THE TITMOUSE STORY

How did 2 titmice species get to
Travis County, Texas

From Australia in
~47 million years ?

» Short Answer:
» Change over time, selection, dispersal

» Long Answer:
» Change over time, selection, dispersal




THE TREE OF LIFE



Taxonomy — the science of classification.

TITMICE
CLASSIC (LINNEAN) TAXONOMY

» Domain: Fukaya

» Kingdom: animatia
Doesn’t reflect evolutionary history.
> Phylum: Chordata

»Class:  Aves
}Order: Passeriformes
Family: Paridae
Genus: Baeolophus
atricristatus

Species:

bicolor

Do Kings Play Chess On Fine Green Silk?




LIFE IS NOT
THAT SIMPLE !!
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The Tree of Life

Phylogeny — the science of evolutionary relationships.
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LINEAGE OF
TRAVIS COUNTY TITMICE

Domain Eukaryota

Kingdom Animalia

Phylum Chordata
Class Aves
Order Passeriformes

Famﬂy Paridae

Genus  Baeolophus
CLASSIC (LINNEAN) TAXONOMY

atricristatus
» Domain: Species bicolor
» Kingdom:
» Phylum:
»Class:
»Order:
Family:
Genus:
Species:

Do Kings Play Chess On Fine Green Silk?




Domain  Eukaryota

Kingdom Animalia LINEAGE OF
Phylum Chordata TRAVIS CO UNTY TITMICE

Class Aves

Neognatha
Neoaves

3 Unnamed Taxon

Inopinaves
Telluraves New ranks are added as justified.
| Unnamed Taxon In accordance with nomenclature rules.
Australaves
Eufalconimorphae ((Passerines + Parrots) + Falcons)
Psittacopasserae (Passerines + Parrots)
Order Passeriformes
CLASSIC (LINNEAN) TAXONOMY Suborder Passeri (Oscines)
» Domain: .
» Kingdom: Infra-order ~ Passerides
> Phylum: Parv-order Sylviida
»Class: . . .
Unnamed Taxon (Paridae + Remizidae)
»Order:
Family: Family Paridae
Genus:
. Genus Baeolophus
Species: o
Do Kings Play Chess On Fine Green Silk? Species atricristatus
p bicolor



Domain  Eukaryota

Kingdom Animalia LINEAGE O F
Chordata TRAVIS CO UNTY TITMICE

Phylum
Class LS
Neognatha
SRS Unwieldy !!
3 Unnamed Taxon Doesn’t show evolutionary relationships
Inopinaves to sister clades.
Telluraves

1 Unnamed Taxon
Australaves

Eufalconimorphae ((Passerines + Parrots) + Falcons)

Psittacopasserae (Passerines + Parrots)

Order Passeriformes
CLASSIC (LINNEAN) TAXONOMY Suborder Passeri ( Oscines)
» Domain: .
> Tt Infra-order Passerides
> Ll e Parv-order Sylviida
»Class: . .
Unnamed Taxon (Paridae + Remizidae)
»Order:
Family: Family Paridae
Genus:

. Genus Baeolophus
Species:

Do Kings Play Chess On Fine Green Silk? atricristatus

Species

bicolor



WHAT’S A CLADOGRAM ?
Cladogram - lines show history of shared ancestry. WHAT’S A CLADE?

Clade 1 Each branch is a
Clade 2 speciation event

JINILL

Clade —a branch in a cladogram
that includes a single common

Some clades are named, | ancestor and all of its descendants

others are not.




EVOLUTION OF BIRDS



WHAT MAKES A BIRD
A BIRD
AND NOT A DINOSAUR?
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Ornithurae
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Theropoda/Coelurosauria , Vaned feathers

u \l Furcula (wishbone)

Dinosauria Simple filamentous feathers

Archosauna -

Diapsida

e T_.
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' Bipedal posture

Hinge-like ankle

Graphic from The Origin and Diversification of Birds

Stephen L. Brusatte, Jingmai K. O'Connor, and Erich D. Jarvis (Current Biology Review, 2015)
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3 GROUPS OF MODERN BIRDS

Galloanserae

Class:Aves water & ground fowl

a

Palaeognathae
ostriches, kiwi,...

Neoaves — all other modern birds.
(~95% of all species).

a
2
&

3 distinct lineages survived the Cretaceous—Paleogene
extinction event 65 million years ago.



OUR STORY IS ABOUT
TITMICE
(PASSERINES)



3 GROUPS OF MODERN BIRDS
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TITMICE ARE PASSERIFORMES
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-Gaviiformes'™ (loans)
roceBariformes (abatrosses and petrels)

Austiodyptomithes|
phenisciformes (penguins)
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PASSERIFORMES



CHANGE OVER TIME

[7 Opisthocomiformes (hoatzin) 4

Cathartiformes (New World vultures)

U]

Accipitrimor

Accipitriformes (hawks and relatives)

»
——————Sltrigiformes (owlis) ”
,‘\

Coliiformes (mouse birds)

Leptosomiformes (cuckoo roller)

——Trogoniformes (trogons and quetzals) /
Coraciimorphae ~Bucerotiformes (hombills and relauve-ﬂg\

Cavitaves

Eucavitaves,
Telluraves ) i | Coraciiformes (kingfishers and relatives |;

nopinaves

(e
- Piciformes (woodpeckers and ralati'.'esnpf

Cariamiformes (seriemas)

Order: Passeriformes

Australaves|

Eufalconimorphae

Psittaciformes (parrots)

Psittacopasserae

iformes (passerines)
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>

>

>

>

Arrangement of toes
» 3 forward, 1 back
» Perching

Syrinx (voice apparatus)

137 families

More than 6,000 species

ORDER:

PASSERIFORMES
J ~he— b =T 4 o B
\r:‘ y » i " t N
1‘(; - o L DI
I 0 "
- e &.;-—‘-___ .
evw S~ v -
< o e _,‘w
e 7~ r
- | % b ¥
I .
-
W -~

>60% of the world’s ~10,000 species

Originated on Australian landmass
» ~47 million years



SUBORDERS OF PASSERIFORMES

» Suborder — Acanthisitti (New Zealand wrens)

» 1 family
> 4 species

» Suborder — Tyranni (Suboscines)
» 16 families
» 1,356 species
» Old World suboscines
» New World flycatchers and allies
» Ovenbirds and allies

| Order-Passeriformes |

Acanthisitti
(New Zealand Wrens)

» Suborder — Passeri (Oscines (songbirds))

» 125 families
» 5158 species

Tyranni
(Suboscines)

Passeri
(Oscines)




THE TITMICE PHYLOGENY



3 PASSERINE SUBORDERS

Order-Passeriformes

| Acanthisitti (New Zealand Wrens)

Tyranni (Suboscines)

Passeri (Oscines)

Super-famil




Earth history and the passerine superradiation

Carl H. Oliveros®, Daniel J. Field®<, Daniel T. Ksepka®, F. Keith Barker®f, Alexandre Aleixo? Michael J. Andersen™,
Per Alstrom?*! Brett W. Benz™™°, Edward L. Braun®, Michael J. Braun®", Gustavo A. Bravo®%Y, Robb T. Brumfield3",
R. Terry Chesser", Santiago Claramunt™?, Joel Cracraft™, Andrés M. Cuervo®, Elizabeth P. Derryberry®?,

Travis C. Glenn®®, Michael G. Harvey®?, Peter A. Hosner®*, Leo Joseph??, Rebecca T. Kimball®?, Andrew L. Mack®®,
Colin M. Miskellyﬁ, A. Townsend Peterson??, Mark B. Robbins?Y, Frederick H. Sheldon®", Luis Fabio Silveira",

Brian Tilston Smith™, Noor D. White®", Robert G. Moyle??, and Brant C. Faircloth®"’
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Fig. 1. Family-level phylogenetic relationships in passerines reconciled from concatenation and coalescent analyses (connects to top of Fig. 2 at the circled
star). Maximum likelihood bootstrap support (B5) values are indicated by boxes (B5 - 70} or circles (B5 < 70) at nodes. Node ages were estimated using 13 fossil
calibrations in BEAST on nodes indicated by empty blue cirdes; 95% credible intervals are shown with orange bars. Ancestral areas were estimated under the
DEC + j model using BioGeoBEARS from the distribution of clades represented by each tip [shown by boxes at tips coded according to the map (insef]. Light
blue and pink bars indicate Oligocene glaciation and warming events, respectively. The estimate of Cenazoic global surface temperatures (red curve) was
taken from ref. 99 Branches with the strongest suppart for diversification rate shifts are indicated by pink arrows in their descendant node for internal
branches o at the base of the branch for terminal branches. Geological [ sboue the descriptions provided in the
key (inset). Plei., Pleistocene; Plio, Pliocene. Fig. 2. Family-level phylogenetic relationships in passerines reconciled from concatenation and coalescent analyses (connects to bottom of Fig. 1 at the

circled star). Biogeographic reconstruction including fossil taxa (Inset, tree) yields identical ancestral areas for crown lineages of passerines, suboscines, and
oscines (also 5/ Appendix, Fig. $8). Plei., Pleistocene; Plio., Pliocene
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Order-Passeriformes

rush-tanager

d snow buntings

Emberizoidea
(9-primaried oscines)

|
Passerida

e Puerto Rican tanager
idae: spindalises

+ Phaenicophilidae: Hispaniolan tanagers

« Tichodromidae: wallcreeper
.5

jae: nuthaiches

« Certhiidae: treecreepers

« Polioptilidae: gnatcatchers « Elachuridae: spotted elachura

« Troglodytidae: wrens « Cinclidae: dippers
uscicapidae: Old World flycatchers and chats

—  Certhioidea

e thrushes and allies

= = - Tu
] Muscicapoidea }— « Buphagidae: oxpeckers

FAMILIES OF
ORDER PASSERIFORMES
|
[ Muscicapida |

% - « Sturnidae: starlings and rhabdornis
HES - - » Dulidae” palmchat « Mimidae: mockingbirds and thrashers
= |_ WOB_UMNOHEOKMQﬁ « Bombycillidae: waxwings \
97) % « Ptiliogonatidae: silky flycatchers « Regulidae: goldcrests and kinglets
(D] 7] . ophilidae: satinbirds . dae: hylocitrea
n 2] « Melanocharitidae: berrypeckers and longbills dae b |
=i Ay Zealand wattlebirds - ocoliidae. hypocolius
QO rd ohoidae: oos
S robins,
NV + Chaetopidae: rock jumpers « Phylloscopidae: leaf-warblers and allies
o] « Hylidae: hylias
— « Aegithalidae: long-tailed tits or bushtits « Pycnonotidae: bulbuls
(D) - Scotocercidae: streaked scrub w
g 0 . S
97) |_ >®N~.~TW—O~Q®N —\ « Cetiidae: Cetia bush warblers and allies dae: sylviid babblers
% « Erythrocercidae: yellow fiycatchers « Paradoxornithidae: parrotbills and myzornis
gy 1 « Zosteropidae: white-eyes
A , Sylvioidea | i
- « Timaliidae: tree babblers
.o
— o] = Leiothrichidae: laughingthrushes and allies
1 ’
O o « Alcippeidae: Alcippe fulvettas
ra _”./. T « Pellorneidae: ground babblers
@) N Alaudidae larks
- Nieatordae: nicators « Acrocephalidae: reed warblers, Grauer's warbler and allies
b . ac: crombecs and Affcan warblers + Locustellidae: grassbirds and allies
u cisticolas and alies - Donacobiidae: black-capped donacobius
S /_ « Bemieridae: Malagasy warblers
Locustelloidea _\ S ——
e o - Hirundinidae: swallows and martins

thidae: scrub-birds
idae: Iyrebirds

« Rhipiduridae: fantails

« Dicruridae: drongos

« Monarchidae: monarch flycatchers
« Ifritidae: blue-capped ifrit

« Paradisaeidae: birds-of-paradise

« Corcoracidae: white-winged chough and apostlebird
« Melampittidae: melampittas

« Laniidae: shrikes

« Corvidae: crows, ravens, and jays

« Cinclosomatidae: jewel-babblers, quat « Machaerirhynchidae: boatbills

« Campephagidae: cuckooshrikes and trillers « Artamidae: woodswall buf birds, currawongs, and Australian magpie
« Mohouidae: whiteheads « Rhagologidae: mottled berryhunter

» Malaconotidae: puffback shrikes, bush shrikes, tchagras, and boubous

« Pityriaseidae: bristlehead

Malaconotoidea « Rogithinidae: ioras

« Pl
| Orioloidea |

]
Corvides

steiridae: wattle-eyes and batises

« \Vangidae: vangas

— « Psophodidae: whipbirds
~~ 1% « Eulacestomidae: wattled ploughbills
% ™ o= « Falcunculidae: shrikefit
Z = « Pipridae: manakins « Oreoicidae: Australo-Papuan bellbirds
= g g
8=
.m % m < / « Cotingidae: cotingas «» Paramythiidae painted berrypeckers
S . . . Vi id
192] 1m =} NJ « Tityridae: tityras and allies reonidas. virees
O (=] W « Pachycephalidae: whistlers
b =i o] « Tyrannidae: tyrant flycatchers « Oriolidae: Old World oricles and fighirds
— < =
B S5 8 — -
...h S = 2 < « Melanopareiidae: crescentchests
.Nw ll W 1m « Conopophagidae: gnateaters and gnatpittas
= n =] H « Thamnophilidae: antbirds
t R a
n n o Grallariidae: antpittas
w m m « Rhinocryptidae: typical tapaculos
A y = « Formicariidae: antthrushes

« Furnariidae: ovenbirds and woodcreepers

« Philepittidae: asities
« Eurylaimidae: typical broadbills

« Calyptomenidae: African and green broadbills

(New Zealand Wrens)

Suborder
Order
Suborder

« Sapayoidae: broad-billed sapayoa

Infra-order
Parv-order

]
Eurylaimides

old world suboscines)

Super-famil

Suborder

« Pittidae: pittas




EFFECT OF
GEOLOGIC EVENTS
ON SPECIATION



Eon Era Period Epoch My GEO LO GI C

HOLOCENE oot
QUATERNARY PLEISTOCENE | TIME
1.8
Hominid
E — PLIOCENE : ominids appear SC ALE
S MIOCENE
ﬁi 23

OLIGOCENE
34

56

66  Extinction of dinosaurs & many bird lineages

200 Mammals appear

251

PHANEROZOIC

- 299 .
Reptiles appear
— 318

— 359

— 416

Insects appear
— 444

PALEOZOIC

— 488

- 542  Fungi appear

2500

3800 Formation of earth
4600 /



Eon

Era
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CENOZOIC

Period

QUATERNARY

E_po{h

HOLOCENE

PLEISTOCENE

PLIOCENE

MIOCENE

GEOLOGIC TIME SCALE

Era Period Epoch Age
Holo
Quaternary 01 Ma
Pleistocene
Sl g1 e VR ; 1.8 Ma
Q- RSN Pliocene
T VDAY A42) 5 Ma
e | | Miocene
3 ININZ= A DI r 24 Ma
Tertian\ | Oligocene ki
.-f.'j_i_i-;:l_‘. "i-"\':-" IN 2 N sV VY
A NG| Eoeene L ) a
65 Ma
Late
99 Ma
Early
144 Ma
Late
- 159 Ma
A ffﬁhrf?
180 Ma
206 Ma



THE BIG BREAK UP
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PANGEA
BREAKS UP
INTO
GONDWANALAND &

LAURASIA

TRIASSIC
200 million years ago



4 y ' y : Laurasia
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"f' | . \
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PASSERINES DIVERGE &
DIVERSIFY IN AUSTRALIA
~47 MILLION YEARS AGO



PASSERINES ~47 MILLION YEARS AGO
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FACTORS IN
DIVERSIFICATION
OF PASSERINES



FACTORS IN THE /
DIVERSIFICATION OF PASSERINES \

e 4

Geological Time Scale

Formation of Wallacea allows

POCH Million dispersal of passerines out of
PERIOD E [AGE Years Ago Australia (23 M)
Haolocene Lire, & - Miocene expansion of
Quaternary — 001 —r temperate habitats &
Pleistocene retreat of glaciers
Pli oy  Oligocene glaciation
laocene
— 534 .
Miocene Fragmentation of
: —a3 7 — tropical habitats in
Fertiary Oligocene | 36.6 — cooler periods
Eocene
—57.8—
Paleocene

<€——  First birds appear



PASSERINE
SPECIATION
TIMELINE



PASSERINE /

SPECIATION

Four different dispersals of
Oscines out of Australia

(20-30 Ma)
TIMELINE \ P hdacand
Paridae and
Remizidae diverges
in tropical Africa and
China
f) Uplift in Wallacea serves as a|
‘ d) Closure of Turgai dispersal corrid(?r for os.cines ) Baeolophus
b')rForrr}llatlon Oft?ato Strait (between from Australia to Asia Paridae originates in New
rough separating Europe & Asia and - : World (most other
i i Late Ol colonize New
Australia and New into Arctic Sea) e) 011'80'06116 () et Ulitgeose World Paridae, originate in
Zealand glaciation UL J Asia)
a) Last occurrence of |
hypothesized land i )
bridge between north ¢) Ephemeral h) Maximum ) ’
& south America \ Antarctic ice _—"|marine inundation ? ?
2
0 u sheets \G m w" of New Zealand :
Paleocene Eocene Oligocene Miocene [Plio JPlei.
Paleogene Neogene
T 1 T T T T
60 50 40 30 20 10 0
10 9 8 7 6 5432 1 Oscines reach
10 Orders Europe o : —
Passeriformes & . 9 O?;ier— 8 ' 7 Sub-Orders (24 Ma?, (li'Famlhes Pl\a;Irldae & Remizidae
Psittaciformes asserézormes Passerines Passeri & t?en ASl)a iverge (22 Ma)
i began to | [Tyranni diverge 23 Ma — -
dl\garlge fr.(fnn Order | ot ciformes e y (44 Ma) 8 2 Parv-Order Sylviida diverges from
2 conlN(I>rmes diverge (47 Ma) — Climatic and other families in Parv-order Sylviida
(59 Ma) (55 Ma) Sylvioidea clades ecological and from Super-families Aegithaloidea,
. . gical events of o >
— diversify & th Sylvioidea, & Locustelloidea (26 Ma)
The Beringian land disperse across . 3
Climactic & Geologic Events bridge and the warm the Old World bOhggcen/ Miocene | g pamjly Paridae diverges from other
(likely affected divergence & temperatures of the Late (25-30 Ma) oundary €ncourage | members of Parv-Order Sylviida (27 Ma)
dispersal) Eocene provide route to _ Ehe
North America from Asia diversification 1 Parv-Order Sylviida diverges from Parv-
(38 Ma) (24 Ma) Orders Muscicapida & Passerida (28 Ma)
Divergence
Oligocene glaciation affected 5 Parv-Order Sylviida diverges from
passerine diversification through ladditional Families of Passerida (29 Ma)
Dispersal reduced temperature, permanent - -
6 Infra-Orders Passerides & Corvides

Antarctic ice sheet, global decline
of broadleaf forests

diverge (31 Ma)




Era Period Epoch Age
Holocene
Q Yy = 0.01 Ma
Pleistocene
- ~ - 1.8 Ma
3 ' Pliocene
§ - 5Ma
g o — 24 Ma
7y 34 Ma
55 Ma
65 Ma
99 Ma
_§ 144 Ma
§ 159 Ma
= = 180Ma
206 Ma
=1
=]
—_
'L
[1=]

10 Taxon
Psittacopasserae
diverges from Order
Falconiformes
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Era

55 MILLION YEARS AGO

Age

Cenozoic

Mesozoic

0.01 Ma

5
9 Orders g—"
Passeriformes & 5
Psittaciformes Es
diverge .
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Period

Epoch

Age

Cenozoic

Mesozoic

Quaternary

Holocene

Pleistocene

Tertiary

Pliocene

Triassic |

0.01 Ma

© 47 MILLION YEARS AGO

99 Ma
144 Ma

180 Ma

| reove 8 Order-Passeriformes begins to diversify

206 Ma

o= as Sub-Orders Passeri & Tyranni
diverge from
Sub-Order Acanthisitti

\
| Order-Passeriformes

FAMILIES OF
ORDER PASSERIFORMES

Suborder: Acanthisitti
(New Zealand Wrens)

[ Suborder: Tyranni (Suboscines) | |
T

I
Eurylaimides
old world suboscines

Suborder: Passeri (Oscines) |
I

Tyrannides

new world suboscines

| Passerides

0]
TSPIOIOUOP A

o




Era Period Epoch Age
Holocene
Q ¥ 0.01 Ma
Pleistocene
s 1.8 Ma
o Pliocene
9 5Ma
8 Miocene
= Torti oi 24 Ma
cl igocene
¥ T 34 Ma
— 1 s5Ma
65 Ma
99 Ma
% 144 Ma
o 159 Ma
2 3
2 180 Ma
o) 206Ma
Triassic | 253 Ma

44 MILLION YEARS AGO

e

7 Sub-Orders Passeri &
Tyranni diverge
(oscines & suboscines)

| Order-Passeriformes

Zealand Wrens)

FAMILIES OF
ORDER PASSERIFORMES

[ Suborder: Tyranni (Suboscines) | |
1

Suborder: Passeri (Oscines)
|

Passerides

||
Eurylaimides Tyrannides
old world suboscines

new world suboscines
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31 MILLION YEARS AGO

6 Infra-Orders Passerides &

Corvides diverge
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FAMILIES OF
ORDER PASSERIFORMES

isillg

Acanth
(New Zealand Wrens)

Suborder

wi(Oscines)

Suborder: Pa:

« Tichodromidae: wallcreeper

ae: treecreepers

« Troglodytidae: wrens

Passerides

gokdcrests and kinglets

« Pycnonatidae: bulbuls
« Sylviidae: sylvid babblers
« Paradoxomithidae: parotbills and myzorris
» Zosteropicae white-yes.

idae: tree babblers
idae: laughingthvushes and alies
ppeidae: Alcippe fulvettas
nedac ground babblers

ines) |

Tyranni (Subosc

.

[ Suborder

« Pipridae: manakins
» Cotingidae: cotingas
. ae: tityras and allies
« Tyrannidae: tyrant flycatchers
=
« Me ae. crescentchests
+Con jae: gnateaters and gnatpitas
antbirds
antpitias
ypical tapaculos
g
..m « Philepittidae: asities
B « Eurylaimidae: typical broadbills
N nm « Calyptomenidae: African and green broadbills
w « Sapayoidae: broad-billed sapayoa
2 « Pittidae: pittas

Suborder
Infra-order




Era Period Epoch Age
Holocene
Quaternary 0.01 Ma
Pleistocene
1.8 Ma
o Pliocene
9 5Ma
8 Miocene
= Torti oi 24 Ma
cl igocene
45 - e 34 Ma
55 Ma
65 Ma
99 Ma
.% 144 Ma
S —{ 159 Ma
4 %
2 - 180 Ma
A N
206 Ma
Triassic | 253 Ma

29 MILLION YEARS AGO

D 5 Parv-Order Sylviida
diverges from
Parv-Orders Muscicapida &
Passerida

| Order-Passeriformes

FAMILIES OF
ORBER PASSERIFORMES

Suborder: Acanthisitti
(New Zealand Wrens)

[ Suborder: Tyranni (Suboscines) | | Suborder: P
1 1

1
Eurylaimides Tyrannides
old world suboscines, new world suboscines
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_._ . 28 MILLION YEARS AGO

Holocene
Quaternary 0.01 Ma
Pleistocene

Cenozoic

1.8 Ma
5Ma

— o 4 Parv-Order Sylviida

Pliocene

Mesozoic
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Era Period Epoch Age
Holocene
Quaternary 0.01 Ma
Pleistocene
1.8 Ma
o Pliocene
9 5Ma
8 Miocene
= Torti oi 24 Ma
cl igocene
¥ p =TT 34 Ma
55 Ma
65 Ma
99 Ma
.% 144 Ma
S —{ 159 Ma
4 %
2 - 180 Ma
A N
206 Ma
Triassic | 253 Ma
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other Families of Parv-Order Sylviid
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2 Parv-Order Sylviida further diverges
from other families and Super-families

Order-Passeriformes
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22 MILLION YEARS AGO

Age
0.01 Ma

« Tichodromidae: wallcreeper
« Siltidae: nuthatches
« Certhiidae: treecreepers.

« Troglodytidae: wrens

gokdcrests and kinglets

FAMILIES OF
ORDER PASSERIFORMES

Passerides

« Pycnonotidae: bulbuls

ichidae laughingthrushes and alles

« Akcippeidae: Alcippe fulvetias
. eidae: ground babblers

Suborder: Passeri (Oscines)

craftess, curawangs, and Austrakan magpe

rikes, ichagras. and boubous

I
Corvides

Remizidae diverge

1 Families Paridae &

| ~
] waitied ploughbits
w
m « Pipridae: manakins e Ausiralo-Papuan bellbirds
B «+ Cotingidae: cotingas <. painted bermypeckers
@ « Tityridae: tityras and allies
8 whisters
2 « Tyrannidae: tyrant fiycatchers i cxicles ond gbieds
=H
L ]
m m w ae: crescenichests
% g ot onaiesters wd graphs
.5 Wr. = oros
= a
m =] s ypical tapaculos
A m m o) ushes
. — H jae: OVENDIdS and woodcreepers
B8 - |
|
..m h m:v. ..w « Philepittidae: asities |
o + Eurylaimidae: typical broadbills 2
] = ” ’ E
..m . ol == « Calyptomenidae: African and green broadbills 2
wn & ..m 2 + Sapayoidae: broad-billed sapayoa &
@ =] « Pittidae: pitias

Epoch

Holocene
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Period
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