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A central paradigm in island biogeography has been the unidirec-
tional “downstream” colonization of islands from continents (source
to sink) based on the idea that less-diverse island communities are
easier to invade than biologically more-diverse continental commu-
nities. Recently, several cases of “upstream” colonization (from is-
lands to continents) have been documented, challenging the
traditional view. However, all these cases have involved individual
island species that have colonized mainland regions. Here, usingmo-
lecular phylogenetic data, divergence time estimates, lineage diver-
sity distributions, and ancestral area analyses, we reconstruct the
spread of a species-rich (>700 species) passerine bird radiation (core
Corvoidea) from its late Eocene/Oligocene origin in the emerging
proto-Papuan archipelago north of Australia, including multiple col-
onizations from the archipelago to Southeast Asia. Thus, islands ap-
parently provided the setting for the initiation of a major songbird
radiation that subsequently invaded all other continents.Morpholog-
ical and behavioral adaptations of the core Corvoidea as generalist
feeders in open habitats, which facilitated dispersal and colonization,
apparently evolved in the descendants of sedentary forest birds that
invaded the proto-Papuan archipelago. The archipelago evidently
provided islands of the right size, number, andproximity to continen-
tal areas to support the adaptation and diversification of vagile col-
onizers that went on to increase avian diversity on a global scale.
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Islands and archipelagos have fascinated ecologists and bio-
geographers since Darwin (1) and Wallace (2, 3) demonstrated

their value as model systems. Although recognizing that bio-
diversity on islands develops as a dynamic equilibrium between
colonization and extinction, many biogeographers regard islands
as biodiversity sinks for colonists from diverse mainland source
biotas (4–7). Recently, however, documentation of numerous
examples of colonization from islands to mainland areas (8–11)
have led to a reassessment of the evolutionary and biogeographic
roles of islands in a broader geographic context (12–15).
Oscine passerine birds (songbirds) comprise a globally distributed,

species-rich group of birds (approximately 4,500 species or nearly
half of all avian species) (16), which originated in the early Tertiary
in Australia (17–21). At that time, Australia was isolated by wide
oceanic expanses from the northern landmasses (22, 23) that the
oscine passerines later colonized. The northern rim of the Australo-
Papuan plate (present-day New Guinea) was submerged as a conti-
nental shelf, but began to rise out of the sea in the late Eocene/
Oligocene as the Indo-Australian plate approached and collided
with other plates (24, 25). Although our understanding of global
spread of passerine birds is improving, we know little about the
timing, dispersal routes, and taxonomic selectivity of colonization
events of oscine passerines moving from Australia to Asia or Africa.
The relatively small, basal oscine passerine families comprising

Menuridae, Climacteridae, Maluridae, and Pardalotidae are
mostly restricted to present day Australia, with only a fewmembers
having secondarily colonized New Guinea. Other basal oscine
families are broadly distributed in Australia and New Guinea
(Ptilonorhynchidae), and two families (Meliphagidae and Acan-

thizidae) are more widely distributed across the Indo-Pacific.
However, other oscine lineages—the core Corvoidea (crows and
allies), comprising more than 700 species, and the Passerida (war-
blers, thrushes,finches, and other songbirds), comprisingmore than
3,500 species—originated in themid-Tertiary and dispersed all over
the world (17, 18, 20). Although the deep phylogenetic relation-
ships of the Passerida are still obscured by gaps and uncertainties
(26, 27), a phylogenetic hypothesis including all major lineages
now exists for the core Corvoidea (Fig. 1). Our analysis focuses
on the diversification of this group and the escape of some lineages
across the water barrier separating Australia from the rest of
the globe.
The early radiation of the core Corvoidea (Fig. 1) coincided

with the emergence of the first archipelagos in the Papuan epi-
continental seas (22–25), andmany lineages that occur outside the
Australo-Papuan area are nested among lineages that are en-
demic to Australo-Papua. In the present study, we investigate the
timing and location of the origins of the core Corvoidea to assess
the role of the proto-Papuan archipelago in the dispersal of sev-
eral lineages out of the Australo-Papuan region. Analyzing the
diversification of the core Corvoidea within an explicit spatio-
temporal framework, we call attention to the potential impor-
tance of the proto-Papuan islands for the early diversification of
this large songbird radiation and its spread to the rest of the world.
Evidently, the proto-Papuan islands in the Late Eocene/Oligo-
cene provided an ideal biogeographic context for the evolutionary
maintenance of dispersal and colonization capabilities, which
allowed several lineages of the otherwise sedentary Australian
oscines to escape their ancestral home.

Results
Molecular Phylogenetics and Dating. Mixed-models Bayesian anal-
yses of the concatenated DNA sequence dataset and its individual
partitions yielded 50% majority-rule consensus trees that were
topologically congruent with the maximum likelihood trees gen-
erated in RAxML (Fig. S1). The Bayesian runs of the concate-
nated dataset failed to converge within 60 million generations.
Lack of convergence with large datasets has been encountered in
other recent studies (e.g., ref. 28). However, both Bayesian and
maximum likelihood (ML) analytic approaches find support for
a monophyletic core Corvoidea (Fig. 1).
Analyses in MULTIDIVTIME generated a chronogram (con-

sistent with the “2% rule” for the rate of mitochondrial DNA
sequence divergence per million years) (29) for the oscine pas-
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serine birds, of which 77 taxa in our sample represent the lineages
of the core Corvoidea (Fig. 1). An additional chronogram of
basal oscines comprised seventeen species (Fig. S2). The chro-
nogram for the core Corvoidea, together with ancestral area re-

construction (Fig. 1), suggests that this group (node 2) originated
in the Australo-Papuan area in the late Eocene and that initial
dispersal events out of the region of origin that left modern
descendants began in the Oligocene.

Fig. 1. Chronogram and ancestral areas for oscine passerine birds. A summary of the Bayesian dispersal-vicariance analysis for oscine passerine birds. The
tree is a chronogram based on a 50% majority-rule consensus tree of a Bayesian analysis of a combined data set of nuclear introns (ODC and Myo2), nuclear
exons (RAG-1 and RAG-2), and mitochondrial (ND2) DNA sequences. The distribution for each taxon, as delimited in the map (A), is presented in the columns
to the right of the taxon names (bOSC, basal oscines; tOSC, transitional oscines; PASS, Passerida). For New Guinea, a diamond indicates that the taxon is
endemic. Pie charts at internal nodes represent the marginal probabilities for each alternative ancestral area derived by using dispersal-vicariance analysis
(DIVA) and integrating over tree topologies using MCMC. These probabilities account for the phylogenetic uncertainty in the rest of the tree and the
biogeographic uncertainty at each node, conditional on this node to occur. The colors of the pie charts reflect the probability of the area of origin according
to the geographical delimitations in A. Gray and light gray colors indicate multiple areas of origin shared with New Guinea. White indicates multiple areas
of origin not shared with New Guinea. All other colors indicate only one area of origin. Large pies indicate well-supported nodes (PP ≥ 0.95 and ML
bootstrap ≥ 70). Nodes discussed in the text are indicated with numbers before the node. Taxa for which two different species from the same genus were
used in the analyses are indicated with an asterisk after the genus name. (A) Biogeographic regions: AF, Africa; AM, America; AS, Asia; AU, Australia; IO,
Indian Ocean islands; NG, New Guinea; NZ, New Zealand; PH, Philippines; WA, Wallacea; PO, Pacific Ocean islands. The inset maps above, of the transition
zone between Southeast Asia and Australia (after refs. 22 and 23), show the distribution of land and see from the Oligocene to the present at 10-million y
intervals: red, land; blue, deep sea; white, shallow sea; green, calcareous plateaus, which may at times have been above sea-level. Triangles represent
volcanism and emergence of oceanic islands. (B) Summary of the BayesTraits analysis. The left column indicates the harmonic mean, ordered with
the highest at the top. New Guinea (black) is the most likely area of origin with the highest harmonic mean. The right column indicates the Bayes
factor compared against New Guinea as the favored area of origin. * Indicates positive evidence and ** indicates strong evidence for the favored
hypothesis.
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Biogeographic Analyses. The Bayes-DIVA analysis (Fig. 1) pro-
vided strong support for anAustralian origin of all oscine passerine
birds: P = 0.93 for node 1, and P > 0.90 for the two other well-
supported basal nodes. For the core Corvoidea (node 2), however,
there was support for a New Guinean (or proto-Papuan) origin;
P= 0.68; NewGuinea/New Zealand: P= 0.16; NewGuinea/Asia:
P = 0.10, meaning that this node is placed in New Guinea by the
present distribution of core Corvoidea lineages. The results of the
BayesTraits analysis (Fig. 1B and Table S1) also supported a New
Guinean origin of the core Corvoidea. Lineages of the core Cor-
voidea colonized the rest of the world during the mid-Tertiary,
presumably through the developing proto-Papuan archipelago
in the northern Australo-Papuan region. The Bayes-DIVA analysis
suggests that at least five dispersal events connect the Papuan re-
gion to contemporary avifaunas elsewhere, in some cases at great
distance: Mohoua (node 3) in New Zealand, Vireonidae (node 4)
in the New World, members of Pachycephalidae (node 5) in Asia
and Oceania, Pericrocotus (node 7) in Asia, and the African bush-
shrikes and helmet-shrike complex (node 8) in Africa.

Lineage Diversity Maps. Among the core Corvoidea, 34 lineages
with modern descendants existed 25 Mya (Fig. 2, Table 1, and
Table S2).Of these, 26 occur inNewGuinea (five endemic) and 17
in Australia (two endemic). Two additional lineages are restricted
to New Zealand, and 18 lineages occur elsewhere. Of the latter,
eight occur only outside Australo-Papua, five of these lineages
representing one monophyletic group of mainly African taxa. Of
the 20 lineages occurring entirely or partly outside the Australo-
Papuan area, all have Papuan sister taxa and some are nested
within a larger complex of Papuan taxa. Furthermore, many en-
demic Papuan genera represent small clades that date back to the
mid-Tertiary, as is also the case for the “transitional oscines.”
The 11 lineages of basal oscines that existed 25 Mya (Fig. 2,

Table 1, and Table S3) all presently occur in Australia (six of them
endemic), with their peak diversity in forests of the east coast.
Four lineages are represented in New Guinea, mainly by terminal
subgroups, as secondary dispersal is indicated for two or three
clades. Only two of the 25My basal oscine lineages (Meliphagidae
and Acanthizidae) include species that presently occur outside
Australo-Papua.
The modern descendents of 12 “transitional” oscine lineages

present 25Mya (Fig. 2, Table 1, and Table S2) are concentrated in
New Guinea (eight taxa, four of which are endemic). Four line-
ages occur in Australia (none endemic) and four lineages exist
outside Australo-Papua. Passerida is not evaluated here because
its early radiation occurred outside Australo-Papua (26), and the
clade was not properly sampled in our study.
Morphological analysis. Three significant (P < 0.01) discriminant
axes based on seven external measurements of 158 species (83
species of core Corvoidea, 37 species of transitional oscines, and
38 species of basal oscines) contained 63, 25, and 11% of the
total variance among five distributional groups of species in the
Australo-Papuan oscine radiation: (i) endemics to Australia, (ii)
endemics to New Guinea, (iii) restricted to both, (iv) spanning
Australo-Papua and Asia/Africa, and (v) presently distributed
only outside of Australo-Papua. Posterior classification placed 88
of 158 species (57%) in the correct group. Only the sample of
New Guinea endemics and lineages shared between New Guinea
and Australia could not be readily separated. The group of lin-
eages that bridges Australo-Papua to Asia/Africa was morpho-
logically the most distinctive, with 75% of species correctly
placed (generalized squared distances to the other groups ranged
between 2.9 and 7.5 times the pooled within-groups variance).
Variation that distinguished these colonizing lineages was con-
centrated on the first discriminant axis, where positive values,
contrasting short wings (standardized canonical coefficient =
−2.00) and long middle toes (2.56), were associated with non-
colonists. Lineages that extend from Australo-Papua into

southeast Asia and to Africa are clearly distinguished as having
large negative values on this axis (mean = −1.14); that is, rela-
tively long wings and short toes, whereas birds restricted to
Australia proper have the opposite morphology (1.52) (Fig. 3).
Species in lineages that no longer occur in Australo-Papua (0.06)
group with species endemic to New Guinea (0.30); lineages
present in both Australia and New Guinea (0.84) are closer to
the Australian endemics.

Discussion
According to our phylogenetic hypotheses, combined with several
others based on DNA sequences (e.g., refs. 17–21), the basal os-
cine lineages are entirely or predominantly restricted to Australia

Fig. 2. Lineage diversity maps of oscine passerine birds. Each lineage is
mapped out as the distribution of all extant members in a single layer (for
details on taxa and number of lineages, see Table S2 and S3). (A) Present
distribution of the 11 basal oscine lineages that existed 25 Mya. All of these
lineages occur in Australia. Maximum pixel value (red) in Australia is 11. (B)
Present distribution of the 12 transitional oscine lineages (Passerida ex-
cluded) that existed 25 Mya. Maximum pixel value (red) in New Guinea is 8.
(C) Present distribution of the 34 lineages of core Corvoidea that existed 25
Mya. Maximum pixel value (red) in New Guinea is 23.
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(Figs. 1 and 2A). The oscines originated in what is now Australia,
which was isolated from other land masses by a large expanse of
ocean.Most of the basal oscine lineages are presently represented
by forest species (30) that are unlikely to cross water (31). Some
basal oscine lineages secondarily became established in New
Guinea, which was occasionally connected to the Australian
mainland during periods of sea-level lows in the Upper Tertiary
(22, 23); only a few members of the families Acanthizidae and
Meliphagidae dispersed beyond the Australo-Papuan region.
In contrast, the origin of core Corvoidea appears to be Papuan

(Fig. 1). This clade, which has successfully colonized other con-
tinents and the Pacific archipelagos, began to diversify in the late
Eocene/Oligocene (Fig. 1), when thenorthernpart of theAustralo-
Papuan plate became subaerial (22, 23), with large calcareous
island plateaus emerging above sea level several hundred kilo-
meters from the Australian mainland. These islands provided new
opportunities for species adapted to crossing oceanic stretches of
water, and we argue that this archipelagic setting favored the
maintenance of well-developed dispersal capabilities and eventu-
ally allowed several lineages to cross the water gap separating
Australo-Papua and Asia.
The history of the area in which the core Corvoidea is currently

most diverse (Fig. 1) suggests that the group diversified in a re-
gional setting with access to emerging archipelagos in the mid-

Tertiary, well before extensive terrestrial environments appeared
in the northern part of the Australian plate. Dispersal of many
lineages out of the Papuan area, to New Zealand (Philesturnus,
Mohoua) and other parts of the world (e.g., African-Malagasy
radiation, Dicruridae, Pericrocotus, Platylophus, Vireonidae,
Corvidae/Lanidae), appears to have occurred over a brief period
in the late Eocene/Oligocene, judging from the depth of phylo-
genetic splits between Australo-Papuan endemics and outside
representatives of these groups. The core Corvoidean lineages
also have been successful recent colonizers of the Pacific archi-
pelagos, currently representing 44% of all passerine birds in re-
moteMicronesia and Polynesia (32), consistent with adaptation to
island life. Considering the association of basal songbird groups
with forested habitats (30), the early core Corvoidea groups would
have undergone a marked change in life strategy to become dis-
persalists. The new Papuan island environments must have fa-
vored morphology and behaviors that facilitated dispersal and
establishment of new colonists (7, 13).
Although it is unlikely that selection would favor overwater

dispersal per se, certain types of ecological distribution might be
associated with traits that would facilitate long-distance coloni-
zation. In particular, generalized foraging in relatively open
environments might be conducive to flocking and to dispersal
between seasonal feeding areas. The consequential colonization
of remote islands permitted by these adaptations created oppor-
tunities for geographic isolation and lineage splitting, leading to
a build-up of diversity in the proto-Papuan archipelago, and
eventually to the colonization of Southeast Asia across a stepping-
stone chain of emerging islands on the developing Sunda shelf.
During this period of diversification and colonization, various

“key innovations” might also have been important. In the case of
the core Corvoidea, these might have included, in addition to
a morphology compatible with long-distance dispersal: (i) a bill
suitable for generalized foraging (i.e., massive and hooked) (33);
(ii) increased brain size, enhancing flexibility in food selection,
feeding innovation (e.g., food hoarding in crows, shrikes and
petroicids) (34), and complex group structure (35, 36); and (iii)
exploratory behavior, which may be associated with changes in life
strategy, including social behavior, increasing the likelihood of
successful long-distance dispersal. Innovative behavior and ability
to adapt to new environments is associated with enlargement of
the hyperstriatum ventrale of the brain, which is exceptionally
developed in crow-like birds (37). Few data on relative sizes of
various brain parts are available, but it might be worthwhile to
compare the endemic taxa (basal oscines and endemic Papuan
core corvoids) and the colonizing taxa (core corvoids that dis-
persed) in this respect.
The lineage diversity maps (Fig. 2) suggest that many evolu-

tionary lines of the core Corvoidea secondarily became adapted to
forest environments on the developing island of New Guinea. As
the Papuan landmass began to emerge, birds invaded the de-
veloping montane forest habitats, where their powers of dispersal
began to diminish as they adapted to the closed environments. This
scenario, in which old endemic populations on large islands be-
come sedentary specialists of montane forest, characterizes many
taxa [e.g., birds (13, 38–42), ants (43, 44), butterflies (45)]. The core
Corvoidean lineages that became restricted in this way to Papuan
cloud forests include Aleadryas, Androphobus, Chaetorhynchus,
Eulacestoma, Ifrita, Melampitta, Ornorectes, and Rhagologus.
Our results suggest that island colonization during the early

evolution of the core Corvoidea reinforced adaptations for long-
distance dispersal and led to a proliferation of species with these
traits in an apparent adaptive radiation within a developing ar-
chipelago. Species “pumps,” whether associated with taxon cycles
in archipelagos (39, 40) or biodiversity hotspots in continental
areas (46), might bemost productive at an early stage of radiation,
when open ecological space places a selective premium on in-
novation and dispersal (47, 48).

Table 1. Lineage diversity at 25 Mya

Number of
lineages

Number of
endemic lineages

Basal oscines 11
Australia 11 6
New Guinea 4 0
Outside Australo-Papua 2 0

Transitional oscines excl. Passerida 12
Australia 4 0
New Guinea 8 4
Outside Australo-Papua 4 4

core Corvoidea 34
Australia 17 2
New Guinea 26 5
Outside Australo-Papua 20 8

Number of lineages and number of endemic lineages that existed 25 Mya
in Australia, New Guinea, and outside Australo-Papua (for details, see Tables
S2 and S3).

Fig. 3. Colonizing lineages among the oscines have distinctive morphology
associated with dispersal ability. Cumulative distribution of scores on ca-
nonical discriminant axis 1 among species of basal oscines (bOSC, n = 38),
transitional oscines (tOSC, n = 37), and core Corvoidea (n = 83) belonging to
each of the five distribution groups: endemic to Australia (including New
Zealand), endemic to Australia plus New Guinea (Aus/NG), endemic to New
Guinea (NG), widely distributed across Australasia to southeast Asia or Africa
(Colonists), and species presently occurring only outside of the Australo-
Papuan region (External).
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Although we find support for the Papuan island origin hy-
pothesis, one alternative hypothesis cannot be ruled out de-
finitively. It is plausible that in the Oligocene/Miocene when
Australia was further to the south and the climate there was
wetter, the core Corvoidea had already radiated within Australia
and some members had begun to disperse across to proto-Papua
and mainland Asia, involving some island-hopping events. Sub-
sequently, Australia moved further north and became hotter and
drier causing many core Corvoidean lineages to go extinct there.
This process would leave a print of the basal core Corvoidean
lineages in New Guinea. However, because the basal oscines re-
stricted to Australia apparently persisted there since their origin,
there is little reason to believe that core Corvoidean taxa would
not also have been able to survive in Australian monsoon rain
forest pockets in the eastern and northern parts of the continent
had they originated in Australia.
Based on the biogeographic and dating analyses presented

here, we propose that the core Corvoidea originated in the proto-
Papuan islands among lineages that were morphologically and
behaviorally adapted in ways that facilitated overwater dispersal.
This process led to a proliferation of species within the ancient
archipelago and eventually to dispersal to distant continental and
Oceanic regions, where core Corvoidea have since radiated fur-
ther. This theory implies that an initial phase of island life, to
which the core Corvoidea were eminently suited, preceded their
worldwide expansion following successful “upstream” coloniza-
tion from islands to mainland areas. Thus, several lineages of the
core Corvoidea represent, beyond additional examples of colo-
nization from islands to mainlands, the beginnings of global
radiations from within an island archipelago. Clearly, some line-
ages of this diversifying clade became adapted to inner forest
environments and stayed put in New Guinea. Others remained in
open habitats, developing morphology and behavior suitable to
overwater dispersal. Our hypothesis that islands can be centers of
evolution and adaptation depends on persistence of island pop-
ulations and contrasts with the widely held idea that populations
on small islands are prone to extinction (5). We note, however,
that highly diversified lineages have survived for millions of years
in archipelagoes, such as the Hawaiian and Galapagos Islands,
and that estimated ages of many individual island populations of
lesser Antillean birds range into the millions of years (42).
The role of distribution within the Papuan and southeast Asian

archipelagoes in selecting for overwater dispersal ability is em-
phasized by the fact that corvoids occurring only outside of the
Australo-Papuan region have apparently reverted to a morphol-
ogy more like that of the New Guinea endemics (Fig. 3), which is
evidently unsuitable for overwater dispersal. Thus, the proto-
Papuan archipelago and the islands presently lying between New
Guinea and Southeast Asia appear to be a cauldron of interisland
movement and colonization, selecting in many lineages against
adaptation for life in closed forest environments—a route taken
by many endemic lineages—and maintaining the potential for
long-distance colonization.

Methods
Taxon Sampling and Phylogenetic Analyses. We initially compiled a dataset
including all core Corvoidean lineages dating back to the mid-Miocene or
beyond forwhichat least oneof themarkersMyo2,ODC,RAG-1, RAG-2orND2
was available (e.g., refs. 10, 17, 18, 49–54). A few additional sequences were
generated specifically for this study. Our dataset of the core Corvoidea is not
complete at the genus level but it likely includes all lineages that existed 25
Mya.We subsequently pruned the dataset to include 102 oscine passerine bird
taxa and 77 members of the core Corvoidea, representing all of the deeper
lineages (Fig. 1 and Table S2). Some suboscine species were also included and
Acanthisitta chloris was used to root the tree. An additional dataset of re-
combination activating protein 1 (RAG-1) was compiled for all seventeen
documented deep lineages of basal oscines (Fig. S2 and Table S3).

Sequences were aligned using MegAlign (DNASTAR, Inc.) and the con-
catenated core Corvoidea alignment consisted of 6,676 bp and the basal

oscine RAG-1 alignment included 2,872 bp. We used Bayesian inference (e.g.,
refs. 55 and 56), as implemented in MRBAYES 3.1.2 (57, 58), to estimate
phylogenetic relationships. Substitution models (Figs. S1 and S2) were de-
termined with MRMODELTEST 2.0 (59). In all MRBAYES analyses, four Metropolis-
coupled Markov Chain Monte Carlo (MCMC) simulations, one cold and three
heated, were run for 20 million iterations (individual partitions) or 60 million
iterations (concatenated alignment) with trees sampled every 500 iterations.
The burn-in and convergence diagnostics were graphically estimated using
AWTY (Are We There Yet?) (60, 61). Partitioned ML analyses were per-
formed using RAxML version 7.0.4 (62), by applying to each partition the
same models as in the MrBayes analyses. Nodal support was evaluated with
100 nonparametric bootstrap pseudoreplications.

Dating Analyses.Weused the relaxedBayesianmolecular clock implemented in
Multidivtime to estimate divergence dates (63). Parameters and priors were
specified following the MULTIDIVTIME guidelines (SI Material and Methods). The
posterior distributions of node times were approximated through four in-
dependentMCMCruns of 50milliongenerations and the“burn-in”was set at 1
million generations. Finally, convergence diagnostics were checked graphi-
cally. To calibrate the tree to estimate absolute dates, we used a combination
of geological calibration points (64) and secondary calibration points (18) (SI
Material and Methods). To further corroborate the absolute date estimates,
we compared with the “2% rule” for the rate of mitochondrial DNA sequence
divergence per million years (SI Material and Methods).

Biogeographic Analyses.WeusedBayes-DIVA toelucidateancestral patterns (65)
with particular emphasis on thenodes around the core Corvoidea.We sampled
20,000 trees (by thinning the chain; i.e., sampling every nth generation) from
the MCMC output and ran DIVA (66) on all of them. The frequency of ancestral
areas for cladeswas then recorded andplottedasmarginal distributions on the
majority-rule consensus tree derived from the MCMC. We assigned ten geo-
graphic areas for the Bayes-DIVA analysis (Fig. 1A), considering evidence of
historical relationships of geological plates and terranes in the Indo-Pacific (22–
24) but otherwise keeping to major continental areas. The analysis used
maxareas = 2, but we also explored the importance of changing the maxareas
(setting maxareas = 3, 4, and 5) (SI Material and Methods).

We used BayesTraits ver. 1.0 (67) to test the validity of New Guinea as the
area of origin of the core Corvoidea. BayesTraits estimates the instantaneous
forward and backward rates among all specified states (in this case areas of
origin) to compute probabilities of a state change in a given branch (68). To
contrast the New Guinean origin hypothesis for the core Corvoidea clade,
we used a local approach (69) and compared state reconstructions at this
specific node (Node 2: core Corvoidea). Thus, we constrained the Most Re-
cent Common Ancestor for the core Corvoidea node at one of the ten po-
tential states (areas of origin). MCMC was used to explore the samples and
the space of rate parameter values of 20,000 trees generated in the com-
bined MrBayes analysis. Bayes factors were then calculated to determine the
support for New Guinea compared with the nine remaining alternative
biogeographic states (SI Material and Methods).

To generate a visual overview of the distributions of the various clades
of oscine passerine birds, we generated lineage diversity maps at the time
when the proto-Papuan archipelago emerged in the Oligocene (Fig. 2) (SI
Material and Methods). We generated lineage diversity maps for three time
frames (35, 30, or 25 Mya) to accommodate the uncertainty associated with
any date estimate. We chose these points in time for two reasons: (i) they
mark the transition between initial (deeper) branching of the core Corvoi-
dea and several strong secondary radiations in some subgroups outside
Australo-Papua; and (ii) they mark the transition between the existence of
isolated Papuan islands and continuous land connections with Australia (22,
23) (see maps in Fig. 1). Our assumption here is that lineage endemism and
the peak of lineage diversity reflects the center of radiation in the Late
Eocene/Oligocene.

Morphological Analyses.Weused discriminant analysis (DISCRIM and CANDISC
procedures of the Statistical Analysis System, SAS Institute, Cary, NC) based on
seven morphological traits (SI Materials and Methods) to determine whether
lineages that diversified on the proto-Papuan islands and finally crossed into
Southeast Asia possessed particular morphologies that might have been
associated with long-distance dispersal. Species were assigned to one of five
distributional groups according to the present distribution of the 25 Mya
lineages to which they belong: Australia (including New Zealand; 17 species),
Australia plus New Guinea (26), endemic to New Guinea (31), Australasia
and Southeast Asia and/or Africa (52), and outside of Australasia (32).
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