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Appendix
1. Introduction

Here we consolidate and extend the current supra-ordinal taxonomy for birds to facilitate discussion of the performance of analyses using gap characters. We follow our description of nomenclature with a brief review of the support for those groups in our analyses of gap characters. This work should not be viewed as an effort to completely revise avian taxonomy. Nonetheless, we felt it was a useful exercise to summarize proposed clade names and propose additional names based upon Hackett et al. [1]. Given the emerging support for a robust avian phylogeny based upon analyses of nuclear sequence data [1–5] and rare genomic changes [6,7] a more complete taxonomic revision will be warranted soon. To facilitate such efforts we complete this appendix by discussing issues associated with the existing supra-ordinal clade names and by providing a brief comparison to the forthcoming Howard and Moore Complete Checklist of the Birds of the World.
2. Clade Names

2.1. Supra-Ordinal Clades Recovered in Multi-Gene Analyses
Throughout this section the letters used to identify clades refer to the labels in Figure 1 in the main text (the “Early Bird tree”). The named clades in the Early Bird tree that are recovered in analyses of gap characters are listed in Table 1 of this appendix (also see Figure 3 in the main text).

Table 1. Named supra-ordinal clades recovered in analyses of gap characters (numbers indicate bootstrap support; “—” indicates that the clade was not recovered).

	Name
	Independent Support?
	ML
	MP

	Psittacopasserae
	+
	—
	<50%

	Eufalconimorphae
	+
	—
	—

	Australaves
	+
	—
	—

	Picodynastornithes
	+
	82%
	75%

	Picocoraciae
	+
	51%
	<50%

	Eucavitaves
	+
	—
	—

	Cavitaves
	
	—
	—

	Telluraves
	+
	<50%
	—

	Litoritelluraves
	
	—
	—

	Austrodyptornithes
	
	—
	<50%

	Aequornithes
	+
	—
	—

	Insolitaves
	
	—
	—

	Strisores
	
	<50%
	<50%

	Novaeratitae
	+
	95%
	94%

	Notopalaeognathae
	+
	—
	—


Clade A: (Independently Corroborated)

Suh et al. [6] proposed the name Psittacopasserae for the clade comprising Passeriformes (perching birds) and Psittaciformes (parrots). This clade corresponds to Cantiomimus of Ericson [8] but we note that Psittacopasserae has informal priority.
Clade B: (Independently Corroborated)

Suh et al. [6] proposed the name Eufalconimorphae for the clade comprising Psittacopasserae and Falconiformes (falcons). This name presumably refers to the hypothesis that the ancestor of this clade was probably raptorial (see Mayr [9]), although Suh et al. [6] did not state this explicitly. Although this name has informal priority, we consider it problematic (see below, Section 3).

Clade C: (Independently Corroborated)

Ericson [8] proposed the name Australaves as the clade comprising Euaustralaves and Cariamiformes (seriemas) based upon a biogeographic hypothesis that places the centers of origin for these taxa on southern continents. Note that Ericson [8] originally proposed “Australavis” but we have modified the ending to avoid the singular “avis”. This clade corresponds to the “PPFC clade” of Wang et al. [3].
Clade D: (Independently Corroborated)

We propose the name Picodynastornithes for the clade comprising Coraciiformes (kingfishers, rollers, and allies) and Piciformes (woodpeckers and allies). Picodynastornithes is from the Latin picus (m., woodpecker) and the Greek dynastes (m., lord, master, ruler) in reference to the “king” in kingfishers (Alcedinidae sensu lato, corresponding to the circumscription used in the Clements checklist [10]).
Clade E: (Independently Corroborated)

Mayr [11] proposed the name Picocoraciae for the clade comprising Picodynastornithes and Bucerotiformes (hornbills, hoopoes, and woodhoopoes).

Clade F: (Independently Corroborated)

We propose the name Eucavitaves for the clade comprising Picocoraciae and Trogoniformes (trogons). Eucavitaves is derived from the Latin cavus (hollow, hole), refering to the cavity-nesting habits of the clade, and aves (birds) combined with the Greek eu (well, good) to indicate that this group corresponds to the core Cavitaves (see below). This clade corresponds to the “CPBT clade” of Wang et al. [3].
Clade G:
We propose the name Cavitaves for the clade comprising Eucavitaves and Leptosomiformes (the monotypic order for the cuckoo roller Leptosomus discolor). Like Eucavitaves, it is derived from the Latin cavus (hollow, hole) and aves (birds).
Clade H: (Independently Corroborated)

We propose the name Telluraves for the “landbird” clade of Hackett et al. [1], which comprises Falconimorphae and Cavitaves as well as the Accipitriformes (hawks and New World vultures), Strigiformes (owls), and Coliiformes (mousebirds). Telluraves is derived from the Latin words telluris (f., the earth, earth, land) and aves (birds).

Clade I:
We propose the name Litoritelluraves for the clade comprising Telluraves and Charadriiformes (shorebirds). Litoritelluraves is derived from the Latin litus, litoris (n., shore), referring to shorebirds, and Telluraves.
Clade J:
We propose the name Austrodyptornithes for as the clade comprising Sphenisciformes (penguins) and Procellariiformes (petrels, shearwaters, and albatrosses). Austrodyptornithes is derived from the Greek word dypto (plunge in, dive) and the Latin austri (south) in reference to most of the species in this clade living in the southern hemisphere and diving into the ocean. 
Clade K: (Independently Corroborated)

Mayr [11] proposed the name Aequornithes as the clade comprising Austrodyptornithes along 
with Gaviiformes (loons), Ciconiiformes (storks), Suliformes (cormorants and allies), and Pelecaniformes (pelecans, herons, ibis, and allies, corresponding to the circumscription used in the Clements checklist [10]).
Clade L:
We propose the name Insolitaves for the clade comprising Aequornithes along with Cuculiformes (cuckoos), Gruiformes (sensu stricto, comprising only rails, cranes, and their close relatives), Musophagiformes (turacos), and Otidiformes (bustards). Insolitaves is derived from the Latin insolitus (unfamiliar, strange) and aves (birds), because the clade covers an extremely wide range of morphologies and habitats.
Clade M: (Independently Corroborated)
Mayr [12] revived the use of Strisores [13,14] for the clade comprising Apodiformes (swifts and hummingbirds) and traditional “Caprimulgiformes”. Traditional “Caprimulgiformes” corresponds to the sensu lato definition used by the Clements checklist [10], comprising the orders Aegotheliformes (owlet-nightjars), Caprimulgiformes (sensu stricto, nightjars and nighthawks), Podargiformes (frogmouths), Nyctibiiformes (potoos), and Steatornithiformes (the oilbird).

Clade Q: (Independently Corroborated)
We propose the name Novaeratitae for the clade comprising the Casuariiformes (cassowarys and emus) and Aptyrigiformes (kiwis), which are the extant Australasian ratites. Novaeratitae is from the Latin words novus (new) and ratis (f., a raft). Novae refers to the three regions where this clade is found, namely New Guinea (novaeguineae), Australia (novaehollandiae), and New Zealand (novaeseelandiae) and ratis refers to the unkeeled sternum of these birds.

Clade R: (Independently Corroborated)

We propose the name Notopalaeognathae for the clade comprising Novaeratitae, Tinamiformes (tinamous), and Rheiformes (rheas). Notopalaeognathae is from the Greek notos (southern) and Palaeognathae from the Greek word palaios (ancient, old) and gnathidion (jaw), the latter two words referring to the birds classified by Pycraft [15] as having a “primitive” (palaeognathous) palate. Noto refers to the distribution of these taxa on fragments of the ancient southern supercontinent Gondwana. It also refers to the exclusion of Struthioniformes (ostriches) from this clade since they historically had a widespread Eurasian distribution.
2.2. Supra-Ordinal Clades that Are Typically Recovered in Single Gene Analyses
In addition to the relatively difficult to recover supra-ordinal clades described above (and indicated with letters in Figure 1 in the main text), there are six very strongly supported supra-ordinal clades that are typically recovered in analyses of individual genes. These clades were omitted from Table 1 in the main text because they do not represent a rigorous test of the phylogenetic method we used (they are indicated with red asterisks in Figure 1 in the main text).

Four of these clades correspond to the major divisions in the avian tree of life. These clades have received extensive independent corroboration (reviewed by Cracraft et al. [16]). Palaeognathae [15] is the clade comprising Notopalaeognathae and Struthioniformes (ostriches). Galloanserae [17] is the clade comprising Galliformes (pheasants, partridges, and allies) and Anseriformes (ducks, geese, and allies). Neoaves [17] corresponds to the most species-rich Neornithine clade, comprising all extant birds with the exception of those in Galloanserae and Palaeognathae. Finally, Neognathae [15] 
is the clade comprising Neoaves and Galloanserae (i.e., all extant birds except the Palaeognathae). Sangster [18,19] introduced names for two additional clades: Daedalornithes (the clade comprising Aegotheliformes [owlet-nightjars] and Apodiformes [swifts and hummingbirds]) and Mirandornithes (the clade comprising Podicipediformes [grebes] and Phoenicopteriformes [flamingos]). All of these clades were recovered in analyses using only gap characters with bootstrap support ≥80%.

3. Notes on Terminology
3.1. Comments on Eufalconimorphae, Strisores, and Galloanserae
Several names for supra-ordinal clades in the avian tree of life deserve additional comment. First, we note that the use of Eufalconimorphae [6] shares an obvious connection to “Falconimorphae”, a name that has been used for the non-monophyletic grouping of raptors (e.g., Livezey and Zusi [20]). This might make it reasonable to revise “Falconimorphae” to correspond to Austalaves [8]. The prefix “eu-” has often been used for species-rich groups within a larger clade (i.e., Eupasseres [21]; Eucavitaves in this manuscript), making that name a logical extension of the terminology proposed by Suh et al. [6]. However, given the potential for confusion due to the prior use of Falconimorphae for the non-monophyletic “raptorial” group, it seems inappropriate to use that name; instead we recommend continued use of Australaves.
Excluding Cariamiformes from Eufalconimorphae raises another concern. Ericson [8] pointed out that Cariamiformes are the ecological equivalent of the African secretarybird, Sagittarius serpentarius, which is a member of Accipitriformes (hawks and allies, including New World vultures). Thus, the name Eufalconimorphae places many non-raptorial taxa (Passeriformes and Psittaciformes) in the “true falcons” and excludes a raptorial taxon (Cariamiformes). We also note that Ericson [8] suggested subsuming Cariamiformes into Falconiformes, reflecting the recovery of a Falconiformes-Cariamiformes clade in that study. The relatively large number of TE insertions that support Eufalconimorphae [6] leads us to conclude that Falconiformes+Cariamiformes are paraphyletic, contrary to Ericson [8] but consistent with the fossil evidence that suggests the ancestor state for these taxa was raptorial [9]. Nonetheless, we note that Wang et al. [3] also recovered this Falconiformes-Cariamiformes clade, albeit with limited support. For this reason, we suggest that additional study of the potential for biased estimation of phylogeny in this part of the avian tree of life is desirable regardless of nomenclatural issues.
Second, priority for the name Strisores as used by Mayr [12] is also problematic. Mayr [22] revived the name Cypselomorphae, originally used by Huxley [23] for Apodiformes and Caprimulgiformes, using the name for the clade comprising Apodiformes, Caprimulgiformes (sensu stricto), and Nyctibiiformes. However, the least inclusive clade that comprises those taxa is identical to Strisores (sensu Mayr [12]) given the Early Bird tree. Analyses of gap characters (Figure 3 in the main text) support a third topology that is also consistent with maintaining a distinction between Strisores and Cypselomorphae. Despite this uncertainty, continued use of Strisores seems warranted. Use of the name Strisores for these taxa preceded the use of Cypselomorphae and it appears to be becoming more popular in modern literature (e.g., Nesbitt et al. [24]). Moreover, it is unlikely that the deepest divergence in Strisores was between Apodiformes and Caprimulgiformes (none of the estimates of phylogeny cited above are consistent with that topology). Thus, using Strisores for the larger clade and limiting Cypselomorphae to the clade comprising Apodiformes and Caprimulgiformes (sensu stricto), which is consistent its original definition [23] would resolve this confusion.

Strisores is also a problematic taxon from the standpoint of independent evidence. The criterion that we have used to establish whether clades have independent corroboration is a combination of analyses using data that are independent of Hackett et al. [1] along sufficient taxon sampling to provide a rigorous test of the clade of interest. No such test of Strisores has been published, although some recent publications based upon data independent of Hackett et al. [1] do provide support for monophyly for subsets of the taxa comprising Strisores (e.g., Wang et al. [3] and McCormack et al. [5]). Moreover, there is sufficient evidence from morphology (e.g., Livezey and Zusi [20]) to view Strisores as having a reasonable degree of independent corroboration. Analyses of gap characters alone (Figure 3 in the main text) also recover Strisores, albeit with <50% bootstrap support.
Finally, we note that Mayr [11] suggested that Galloanseres is preferable to Galloanserae. Sibley 
et al. [17] proposed the name with the ending “-ae” based upon their DNA hybridization result that suggested that Galloanserae and Palaeognathae are sister taxa. This in turn suggested the division of extant birds into Palaeognathae, Galloanserae, and Neognathae. Subsequent analyses of many different types of data (reviewed by Cracraft et al. [16] and Mayr [11]) have confirmed the sister group relationship between Galloanseres and Neoaves, suggesting that the ending “-es” is to be preferred over “-ae”. However, we note that Galloanserae remains much more commonly used by the community. Moreover, the “-ae” ending has been maintained for some taxa included within Neoaves (e.g., Psittacopasserae and Eufalconimorphae). Thus, we have maintained the use of this name (e.g., supporting information, file 1).

3.2. Comparison to the Forthcoming Howard and Moore Taxonomy
Cracraft [25] presented a ranked classification of birds based upon the best current estimates of avian phylogeny as part of the forthcoming Howard and Moore Complete Checklist of the Birds of the World. Readers are referred to that work for details, but we have chosen to highlight a few differences from our proposed classification:

1. Telluraves and Aequornithes were assigned the rank of cohort. Cracraft [25] revived the use of Coracornithes [26] for Telluraves. In both cases, the ending was modified to “-ia” (i.e., Coracornithia and Aequornithia).

2. Australaves, Austrodyptornithes, and Novaeratitae were assigned the rank of superorder. The names for these groups were Passerimorphae (=Australaves), Apterygimorphae (=Novaeratitae), and Procellariimorphae (=Austrodyptornithes).
3. Strisores [12] were subsumed into a single order (Caprimulgiformes) and the name Daedalornithes [18] was replaced by the Trochiloidea (which has the rank of superfamily).
4. Mirandornithes [19] were subsumed into a single order (Phoenicopteriformes). Grebes were reduced in rank to a family (Podicipedidae) within this order.
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