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p— S{rthio camelus — g

Rhea pennata :| b
Rhea americana

Dromaius novaehollandiae
Casuarius casuarius ]
Casuarius bennetti
Aepyornis maximus
Mullerornis sp. :I d
Apteryx haastii

Apteryx owenii

Apteryx australis | €
Apteryx mantelli

Apteryx rowi

Dinornis giganteus
Megalapteryx didinus
Anomalopteryx didiformis | f
Pachyornis australis

Emeus crassus

Eudromia elegans
Nothoprocta ornata
Nothoprocta perdicaria
Nothocercus nigrocapillus
Tinamus guttatus

Tinamus major

Crypturellus tataupa
Crypturellus cinnamomeus
Crypturellus soui

Chauna torquata

Anseranas semipalmata
Dendrocygna viduata

deyleuboseed

Malacorhynchus membranaceus

Oxyura jamaicensis
Biziura lobata
Aythya valisineria
Aythya americana
Anas superciliosa
Anas platyrhynchos
Branta bernicla
Branta ruficollis
Branta sandvicensis
Branta canadensis
Branta leucopsis
Branta hutchinsii
Anser indicus
Anser canagicus
Anser caerulescens
Anser rossii

Anser anser

Anser cygnoides
Anser erythropus
Anser albifrons
Anser fabalis

Anser brachyrhynchus
Anser serrirostris

GALLIFORMES (subtree A)

Phoenicopterus ruber :l a
Phoenicopterus chilensis
Rollandia rolland

Podiceps cristatus ] b
Podiceps auritus

Monias benschi :l
Mesitornis unicolor
Pterocles exustus

Pterocles gutturalis
Syrrhaptes paradoxus b
Pterocles namaqua
Pterocles bicinctus

Columbina minuta
Columba livia
Leptotila rufaxilla
Geotrygon montana
Ptilinopus magnificus
Treron vernans
Treron calvus
Didunculus strigirostris
Caloenas nicobarica
Otidiphaps nobilis
Goura scheepmakeri
Goura victoria

Goura cristata

Lophotis ruficrista
Ardeotis kori ] a
Chlamydotis macqueenii
Corythaeola cristata

Crinifer piscator b
Tauraco erythrolophus
Tauraco macrorhynchus
Crotophaga sulcirostris
Geococcyx californianus
Tapera naevia

Coua cristata

Centropus bengalensis
Centropus viridis

Cuculus canorus

Cuculus optatus
Phaenicophaeus curvirostris
Coccyzus melacoryphus
Coccyzus americanus
Eurostopodus mystacalis 9
Lyncornis macrotis
Systellura longirostris
Antrostomus carolinensis
Chordeiles pusillus
Caprimulgus europaeus
Steatornis caripensis

Nyctibius bracteatus a

Nyctibius grandis
Nyctibius aethereus
Nyctibius maculosus
Nyctibius leucopterus
Nyctibius griseus
Nyctibius jamaicensis
Podargus strigoides
Batrachostomus septimus -
Aegotheles cristatus 9
Aegotheles insignis
Hemiprocne mystacea
Hemiprocne comata
Streptoprocne zonaris
Aerodramus vanikorensis
Chaetura brachyura

Chaetura pelagica b

Colibri coruscans

Calypte anna

Archilochus colubris
Phaethornis griseogularis
Phaethornis superciliosus
Florisuga fusca

Topaza pyra

Topaza pella o

Opisthocomus hoazin (Opisthocomiformes)

Psophia crepitans
Aramus guarauna
Antigone canadensis
Balearica regulorum
Heliornis fulica
Sarothrura rufa
Sarothrura elegans
Micropygia schomburgkii
Porphyrio porphyrio
Himantornis haematopus
Rallus longirostris

Rallus limicola

Chionis albus

Burhinus oedicnemus
Burhinus bistriatus
Phegornis mitchellii
Charadrius vociferus
Charadrius hiaticula
Recurvirostra americana
Haematopus ater
Haematopus palliatus
Limosa lapponica

Tringa solitaria

Arenaria interpres
Pedionomus torquatus
Thinocorus orbignyianus
Rostratula benghalensis
Jacana jacana

Turnix sylvaticus

Turnix ocellatus

Dromas ardeola
Glareola nuchalis
Glareola cinerea

Uria aalge

Sterna hirundo
Rynchops niger
Chroicocephalus cirrocephalus
Larus marinus

Eurypyga helias :l a
Rhynochetos jubatus
Phaethon rubricauda :l b
Phaethon lepturus
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Gavia immer :I &
Aptenodytes forsteri 3
Aptenodytes patagonicus
Pygoscelis adeliae b
Eudyptula minor
Spheniscus humboldti =
Phoebastria nigripes 3
Oceanites oceanicus
Pelagodroma marina
Oceanodroma tethys
Oceanodroma leucorhoa | ¢
Fulmarus glacialis
Fulmarus glacialoides
Ardenna grisea
Pterodroma externa
Pelecanoides urinatrix =
Leptoptilos crumenifer ]

d

Mycteria americana
Ciconia nigra

Ciconia ciconia

Fregata magnificens

Sula leucogaster

Morus bassanus

Morus serrator

Anhinga anhinga
Phalacrocorax pelagicus
Phalacrocorax carbo
Phalacrocorax harrisi
Phalacrocorax auritus
Phalacrocorax brasilianus
Platalea ajaja -
Nipponia nippon
Eudocimus albus
Theristicus caerulescens
Scopus umbretta
Balaeniceps rex £
Pelecanus crispus
Pelecanus occidentalis
Tigrisoma lineatum
Cochlearius cochlearius
Ixobrychus minutus

Egretta garzetta

Ardea herodias -
Sarcoramphus papa I
Vultur gryphus

Cathartes aura

Cathartes burrovianus
Sagittarius serpentarius
Pandion haliaetus
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Elanus leucurus a

Gampsonyx swainsonii
Elanoides forficatus
Aquila chrysaetos
Accipiter superciliosus
Buteo jamaicensis
Haliaeetus leucocephalus
Haliaeetus albicilla e
Tyto alba

Phodilus badius

Athene cunicularia b
Strix varia

Strix occidentalis

Urocolius indicus

Colius colius

Colius striatus

Leptosomus discolor = d
Pharomachrus auriceps
Trogon elegans

Trogon personatus
Apaloderma vittatum
Apaloderma narina
Apaloderma aequatoriale
Upupa epops

Phoeniculus purpureus
Rhinopomastus cyanomelas
Bucorvus leadbeateri
Bucorvus abyssinicus
Lophoceros camurus
Buceros rhinoceros
Nonnula ruficapilla <
Malacoptila fusca

Bucco macrodactylus
Chelidoptera tenebrosa
Bucco capensis
Brachygalba albogularis
Galbula albirostris
Galbula leucogastra
Galbula dea

Galbula chalcothorax
Psilopogon virens
Psilopogon chrysopogon

Ramphastos ambiguus 9

Capito niger
Pogoniulus bilineatus
Buccanodon duchaillui
Prodotiscus insignis
Indicator exilis
Indicator maculatus
Jynx torquilla

Jynx ruficollis
Dryobates pubescens
Sphyrapicus varius
Dryocopus pileatus
Picus canus =
Nyctyornis amictus ]
Merops muelleri

Merops nubicus
Geobiastes squamiger
Atelornis pittoides
Coracias cyanogaster
Coracias abyssinicus
Coracias caudatus

Todus angustirostris
Todus mexicanus
Momotus momota
Hylomanes momotula
Momotus lessonii

Ceyx collectoris

Alcedo atthis

Alcedo quadribrachys
Ispidina lecontei h
Corythornis leucogaster
Corythornis cristatus
Megaceryle alcyon

Ceryle rudis

Chloroceryle aenea
Chloroceryle inda

Lacedo pulchella
Pelargopsis capensis
Halcyon senegalensis
Tanysiptera sylvia

Syma megarhyncha
Todiramphus tutus
Caridonax fulgidus
Actenoides lindsayi
Melidora macrorrhina
Clytoceyx rex

Dacelo gaudichaud
Dacelo novaeguineae -
Cariama cristata

Chunga burmeisteri :I
Herpetotheres cachinnans
Micrastur semitorquatus
Micrastur gilvicollis
Caracara cheriway

Ibycter americanus b

Daptrius ater
Falco sparverius
Falco mexicanus
Falco cherrug
Falco peregrinus

PSITTACIFORMES (subtree B)
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Leipoa ocellata
Alectura lathami
Megapodius eremita
Megapodius layardi
Penelopina nigra
Chamaepetes goudotii
Penelope pileata
Aburria aburri
Pipile jacutinga
Pipile cumanensis
Oreophasis derbianus
Ortalis motmot
Ortalis vetula
Pauxi pauxi
Mitu salvini
Nothocrax urumutum
Crax rubra
Crax daubentoni
o7 Crax globulosa
97 Crax alector
Numida meleagris
Acryllium vulturinum
Guttera pucherani
Ptilopachus petrosus
Rhynchortyx cinctus
Dactylortyx thoracicus
Cyrtonyx montezumae
96 Odontophorus gujanensis
Oreortyx pictus
Callipepla californica
Colinus virginianus
Colinus cristatus
Arborophila torqueola
Arborophila rufogularis
Caloperdix oculeus
Rollulus rouloul
Melanoperdix niger
Rheinardia ocellata
Argusianus argus
Afropavo congensis
Pavo muticus
Pavo cristatus
Arborophila chloropus
Arborophila charltonii
Haematortyx sanguiniceps
Galloperdix spadicea
Polyplectron napoleonis
Polyplectron malacense
Polyplectron germaini
Polyplectron bicalcaratum
Polyplectron chalcurum
Polyplectron inopinatum
Scleroptila afra
Francolinus francolinus
Bambusicola thoracicus
Gallus varius
Gallus gallus
Gallus sonneratii
Gallus lafayettii
Tetraogallus himalayensis
Tetraogallus altaicus
Alectoris rufa
98 Alectoris chukar
Perdicula erythrorhyncha
Pternistis ahantensis
Pternistis bicalcaratus
Pternistis swainsonii
Pternistis leucoscepus
Pternistis afer
Ammoperdix heyi
Anurophasis monorthonyx
Coturnix ypsilophora
Excalfactoria chinensis
Excalfactoria adansonii
Margaroperdix madagarensis
Coturnix japonica
Coturnix coturnix
Coturnix pectoralis
Coturnix delegorguei
Coturnix coromandelica
Lerwa lerwa
Ithaginis cruentus
Lophophorus impejanus
Tetraophasis obscurus
Tragopan satyra
Tragopan blythii
Tragopan temminckii
Tragopan caboti
Rhizothera longirostris
Pucrasia macrolopha
Meleagris gallopavo
Meleagris ocellata
Bonasa umbellus
Tetrastes bonasia
Centrocercus urophasianus
Centrocercus minimus
Dendragapus fuliginosus
Tympanuchus cupido
Tympanuchus phasianellus
Lagopus muta
Falcipennis falcipennis
Falcipennis canadensis
Tetrao urogallus
Lyrurus mlokosiewiczi
Perdix perdix
Perdix dauurica
Syrmaticus soemmerringii
Syrmaticus reevesii
Syrmaticus mikado
Syrmaticus humiae
Syrmaticus ellioti
Chrysolophus pictus
Chrysolophus amherstiae
Phasianus colchicus
Catreus wallichii
Crossoptilon auritum
Crossoptilon crossoptilon
Lophura swinhoii
Lophura edwardsi
Lophura leucomelanos
Lophura nycthemera
55 Lophura diardi
Lophura ignita
19 Lophura inornata
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g== Nestor notabilis

G Nestor meridionalis
g== Probosciger aterrimus

L4

Phylogenomic supertree with branch lengths
based on mitochondrial sequence data.

G Cacatua sulphurea

e Psittacus erithacus

Amazona autumnalis
% Deroptyus accipitrinus
Ara macao

Psittrichas fulgidus
g Micropsitta finschii

{ Alisterus scapularis
Psittacula alexandri

g== Barnardius zonarius

SOULIOJDENISd

G Platycercus elegans
g Cyclopsitta diophthalma

G Psittaculirostris edwardsii

Melopsittacus undulatus

Oreopsit Is arfaki

Charmosyna wilhelminae
g== Charmosyna placentis

W= Charmosyna rubronotata
e Charmosyna multistriata

99

Charmosyna josefinae
= 34{ Charmosyna papou

g Charmosyna toxopei

Gss» Charmosyna pulchella

Charmosyna margarethae

Charmosyna rubrigularis

Charmosyna meeki
Charmosyna palmarum
Charmosyna amabilis
Phigys solitarius

Vini australis

Vini ultramarina

Vini stepheni

Vini peruviana

Vini kuhlii

g Neopsittacus pullicauda

99

G Neopsittacus musschenbroekii
{ Lorius albidinucha
Lorius chlorocercus

Lorius lory

Lorius hypoinochrous
Lorius domicella
Lorius garrulus

e Psitteuteles versicolor

{ Parvipsitta pusilla
Parvipsitta porphyrocephala
k Pseudeos fuscata

98 Pseudeos cardinalis

Chalcopsitta scintillata
Chalcopsitta atra

I I Chalcopsitta duivenbodei

Psitteuteles goldiei

Trichoglossus rubiginosus

Glossopsitta concinna
Trichoglossus chlorolepidotus
Trichoglossus haematodus
Trichoglossus rosenbergii
Trichoglossus moluccanus
Trichoglossus rubritorquis
Trichoglossus euteles
Trichoglossus weberi
Trichoglossus capistratus
Trichoglossus forsteni
Trichoglossus johnstoniae
Psitteuteles iris
Trichoglossus flavoviridis
Trichoglossus ornatus

Eos reticulata

Eos bornea

Eos semilarvata

Eos cyanogenia

Eos squamata

Eos histrio

Acanthisitta chloris

Eurylaimus ochromalus
Neodrepanis coruscans

Box 2:

Mitochondrial data (MT-ND2 and MT-CYB)

Burhinus oedicnemus ] Burhinidae (Thick-knees)
g::;mg‘in‘?z;zzys ] Charadriidae (Plovers)
H: pus ater ] K (Oystercatchers)
Recurvirostra americana ] Recurvirostridae (Avocets and Stilts)
Limosa lapponica
Arenaria interpres
Tringa solitaria
Jacana jacana ] Jacanidae (Jacanas)
Rostratula benghalensis ] Rostratulidae (Painted snipe)
Pedionomus torquatus ] Pedionomidae (Plains-wanderer)
Thinocorus orbignyianus ] Thinocoridae (Seedsnipe)
Turnix sylvaticus ] Turnicidae (Hemipodes)
Dromas ardeola ] Dromadidae (Crab-plover)
Glareola cinerea ] Glareolidae (Pratincoles)
Uria aalge ] Alcidae (Guillemots and allies)
Chroicocephalus cirrocephalus
Larus marinus
Rynchops niger
Sterna hirundo

] Scolopacidae (Turnstones, Godwits, and allies)

Laridae (Gulls, Turns, and Skimmers)

Nuclear data (259 loci, primarily coding)

Burhinus oedicnemus ] Burhinidae (Thick-knees)
Charadrius hiaticula ] Charadriidae (Plovers)
Recurvirostra americana ] Recurvirostridae (Avocets and Stilts)
Haematopus palliatus '] Haematopodidae (Oystercatchers)
Limosa lapponica
Arenaria interpres ] Scolopacidae (Turnstones, Godwits, and allies)
Tringa solitaria
Pedionomus torquatus ] Pedionomidae (Plains-wanderer
Jacana jacana ] Jacanidae (Jacanas)
Rostratula benghalensis ] Rostratulidae (Painted snipe)
Turnix ocellata ] Turnicidae (Hemipodes)
Glareola nuchalis ] Glareolidae (Pratincoles)
Uria aalge ] Alcidae (Guillemots and allies)
Rhynchops niger
Chroicocephalus cirrocephalus
Sterna hirundo

Laridae (Gulls, Turns, and Skimmers)

Branch length estimates based mitochondrial
and nuclear for Charadriiformes. The nuclear
branch lengths reflect the Prum tree, which is
largely based on coding data. Branch lengths
for non-coding data are quite similar.

Calyptomena viridis
Smithornis rufolateralis
Sapayoa aenigma

Pitta angolensis

Hydrornis guajanus
Melanopareia maximiliani
Myrmornis torquata
Euchrepomis callinota
Thamnophilus nigrocinereus

Thamnophilus ruficapillus
Grallaria varia

Myrmothera campanisona
Scytalopus magellanicus
Sclerurus mexicanus
Furnarius rufus
Lepidocolaptes angustirostris
Dendrocolaptes certhia
Neopelma chrysocephalum
Manacus vitellinus
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Ceratopipra erythrocephala
Lepidothrix coronata
Cryptopipo holochlora
Cotinga cayana

Rupicola rupicola
Oxyruncus cristatus

Myiobius barbatus
Piprites chloris
Rhynchocyclus olivaceus
Mionectes macconnelli
Hirundinea ferruginea
Elaenia flavogaster
Hymenops perspicillatus
Tyrannus tyrannus
Tyrannus albogularis

Schiffornis turdina

Tityra semifasciata

Tityra cayana

Xenopsaris albinucha
Pachyramphus surinamus
Pachyramphus castaneus
Pachyramphus cinnamomeus
Pachyramphus polychopterus
Pachyramphus marginatus
Pachyramphus albogriseus
Pachyramphus major
Pachyramphus minor
Pachyramphus validus
Pachyramphus homochrous
Pachyramphus aglaiae
Pachyramphus versicolor
Pachyramphus rufus
Pachyramphus spodiurus
Pachyramphus xanthogenys
Pachyramphus viridis

Box 3:

Mitochondrial data (MT-ND2 and MT-CYB)

Struthio camelus ]  Struthionidae (Ostriches)
Rhea americana ] Rheidae (Rheas)
Rhea pennata
Dromaius novaehollandiae
Casuarius bennetti
Casuarius casuarius
Mullerornis sp.
Aepyornis maximus
Apteryx haastii
Apteryx owenii
Apteryx australis
Apteryx mantelli
Apteryx rowi
Dinornis giganteus ]  Dinornithidae
Megalapteryx didinus ] Megalapterygidae
Anomalopteryx didiformis
Emeus crassus
Pachyornis australis
pr— = droMia elegans
Nothoprocta perdicaria
Crypturellus soui

Crypturellus tataupa
Tinamus guttatus
Tinamus major

Nuclear data (259 loci, primarily coding)

] Casuariidae (Emu and Cassowaries)

Aepyornithidae (Elephant birds)

Apterygidae (Kiwis)

(Moas)
] Emeidae

Tinamidae (Tinamous)

Struthio camelus ] Struthionidae (Ostriches)
Rhea americana ] Rheidae (Rheas)
Apteryx sp. ] Apterygidae (Kiwis)

Dromaius novaehollandiae
Casuarius bennetti

] Casuariidae (Emu and Cassowaries)

Nothoprocta ornata
Eudromia elegans
Tinamus major
Crypturellus tataupa

Tinamidae (Tinamous)

Branch length estimates based mitochondrial
and nuclear for Palaeognathae. The nuclear
branch lengths reflect the Prum tree, which is
largely based on coding data. Branch lengths
for non-coding data are quite similar.

Menura novaehollandiae

96

96

96 Ptilonorhynchus violaceus
Sericulus bakeri
Climacteris melanurus

96 Climacteris erythrops

g \alurus splendens

96

@ Malurus melanocephalus
Vanga curvirostris
Newtonia archboldi
96 Newtonia amphichroa
96 Newtonia brunneicauda

96

Lophorina superba
Aphelocoma californica
Aphelocoma ultramarina

96 96 ;
96 Aphelocoma wollweberi
96 Nucifraga columbiana
rr3 Corvus albus
96 Corvus corone

Corvus brachyrhynchos

Picathartes gymnocephalus
Pseudopodoces humilis
96 Poecile lugubris

1

96

95

Calandrella brachydactyla
Pycnonotus urostictus

96 Sylvia nana

Sylvia melanocephala
Bombycilla garrulus

96

91

ﬁ Regulus ignicapilla

96 Regulus calendula
Turdus olivater
Turdus falcklandii
Ficedula hyperythra

Ficedula parva
Ficedula semitorquata
Ficedula albicollis
Ficedula hypoleuca
Ficedula speculigera

il

Dicaeum hypoleucum
g Anthreptes rectirostris

96

{ Leptocoma sperata
Aethopyga pulcherrima
Hypogramma hypogrammicum
Arachnothera crassirostris
Arachnothera robusta
Arachnothera flammifera
Arachnothera longirostra
Arachnothera dilutior
Arachnothera chrysogenys
Arachnothera clarae
Arachnothera flavigaster
Arachnothera magna
Arachnothera everetti
Arachnothera modesta

Chloropsis sonnerati
Ploceus cucullatus

Taeniopygia guttata
Vidua chalybeata
Vidua macroura

il

Passer montanus
gm= [ringilla montifringilla

@ Fringilla coelebs
g [cterus gularis

S Geothlypis trichas

e Spizella atrogularis

96

Amphispiza bilineata
Calamospiza melanocorys
Chondestes grammacus

Chlorospingus flavopectus
Ammodramus savannarum
Peucaea ruficauda
Arremonops rufivirgatus
Rhynchospiza strigiceps
Arremon aurantiirostris
Arremon brunneinucha
Spizelloides arborea
Passerella iliaca

Junco phaeonotus
Zonotrichia albicollis
Zonotrichia atricapilla
Oriturus superciliosus
Artemisiospiza belli
Pooecetes gramineus
Ammodramus leconteii
Passerculus sandwichensis
Melospiza melodia
Aimophila rufescens
Melozone aberti
Melozone leucotis
Pezopetes capitalis

Pipilo chlorurus

Atlapetes albinucha
Atlapetes citrinellus
Cardinalis cardinalis
g Pijranga erythrocephala

Dl

| : Piranga leucoptera
Piranga rubriceps
Piranga roseogularis
Piranga olivacea
Piranga ludoviciana
Piranga bidentata
Piranga rubra
Piranga flava
Piranga lutea EAST
Piranga hepatica
Piranga lutea WEST

Loxigilla noctis

Tiaris bicolor
Certhidea olivacea

(]

Certhidea fusca

Platyspiza crassirostris
Pinaroloxias inornata
Geospiza difficilis
Camarhynchus parvulus
Camarhynchus pauper
Camarhynchus psittacula
Camarhynchus pallidus
Camarhynchus heliobates
Geospiza septentrionalis
Geospiza fuliginosa
Geospiza fortis

Geospiza acutirostris
Geospiza conirostris
Geospiza magnirostris
Geospiza scandens
Geospiza propinqua

Synthesis of avian phylogenomic trees. Strict consensus of 48 optimal supertrees obtained by MRP with bootstrap support indicated adjacent to branches (branches
are left blank when they have 100% support). All taxa are named using genus and species (with the exception of the two cases where species are hon-monophyletic, in

those cases we added a subspecific epithet or geographic information). Ordinal placement for the taxa are:

-- Palaeognathae: a = Struthioniformes; b = Rheiformes; ¢ = Casuariiformes; d = Aepyornithiformes; e = Apterygiformes; f = Dinornithiformes; g = Tinamiformes
-- Galloanseres: primary tree = Anseriformes; subtree A = Galliformes
-- Neoaves: clade la (a = Cariamiformes; b = Falconiformes; subtree B = Psittaciformes and Passeriformes); clade Ib (a = Accipitriformes; b = Strigiformes; ¢ = Coliiformes;

d
d

Leptosomiformes; e = Trogoniformes; f = Bucerotiformes; g = Piciformes; h = Coraciiformes); clade Il (a = Gaviiformes; b = Sphenisciformes; ¢ = Procellariiformes;
Ciconiiformes; e = Suliformes; f = Pelecaniformes); clade lll (a = Eurypygiformes; b = Phaethontiformes); clade IV (a = Otidiformes; b = Musophagiformes; ¢ =

Cuculiformes); clade V (a = Caprimulgiformes [not monophyletic]; b = Apodiformes); clade VI (a = Mesitornithiformes; b = Pterocliformes; ¢ = Columbiformes); clade VII
(a = Phoenicopteriformes; b = Podicipediformes); the three "orphan orders" (Charadriiformes, Gruiformes, and Opisthocomiformes) are indicated on the tree.

Citation: Kimball, R.T.; Oliveros, C.H.; Wang, N.; White, N.D.; Barker, F.K.; Field, D.J.; Ksepka, D.T.; Chesser, R.T.; Moyle, R.G.; Braun, M.J; Brumfield, R.T.; Faircloth,

B.C.; Braun, E.L. A phylogenomic (super) tree of birds (with lessons for other organisms). Diversity 2019, in review.
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