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D. DEC+j; only extant ranges included (no fossils)
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Todiramphus gertrudae
Todiramphus tutus
Todiramphus ruficollaris
Todiramphus veneratus
Todiramphus godeffroyi
Todiramphus s. manuae
Todiramphus s. pealei
Todiramphus sacer
Todiramphus reichenbachii
Todiramphus cinnamominus
Todiramphus pelewensis
Todiramphus recurvirostris
Todiramphus albicilla
Todiramphus saurophagus
Todiramphus tristrami
Todiramphus colonus
Todiramphus chloris
Todiramphus enigma
Todiramphus sordidus
Todiramphus sanctus
Todiramphus farquhari
Todiramphus australasia
Todiramphus diops
Todiramphus lazuli
Todiramphus macleayii
Todiramphus leucopygius
Todiramphus albonotatus
Todiramphus pyrrhopygius
Todiramphus funebris
Todiramphus winchelli
Todiramphus nigrocyaneus
Syma megarhyncha
Syma torotoro
Actenoides hombroni
Actenoides lindsayi
Actenoides concretus
Actenoides bougainvillei
Actenoides excelsus
Caridonax fulgidus
Actenoides capucinus
Actenoides monachus
Actenoides princeps
Dacelo leachii
Dacelo novaeguineae
Dacelo gaudichaud
Clytoceyx rex
Dacelo tyro
Melidora macrorrhina
Tanysiptera carolinae
Tanysiptera galatea
Tanysiptera ellioti
Tanysiptera riedelii
Tanysiptera hydrocharis
Tanysiptera danae
Tanysiptera nympha
Tanysiptera nigriceps
Tanysiptera sylvia
Cittura cyanotis
Cittura sanghirensis
Halcyon cyanoventris
Halcyon smyrnensis
Halcyon gularis
Halcyon pileata
Halcyon albiventris
Halcyon leucocephala
Halcyon chelicuti
Halcyon senegalensis
Halcyon senegaloides
Halcyon malimbica
Halcyon badia
Halcyon coromanda
Pelargopsis capensis
Pelargopsis melanorhyncha
Pelargopsis amauroptera
Lacedo pulchella
Chloroceryle aenea
Chloroceryle inda
Chloroceryle americana
Chloroceryle amazona
Ceryle rudis
Megaceryle alcyon
Megaceryle torquata
Megaceryle lugubris
Megaceryle maxima
Ceyx meeki
Ceyx pallidus
Ceyx malaitae
Ceyx dispar
Ceyx collectoris
Ceyx nigromaxilla
Ceyx gentianus
Ceyx sacerdotis
Ceyx mulcatus
Ceyx solitarius
Ceyx cajeli
Ceyx wallacii
Ceyx lepidus
Ceyx uropygialis
Ceyx margarethae
Ceyx argentatus
Ceyx flumenicola
Ceyx cyanopectus
Ceyx melanurus
Ceyx samarensis
Ceyx mindanensis
Ceyx erithaca
Ceyx azureus
Ceyx websteri
Ceyx pusillus
Ceyx fallax
Alcedo atthis
Alcedo coerulescens
Alcedo quadribrachys
Alcedo semitorquata
Alcedo hercules
Alcedo meninting
Alcedo euryzona
Corythornis cristatus
Corythornis vintsioides
Corythornis leucogaster
Corythornis madagascariensis
Ispidina lecontei
Ispidina picta
Momotus m. microstephanus
Momotus momota
Momotus bahamensis
Momotus lessonii
Momotus subrufescens
Momotus coeruliceps
Momotus mexicanus
Momotus aequatorialis
Baryphthengus martii
Baryphthengus ruficapillus
Aspatha gularis
Electron carinatum
Electron platyrhynchum
Eumomota superciliosa
Hylomanes momotula
Todus angustirostris
Todus todus
Todus multicolor
Todus mexicanus
Todus subulatus
Merops persicus
Merops superciliosus
Merops philippinus
Merops ornatus
Merops apiaster
Merops v. americanus
Merops viridis
Merops leschenaulti
Merops orientalis
Merops nubicoides
Merops nubicus
Merops malimbicus
Merops albicollis
Merops hirundineus
Merops oreobates
Merops pusillus
Merops variegatus
Merops mentalis
Merops muelleri
Merops gularis
Merops boehmi
Merops revoilii
Merops bullockoides
Merops bulocki
Meropogon forsteni
Merops breweri
Nyctyornis amictus
Nyctyornis athertoni
Coracias abyssinicus
Coracias garrulus
Coracias caudatus
Coracias benghalensis
Coracias temminckii
Coracias naevius
Coracias spatulatus
Coracias cyanogaster
Eurystomus azureus
Eurystomus orientalis
Eurystomus glaucurus
Eurystomus gularis
Atelornis crossleyi
Atelornis pittoides
Uratelornis chimaera
Brachypteracias leptosomus
Geobiastes squamiger
Picoides pubescens
Buceros rhinoceros
Apaloderma vittatum
Leptosomus discolor

udae

ris
ratus

oyi
nuae

ensis
rvirostris

ami
us
is

ri
alasia

ayii
pygius

pygius
ris

yaneus

nvillei

nus

ris

ris

ra

icana
ona

ris

hys

riensis

us
rialis
rtii

is

nus

rus

ra

Todiramphus gertrudae
Todiramphus tutus
Todiramphus ruficollaris
Todiramphus veneratus
Todiramphus godeffroyi
Todiramphus s. manuae
Todiramphus s. pealei
Todiramphus sacer
Todiramphus reichenbachii
Todiramphus cinnamominus
Todiramphus pelewensis
Todiramphus recurvirostris
Todiramphus albicilla
Todiramphus saurophagus
Todiramphus tristrami
Todiramphus colonus
Todiramphus chloris
Todiramphus enigma
Todiramphus sordidus
Todiramphus sanctus
Todiramphus farquhari
Todiramphus australasia
Todiramphus diops
Todiramphus lazuli
Todiramphus macleayii
Todiramphus leucopygius
Todiramphus albonotatus
Todiramphus pyrrhopygius
Todiramphus funebris
Todiramphus winchelli
Todiramphus nigrocyaneus
Syma megarhyncha
Syma torotoro
Actenoides hombroni
Actenoides lindsayi
Actenoides concretus
Actenoides bougainvillei
Actenoides excelsus
Caridonax fulgidus
Actenoides capucinus
Actenoides monachus
Actenoides princeps
Dacelo leachii
Dacelo novaeguineae
Dacelo gaudichaud
Clytoceyx rex
Dacelo tyro
Melidora macrorrhina
Tanysiptera carolinae
Tanysiptera galatea
Tanysiptera ellioti
Tanysiptera riedelii
Tanysiptera hydrocharis
Tanysiptera danae
Tanysiptera nympha
Tanysiptera nigriceps
Tanysiptera sylvia
Cittura cyanotis
Cittura sanghirensis
Halcyon cyanoventris
Halcyon smyrnensis
Halcyon gularis
Halcyon pileata
Halcyon albiventris
Halcyon leucocephala
Halcyon chelicuti
Halcyon senegalensis
Halcyon senegaloides
Halcyon malimbica
Halcyon badia
Halcyon coromanda
Pelargopsis capensis
Pelargopsis melanorhyncha
Pelargopsis amauroptera
Lacedo pulchella
Chloroceryle aenea
Chloroceryle inda
Chloroceryle americana
Chloroceryle amazona
Ceryle rudis
Megaceryle alcyon
Megaceryle torquata
Megaceryle lugubris
Megaceryle maxima
Ceyx meeki
Ceyx pallidus
Ceyx malaitae
Ceyx dispar
Ceyx collectoris
Ceyx nigromaxilla
Ceyx gentianus
Ceyx sacerdotis
Ceyx mulcatus
Ceyx solitarius
Ceyx cajeli
Ceyx wallacii
Ceyx lepidus
Ceyx uropygialis
Ceyx margarethae
Ceyx argentatus
Ceyx flumenicola
Ceyx cyanopectus
Ceyx melanurus
Ceyx samarensis
Ceyx mindanensis
Ceyx erithaca
Ceyx azureus
Ceyx websteri
Ceyx pusillus
Ceyx fallax
Alcedo atthis
Alcedo coerulescens
Alcedo quadribrachys
Alcedo semitorquata
Alcedo hercules
Alcedo meninting
Alcedo euryzona
Corythornis cristatus
Corythornis vintsioides
Corythornis leucogaster
Corythornis madagascariensis
Ispidina lecontei
Ispidina picta
Momotus m. microstephanus
Momotus momota
Momotus bahamensis
Momotus lessonii
Momotus subrufescens
Momotus coeruliceps
Momotus mexicanus
Momotus aequatorialis
Baryphthengus martii
Baryphthengus ruficapillus
Aspatha gularis
Electron carinatum
Electron platyrhynchum
Eumomota superciliosa
Hylomanes momotula
Todus angustirostris
Todus todus
Todus multicolor
Todus mexicanus
Todus subulatus
Merops persicus
Merops superciliosus
Merops philippinus
Merops ornatus
Merops apiaster
Merops v. americanus
Merops viridis
Merops leschenaulti
Merops orientalis
Merops nubicoides
Merops nubicus
Merops malimbicus
Merops albicollis
Merops hirundineus
Merops oreobates
Merops pusillus
Merops variegatus
Merops mentalis
Merops muelleri
Merops gularis
Merops boehmi
Merops revoilii
Merops bullockoides
Merops bulocki
Meropogon forsteni
Merops breweri
Nyctyornis amictus
Nyctyornis athertoni
Coracias abyssinicus
Coracias garrulus
Coracias caudatus
Coracias benghalensis
Coracias temminckii
Coracias naevius
Coracias spatulatus
Coracias cyanogaster
Eurystomus azureus
Eurystomus orientalis
Eurystomus glaucurus
Eurystomus gularis
Atelornis crossleyi
Atelornis pittoides
Uratelornis chimaera
Brachypteracias leptosomus
Geobiastes squamiger
Picoides pubescens
Buceros rhinoceros
Apaloderma vittatum
Leptosomus discolor

C. DEC+j; outgroup fossils coded as a part of extant taxa’s range
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Todiramphus gertr
Todiramphus tutus
Todiramphus ruficolla
Todiramphus vene
Todiramphus godeffr
Todiramphus s. ma
Todiramphus s. pealei
Todiramphus sacer
Todiramphus reichenbachii
Todiramphus cinnamominus
Todiramphus pelew
Todiramphus recu
Todiramphus albicilla
Todiramphus saurophagus
Todiramphus tristr
Todiramphus colon
Todiramphus chlor
Todiramphus enigma
Todiramphus sordidus
Todiramphus sanctus
Todiramphus farquha
Todiramphus austr
Todiramphus diops
Todiramphus lazuli
Todiramphus macle
Todiramphus leuco
Todiramphus albonotatus
Todiramphus pyrrho
Todiramphus funeb
Todiramphus winchelli
Todiramphus nigroc
Syma megarhyncha
Syma torotoro
Actenoides hombroni
Actenoides lindsayi
Actenoides concretus
Actenoides bougai
Actenoides excelsus
Caridonax fulgidus
Actenoides capuci
Actenoides monachus
Actenoides princeps
Dacelo leachii
Dacelo novaeguineae
Dacelo gaudichaud
Clytoceyx rex
Dacelo tyro
Melidora macrorrhina
Tanysiptera carolinae
Tanysiptera galatea
Tanysiptera ellioti
Tanysiptera riedelii
Tanysiptera hydrocha
Tanysiptera danae
Tanysiptera nympha
Tanysiptera nigriceps
Tanysiptera sylvia
Cittura cyanotis
Cittura sanghirensis
Halcyon cyanovent
Halcyon smyrnensis
Halcyon gularis
Halcyon pileata
Halcyon albiventris
Halcyon leucocephala
Halcyon chelicuti
Halcyon senegalensis
Halcyon senegaloides
Halcyon malimbica
Halcyon badia
Halcyon coromanda
Pelargopsis capensis
Pelargopsis melanorhyncha
Pelargopsis amauropte
Lacedo pulchella
Chloroceryle aenea
Chloroceryle inda
Chloroceryle amer
Chloroceryle amaz
Ceryle rudis
Megaceryle alcyon
Megaceryle torquata
Megaceryle lugub
Megaceryle maxima
Ceyx meeki
Ceyx pallidus
Ceyx malaitae
Ceyx dispar
Ceyx collectoris
Ceyx nigromaxilla
Ceyx gentianus
Ceyx sacerdotis
Ceyx mulcatus
Ceyx solitarius
Ceyx cajeli
Ceyx wallacii
Ceyx lepidus
Ceyx uropygialis
Ceyx margarethae
Ceyx argentatus
Ceyx flumenicola
Ceyx cyanopectus
Ceyx melanurus
Ceyx samarensis
Ceyx mindanensis
Ceyx erithaca
Ceyx azureus
Ceyx websteri
Ceyx pusillus
Ceyx fallax
Alcedo atthis
Alcedo coerulescens
Alcedo quadribrac
Alcedo semitorquata
Alcedo hercules
Alcedo meninting
Alcedo euryzona
Corythornis cristatus
Corythornis vintsioides
Corythornis leucogaster
Corythornis madagasca
Ispidina lecontei
Ispidina picta
Momotus m. microstephanus
Momotus momota
Momotus bahamensis
Momotus lessonii
Momotus subrufescens
Momotus coeruliceps
Momotus mexican
Momotus aequato
Baryphthengus ma
Baryphthengus ruficapillus
Aspatha gularis
Electron carinatum
Electron platyrhynchum
Eumomota superciliosa
Hylomanes momotula
Todus angustirostr
Todus todus
Todus multicolor
Todus mexicanus
Todus subulatus
Merops persicus
Merops superciliosus
Merops philippinus
Merops ornatus
Merops apiaster
Merops v. america
Merops viridis
Merops leschenaulti
Merops orientalis
Merops nubicoides
Merops nubicus
Merops malimbicus
Merops albicollis
Merops hirundineus
Merops oreobates
Merops pusillus
Merops variegatus
Merops mentalis
Merops muelleri
Merops gularis
Merops boehmi
Merops revoilii
Merops bullockoides
Merops bulocki
Meropogon forsteni
Merops breweri
Nyctyornis amictus
Nyctyornis athertoni
Coracias abyssinicus
Coracias garrulus
Coracias caudatus
Coracias benghalensis
Coracias temminckii
Coracias naevius
Coracias spatulatus
Coracias cyanogaster
Eurystomus azureus
Eurystomus orientalis
Eurystomus glaucu
Eurystomus gularis
Atelornis crossleyi
Atelornis pittoides
Uratelornis chimae
Brachypteracias leptosomus
Geobiastes squamiger
Picoides pubescens
Buceros rhinoceros
Apaloderma vittatum
Leptosomus discolor

       
DEC       -473.1        2  0.0054 0.0023 0              950.3       2.4e-09
DEC+J       -452.3        3  0.0042 1.0e-12 0.014       910.6       1.00
DIVALIKE     -490.8        2  0.0067 0.0009 0              985.6       5.0e-17
DIVALIKE+J     -462.9        3  0.0047 1.0e-12 0.015       931.7       2.5e-05
                           -553.6        2  0.0058 0.053 0              1111        2.7e-44
       -458.2        3  0.0028 0.0024 0.022       922.5       0.0026

 LnL     Nparams         d e j           AIC         AIC wt

BAYAREALIKE
BAYAREALIKE+J

DEC       -487.3        2  0.0055 0.0041 0              978.6       1.7e-09
DEC+J       -466.1        3  0.0041 1.1e-09 0.015       938.2       1.00
DIVALIK        -503.8        2  0.0066 0.0005 0              1012        1.1e-16
DIVALIKE+J     -475.3        3  0.0047 1.0e-12 0.015       956.6       0.0001
                           -561.6        2  0.0055 0.053 0              1127        9.03-42
       -472.1        3  0.0028 0.0026 0.023       950.1       0.0026
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BAYAREALIKE
BAYAREALIKE+J

DEC       -449.1        2  0.005 0.001 0              903.4       2.6e-09
DEC+J       -428.9        3  0.004 1.0e-12 0.013       863.9       1.00
DIVALIKE      -467.5        2  0.0063 2.0e-09 0              939          4.8e-17
DIVALIKE+J      -440.9        3  0.0045 1.0e-12 0.014       887.8       6.5e-06
                            -525.6        2  0.0055 0.054 0              1055        2.8e-42
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Todiramphus gertrudae
Todiramphus tutus
Todiramphus ruficollaris
Todiramphus veneratus
Todiramphus godeffroyi
Todiramphus s. manuae
Todiramphus s. pealei
Todiramphus sacer
Todiramphus reichenbachii
Todiramphus cinnamominus
Todiramphus pelewensis
Todiramphus recurvirostris
Todiramphus albicilla
Todiramphus saurophagus
Todiramphus tristrami
Todiramphus colonus
Todiramphus chloris
Todiramphus enigma
Todiramphus sordidus
Todiramphus sanctus
Todiramphus farquhari
Todiramphus australasia
Todiramphus diops
Todiramphus lazuli
Todiramphus macleayii
Todiramphus leucopygius
Todiramphus albonotatus
Todiramphus pyrrhopygius
Todiramphus funebris
Todiramphus winchelli
Todiramphus nigrocyaneus
Syma megarhyncha
Syma torotoro
Actenoides hombroni
Actenoides lindsayi
Actenoides concretus
Actenoides bougainvillei
Actenoides excelsus
Caridonax fulgidus
Actenoides capucinus
Actenoides monachus
Actenoides princeps
Dacelo leachii
Dacelo novaeguineae
Dacelo gaudichaud
Clytoceyx rex
Dacelo tyro
Melidora macrorrhina
Tanysiptera carolinae
Tanysiptera galatea
Tanysiptera ellioti
Tanysiptera riedelii
Tanysiptera hydrocharis
Tanysiptera danae
Tanysiptera nympha
Tanysiptera nigriceps
Tanysiptera sylvia
Cittura cyanotis
Cittura sanghirensis
Halcyon cyanoventris
Halcyon smyrnensis
Halcyon gularis
Halcyon pileata
Halcyon albiventris
Halcyon leucocephala
Halcyon chelicuti
Halcyon senegalensis
Halcyon senegaloides
Halcyon malimbica
Halcyon badia
Halcyon coromanda
Pelargopsis capensis
Pelargopsis melanorhyncha
Pelargopsis amauroptera
Lacedo pulchella
Chloroceryle aenea
Chloroceryle inda
Chloroceryle americana
Chloroceryle amazona
Ceryle rudis
Megaceryle alcyon
Megaceryle torquata
Megaceryle lugubris
Megaceryle maxima
Ceyx meeki
Ceyx pallidus
Ceyx malaitae
Ceyx dispar
Ceyx collectoris
Ceyx nigromaxilla
Ceyx gentianus
Ceyx sacerdotis
Ceyx mulcatus
Ceyx solitarius
Ceyx cajeli
Ceyx wallacii
Ceyx lepidus
Ceyx uropygialis
Ceyx margarethae
Ceyx argentatus
Ceyx flumenicola
Ceyx cyanopectus
Ceyx melanurus
Ceyx samarensis
Ceyx mindanensis
Ceyx erithaca
Ceyx azureus
Ceyx websteri
Ceyx pusillus
Ceyx fallax
Alcedo atthis
Alcedo coerulescens
Alcedo quadribrachys
Alcedo semitorquata
Alcedo hercules
Alcedo meninting
Alcedo euryzona
Corythornis cristatus
Corythornis vintsioides
Corythornis leucogaster
Corythornis madagascariensis
Ispidina lecontei
Ispidina picta
Momotus m. microstephanus
Momotus momota
Momotus bahamensis
Momotus lessonii
Momotus subrufescens
Momotus coeruliceps
Momotus mexicanus
Momotus aequatorialis
Baryphthengus martii
Baryphthengus ruficapillus
Aspatha gularis
Electron carinatum
Electron platyrhynchum
Eumomota superciliosa
Hylomanes momotula
Todus angustirostris
Todus todus
Todus multicolor
Todus mexicanus
Todus subulatus
Merops persicus
Merops superciliosus
Merops philippinus
Merops ornatus
Merops apiaster
Merops v. americanus
Merops viridis
Merops leschenaulti
Merops orientalis
Merops nubicoides
Merops nubicus
Merops malimbicus
Merops albicollis
Merops hirundineus
Merops oreobates
Merops pusillus
Merops variegatus
Merops mentalis
Merops muelleri
Merops gularis
Merops boehmi
Merops revoilii
Merops bullockoides
Merops bulocki
Meropogon forsteni
Merops breweri
Nyctyornis amictus
Nyctyornis athertoni
Coracias abyssinicus
Coracias garrulus
Coracias caudatus
Coracias benghalensis
Coracias temminckii
Coracias naevius
Coracias spatulatus
Coracias cyanogaster
Eurystomus azureus
Eurystomus orientalis
Eurystomus glaucurus
Eurystomus gularis
Atelornis crossleyi
Atelornis pittoides
Uratelornis chimaera
Brachypteracias leptosomus
Geobiastes squamiger
Picoides pubescens
Buceros rhinoceros
Apaloderma vittatum
Leptosomus discolor

8.3% AD

23.8% D
6.1% AD
5.0% ADE
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6.1% AD
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15.2% A
8.9% E

29.6% D
20.8% A
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24.8% D
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50.9% E
28.2% DE
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37.1% E
8.8% DE
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NearcticA

Carribean IslandsB

PalearcticD
Africa + MadagascarE
IndomalayaF
Philippines + WallaceaG
Australia + New GuineaH
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90.5% A
9.4% AC
0.1% AB

52.6% A
20.4% D
10.4% AD

60.4% A
9.1% D
7.6% AF

20.3% F
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9.0% DEFGH

14.0% F
9.3% AF
7.8% A
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11.4% AF
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24.5% FH
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66.4% H
19.7% GH
12.2% G

5.2% DE
4.2% ADE
3.2% D

7.2% D
6.4% E
2.9% DE

17.2% D
15.2% E
6.7% F

19.2% E
14.4% A
13.2% D

19.8% D
17.2% E
16.4% A

56.2% E
24.5% DE
6.1% D

37.5% E
8.6% DE
6.0% EG

100% D

100% F

92.8% E
6.7% EG
0.3% EF

23.4% A
14.7% D
11.9% E

59.8% A
11.6% D
6.9% AD
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6.2% EF
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48.3% E
5.7% F
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7.0% F
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88.5% E
5.9% F
4.7% EF

86% E
4.9% EF
2.2% EG

100% E

41.7% E
7.7% EG
7.3% EF

49.2% EF
45% E
4.2% F

100% F

94.9% E
4.9% EG
0.1% EF

77.2% A
21.1% AC
0.7% ABC

100% B

58.1% E
6.8% F
6.7% BE
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Supplementary Figure 10. Comparison between biogeographical analysis with different levels of fossil inclusion. A) results of DEC+j model when fossil taxa are incorporated as separate branches (full results are shown in Fig. S9); B) the DEC results 
of (A); C) results of DEC+j model when outgroup fossil taxa are incorporated into the ranges of the extant clades; D) the DEC+j model results when fossil taxa are allowed in areas in which they have not been found to account for an incomplete fossil
record as indicated by a question mark in the coloured range square; and E) the DEC+j model results in which no fossil taxa are incorporated into the analysis. The AIC model selection results are below their respective trees, as A and B are from the same
analysis, they share one model selection table.
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