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a b s t r a c t
The Corvides (previously referred to as the core Corvoidea) are a morphologically diverse clade of
passerine birds comprising nearly 800 species. The group originated some 30 million years ago in the
proto-Papuan archipelago, to the north of Australia, from where lineages have dispersed and colonized
all of the world’s major continental and insular landmasses (except Antarctica). During the last decade
multiple species-level phylogenies have been generated for individual corvoid families and more recently
the inter-familial relationships have been resolved, based on phylogenetic analyses using multiple
nuclear loci. In the current study we analyse eight nuclear and four mitochondrial loci to generate a dated
phylogeny for the majority of corvoid species. This phylogeny includes 667 out of 780 species (85.5%),
141 out of 143 genera (98.6%) and all 31 currently recognized families, thus providing a baseline for comprehensive macroecological, macroevolutionary and biogeographical analyses. Using this phylogeny we
assess the temporal consistency of the current taxonomic classification of families and genera. By adopting an approach that enforces temporal consistency by causing the fewest possible taxonomic changes to
currently recognized families and genera, we find the current familial classification to be largely temporally consistent, whereas that of genera is not.
Ó 2015 Elsevier Inc. All rights reserved.

1. Introduction
Oscine passerine birds comprise more than one third of global
avian species diversity. The group is comprised of basal lineages
(Menuroides, Climacterides, Meliphagides and Orthonychides) largely confined to Australasia, in addition to two cosmopolitan
groups, the Passerides (>3500 species) and the Corvides (c. 800
species; Cracraft, 2014). Both the Passerides and the Corvides likely
underwent rapid radiation early in their evolution, which has led
to great difficulty in resolving the sequence of the oldest diversification events. Recent work has, however, provided a more refined
picture of the deeper (inter-familial) systematic relationships
within the Corvides (Aggerbeck et al., 2014). In addition, some taxonomically broader studies have included some new species into
the Corvides, such as the genera Ptilorrhoa (Norman et al.,
2009b), Mohoua (Norman et al., 2009b), Erpornis (Barker et al.,
2004) and Pteruthius (Reddy and Cracraft, 2007), while others have
q
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been excluded, such as Hylocitrea (Jønsson et al., 2008a), Pachycare
(Norman et al., 2009a) and Chelidorhynx (Nyári et al., 2009).
The highest current diversity of Corvides is on the island of New
Guinea, where a maximum of 93 species co-occur within a single
110  110 km grid-cell. This observation, in concordance with
spatio-temporal biogeographical analyses, suggests that the group
originated on islands in the area that now forms modern day New
Guinea, probably in the Oligocene/Eocene era (Jønsson et al., 2011;
Aggerbeck et al., 2014). From here, some ancestral lineages dispersed, resulting in global colonization and radiation (Jønsson
et al., 2011; Aggerbeck et al., 2014). The occurrence of a number
of species-poor corvoid families endemic to New Guinea (e.g.
Eulacestomatidae, Ifritidae, Paramythiidae and Melampittidae)
suggests that the island might have served as a refugium during
periods of climatic and environmental change. Thus, it appears that
New Guinea may represent both a cradle and a species pump for
the Indo-Pacific island region.
Members of the Corvides show high adaptational diversity,
including some species-poor ancient clades of highly specialized
species (e.g. Ifrita, Eulacestoma and Daphoenositta) as well as some
dispersive and widely distributed groups that have diversified
extensively (e.g. Monarchidae, Pachycephalidae, Corvidae).
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Members of the Corvides have colonized all continental (except the
Antarctica) landmasses, and can be found in all terrestrial habitats.
Within the group there are multiple examples of both continental
and insular radiations that are seemingly non-adaptive (e.g.
Monarchidae, Vireonidae and Pachycephalidae), where the lineages have diversified and expanded over large geographic areas,
without significant morphological divergence. Conversely, other
clades are suggested to represent adaptive radiations (the
Madagascan vanga family; Jønsson et al., 2012a) or reflect the consequence of strong sexual selection (birds-of-paradise; Irestedt
et al. (2009). However, despite the proposed differences in diversification dynamics among corvoid lineages, there is yet no general
assessment of the relative importance of adaptive and nonadaptive processes in the evolution of the clade; this is mainly
due to the lack of a broad species-level phylogenetic hypothesis.
In this study, we combine existing molecular data into a single
supermatrix to produce a phylogenetic hypothesis that encompasses the vast majority of corvoid species (667 species out of
780 species; Gill et al., 2010). This phylogeny provides a baseline
for future macroecological, macroevolutionary and biogeographical analyses. Additionally, we delimit hierarchical taxonomic
groups based on the temporal banding approach proposed by
Avise and Johns (1999) and Holt and Jønsson (2014). This allows
for a temporally consistent delimitation of higher taxonomic hierarchical groups (families and genera).

2. Methods
2.1. Taxonomic sampling and sequence data

Table 1
Taxonomic coverage at family-level.
Families according to Gill et al.
(2010)

N
species

N species in
tree

% Species in
tree

Corvidae
Laniidae
Ifritidae
Monarchidae
Melampittidae
Paradisaeidae
Corcoracidae
Rhipiduridae
Dicruridae

127
33
1
93
2
41
2
46
22

114
29
1
88
2
40
2
33
19

89.8
87.9
100.0
94.6
100.0
97.6
100.0
71.7
86.4

Vangidae
Prionopidae
Platysteridae
Malaconotidae
Pityriaseidae
Aegithinidae
Cracticidae
Artamidae
Machaerirhyncidae
Rhagologidae
Campephagidae

31
8
30
48
1
4
13
11
2
1
92

29
3
20
30
1
1
12
7
2
1
76

93.5
37.5
66.7
62.5
100.0
25.0
92.3
63.6
100.0
100.0
82.6

Neosittidae
Pachycephalidae
Oriolidae
Cinclosomatidae
Falcunculidae
Psophodidae
Oreoicidae
Vireonidae
Paramythiidae
Eulacestomatidae

3
51
35
9
1
5
3
59
2
1

1
46
35
8
1
5
3
52
2
1

33.3
90.2
100.0
88.9
100.0
100.0
100.0
88.1
100.0
100.0

Mohouidae

The taxonomy follows the IOC World Bird List version 2.7 (766
Corvides species) (Gill et al., 2010) with the addition of taxa that
have been established to belong within the Corvides: Cinclosoma
(5 species), Ptilorrhoa (4 species), Paramythia montium, Oreocharis
arfaki and Turnagra capensis. Additionally, we included a further
two taxa: Hypothymis puella previously considered a subspecies
of Hypthymis azurea and Cracticus argenteus previously considered
a subspecies of Cracticus torquatus. In total, we consider 780
Corvides taxa in the current study (Table 1 and S1).
To collect suitable genes for the supermatrix assembly, DNA
sequences of Corvoid species were downloaded from GenBank.
We focused on eight nuclear (c-mos, Fib-5, GAPDH, Myo2, ODC,
RAG-1, RAG-2 and TGFb2) and four mitochondrial (COI, cyt-b,
ND2 and ND3) genes, which have been used extensively to infer
corvoid phylogenies in recent years (e.g. Cicero and Johnson,
2001; Pasquet et al., 2002, 2007; Cibois et al., 2004; Fuchs et al.,
2004, 2006, 2007, 2012; Ericson et al., 2005; Filardi and Moyle,
2005; Reddy and Cracraft, 2007; Irestedt et al., 2008, 2009;
Jønsson et al., 2008a, 2008b, 2008c, 2010a, 2010b, 2010c, 2010d,
2011, 2012a, 2012b, 2014; Fabre et al., 2012, 2014; Norman
et al., 2009b; Nyári et al., 2009; Kennedy et al., 2012; Toon et al.,
2012, 2013; Kearns et al., 2013; Aggerbeck et al., 2014; Slager
et al., 2014; Andersen et al., 2015). When possible, we selected
sequences from the same vouchered specimens, including all
sequences available to us as of December 2014. In addition, we
included 12 newly generated sequences (deposited on Genbank:
KP726920–KP726931). Finally, 13 outgroup taxa spanning all other
major passerine lineages were included (Barker et al., 2004;
Ericson et al., 2002; Aggerbeck et al., 2014): Acanthisitta, Bombycilla, Callaeas, Climacteris, Cnemophilus, Malurus, Melanocharis,
Menura, Orthonyx, Petroica, Picathartes, Pitta, Pomatostomus.
We estimated the partial decisiveness of the supermatrix as the
percentage of possible trees for which the supermatrix is decisive
(Sanderson et al., 2010). The decisiveness quantifies the degree to
which multiple loci with incomplete taxon coverage supplement

Corvides

3

3

780

667

100
85.51

each other to fully resolve phylogenetic relationships among species. A pattern of taxon coverage is decisive if the underlying true
tree can be uniquely defined by combining the partially resolved
subtrees generated from each locus. As the decisiveness of a given
taxon coverage depends on the topology of the underlying true
tree, which is not known, the decisiveness must be estimated as
a probability. We used the program Decisivator (available from
https://github.com/josephwb/Decisivator accessed on 3 June
2015) to calculate the partial decisiveness based on 1,000 random
trees, using a binary matrix as an input with information regarding
the presence or absence of loci.

2.2. Phylogenetic analyses
DNA sequences were aligned for each gene individually using
MAFFT (Katoh et al., 2002), with the resulting alignments manually
checked and where necessary corrected, in SEAVIEW (Gouy et al.,
2010). Each of the 12 gene partitions were then analyzed separately in BEAST (Drummond et al., 2012) applying the best fitting
model of nucleotide evolution as determined by the Akaike Information Criterion (AIC) in Modeltest 3.7 (Posada and Crandall,
1998) (Table 2). Analyses of the individual gene partitions were
run for 100 million generations using a relaxed uncorrelated lognormal distribution for the molecular clock model, and assuming
a Yule speciation process as a tree prior. These analyses allowed
for an initial quality check of the sequence data, enabling us to
detect any spurious sequences.
For analyses of the complete dataset, we generated a concatenated alignment of all 12 genes that included a total of 10,601 base
pairs. Our initial analysis was run for 40 million generations after
which we generated a maximum clade credibility (MCC) tree,
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Table 2
Alignment details. Length of the alignments, the number of taxa available for each alignment and the best models of nucleotide substitution, as estimated using Modeltest
following the Akaike Information Criterion.
Genes

N base pairs

N taxa (ingroup)

Substitution model (AIC)

Chromosome

Mitochondrial genes
Cytochrome b (cyt-b)
Cytochrome oxidase subunit 1 (COI)
NADH dehydrogenase 2 (ND2)
NADH dehydrogenase 3 (ND3)

3,187
1,143
652
1,041
351

654
344
119
580
262

TVM + I + C
GTR + I + C
GTR + I + C
GTR + I + C

Mitochondrial
Mitochondrial
Mitochondrial
Mitochondrial

Nuclear non-coding (introns)
Beta-fibrinogen intron-5 (fib5)
Glyceraldehyde-3-phosphodehydrogenase intron-11 (GAPDH)
Myoglobin intron-2 (Myo2)
Ornithine decarboxylase introns 6–7 (ODC)
Transforming growth factor, beta 2 intron-5 (TGFb2)

2,778
596
297
675
638
572

503
175
375
331
319
196

GTR + C
TVM + C
TVM + C
GTR + I + C
GTR + C

4
1
1
2
3

Nuclear coding (exons)
Oocyte maturation factor Mos (c-mos)
Recombination activating protein 1 (RAG1)
Recombination activating protein 2 (RAG2)

4,636
603
2,881
1,152

200
136
139
63

TrN + I + C
GTR + I + C
TVM + I + C

4
11
11

Nuclear
Concatenated

7,514
10,601

511
667

which was then used as a starting tree in the subsequent analyses.
As in the analyses of the individual loci we implemented a relaxed
uncorrelated lognormal distribution for the molecular clock model,
and assumed a Yule speciation process as a tree prior. We considered three nucleotide substitution partitions, one for the mitochondrial genes (GTR + I + C), one for the nuclear coding (exon)
genes (GTR + I + C) and one for the nuclear non-coding (intron)
genes (GTR + I + C). The final analysis was run for 1 billion generations. Convergence diagnostics were assessed in Tracer (Rambaut
and Drummond, 2007), by determining the Effective Sample Size
(ESS) and mean distribution values. The final output tree was summarized in TreeAnnotator (Drummond and Rambaut, 2007) as an
MCC tree after discarding 75 million generations as burnin. Several
of these analyses were run on the Cipres Science Gateway at http://
www.phylo.org (Miller et al., 2011).
2.3. Calibrating the tree
We used three fossils determined to be Corvides as calibration
points for dating the tree. All fossils were from the Miocene, and
provide minimum ages for their respective lineages. We used offset
exponential distributions as priors for these calibrations, following
Ericson et al. (2014). The first fossil is considered an oriolid
(Oriolidae) from the Early Miocene (16.3–23 Mya) deposits of
Australia (Boles, 1999). This calibration point was used to date
the divergence leading to members of the genera Oriolus,
Sphecotheres, Turnagra, Pitohui dichrous and Pitohui kirhocephalus
(offset = 16.3, mean = 2, 95% HPD interval = 16.35–23.68 Mya).
The second fossil is considered a cracticid (Cracticidae), also from
the Early Miocene (16.3–23 Mya) deposits of Australia (Nguyen
et al., 2013). This calibration point was used to date the divergence
leading to members of the genera Peltops, Cracticus, Strepera and
Gymnorhina (offset = 16.3, mean = 2, 95% HPD interval = 16.35–
23.68 Mya). The third fossil is considered a corvid (Miocitta, Corvidae) from the late Miocene (13.6–15.97 Mya) deposits of Colorado,
USA (Brodkorb, 1972; Becker, 1987). This calibration point was
used to date the divergence leading to members of the genera
Calocitta, Cyanocitta, Cyanocorax, Gymnorhinus and Aphelocoma
(offset = 13.6, mean = 1, 95% HPD interval = 13.63–17.29 Mya).
These three fossil calibrations represent each of the three main
Corvides clades (denoted with a C in Fig. 1). In a separate analysis,
we used a concatenated alignment of ND2 and cyt-b and applied a
rate of 0.01 substitutions per site per lineage per million years,
reflecting the ‘‘2% per-million-year rule” (Weir and Schluter, 2008).

To compare topological similarity to other recent avian supertrees, we extracted all members of the Corvides from the phylogenies of Burleigh et al. (2015), Davis and Page (2014) and Jetz et al.
(2012). We calculated Robinson-Foulds (RF) distances (Robinson
and Foulds, 1981; Steel and Penny, 1993) using the phangorn package (Schliep, 2011) in R (R Development Core Team, 2014).
Robinson-Foulds distances evaluate the number of topological
changes between pairs of unrooted phylogenetic trees, in terms
of the position of internal nodes required to convert one phylogeny
into another. Inherent in this metric is that comparisons between
trees that contain a larger number of taxa will require a greater
number of changes, and hence generate higher RF values.
Therefore, in addition to comparing the topology of our phylogeny
to the alternative supertrees individually, we also pruned the trees
to contain only species that were shared across all trees. For the
Jetz et al. (2012) tree, we compared both the complete tree (which
places some species based on taxonomic information rather than
sequence data), and the ‘‘data only” tree (which considers only
those species for which DNA sequence data was available).
2.4. Temporal banding to delimit consistent Corvides families and
genera
Building on work by Avise and Johns (1999) and Holt and
Jønsson (2014), we used a temporal banding approach to suggest
revisions to the higher taxonomic groups of the Corvides. This
approach creates temporally consistent higher taxonomic delimitations by splitting a dated phylogeny at specific points in time,
such that the descendent species of the independent lineages form
taxonomic units. While this approach delimits taxonomic groups
in a transparent manner, there are currently no clear guidelines
on how to select the most appropriate temporal cut-off points.
We therefore adopted a ‘‘least disruption” approach to our taxonomic revision, aiming to make the fewest possible changes to current hierarchical taxonomic groups, while simultaneously
enforcing temporal consistency. To do this, we tested all possible
nodal cut-off points for the MCC tree (derived from the analyses
of the concatenated dataset of all 12 genes), and compared the
resulting independent clades to existing families and genera in
the current taxonomy. We evaluated the extent of disruption as
the ‘‘percentage consistency” with the original taxonomy, by considering pairwise comparisons of species and categorizing each
species pair in one of the following categories: (1) ‘‘Splits”: pairs
of species that were originally in the same taxonomic group are
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Corvidae*
C

*

Laniidae(0.99)

*

Monarchidae*
0.96

Ifritidae

*

Paradisaeidae*
0.93

Corcoracidae*
Melampittidae*
Rhipiduridae*

0.97

*

Lamprolidae*
Dicruridae*
Vangidae/Prionopidae*

*

*

Platysteiridae*

*

Malaconotidae*/Pityriaseidae

*
*

C

Aegithinidae
Cracticidae*/Artamidae*

*

Machaerirhynchidae*
Rhagologidae

*
0.98

Campephagidae*

*
Neosittidae
Pachycephalidae*

*

*

Oriolidae*

*

C

Cinclosomatidae*
Falcunculidae
Psophodidae (0.94)
Oreoicidae*

*

Vireonidae*

*
30

Pteruthius*
Paramythiidae*
Eulacestomatidae
Mohouidae*
21.62

20

11.79

10

0

Million years ago

Fig. 1. Time calibrated maximum clade credibility (MCC) tree from the analyses of 12 genes (8 nuclear and 4 mitochondrial) including 667 out of 780 (85.5%) Corvides
species. Clades are colored according to currently considered families with names given to the right of clades. Posterior probabilities are provided for nodes at the base of the
tree up to the level of families. Asterisks indicate a posterior probability of 1.00. Horizontal bars indicated 95% Highest Posterior Density (HPD) intervals. Dotted vertical lines
indicate the least disruptive delimitation of families and genera. Currently recognized families to be lumped according to temporal banding are combined to the right. There
are two cases in which currently recognized families should be split according to temporal banding. These cases involve the Vireonidae and the Oriolidae, where the clade to
be split has been colored in a different tone. The three calibration points are indicated by a black box with a white C. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

now in a different groups, (2) ‘‘Lumps”: pairs of species that were
originally in different groups are now in the same group, and (3)
‘‘Unchanged”: pairs of species in the same group that remain in

the same group. The final possibility, pairs of species in different
groups that remain in different groups, was not considered. Total
consistency was calculated as the proportion of the total of the
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pairwise species comparisons in all categories (i.e. 1 + 2 + 3) that
were assigned as ‘‘Unchanged” (i.e. 3). The R code to perform this
analysis is uploaded on Dryad, doi:10.5061/dryad.v0np1.
3. Results
We included 3,038 DNA sequences for 667 out of 780 species
(85.5%) of the Corvides (Table 1 and S1). The dataset included four
mitochondrial and eight nuclear genes with a mean of 4.6 (median = 4) loci and 3352 base pairs (median = 2,584, min = 257) analyzed per species. The resulting concatenated dataset included
10,601 nucleotides, with 62% of the matrix representing missing
character states. This dataset contains members of all 31 families
and 141 out of 143 genera (98.6%), missing only the monotypic
Eutrichomyias and Urolestes (Gill et al., 2010). The partial decisiveness of the supermatrix for the 667 species was 0.933, suggesting it
is decisive for 93.3% of all possible trees.
3.1. Phylogenetic analyses
Upon obtaining a suitable starting tree, analyses of the concatenated dataset converged after 60 million generations; however, we
ran the analysis for a further 940 million generations to explore the
likelihood surface and reduce the risk of being stuck on local
optima. Effective Sample Size (ESS) values were all higher than
200, suggesting little auto-correlation between the samples. The
alignment, MCC tree and 1,000 randomly selected trees from the
post burn-in posterior distribution have been uploaded on Dryad,
doi:10.5061/dryad.v0np1.
The resulting MCC tree (Fig. 1) was then compared with previous phylogenetic hypotheses of the Corvides, most notably the
backbone as per Aggerbeck et al. (2014) in addition to various family level trees (e.g. Cicero and Johnson, 2001; Pasquet et al., 2002,
2007; Cibois et al., 2004; Fuchs et al., 2004, 2006, 2007, 2012;
Ericson et al., 2005; Filardi and Moyle, 2005; Reddy and Cracraft,
2007; Irestedt et al., 2008, 2009; Jønsson et al., 2008a, 2008b,
2008c, 2010a, 2010b, 2010c, 2010d, 2011, 2012a, 2012b, 2014;
Fabre et al., 2012, 2014; Norman et al., 2009b; Nyári et al., 2009;
Kennedy et al., 2012; Toon et al., 2012, 2013; Kearns et al., 2013;
Aggerbeck et al., 2014; Slager et al., 2014; Andersen et al., 2015).
Discrepancies involved poorly supported nodes and as such can
be attributed to stochasticity in the phylogenetic analyses as well
as lack of resolving power due to the number of loci included.
We recovered the same three main clades as Aggerbeck et al.
(2014), with Mohouidae as the sister clade to these. We note that
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the phylogenetic position of some ancient New Guinean lineages
remain contentious and can only be placed with little or no support
(e.g. Ifritidae, Machaerirhynchidae, Cinclosomatidae, Falcunculidae, Psophodidae, Oreocidae, Eulacestomatidae). Dating analyses
using the three fossil calibration points (see Fig. 1) provide similar
results to those of Jønsson et al. (2011), Kennedy et al. (2012),
Aggerbeck et al. (2014) and Ericson et al. (2014), with the origin
of the Corvides estimated to be at 30.1 Mya (95% HPD intervals
27.1–33.1 Mya). Dating estimates in concordance with the ‘‘2%
rule” pushes the origin of the Corvides back to 38.5 Mya (95%
HPD intervals 33.6–43.4 Mya).
Estimates of the Robinson-Foulds distances (Table S2) suggest
that our phylogenetic hypothesis of the Corvides is topologically
most similar to the ‘‘data-only” MCC tree generated by Jetz et al.
(2012). The next most similar tree is the tree generated by Davis
and Page (2014), closely followed by the tree generated by
Burleigh et al. (2015), which however has more species. Finally
the tree generated by Jetz et al. (2012) with species included for
which no data was available is the most dissimilar tree. To avoid
the problem of uneven sampling, we calculated Robinson-Foulds
distances for the same trees including only the 263 shared species.
This analysis suggests that the ‘‘data only” tree generated by Jetz
et al. (2012) is still the most similar, followed by the tree generated
by Burleigh et al. (2015), which is in turn closely followed by the
tree generated by Davis and Page (2014).
3.2. Temporal banding to determine consistent lineage-based families
and genera
Fig. 2 shows the results of our temporal banding ‘‘least disruption” analysis, which resulted in the selection of cut-points producing 127 genera (splitting the phylogeny at 11.79 Mya) and 30
families (splitting the phylogeny at 21.62 Mya), with 51 genera
and 22 families unchanged from the current taxonomy. Full details
of the revised taxonomy are shown in Tables S3–S5. The temporal
banding of the Corvides supports recent work by Schodde and
Christidis (2014), who proposed several new families (e.g., Ifritidae,
Lamprolidae and Rhagologidae). In addition, temporal banding further suggests that Pteruthius, which is currently a genus within the
Vireonidae, should be considered its own family. Furthermore,
Prionopidae is nested within Vangidae, and Pityriaseidae may best
be considered part of the Malaconotidae, although this relationship
was recovered with low support. Finally, temporal banding suggests that Cracticidae and Artamidae should together be considered a single family.

Fig. 2. Results determining the cut-off point for the least disruptive temporal banding for families and genera for the Corvides. At family level the most consistent number of
groups is 31 and the tree should be cut at 22.09 Mya. At the genus level the most consistent number of groups is 127 and the tree should be cut at 11.95 Mya.
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4. Discussion
4.1. Toward a complete species level phylogeny of the Corvides
A decade ago, Jønsson and Fjeldså (2006) generated a supertree
for oscine passerine birds, which included 171 species (<25%)
belonging to Corvides. This supertree had no branch lengths and
provided no statistical support values for the proposed phylogenetic relationships. Since then phylogeneticists have generated
substantial amounts of additional sequence data and recently
Jetz et al. (2012) summarized the state of the avian tree of life in
an analysis that included DNA sequence data for roughly two
thirds of all bird species. For the Corvides, Jetz et al. (2012)
included data for 478 species, and subsequent supertrees have
included 461 species (Burleigh et al., 2015) and 303 species
(Davis and Page, 2014). Despite the Corvides part of the tree generated by Jetz et al. (2012) being the most similar to our tree
(Table S2), many relationships are inconsistent with those proposed herein based on a greater number of loci and DNA base pairs.
These differences likely reflect the nature of the tree assembly
methodology used by Jetz et al. (2012), which, while certainly an
improvement from Jønsson and Fjeldså (2006), involved grafting
clades onto a backbone tree, in addition to placing more than
3,000 out of the 10,000 species based on current taxonomy. These
uncertainties have resulted in many spurious systematic relationships and dubious branch lengths across the tree (Ricklefs and
Pagel, 2012).
In this study we have included 667 out of 780 species of the
Corvides proposed by Gill et al. (2010), representing 85.5% of the
total diversity. This is a major increase in the number of species
sampled in comparison with previous phylogenetic hypotheses,
and this improvement should facilitate a variety of macroevolutionary and macroecological analyses at the species level. The tree
is congruent with previous analyses of subsets (families and genera) within the Corvides and is well sampled toward the root, such
that the majority of the 113 missing species are nested within terminal radiations. The backbone (family-level interrelationships) of
our Corvides tree is similar to the backbone of the tree by
Aggerbeck et al. (2014), who used 22 nuclear genes, but differs
from the poorly resolved family-level tree generated by Selvatti
et al. (2015), who used only five mitochondrial and four nuclear
genes. The same four nuclear genes used by Selvatti et al. (2015)
were also used by Jønsson et al. (2011). Both analyses clearly
demonstrate that resolution of the relationships among corvoid
families cannot be achieved utilizing these genes alone.

4.2. Systematics and consistent taxonomy of the Corvides
We used the Corvides MCC tree to propose a temporally consistent delimitation of families and genera. Our results suggest that
families within Corvides are generally temporally consistent with
only marginal changes required. These changes involve: (1)
defining Pteruthius, which is currently part of the Vireonidae, as a
separate family; (2) treating Lamprolidae as a separate family,
including the genera Lamprolia and Chaetorhynchus, as already suggested by Schodde and Christidis (2014); (3) treating Prionopidae
as part of the Vangidae, as already suggested by Fuchs et al.
(2012); and (4) treating Cracticidae and Artamidae as a single family. Finally, we note that while a temporally consistent delimitation
supports treating Pityriaseidae as part of the Malaconotidae, this
relationship lacks statistical support. For genera the situation is
more complex and requires a much greater amount of renaming,
and possibly the addition of more molecular data to confidently
establish phylogenetic relationships around the genus-level time
limits.

These new hierarchical ranks improve on traditional taxonomic
units in that each rank represents the same amount of evolutionary
history across the clade, and that their definition is transparent and
reproducible. Our analysis further demonstrates that this improvement can be achieved without major changes in the current taxonomy, by judiciously selecting the cutoff time for temporal banding.
These new groups represent more objective comparable units for
analyses of evolutionary trends, such as variation in diversification
rates and phenotypic divergence. At the genus level it appears that,
despite our aim to minimize taxonomic disruption, a greater number of changes are necessary to obtain a temporally consistent taxonomy. However, our temporally consistent taxonomy may
stimulate a re-evaluation of certain genera within Corvides, while
highlighting that a consistent delineation at least at family level
is both theoretically achievable, and practically feasible.
5. Conclusions
In this study we provide a phylogenetic hypothesis based on a
supermatrix of 12 nuclear and mitochondrial genes including
85.5% of the species diversity of Corvides. This phylogenetic tree
provides a robust baseline for further macroecological, macroevolutionary and biogeographical analyses. Finally, these analyses
highlight the potential to delimit temporally consistent families
and genera, and suggest that the current familial classifications
are largely temporally consistent, whereas those of genera are not.
Acknowledgments
We are indebted to a number of colleagues and collaborators
who have shared samples with us over the years for our work on
systematics, ecology, evolution and biogeography of corvoid
passerine birds. In particular we thank: AM, Australian Museum,
Sydney, Australia (Walter Boles and Les Christidis); AMNH,
American Museum of Natural History, New York, USA (Paul Sweet
and Joel Cracraft); ANWC, Australian National Wildlife Collection,
Canberra, Australia (Leo Joseph); BMNH, British Museum of
Natural History, Tring, UK (Robert Prys-Jones, Hein van Grouw
and Mark Adams); DZUG, Department of Zoology, University of
Gothenburg (Urban Olsson); FMNH, Field Museum of Natural
History, Chicago, IL, USA (David Willard); MNHN, Muséum
National d’Histoire Naturelle, Paris (Eric Pasquet); MV, Museum
Victoria, Melbourne, Australia (Joanna Sumner and Janette
Norman); MVZ, Museum of Vertebrate Zoology, UC Berkeley, USA
(Rauri Bowie); MZB, Museum Zoologicum Bogoriense (Tri Haryoko,
Mohammad Irham, Sri Sulandari, Dewi Prawiradilaga); NRM,
Swedish Museum of Natural History, Stockholm, Sweden (Ulf
Johansson, Per Ericson and Martin Irestedt); RMNH, Rijksmuseum
van Natuurlijke Histoire, Leiden, the Netherlands (Steven van der
Mije); SEOR, Société d’Etudes Ornithologiques de la Réunion;
UWBM, University of Washington Burke Museum (Sharon Birks);
WAM, Western Australian Museum, Perth, Australia; ZMB,
Zoological Museum, Berlin Museum für Naturkunde, Humboldt
University Berlin, Germany (Pascal Eckhoff and Sylke Frahnert);
ZMUC, Zoological Museum, University of Copenhagen, Denmark
(Jan Bolding Kristensen). Fieldwork in the Moluccas was supported
by a National Geographic Research and Exploration Grant (No.
8853-10) and we are grateful to a number of Indonesian institutions that facilitated our field- work: the State Ministry of Research
and Technology (RISTEK), the Ministry of Forestry, Republic of
Indonesia, the Research Center for Biology, Indonesian Institute
of Sciences (RCB-LIPI) and the Museum Zoologicum Bogoriense
(MZB). From the MZB, we are particular indebted to Tri Haryoko,
Mohammed Irham and Sri Sulandari. All authors acknowledge
the Danish National Research Foundation for support to the Center

K.A. Jønsson et al. / Molecular Phylogenetics and Evolution 94 (2016) 87–94

for Macroecology, Evolution and Climate. KAJ acknowledges
support from the People Programme (Marie Curie Actions) of the
European Union’s Seventh Framework Programme (FP7/2007–
2013) under REA Grant agreement n° PIEF-GA-2011-300924.
Appendix A. Supplementary material
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ympev.2015.08.
020.
References
Aggerbeck, M., Fjeldså, J., Christidis, L., Fabre, P.-H., Jønsson, K.A., 2014. Resolving
deep lineage divergences in core corvoid passerine birds supports a protoPapuan island origin. Mol. Phylogenet. Evol. 70, 272–285.
Andersen, M.J., Hosner, P.A., Filardi, C.E., Moyle, R.G., 2015. Phylogeny of the
monarch flycatchers reveals extensive paraphyly and novel relationships within
a major Australo-Pacific radiation. Mol. Phylogenet. Evol. 83, 118–136.
Avise, J.C., Johns, G.C., 1999. Proposal for a standardized temporal scheme of
biological classification for extant species. Proc. Natl. Acad. Sci. USA 96, 7358–
7363.
Barker, F.K., Cibois, A., Schikler, P., Feinstein, J., Cracraft, J., 2004. Phylogeny and
diversification of the largest avian radiation. Proc. Natl. Acad. Sci. USA 101,
11040–11045.
Becker, J.J., 1987. Neogene Avian Localities of North America. Smithsonian
Institution Press, Washington, DC.
Boles, W.E., 1999. A songbird (Aves: Passeriformes: Oriolidae) from the Miocene of
Riversleigh, northwestern Queensland, Australia. Alcheringa 23, 51–56.
Brodkorb, P., 1972. Neogene fossil jays from the Great Plains. Condor 74, 347–349.
Burleigh, J.G., Kimball, R.T., Braun, E.L., 2015. Building the avian tree of life using a
large-scale, sparse supermatrix. Mol. Phylogenet. Evol. 84, 53–63.
Cibois, A., Thibault, J.C., Pasquet, E., 2004. Biogeography of eastern Polynesian
monarchs (Pomarea): an endemic genus close to extinction. Condor 106, 837–
851.
Cicero, C., Johnson, N.K., 2001. Higher-level phylogeny of New World Vireos (Aves:
Vireonidae) based on sequences of multiple mitochondrial DNA genes. Mol.
Phylogenet. Evol. 20, 27–40.
Cracraft, J., 2014. Avian higher-level relationships and classification: passeriformes.
In: Dickinson, E.C., Christidis, L. (Eds.), The Howard and Moore Complete
Checklist of the Birds of the World, 4th ed., vol. 2. Aves Press, Eastbourne, U.K,
pp. xvii–xlv.
Davis, K.E., Page, R.D.M., 2014. Reweaving the tapestry: a supertree of birds. PLOS
Currents.
http://dx.doi.org/10.1371/currents.tol.c1af68dda7c999ed9f1e
4b2d2df7a08e.
Drummond, A.J., Rambaut, A., 2007. BEAST: Bayesian evolutionary analysis by
sampling trees. BMC Evol. Biol. 7, 214.
Drummond, A.J., Suchard, M.A., Xie, D., Rambaut, A., 2012. Bayesian phylogenetics
with BEAUti and the BEAST 1.7. Mol. Biol. Evol. 29, 1969–1973.
Ericson, P.G.P., Christidis, L., Cooper, A., Irestedt, M., Jackson, J., Johansson, U.S.,
Norman, J.A., 2002. A Gondwanan origin of passerine birds supported by DNA
sequences of the endemic New Zealand wrens. Proc. R. Soc. Lond. B Biol. Sci.
269, 235–241.
Ericson, P.G.P., Jansén, A.-L., Johansson, U.S., Ekman, J., 2005. Inter-generic
relationships of the crows, jays and allied groups (Aves: Corvidae) based on
nucleotide sequence data. J. Avian Biol. 36, 222–234.
Ericson, P.G.P., Klopfstein, S., Irestedt, M., Nguyen, J.M.T., Nylander, J.A.A., 2014.
Dating the diversification of the major lineages of Passeriformes (Aves). BMC
Evol. Biol. 14, 8.
Fabre, P.-H., Irestedt, M., Fjeldså, J., Bristol, R., Groombridge, J.J., Irham, M., Jønsson,
K.A., 2012. Dynamic colonization exchanges between continents and islands
drive diversification in paradise-flycatchers (Terpsiphone, Monarchidae). J.
Biogeogr. 39, 1900–1918.
Fabre, P.-H., Moltensen, M., Fjeldså, J., Irestedt, M., Lessard, J.-P., Jønsson, K.A., 2014.
Multiple waves of colonization by monarch flycatchers (Myiagra, Monarchidae)
across the Indo-Pacific and their implications for coexistence and speciation. J.
Biogeogr. 41, 274–286.
Filardi, C.E., Moyle, R.G., 2005. Single origin of a pan-Pacific bird group and
upstream colonization of Australasia. Nature 438, 216–219.
Fuchs, J., Bowie, R.C.K., Fjeldså, J., Pasquet, E., 2004. Phylogenetic relationships of the
African bush-shrikes and helmet-shrikes (Passeriformes: Malaconotidae). Mol.
Phylogenet. Evol. 33, 428–439.
Fuchs, J., Fjeldså, J., Pasquet, E., 2006. An ancient African radiation of corvid birds
detected by mitochondrial and nuclear sequence data. Zoolog. Scr. 35, 375–385.
Fuchs, J., Cruaud, C., Couloux, A., Pasquet, E., 2007. Complex biogeographic history of
the cuckoo-shrikes and allies (Passeriformes: Campephagidae) revealed by
mitochondrial and nuclear sequence data. Mol. Phylogenet. Evol. 44, 138–153.
Fuchs, J., Irestedt, M., Fjeldså, J., Couloux, A., Pasquet, E., Bowie, R.C.K., 2012.
Molecular phylogeny of African bush-shrikes and allies: tracing the
biogeographic history of an explosive radiation of corvoid birds. Mol.
Phylogenet. Evol. 64, 93–105.

93

Gill, F., Wright, M., Donsker, D., 2010. IOC World Bird Names, version 2.7. <http://
www.worldbirdnames.org> (accessed January 2011).
Gouy, M., Guindon, S., Gascuel, O., 2010. SeaView version 4: a multiplatform
graphical user interface for sequence alignment and phylogenetic tree building.
Mol. Biol. Evol. 27, 221–224.
Holt, B.G., Jønsson, K.A., 2014. Reconciling hierarchical taxonomy with molecular
phylogenies. Syst. Biol. 63, 1010–1017.
Irestedt, M., Fuchs, J., Jønsson, K.A., Ohlson, J.I., Pasquet, E., Ericson, P.G.P., 2008. The
systematic affinity of the enigmatic Lamprolia victoriae (Aves: Passeriformes) –
an example of avian dispersal between New Guinea and Fiji over Miocene
intermittent landbridges. Mol. Phylogenet. Evol. 48, 1218–1222.
Irestedt, M., Jønsson, K.A., Fjeldså, J., Christidis, L., Ericson, P.G.P., 2009. An
unexpectedly long history of sexual selection in birds-of-paradise. BMC Evol.
Biol. 9, 235.
Jetz, W., Thomas, G.H., Joy, J.B., Hartmann, K., Mooers, A.O., 2012. The global
diversity of birds in space and time. Nature 491, 444–448.
Jønsson, K.A., Fjeldså, J., 2006. A phylogenetic supertree of oscine passerine birds
(Aves: Passeri). Zoolog. Scr. 35, 149–186.
Jønsson, K.A., Irestedt, M., Fuchs, J., Ericson, P.G.P., Christidis, L., Bowie, R.C.K.,
Norman, J.A., Pasquet, E., Fjeldså, J., 2008a. Explosive avian radiations and multidirectional dispersal across Wallacea: evidence from the Campephagidae and
other Crown Corvida (Aves). Mol. Phylogenet. Evol. 47, 221–236.
Jønsson, K.A., Bowie, R.C.K., Moyle, R.G., Christidis, L., Filardi, C.E., Norman, J.A.,
Fjeldså, J., 2008b. Molecular phylogenetics and diversification within one of the
most geographically variable bird species complexes (Pachycephala pectoralis/
melanura). J. Avian Biol. 39, 473–478.
Jønsson, K.A., Bowie, R.C.K., Norman, J.A., Christidis, L., Fjeldså, J., 2008c.
Polyphyletic origin of toxic Pitohui birds suggests widespread occurrence of
toxicity in corvoid birds. Biol. Lett. 4, 71–74.
Jønsson, K.A., Bowie, R.C.K., Nylander, J.A.A., Christidis, L., Norman, J.A., Fjeldså, J.,
2010a. Biogeographical history of cuckoo-shrikes (Aves: Passeriformes):
transoceanic colonization of Africa from Australo-Papua. J. Biogeogr. 37,
1767–1781.
Jønsson, K.A., Bowie, R.C.K., Moyle, R.G., Irestedt, M., Christidis, L., Norman, J.A.,
Fjeldså, J., 2010b. Phylogeny and biogeography of Oriolidae (Aves:
Passeriformes). Ecography 33, 1–10.
Jønsson, K.A., Irestedt, M., Ericson, P.G.P., Fjeldså, J., 2010c. A molecular phylogeny of
minivets (Passeriformes: Campephagidae: Pericrocotus): implications for
biogeography and convergent plumage evolution. Zoolog. Scr. 39, 1–8.
Jønsson, K.A., Bowie, R.C.K., Moyle, R.G., Christidis, L., Norman, J.A., Benz, B.W.,
Fjeldså, J., 2010d. Historical biogeography of an Indo-Pacific passerine bird
family (Pachycephalidae): different colonization patterns in the Indonesian and
Melanesian archipelagos. J. Biogeogr. 37, 245–257.
Jønsson, K.A., Fabre, P.-H., Ricklefs, R.E., Fjeldså, J., 2011. Major global radiation of
corvoid birds originated in the proto-Papuan archipelago. Proc. Natl. Acad. Sci.
USA 108, 2328–2333.
Jønsson, K.A., Fabre, P.-H., Fritz, S.A., Etienne, R.S., Ricklefs, R.E., Jørgensen, T.B.,
Fjeldså, J., Rahbek, C., Ericson, P.G.P., Woog, F., Pasquet, E., Irestedt, M., 2012a.
Ecological and evolutionary determinants for the adaptive radiation of the
Madagascan vangas. Proc. Natl. Acad. Sci. USA 109, 6620–6625.
Jønsson, K.A., Fabre, P.-H., Irestedt, M., 2012b. Brains, tools, innovation and
biogeography in crows and ravens. BMC Evol. Biol. 12, 72.
Jønsson, K.A., Irestedt, M., Christidis, L., Clegg, S.M., Holt, B.G., Fjeldså, J., 2014.
Evidence of taxon-cycles in an Indo-Pacific passerine bird radiation (Aves:
Pachycephala). Proc. R. Soc. London, Ser. B 281, 20131727.
Katoh, K., Misawa, K., Kuma, K., Miyata, T., 2002. MAFFT: a novel method for rapid
multiple sequence alignment based on fast Fourier transform. Nucleic Acids
Res. 30, 3059–3066.
Kearns, A.M., Joseph, L., Cook, L.G., 2013. A multilocus coalescent analysis of the
speciational history of the Australo-Papuan butcherbirds and their allies
Molecular phylogenetics and evolution 66, 941–952.
Kennedy, J.D., Weir, J.T., Hooper, D.M., Tietze, D.T., Martens, J., Price, T.D., 2012.
Ecological limits on diversification of the Himalayan core Corvoidea. Evolution
66, 2599–2613.
Miller, M.A., Pfeiffer, W., Schwartz, T., 2011. The CIPRES science gateway: a
community resource for phylogenetic analyses. In: Proceedings of the 2011
TeraGrid Conference. Extreme Digital Discovery, ACM, p. 41.
Nguyen, J.M.T., Worthy, T.H., Boles, W.E., Hand, S.J., Archer, M., 2013. A new
cracticid (Passeriformes: Cracticidae) from the Early Miocene of Australia. Emu
113, 374–382.
Norman, J.A., Boles, W.E., Christidis, L., 2009a. Relationships of the New Guinean
songbird genera Amalocichla and Pachycare based on mitochondrial and nuclear
DNA sequences. J. Avian Biol. 40, 640–645.
Norman, J.A., Ericson, P.G.P., Jønsson, K.A., Fjeldså, J., Christidis, L., 2009b. A multigene phylogeny reveals novel relationships for aberrant genera of AustraloPapuan core Corvoidea and polyphyly of the Pachycephalidae and Psophodidae
(Aves: Passeriformes). Mol. Phylogenet. Evol. 52, 488–497.
Nyári, Á., Benz, B.W., Jønsson, K.A., Fjeldså, J., Moyle, R.G., 2009. Phylogenetic
relationships of fantails (Aves: Rhipiduridae). Zoolog. Scr. 38, 553–561.
Pasquet, E., Cibois, A., Baillon, F., Èrard, C., 2002. What are African monarchs (Aves,
Passeriformes)? A phylogenetic analysis of mitochondrial genes. C.R. Biol. 325,
107–118.
Pasquet, E., Pons, J.-M., Fuchs, J., Cruaud, C., Bretagnolle, V., 2007. Evolutionary
history and biogeography of the drongos (Dicruridae), a tropical Old World
clade of corvoid passerines. Mol. Phylogenet. Evol. 45, 158–167.

94

K.A. Jønsson et al. / Molecular Phylogenetics and Evolution 94 (2016) 87–94

Posada, D., Crandall, K.A., 1998. Modeltest: testing the model of DNA substitution.
Bioinformatics 14, 817–818.
R Development Core Team, 2014. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna, Austria.
Rambaut, A., Drummond, A., 2007. Tracer v1.4. <http://beast.bio.ed.ac.uk/Tracer>.
Reddy, S., Cracraft, J., 2007. Old world shrike-babblers (Pteruthius) belong with new
world vireos (Vireonidae). Mol. Phylogenet. Evol. 44, 1352–1357.
Ricklefs, R.E., Pagel, M., 2012. Evolutionary biology: birds of a feather. Nature 491,
336–337.
Robinson, D.R., Foulds, L.R., 1981. Comparison of phylogenetic trees. Math. Biosci.
53, 131–147.
Sanderson, M.J., McMahon, M.M., Steel, M., 2010. Phylogenomics with incomplete
taxon coverage: the limits to inference. BMC Evol. Biol. 10, 155.
Selvatti, A.P., Gonzaga, L.P., de Moraes Russo, C.A., 2015. A Paleogene origin for
crown passerines and the diversification of the Oscines in the New World. Mol.
Phylogenet. Evol. 88, 1–15.
Schliep, K.P., 2011. Phangorn: phylogenetic analysis in R. Bioinformatics 27, 592–
593.

Schodde, R., Christidis, L., 2014. Relicts from the Tertiary Australasia: undescribed
families and subfamilies of songbirds (Passeriformes) and their zoogeographical
signal. Zootaxa 3786, 501–522.
Slager, D.L., Battey, C.J., Bryson Jr., R.W., Voelker, G., Klicka, J., 2014. A multilocus
phylogeny of a major New World avian radiation: the Vireonidae. Mol.
Phylogenetics Evol. 80, 95–104.
Steel, M.A., Penny, P., 1993. Distributions of tree comparison metrics – some new
results. Syst. Biol. 42, 126–141.
Toon, A., Austin, J.J., Dolman, G., Pedler, L., Joseph, L., 2012. Evolution of arid zone
birds in Australia: Leapfrog distribution patterns and mesic-arid connections in
quail-thrush (Cinclosoma, Cinclosomatidae). Mol. Phylogenet. Evol. 62, 286–
295.
Toon, A., Joseph, L., Burbidge, A.H., 2013. Genetic analysis of the Australian
whipbirds and wedgebills illuminates the evolution of their plumage and vocal
diversity. Emu 113, 359–366.
Weir, J.T., Schluter, D., 2008. Calibrating the avian molecular clock. Mol. Ecol. 17,
2321–2328.

