modestus Unknown Pair Widespread Resident
Dicrurus montanus Unknown Pair Continental Resident
Dicrurus paradiseus Pair Pair Widespread Resident
Dicrurus remifer Pair Pair Continental Resident
Dicrurus waldenii Unknown Pair Island Resident
Diphyllodes magnificus Uniparental Uniparental Continental Resident
Diphyllodes respublica Uniparental Uniparental Continental Resident
Drepanornis albertisi Uniparental Uniparental Continental Resident
Drepanornis bruijnii Uniparental Uniparental Continental Resident
Dryoscopus angolensis Unknown Pair Continental Resident
Dryoscopus cubla Pair Pair Continental Resident
Dryoscopus gambensis Unknown Pair Continental Resident
Dryoscopus pringlii Unknown Pair Continental Resident
Dryoscopus sabini Unknown Pair Continental Resident
Dryoscopus senegalensis Pair Pair Continental Resident
Dyaphorophyia blissetti Cooperative Cooperative Continental Resident
Dyaphorophyia castanea Cooperative Cooperative Continental Resident
Dyaphorophyia chalybea Cooperative Cooperative Continental Resident
Dyaphorophyia concreta Unknown Cooperative Continental Resident
Dyaphorophyia jamesoni Unknown Cooperative Continental Resident
Dyaphorophyia tonsa Cooperative Cooperative Continental Resident
Epimachus fastuosus Uniparental Uniparental Continental Resident
Epimachus meyeri Uniparental Uniparental Continental Resident
Erpornis zantholeuca Cooperative Cooperative Continental Resident
Eulacestoma nigropectus Unknown Unknown Continental Resident
Eurocephalus anguitimens Cooperative Cooperative Continental Resident
Eurocephalus rueppelli Cooperative Cooperative Continental Resident
Euryceros prevostii Pair Pair Continental Resident
Eutrichomyias rowleyi Unknown Pair Island Resident
Falculea palliata Unknown Pair Continental Resident
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Falcunculus frontatus Cooperative Cooperative Continental Resident
Finschia novaeseelandiae Cooperative Cooperative Continental Resident
Garrulus glandarius Pair Pair Continental Resident
Garrulus lanceolatus Pair Pair Continental Resident
Garrulus lidthi Cooperative Cooperative Island Resident
Grallina bruijni Pair Pair Continental Resident
Grallina cyanoleuca Pair Pair Continental Resident Higgins et al. (2006)
Gymnorhina tibicen Cooperative Cooperative Continental Resident
Gymnorhinus cyanocephalus Cooperative Cooperative Continental Resident
Hemipus hirundinaceus Pair Pair Widespread Resident
Hemipus picatus Pair Pair Continental Resident
Hylophilus aurantiifrons Pair Pair Continental Resident
Hylophilus brunneiceps Unknown Pair Continental Resident
Hylophilus decurtatus Pair Pair Continental Resident
Hylophilus flavipes Pair Pair Continental Resident
Hylophilus hypoxanthus Unknown Pair Continental Resident
Hylophilus muscicapinus Unknown Pair Continental Resident
Hylophilus ochraceiceps Pair Pair Continental Resident
Hylophilus olivaceus Unknown Pair Continental Resident
Hylophilus pectoralis Unknown Pair Continental Resident
Hylophilus poicilotis Pair Pair Continental Resident
Hylophilus sclateri Unknown Pair Continental Resident
Hylophilus semibrunneus Unknown Pair Continental Resident
Hylophilus semicinereus Unknown Pair Continental Resident
Hylophilus thoracicus Unknown Pair Continental Resident
Hypositta corallirostris Unknown Pair Continental Resident
Hypothymis azurea Pair Pair Widespread Resident
Hypothymis coelestis Unknown Pair Continental Resident
Hypothymis helenae Unknown Pair Continental Resident
Hypothymis puella Unknown Pair Continental Resident
Ifrita kowaldi Unknown Unknown Continental Resident
Lalage atrovirens Unknown Pair Widespread Resident
Lalage aurea Unknown Pair Island Resident
Lalage leucomela Pair Pair Widespread Resident Higgins et al. (2006)
Lalage leucopyga Unknown Pair Island Resident
Lalage leucopygialis Unknown Pair Continental Resident
Lalage maculosa Unknown Pair Island Resident
Lalage melanoleuca Unknown Pair Continental Resident
Lalage moesta Unknown Pair Island Resident
Lalage nigra Pair Pair Widespread Resident
Lalage sharpei Unknown Pair Island Resident
Lalage sueurii Unknown Pair Widespread Resident
Lalage tricolor Pair Pair Continental Migratory Higgins et al. (2006)
Lamprolia victoriae Pair Pair Island Resident
Laniarius aethiopicus Pair Pair Continental Resident
Laniarius amboimensis Unknown Pair Continental Resident
Laniarius atrococcineus Pair Pair Continental Resident
Laniarius atroflavus Pair Pair Continental Resident
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Laniarius barbarus Unknown Pair Continental Resident
Laniarius bicolor Pair Pair Continental Resident
Laniarius brauni Unknown Pair Continental Resident
Laniarius erlangeri Unknown Pair Continental Resident
Laniarius erythrogaster Unknown Pair Continental Resident
Laniarius ferrugineus Pair Pair Continental Resident
Laniarius fuelleborni Unknown Pair Continental Resident
Laniarius funebris Pair Pair Continental Resident
Laniarius leucorhynchus Unknown Pair Continental Resident
Laniarius luehderi Pair Pair Continental Resident
Laniarius mufumbiri Unknown Pair Continental Resident
Laniarius poensis Unknown Pair Continental Resident
Laniarius ruficeps Unknown Pair Continental Resident
Laniarius sublacteus Unknown Pair Continental Resident
Laniarius turatii Unknown Pair Continental Resident
Lanioturdus torquatus Pair Pair Continental Resident
Lanius bucephalus Pair Pair Widespread Migratory
Lanius cabanisi Cooperative Cooperative Continental Resident
Lanius collaris Pair Pair Continental Resident
Lanius collurio Pair Pair Continental Migratory
Lanius collurioides Pair Pair Continental Migratory
Lanius cristatus Pair Pair Continental Migratory
Lanius dorsalis Unknown Pair Continental Resident
Lanius excubitor Pair Pair Continental Migratory
Lanius excubitoroides Cooperative Cooperative Continental Resident
Lanius gubernator Unknown Pair Continental Resident
Lanius isabellinus Pair Pair Continental Migratory
Lanius ludovicianus Pair Pair Widespread Migratory Yosef (1996)
Lanius mackinnoni Unknown Pair Continental Resident
Lanius meridionalis Pair Pair Widespread Resident Harris and Franklin

(2000), Rasmussen
and Anderton
(2005), and Ali and
Ripley (1972)

Lanius minor Pair Pair Continental Migratory
Lanius newtoni Unknown Pair Island Resident
Lanius nubicus Pair Pair Continental Migratory
Lanius pallidirostris Pair Pair Continental Migratory Harris and Franklin

(2000), Rasmussen
and Anderton
(2005), and Ali and
Ripley (1972)

Lanius phoenicuroides Pair Pair Continental Migratory
Lanius schach Pair Pair Widespread Migratory
Lanius senator Pair Pair Continental Migratory
Lanius somalicus Unknown Pair Continental Resident
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Lanius souzae Unknown Pair Continental Resident Dowsett-Lemaire and
Dowsett (2006)

Lanius sphenocercus Pair Pair Continental Migratory
Lanius tephronotus Pair Pair Continental Migratory
Lanius tigrinus Pair Pair Continental Migratory
Lanius validirostris Unknown Pair Continental Resident
Lanius vittatus Pair Pair Continental Migratory
Leptopterus chabert Cooperative Cooperative Continental Resident
Lobotos lobatus Unknown Pair Continental Resident
Lobotos oriolinus Unknown Pair Continental Resident
Lophorina superba Uniparental Uniparental Continental Resident
Lycocorax pyrrhopterus Unknown Pair Island Resident
Machaerirhynchus flaviventer Pair Pair Continental Resident
Machaerirhynchus nigripectus Unknown Pair Continental Resident
Malaconotus alius Unknown Pair Continental Resident
Malaconotus blanchoti Pair Pair Continental Resident
Malaconotus cruentus Pair Pair Continental Resident
Malaconotus gladiator Unknown Pair Continental Resident
Malaconotus lagdeni Pair Pair Continental Resident
Malaconotus monteiri Unknown Pair Continental Resident
Manucodia ater Pair Pair Continental Resident
Manucodia chalybatus Pair Pair Continental Resident
Manucodia comrii Unknown Pair Island Resident
Manucodia jobiensis Unknown Pair Continental Resident
Mayrornis lessoni Unknown Pair Island Resident
Mayrornis schistaceus Unknown Pair Island Resident
Mayrornis versicolor Unknown Pair Island Resident
Megabyas flammulatus Cooperative Cooperative Continental Resident
Melampitta gigantea Unknown Pair Continental Resident
Melampitta lugubris Pair Pair Continental Resident
Metabolus rugensis Unknown Pair Island Resident
Mohoua albicilla Cooperative Cooperative Continental Resident
Mohoua ochrocephala Cooperative Cooperative Continental Resident
Monarcha barbatus Unknown Pair Island Resident
Monarcha castaneiventris Unknown Pair Island Resident
Monarcha cinerascens Unknown Pair Widespread Resident
Monarcha erythrostictus Unknown Pair Island Resident
Monarcha frater Pair Pair Continental Migratory
Monarcha godeffroyi Unknown Pair Island Resident
Monarcha melanopsis Pair Pair Continental Migratory Higgins et al. (2006)
Monarcha richardsii Unknown Pair Island Resident
Monarcha rubiensis Unknown Pair Widespread Resident
Monarcha takatsukasae Unknown Pair Island Resident
Myiagra albiventris Unknown Pair Island Resident
Myiagra alecto Pair Pair Widespread Resident
Myiagra atra Unknown Pair Island Resident
Myiagra azureocapilla Unknown Pair Island Resident
Myiagra caledonica Pair Pair Island Resident
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Myiagra cervinicauda Unknown Pair Island Resident
Myiagra cyanoleuca Pair Pair Continental Migratory Higgins et al. (2006)
Myiagra erythrops Unknown Pair Island Resident
Myiagra ferrocyanea Unknown Pair Island Resident
Myiagra freycineti Unknown Pair Island Resident
Myiagra galeata Unknown Pair Island Resident
Myiagra hebetior Unknown Pair Island Resident
Myiagra inquieta Pair Pair Continental Resident
Myiagra nana Unknown Pair Continental Resident
Myiagra oceanica Unknown Pair Island Resident
Myiagra pluto Unknown Pair Island Resident
Myiagra rubecula Pair Pair Widespread Migratory
Myiagra ruficollis Pair Pair Widespread Resident
Myiagra vanikorensis Unknown Pair Island Resident
Mystacornis crossleyi Pair Pair Continental Resident
Neolalage banksiana Unknown Pair Island Resident
Newtonia amphichroa Unknown Cooperative Continental Resident
Newtonia archboldi Unknown Cooperative Continental Resident
Newtonia brunneicauda Unknown Cooperative Continental Resident
Newtonia fanovanae Unknown Cooperative Continental Resident
Nilaus afer Pair Pair Continental Resident
Nucifraga caryocatactes Pair Pair Widespread Resident
Nucifraga columbiana Pair Pair Continental Resident
Nucifraga multipunctata Pair Pair Continental Resident
Oreocharis arfaki Unknown Pair Continental Resident
Oreoica gutturalis Pair Pair Continental Resident
Oriolia bernieri Cooperative Cooperative Continental Resident
Oriolus albiloris Unknown Pair Continental Resident
Oriolus auratus Pair Pair Continental Migratory Fry et al. (2000)
Oriolus bouroensis Unknown Pair Island Resident
Oriolus brachyrhynchus Pair Pair Continental Resident
Oriolus chinensis Pair Pair Widespread Migratory
Oriolus chlorocephalus Unknown Pair Continental Resident
Oriolus crassirostris Unknown Pair Island Resident
Oriolus cruentus Unknown Pair Continental Resident
Oriolus flavocinctus Pair Pair Widespread Resident
Oriolus forsteni Unknown Pair Island Resident
Oriolus hosii Unknown Pair Continental Resident
Oriolus isabellae Unknown Pair Continental Resident
Oriolus kundoo Unknown Pair Continental Migratory Rasmussen and

Anderton (2005)
and Ali and Ripley
(1972)

Oriolus larvatus Pair Pair Continental Resident
Oriolus melanotis Unknown Pair Island Resident
Oriolus mellianus Unknown Pair Continental Migratory
Oriolus monacha Unknown Pair Continental Resident
Oriolus nigripennis Unknown Pair Continental Resident
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Oriolus oriolus Pair Pair Continental Migratory
Oriolus percivali Unknown Pair Continental Resident
Oriolus phaeochromus Unknown Pair Island Resident
Oriolus sagittatus Pair Pair Continental Migratory
Oriolus steerii Unknown Pair Continental Resident
Oriolus szalayi Pair Pair Continental Resident
Oriolus tenuirostris Unknown Pair Continental Migratory
Oriolus traillii Pair Pair Continental Migratory
Oriolus xanthonotus Unknown Pair Widespread Resident
Oriolus xanthornus Pair Pair Widespread Migratory
Pachycephala albiventris Unknown Pair Continental Resident
Pachycephala arctitorquis Unknown Pair Island Resident
Pachycephala aurea Unknown Pair Continental Resident
Pachycephala caledonica Pair Pair Island Resident
Pachycephala citreogaster Pair Pair Island Resident
Pachycephala flavifrons Unknown Pair Island Resident
Pachycephala fulvotincta Pair Pair Widespread Resident
Pachycephala graeffii Pair Pair Island Resident
Pachycephala griseonota Unknown Pair Island Resident
Pachycephala grisola Unknown Pair Widespread Resident
Pachycephala homeyeri Unknown Pair Widespread Resident
Pachycephala hyperythra Unknown Pair Continental Resident
Pachycephala hypoxantha Unknown Pair Continental Resident
Pachycephala implicata Unknown Pair Island Resident
Pachycephala inornata Pair Pair Continental Resident
Pachycephala jacquinoti Unknown Pair Island Resident
Pachycephala johni Unknown Pair Island Resident
Pachycephala lanioides Pair Pair Continental Resident
Pachycephala lorentzi Unknown Pair Continental Resident
Pachycephala macrorhyncha Pair Pair Island Resident
Pachycephala melanura Pair Pair Widespread Resident
Pachycephala mentalis Pair Pair Island Resident
Pachycephala meyeri Unknown Pair Continental Resident
Pachycephala modesta Unknown Pair Continental Resident
Pachycephala monacha Unknown Pair Continental Resident
Pachycephala nudigula Unknown Pair Island Resident
Pachycephala olivacea Pair Pair Continental Resident
Pachycephala orioloides Pair Pair Island Resident
Pachycephala orpheus Unknown Pair Island Resident
Pachycephala pectoralis Pair Pair Widespread Resident
Pachycephala phaionota Unknown Pair Island Resident
Pachycephala philippinensis Unknown Pair Continental Resident
Pachycephala rufiventris Pair Pair Widespread Migratory
Pachycephala rufogularis Pair Pair Continental Resident
Pachycephala schlegelii Unknown Pair Continental Resident
Pachycephala simplex Unknown Pair Widespread Resident
Pachycephala soror Unknown Pair Widespread Resident
Pachycephala sulfuriventer Unknown Pair Continental Resident
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Pachycephala vitiensis Pair Pair Island Resident
Paradigalla brevicauda Uniparental Uniparental Continental Resident
Paradigalla carunculata Unknown Uniparental Continental Resident
Paradisaea apoda Uniparental Uniparental Continental Resident
Paradisaea decora Uniparental Uniparental Island Resident
Paradisaea guilielmi Uniparental Uniparental Continental Resident
Paradisaea minor Uniparental Uniparental Continental Resident
Paradisaea raggiana Uniparental Uniparental Continental Resident
Paradisaea rubra Uniparental Uniparental Continental Resident
Paradisaea rudolphi Uniparental Uniparental Continental Resident
Paramythia montium Pair Pair Continental Resident
Parotia berlepschi Unknown Uniparental Continental Resident
Parotia carolae Uniparental Uniparental Continental Resident
Parotia helenae Unknown Uniparental Continental Resident
Parotia lawesii Uniparental Uniparental Continental Resident
Parotia sefilata Uniparental Uniparental Continental Resident
Parotia wahnesi Uniparental Uniparental Continental Resident
Peltops blainvillii Unknown Pair Continental Resident
Peltops montanus Unknown Pair Continental Resident
Pericrocotus brevirostris Unknown Pair Continental Resident
Pericrocotus cantonensis Unknown Pair Continental Migratory
Pericrocotus cinnamomeus Cooperative Cooperative Widespread Resident
Pericrocotus divaricatus Pair Pair Widespread Migratory
Pericrocotus erythropygius Pair Pair Continental Resident
Pericrocotus ethologus Pair Pair Continental Migratory
Pericrocotus flammeus Unknown Cooperative Continental Resident Rasmussen and

Anderton (2005)
and Ali and Ripley
(1971)

Pericrocotus igneus Unknown Cooperative Widespread Resident
Pericrocotus lansbergei Unknown Pair Island Resident
Pericrocotus miniatus Unknown Pair Continental Resident
Pericrocotus roseus Pair Pair Continental Migratory
Pericrocotus solaris Cooperative Cooperative Continental Resident
Pericrocotus speciosus Unknown Pair Widespread Resident Rasmussen and

Anderton (2005)
and Ali and Ripley
(1971)

Pericrocotus tegimae Unknown Pair Island Resident
Perisoreus canadensis Pair Pair Continental Resident
Perisoreus infaustus Pair Pair Continental Resident
Perisoreus internigrans Cooperative Cooperative Continental Resident
Philentoma pyrhoptera Unknown Pair Continental Resident
Philentoma velata Unknown Pair Continental Resident
Phonygammus keraudrenii Pair Pair Widespread Resident
Pica hudsonia Pair Pair Continental Resident
Pica nuttalli Pair Pair Continental Resident
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Pica pica Pair Pair Continental Resident
Pitohui cristatus Unknown Pair Continental Resident
Pitohui dichrous Cooperative Cooperative Continental Resident
Pitohui ferrugineus Cooperative Cooperative Continental Resident
Pitohui incertus Unknown Cooperative Continental Resident
Pitohui kirhocephalus Unknown Cooperative Continental Resident
Pitohui nigrescens Unknown Unknown Continental Resident
Pityriasis gymnocephala Cooperative Cooperative Continental Resident Smythies and

Davison (1999)
Platylophus galericulatus Unknown Unknown Continental Resident
Platysmurus leucopterus Pair Pair Continental Resident
Platysteira albifrons Unknown Pair Continental Resident
Platysteira cyanea Pair Pair Continental Resident
Platysteira laticincta Unknown Cooperative Continental Resident
Platysteira peltata Cooperative Cooperative Continental Resident
Podoces biddulphi Unknown Pair Continental Resident
Podoces hendersoni Unknown Pair Continental Resident
Podoces panderi Pair Pair Continental Resident
Podoces pleskei Unknown Pair Continental Resident
Pomarea dimidiata Cooperative Cooperative Island Resident
Pomarea iphis Pair Pair Island Resident
Pomarea mendozae Pair Pair Island Resident
Pomarea nigra Unknown Pair Island Resident
Pomarea whitneyi Pair Pair Island Resident
Prionops alberti Cooperative Cooperative Continental Resident
Prionops caniceps Cooperative Cooperative Continental Resident
Prionops gabela Cooperative Cooperative Continental Resident
Prionops plumatus Cooperative Cooperative Continental Resident
Prionops poliolophus Cooperative Cooperative Continental Resident
Prionops retzii Cooperative Cooperative Continental Resident
Prionops rufiventris Unknown Cooperative Continental Resident
Prionops scopifrons Cooperative Cooperative Continental Resident
Pseudobias wardi Unknown Pair Continental Resident
Psophodes cristatus Pair Pair Continental Resident
Psophodes nigrogularis Pair Pair Continental Resident
Psophodes occidentalis Pair Pair Continental Resident
Psophodes olivaceus Pair Pair Continental Resident
Pteridophora alberti Uniparental Uniparental Continental Resident
Pteruthius aenobarbus Unknown Pair Continental Resident
Pteruthius flaviscapis Pair Pair Continental Resident
Pteruthius melanotis Pair Pair Continental Resident
Pteruthius rufiventer Unknown Pair Continental Resident
Pteruthius xanthochlorus Unknown Pair Continental Resident
Ptiloris intercedens Unknown Uniparental Continental Resident
Ptiloris magnificus Uniparental Uniparental Continental Resident
Ptiloris paradiseus Uniparental Uniparental Continental Resident
Ptiloris victoriae Uniparental Uniparental Continental Resident
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Ptilorrhoa caerulescens Unknown Pair Continental Resident
Ptilorrhoa castanonota Unknown Pair Continental Resident
Ptilorrhoa leucosticta Pair Pair Continental Resident
Ptilostomus afer Cooperative Cooperative Continental Resident
Pyrrhocorax graculus Pair Pair Continental Resident
Pyrrhocorax pyrrhocorax Pair Pair Widespread Resident
Rhagologus leucostigma Unknown Unknown Continental Resident
Rhipidura albicollis Pair Pair Continental Resident
Rhipidura albiscapa Unknown Pair Widespread Migratory
Rhipidura albolimbata Pair Pair Continental Resident
Rhipidura atra Pair Pair Continental Resident
Rhipidura aureola Pair Pair Continental Resident
Rhipidura brachyrhyncha Unknown Pair Continental Resident
Rhipidura cockerelli Unknown Pair Island Resident
Rhipidura cyaniceps Unknown Pair Continental Resident
Rhipidura dahli Unknown Pair Island Resident
Rhipidura dedemi Unknown Pair Island Resident
Rhipidura diluta Unknown Pair Island Resident
Rhipidura drownei Unknown Pair Island Resident
Rhipidura dryas Unknown Pair Widespread Resident
Rhipidura euryura Unknown Pair Continental Resident
Rhipidura fuliginosa Pair Pair Widespread Resident
Rhipidura fuscorufa Unknown Pair Island Resident
Rhipidura hyperythra Unknown Pair Continental Resident
Rhipidura javanica Pair Pair Widespread Resident
Rhipidura kubaryi Unknown Pair Island Resident
Rhipidura lepida Unknown Pair Island Resident
Rhipidura leucophrys Pair Pair Widespread Resident
Rhipidura leucothorax Pair Pair Widespread Resident
Rhipidura maculipectus Unknown Pair Continental Resident
Rhipidura malaitae Unknown Pair Island Resident
Rhipidura matthiae Unknown Pair Island Resident
Rhipidura nebulosa Unknown Pair Island Resident
Rhipidura nigrocinnamomea Unknown Pair Continental Resident
Rhipidura opistherythra Unknown Pair Island Resident
Rhipidura perlata Unknown Pair Continental Resident
Rhipidura personata Unknown Pair Island Resident
Rhipidura phasiana Unknown Pair Continental Resident
Rhipidura phoenicura Unknown Pair Continental Resident
Rhipidura rennelliana Unknown Pair Island Resident
Rhipidura rufidorsa Unknown Pair Continental Resident
Rhipidura rufifrons Pair Pair Widespread Migratory Higgins et al. (2006)
Rhipidura rufiventris Pair Pair Widespread Resident
Rhipidura semirubra Unknown Pair Island Resident
Rhipidura superciliaris Unknown Pair Continental Resident
Rhipidura superflua Unknown Pair Island Resident
Rhipidura tenebrosa Unknown Pair Island Resident
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Rhipidura teysmanni Unknown Pair Continental Resident
Rhipidura threnothorax Unknown Pair Continental Resident
Rhipidura verreauxi Pair Pair Island Resident
Rhodophoneus cruentus Unknown Pair Continental Resident
Schetba rufa Cooperative Cooperative Continental Resident
Seleucidis melanoleucus Uniparental Uniparental Continental Resident
Semioptera wallacii Uniparental Uniparental Island Resident
Sphecotheres vieilloti Cooperative Cooperative Widespread Resident Higgins et al. (2006)
Sphecotheres viridis Unknown Cooperative Island Resident
Strepera fuliginosa Pair Pair Continental Resident Higgins et al. (2006)
Strepera graculina Pair Pair Continental Resident Higgins et al. (2006)
Strepera versicolor Pair Pair Continental Resident Higgins et al. (2006)
Struthidea cinerea Cooperative Cooperative Continental Resident
Symposiachrus axillaris Unknown Pair Widespread Resident
Symposiachrus bimaculatus Unknown Pair Island Resident
Symposiachrus boanensis Unknown Pair Island Resident
Symposiachrus brehmii Unknown Pair Island Resident
Symposiachrus browni Unknown Pair Island Resident
Symposiachrus everetti Unknown Pair Island Resident
Symposiachrus guttula Pair Pair Widespread Resident
Symposiachrus infelix Unknown Pair Island Resident
Symposiachrus julianae Unknown Pair Island Resident
Symposiachrus leucurus Unknown Pair Island Resident
Symposiachrus loricatus Unknown Pair Island Resident
Symposiachrus manadensis Unknown Pair Continental Resident
Symposiachrus menckei Unknown Pair Island Resident
Symposiachrus mundus Unknown Pair Island Resident
Symposiachrus sacerdotum Unknown Pair Island Resident
Symposiachrus trivirgatus Pair Pair Widespread Migratory
Symposiachrus verticalis Unknown Pair Island Resident
Symposiachrus vidua Unknown Pair Island Resident
Tchagra australis Pair Pair Continental Resident
Tchagra jamesi Pair Pair Continental Resident
Tchagra senegalus Pair Pair Continental Resident
Tchagra tchagra Pair Pair Continental Resident
Telophorus zeylonus Pair Pair Continental Resident
Temnurus temnurus Unknown Pair Continental Resident
Tephrodornis virgatus Pair Pair Continental Resident Rasmussen and

Anderton (2005)
and Ali and Ripley
(1971)

Tephrodornis pondicerianus Pair Pair Continental Resident Rasmussen and
Anderton (2005)
and Ali and Ripley
(1971)

Terpsiphone atrocaudata Pair Pair Widespread Migratory
Terpsiphone atrochalybeia Pair Pair Island Resident
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Terpsiphone batesi Unknown Pair Continental Resident
Terpsiphone bedfordi Unknown Pair Continental Resident
Terpsiphone bourbonnensis Pair Pair Island Resident
Terpsiphone cinnamomea Pair Pair Widespread Resident
Terpsiphone corvina Pair Pair Island Resident
Terpsiphone cyanescens Unknown Pair Continental Resident
Terpsiphone mutata Pair Pair Widespread Resident
Terpsiphone paradisi Pair Pair Widespread Migratory
Terpsiphone rufiventer Pair Pair Widespread Resident
Terpsiphone rufocinerea Pair Pair Continental Resident
Terpsiphone smithii Unknown Pair Island Resident
Terpsiphone viridis Pair Pair Continental Migratory
Trochocercus cyanomelas Pair Pair Continental Resident
Trochocercus nitens Pair Pair Continental Resident
Turnagra capensis Unknown Unknown Continental Resident Higgins et al. (2006)
Tylas eduardi Unknown Pair Continental Resident
Urocissa caerulea Cooperative Cooperative Continental Resident
Urocissa erythrorhyncha Unknown Cooperative Continental Resident
Urocissa flavirostris Unknown Cooperative Continental Resident
Urocissa ornata Unknown Cooperative Continental Resident
Urocissa whiteheadi Unknown Cooperative Continental Resident
Urolestes melanoleucus Cooperative Cooperative Continental Resident Dowsett et al. (2008)
Vanga curvirostris Pair Pair Continental Resident
Vireo altiloquus Unknown Pair Widespread Migratory
Vireo approximans Unknown Pair Island Resident
Vireo atricapilla Pair Pair Continental Migratory
Vireo bairdi Unknown Pair Island Resident
Vireo bellii Pair Pair Continental Migratory
Vireo brevipennis Unknown Pair Continental Resident
Vireo caribaeus Pair Pair Island Resident
Vireo carmioli Unknown Pair Continental Resident
Vireo cassinii Pair Pair Continental Migratory
Vireo crassirostris Unknown Pair Island Resident
Vireo flavifrons Pair Pair Continental Migratory
Vireo flavoviridis Pair Pair Widespread Migratory
Vireo gilvus Pair Pair Continental Migratory
Vireo gracilirostris Unknown Pair Island Resident
Vireo griseus Pair Pair Continental Migratory
Vireo gundlachii Pair Pair Island Resident
Vireo huttoni Pair Pair Continental Resident
Vireo hypochryseus Unknown Pair Widespread Resident
Vireo latimeri Pair Pair Island Resident
Vireo leucophrys Unknown Pair Continental Resident
Vireo magister Pair Pair Widespread Resident
Vireo masteri Unknown Pair Continental Resident
Vireo modestus Unknown Pair Island Resident
Vireo nanus Unknown Pair Island Resident

(Continued)
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Continued.

Known breeding Inferred breeding Island/ Migratory
Species system system Continental status Sources

Vireo nelsoni Pair Pair Continental Resident
Vireo olivaceus Pair Pair Continental Migratory
Vireo osburni Unknown Pair Island Resident
Vireo pallens Unknown Pair Widespread Resident
Vireo philadelphicus Pair Pair Continental Migratory
Vireo plumbeus Pair Pair Continental Migratory
Vireo solitarius Pair Pair Continental Migratory
Vireo vicinior Pair Pair Continental Migratory
Vireolanius eximius Unknown Pair Continental Resident
Vireolanius leucotis Unknown Pair Continental Resident
Vireolanius melitophrys Unknown Pair Continental Resident
Vireolanius pulchellus Unknown Pair Continental Resident
Xenopirostris damii Pair Pair Continental Resident
Xenopirostris polleni Pair Pair Continental Resident
Xenopirostris xenopirostris Unknown Pair Continental Resident
Zavattariornis stresemanni Cooperative Cooperative Continental Resident
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cooperative, and uniparental) on lineage diversification and transitions, using an MCMC approach.
Figure S6. Ancestral reconstruction of breeding system generated with the multistate speciation and extinction (MuSSE) model implemented using an
MCMC approach.
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dwelling on lineage diversification and transitions, using an MCMC approach.
Figure S8. Global maps of breeding species richness of each 1° × 1° grid cell for pair breeders (left panel), cooperative breeders (center panel), and all
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Figure S9. Left panel: Global maps showing studentized residuals of linear models examining the relationship between species richness of 1° × 1° grid
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