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Clase Aves




Las Aves son Reptiles

&

< Tetrapoda
ra
Actualmente la metodologia cladistica nos permite demostrar que las aves son un grupo bien anidado

dentro de los reptiles.



Archosauria

Definicidn:
Clado que incluye al ancestro comun mas reciente entre cocodrilos y aves, mas todos sus descendientes.




Archosauria
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Dinosauria

Riojasaurus

RN
o

o
- Pisanosaurus
Lesothosaurus Yunnanosaurus
”‘* Scutellosaurus Massospondylus
Lufengosaurus
Scelidosaurus
Huayangosaurus Plateosaurus
Dacentrurus
STEGOSAURINAE
Hylaeosaurus
! ! Gargoyleosaurus
& Minmi
ANKYLOSAURINAE
) HETERODONTOSAURIDAE
" HYPSILOPHODONTIDAE
1 Muttaburrasaurus
Y Probactrosaurus
IGUANODONTIDAE
Ouranosaurus
Protohadros
HADROSAURINAE
LAMBEOSAURINAE
Goyocephale
Homalocephale
Stegoceras
Prenocephale
Stygimoloch

Emausaurus
*‘ Sellosaurus
NODOSAURINAE
Tenontosaurus
%' DRYOSAURIDAE
CAMPTOSAURIDAE
Stenopelix
Pachycephalosaurus

Psittacosaurus
* Chaoyangsaurus
Leptoceratops
f PROTOCERATOPSIDAE
Montanoceratops

* Turanoceratops

CENTROSAURINAE
CERATOPSINAE

Vuicanodon
Shunosaurus
Barapasaurus
Omeisaurus
DICRAEOSAURIDAE
DIPLODOCIDAE
Haplocanthosaurus
Camarasaurus
BRACHIOSAURIDAE
Euhelopus
TITANOSAURIA

~—_—-
m—
ﬁwé

Eoraptor X
HERRERASAURIDAE

Elaphrosaurus
Ceratosaurus
ABELISAURIDAE
Dilophosaurus
Liliensternus
COELOPHYSIDAE

TORVOSAURIDAE
SPINOSAURIDAE
ALLOSAUROIDEA
Ornitholestes
COMPSOGNATHIDAE
ALVAREZSAURIDAE
ORNITHOMIMIDAE

THERIZINOSAURIDAE
TYRANNOSAUROIDEA Y\
. 9

>
~——

heavl
A
A
"
—

OVIRAPTOROSAURIA
DROMAEOSAURIDAE
TROODONTIDAE

Archaeopteryx =

CONFUCIUSORNITHIDAE &__
ENANTIORNITHES
EUORNITHES A

Sereno 1999




Aves: Dinosaurios vivientes

El esqueleto de las aves modernas (Neornithes) ha sufrido una serie de modificaciones respecto a la
condicidn ancestral presente en dinosaurios teropodos. El esqueleto poscraneal se caracteriza por
presentar una serie de fusiones y/o pérdida de elementos 6seos en porciones del esqueleto axial y
apendicular en el fenotipo adulto (Baumel y Witmer, 1993), lo que en algunos casos dificulta la
homologia entre estos huesos con otros amniotas (Burke y Feduccia, 1997; Martin et al., 1980).

Archaeopteryx Confuciusornis Gallus







Lepidosauria

Pseudosuchia
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Pero..éQué es un ave?

Second digit, phalanx 2
Second digit, phalanx 1
Third digit, phalanx 1

Metacarpal 2

Archaeopteryx, la primera ave
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Furcula, el hueso de la suerte
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Epicleidial process

A Symphysis
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Coelophysis Oviraptor Archaeopteryx Gansus




FIGURE 2.

equals 20 cm.

Origen y evolucion de la Furcula
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Reconstructions of the pectoral girdle of Plateosaurus en-
gelhardti in anterior view. A, non-bracing model, redrawn from Paul
(1987). B, preferred reconstruction based on BP/1/5241. Abbreviations:
see Fig 1. Note that there is little evidence for the episternal elements in
shown in A, and they are omitted from our reconstruction. Scale bar

Yates y Vasconcelos, 2005

A

Figure 5. Alleged left clavicle from the omithischian dinosaur
Leptoceratops grocifis [(Canadian Museumn of Nature [NMC] 8883)
in two views. Marious ithischian and

dinosaurs are reported to have clavicle-like elements as compo-
nents of the pectoral apparatus. However, the identification of
these elements remains ambiguous. See text for details. Scale bar,
20 mm.

Vickaryous y Hall 2009
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|<7 INTERCLAVICLE UNKNOWN=——#| | FURCULA

1

Non-avian theropods

Eudimorphodon
Sauropodomorpha

Synapsida
Lepiosauria
Rhychosauria
Euparkeria
Leptosuchus
Aetosaurus
Protosuchus
Lagerpeton
Marasuchus
Ornithischia

Alligator

-=—Pseudosuchia \ Theropoda

\

Ornithodira
“¥~~Reptilia Archosauromorpha

Dinosauria

Figure 4. Phylogenetic distribution of the interclavicle and furcula. Amniote phylogeny based on the work of Hill (2005) and Imis et al. (2007).
Nodes: (1) An unpaired, mid-ventrally positioned interclavicle with lateral processes is plesiomorphic for crown-group amniotes (e.g., Varanus
komodoensis); (2) Among deeply nested pseudosuchian archosauromorphs, the lateral processes are lost yielding a flattened bar-like element
(e.g., Alligator mississippiensis); (3) The pectoral apparatus of basal ornithodirans is incompletely known, and it remains unclear which if any
mid-ventral dermal element was present; (4) Among some ornithischian and sauropodomorph dinosaurs, paired bar-like pectoral elements have
been reported (e.g., Leptoceratops gracilis; Canadian Museum of Nature [NMC] 8889). Although previously interpreted as clavicles, the identity
of these elements is herein considered equivocal; (5) In theropods, the mid-ventral position of the pectoral apparatus is occupied by a chevron or
“Y"-shaped furcula (e.g., Gallus gallus).

Vickaryous y Hall 2009




Persistencia de
Interclavicular en
dinosaurios?

Fig. 12 Reconstruction of the pectoral girdle and the chest region of an indeterminate diplodocid sauropod, based on the finds reported. Light
grey elements represent pectoral girdle elements not discussed in the paper, dark grey elerments mark the bones identified as chest bone morpho
types in this paper. Anterior (3) and ventral {b) view. Abbreviations: aDR, anterior dorsal ribs; Cl, clavicle {morphotype B); Co, mrmacoid; DR, dosal
rib; Ga, gastralia {(momphotype D)) In, interclavicle {morphotype A), pDR, posterior dorsal ribs; 5c, scapula; 5P, stemal plates; SR, sternal ribs
imorphotypes C and E); VC, vertebral column. Modified from Schwarz et al. (2007a; a) and Filla & Redman {19524, b).
Tschopp & Mateus, 2012




Furcula = Fused Clavicles
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Fig. 13 Evolution of the furcula, comparison between the two hypotheses. Note the gap within Dinosauriformes in the furcula-interclavicle
hwpothesis. Line drawings scaled to same size. Eaton & Stewart {1960:; Hesperoherpeton), Chatterjee (1978 Parasuchus), Klima {1987: Qrnithor
hynchus), Rieppel {1992: Lacerta), Steyer et al. (2000; Aphanerama); Benton & Walker (2002; Erpetosuchus); Marnz {2002; Typothomas), Vickaryous

& Hall {2006: Dimetrodon; 2010: Aligator, Basilicus, Gallus, Leptoceratops); Rernes {2008: Fuparkeria); Dilkes & Sues (2009 Doswella).

Tschopp & Mateus, 2012




Origen del Hallux (Digito Perchador)

Metatarsal |

Chicken: oppnsable toe Allosaurus: Non- Opposable toe




Origen del Hallux (Digito Perchador)

Confuciusornis

Archaeopteryx

Epidendrosaurus



Posicion distal del Digito Perchador

embrycnic days

Maniraptora Hypotheses:

Maniraptoriformes
Coelurosauria
Avetheropoda
Neotheropoda
Theropoda

Saurischia Distal displacement ¢/ \ Greater proximal
of digit 1 4l 51 growth of mt2-4

Dinosauriformes

e

&
W
&

Dromaeosauridae Neornithes
Pygostylia

Figure 1. The development of digit 1 position in birds. (A) Embry-
Ty, full bl R : 5

Pennaraptora > ‘{‘m’:r_;’::*;";”;ue onic development of the. ch\cke.n foot shows a p.rmclmall\,ur placed

mt1 at HH30 (day 6 of incubation), at about mid-length of mt2

between HH32 and HH34 (days 7 and 8), and reaching its final

Hallux articulated: M to the ankle W about midlength mt2 W close to distal end of mt2 distal position at HH36 (day 10). (B) Two hypotheses are proposed

for the development of the distal position of the hallux: either the

Figure 5. The evolution of hallux position in theropods. The ancestral state for Dinosauria is a hallux shorter than other toes, but proximally hallux moves to a more distal position, or mt2-4 grow more to-

connected to distal tarsals (blue). In Neotheropoda, mt1 reduced, losing its proximal epiphysis, and articulated at the mid-shaft position

of mt2 in non-Maniraptora (green). In several Maniraptora clades (such as Alvarezsauridae, Troodontidae, Anchiornis, Avialae, and some
Dromaeosauridae), mt1 articulates closer to the distal end of mt2 (red).

? Paraves

wards proximal, creating the illusion that the hallux moves toward
distal.

Boteho et al., 2016




Torsion del Digito Perchador
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Figure 6. Paralyzed embryos fail to develop an opposable hallux: (a) Paralyzed chicken embryos at HH40 Figure 7. The evolutionary transition to a twisted Mtl. In Intermediate forms like the early short-tailed
showing the maintenance of the medial orientation of the hallux; (b) Paralyzed chicken embryos exhibit thmrm_..Mtl has a non—twnsted.proxunal. end, but an offset bent ) distal end (ar.row): Because Mtl in
the hallux articulated to the ventral Mt2 but not opposable; () Mt1 of paralyzed chicken embryos are modern birds matures from proximal to distal, we suggest that in (1) non-Pygostylian birds, Mtl would have
straight, as opposed to control embryos; (d) Mt1 of paralyzed embryos at HH38 immunostained for COLIX matured before the onset of muscular activity; (2) Maturation of Mt1 was delayed in pygostylia, allowing its
bl.‘ 4 iwisted M1 of 'l 1t ¢ % : All (s ) SI, Movie 2) distal bending by embryonic muscular activity; (3) Ornithuromorpha further delayed maturation of Mtl,
resembles the non-twisted Mtl of early tetanuran dinosaurs, as Allesaurus. (See SI, Movie 2). Lo . . . : .
vistee Y ¢ allowing full torsion of its long axis by embryonic muscular activity.

Boteho et al., 2015




Retroversion del Pubis
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Figure 4. Bambiraptor feinbergi n. gen. and n. sp., holotype (FIP 001), pelvic girdle in lateral view. Scale bar: 5 em (new).

Bambiraptor Chilesaurus



Integumento: presencia de
protoplumas y plumas
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Concavenator Kulindadromeus






Alometria en el miembro anterior:
éOrigen del ala?

Parsons & Parsons, 2015



Humerus vs. Femur in Theropods
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Femur (M)

Vargas, 1999



Paraves

Oviraptorosauria

Pennaraptora

Paraves

Archaeopteryx

Troodontidae

Dromaeosauridae

T .."h Strapo d-zoalo, B i




—— Allosaurus-Outgroup
—— Bicentenaria
— Zuolong

— Tugulusaurus

Tanycolagreus
Coelurus
Dilong
Kileskus
Proceratosaurus
Sinotyrannus
Guanlong
Juratyrant
Eotyrannus
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Dryptosaurus
Appalachiosaurus
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Juravenator

Compsognathus Compsognathidae
Sinosauropteryx
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Archaeornithomimus
Gallimimus
Anserimimus
Qiupalong
Struthiomimus
Ornithomimus

Therizinosauroidea

Manirapto rilormesl

Alvarezsauroidea

Epidexipteryx
_l_: Pedopenna

Eosinapteryx
Aurornis
Xiaotingia

Maniraptoral
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LTroodomidae Other Troodontidae
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@ Dromaeosauridae
Archaeopteryx

Sapeornis
Jeholornis
Jixiangornis
Confuciusornis

Avialae

Other Avialae

AAAAAA

Brusatte et al., 2014



Scansoriopterygidae:
dinosaurios arboricolas?

Epidexipteryx ind
2 zth. Xu, \{";ng'.\'; Sallivan

IVPP VIS4

Zhan, n, 2008

Epidexipteryx hui Epideendrosaurus
Zhang et al 2008 ninchengensis

Zhang et al 2002

Epidendrosaurus ningchengensis
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Other coelurosaurs

-Epidendrosaurus ningchengensis
-Epidexipteryx hui

Sapeomis chaoyangensis
Confuciusomis sanctus
Protopteryx fengningensis
Yanornis martini
-Archaeopteryx lithographica
Wellnhoferia grandlis
-Anchiormis huxleyi
-Xiaotingia zhengi
Sinovenator changii
Jei long
Byronosaurus jaffei
inomithoides youngi
IGM100/44
Troodon formosus
-Sauromithoides mongoliensis
Zanabazar junior

Rahonavis ostromi
Sinormithosaurus milleni

Microraptor zhaoianus 4
NGMCa1 #

Bambiraptor feinbergi
IGM100/1015
Adasaurus mongoliensis
Velociraptor mongoliensis
Saurornitholestes langstoni
Deinomychus antirmhopus
Achillobator giganticus
-Atrociraptor marshalli
Dromaeosaurus albertensis
Utshrapfor ostrommaysi




Deinonychosauria:

Archaeopteryx

Troodontidae

Troodon
Byronosaurus
Sinovenator
Mahakala

Unenlagiinae

Rahonavis
____Unenlagia
| U? paynemili
Neuquenraptor

Buitreraptor gonzalesorum

Dromaeo-
sauridae Microraptorinae

| Austroraptor
____ Buitreraptor
___ Microraptor
_____Shanag
Graciliraptor

Saurornitho-
lestinae

. Sinornithosaurus

—
Eudromaeosauria |

Velociraptorinae

L]

Dromaeosaurinae

Fig. 3. Strict consensus of 5,292 most pars
phylogenetic analysis of 23 in-group taxa, 4 o

apyright Scott Hartman, 2005

ters. H. elizabethae was found to be part of tt  ric. 74. Left pes of Deinonychus antirrhopus (YPM 5205) in internal aspect. Notice the extreme /" antirrhopus
length = 223, consistency index = 0.5430, rete contrast in the form of the second and third unguals. The dotted line represents a conservative

consistency index = 0.3791.

estimate of the size and shape of the horny claw carried by the ungual.
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Deinonychosauria:
Clado méTMgﬁgﬁ;j}dHﬁrmosus, pero no a Velociraptor mongoliensis. Maniraptores
graciles, coh 8i S, iales y garra hipertrofiada en el digito |l pedal. Grandes 6rbitas.

Sinapomorfias:

- Numerosos dientes maxilares empacados
anteriromente, al igual que los dientes en el dentario

- Fenestra premaxilar desaparece en Troodontidos
derivados Mei tong

- Canal en cara labial del dentario con foraminas

Sinornithoides youngi

i

Jinfengopteryx elegans



“Anchiornithidae”:
Primera radiacion pre-aviana

s homy
-1 to V-2




Oviraptorosauria

Similicaudipteryx

Epidexipteryx
Jeholornis
Sapeornis
Confuciusornis
Other avialans

Anchiornis

Xiaotingia

a

Archaeopteryx

Microraptor

Other dromaeosaurs
Unenlagiines
Troodontidae

Figure 1| Xiaotingia zhengi holotype (STM 27-2). a, b, Photograph (a) and  left pes; Ipu, left pubis; Ir, left radius; Is, left scapula; lu, left ulna; md, mandible;
line drawing (b). Integumentary structures in b are coloured grey. cav, caudal  rfe, right femur; tfi, right fibula; rh, right humerus; ri, right ilium; rm, right
vertebra; cv, cervical vertebra; dv, dorsal vertebra; fu, furcula; Ic, left coracoid;  manus; 1, right radius; rt, right tibiotarsus; ru, right ulna; sk, skull; ss,

Ife, left femur; Ih, left humerus; 1i, left ilium; lis, left ischium; Im, left manus; 1p,  synsacrum.

Xu et al., 2011
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Figure 4 | Temporally calibrated phylogeny of the Theropoda. (See

Supplementary Information for details.) The known temporal durations

(solid bars) o.fth.e major theropod.groups, based on well-corrobora.ted fossil Xu et al, 2009; Hu et al, 2009
occurrences, indicate that the major tetanuran theropod groups diverged

rapidly in the Middle Jurassic to earliest Late Jurassic.



Eosinopteryx brevipenna




Aurornis xui

Godefroit et al., 2013b



Is sungei

Serikorn

»

Léfevfre et al., 2017
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Léfevfre et al., 2017

Fig. 8 Strict consensus tree resulting from the phylogenetic analysis
(length = 5743, consistency index = 0.2614, retention index = 0.7386).
Major evolutions in the history of birds are mapped on the paraves clade.
The complete tree is presented as supplemental fig. S11



Fig. 1 Caihong juji holotype specimen (PMoL-BO0175). Photographs of the slab (a) and counter slab (b) and line drawing (c) of the specimen based on both
slabs. Photograph (d) and line drawing (e) of a composite of the rostrum of the skull and mandible exposed on the counter slab and the post-rostrum
cranium exposed on the slab. Arrows indicate lacrimal crests. Question mark indicates uncertain identification. Scale bars: 10 cm a-c, 1cm d and e. aof
antorbital fenestra, cav caudal vertebra, cev cervical vertebra, dr dorsal rib, dv dorsal vertebra, ect ectopterygoid, emf external mandibular fenestra, en

external naris, f feather, fu furcula, ga gastralia, hy hyoid, il ilium, is ischium, la left angular, lar left articular, Ic left coracoid, ler lacrimal crest, Id left dentary,
If left, frontal, Ife left femur, lh left humerus, |j left jugal, Il left lacrimal, Ima left maxilla, Im left manus, In left nasal, Ip left pes, Ipa left palatine, Ipo left
postorbital, Iq left quadrate, lqj left quadratojugal, Ir left radius, Is left scapula, Isp left splenial, Isa left surangular, Isq left squamosal, It left tibiotarsus, lu left
ulna, ma mandible, mf maxillary fenestra, o orbit, p parietal, pm premaxilla, pt pterygoid, pu pubis, rar right articular, rc right coracoid, rd right dentary, rfe
right femur, rh right humerus, rm right manus, rp right pes, rpra right prearticular, rq right quadrate, rr right radius, rs right scapula, rt right tibiotarsus, ru

right ulna, scl sclerctic bones, sk skull, sy synsacrum Hu et al., 2018
.’




Other coelurosaurs

Owiraptorosauria

—Scansoriopterygidae
r—Avialae

—Archacopteryx
Welinhoferia

_:X iaotingia
Caihong %

Anchiornis
—E:A}?Tosimp teryx
uromis

-roodontidae
Dromaeosauridae

Hu et al., 2018



Hipotesis filogenéticas e Paraves

Other coelurosaurs
Alvarezsauria Alvarezsa
| Therizinosauridae
iraptorosauria

opieryx . . 2 iornithinae

Anchiornithinae ther troodontids
iinae
Dromaeos raptorinae

Dromaeosaurinae

sianechini et al. 2017

Dromag:

ontidae
chiornithinae
Archaeopt
Avialae

au et al. 2017

Para
Eumanirs

Agnolin & Novas 2013




Figure 08.IPEG FIGURE 8. Strict consensus tree showing phylogenetic relationships of paravians,

Oiher coelurosaurs

based on modified TW1iG data matrix.

Changvuraptor_vangi
Zhenyuanlong suni
Shanag_ashile
Mahakala_omnogovae
Hesperenychus_elizabethae
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Adasaurus mongoliensis
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Oviraptoridae
Troodontidae
DCromaeosauridae
Microraptoria
Unenlagiidae
Anchiornis
Xiaotingia
Archaeopteryx
Jeholornis
Sapeornis
Confuciusornis

ORNITHURAE

i

pyeostylian Eoconfuciusornis zhengi (modified from Zheng et al. 2012).

Anas_platyrhynchus
C

Gallus_gallus small: St, Sternum: Un, Unecinate process: ?, uncertain condition; +, presence: -,

absence.




Definicion Cladistica del
grupo Aves (Avialae):

Definicion de nodo (Padian, 2001; Padian, 2004): Clado mas inclusivo que
contiene a Archaeopteryx (“primera ave”), Columba livia (Paloma comun), su
ancestro comun mas reciente y todos sus descendientes.




Archaeopterygidae:
Archaeopteryx lithographica

(crown group Aves)




Munich Specimen

Thermopolis Specimen







Filogenia de Aves Mesozoicas

Dromaeosauridae

Archaeopteryx
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Eoconfuciusornis
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© Confuciusornithidae Piscivoravis
@ Pengornithidae = Garr;i:f;om!s
@ Bohaiornithidae Apsaravis

@ Longipterygidae Ichthyomis

@ Hongshanornithidae 69/1— Vegavis .
Neornithes

Enaliornis
70/1—— Baptornis advenus

Baptornis varneri
Parahesperomis
a0/ 3 Hesperomis

Figure 5 | Cladogram showing the systematic position of Archaeornithura meemannae among Mesozoic birds. Bootstrap and bremer values are labelled
to the corresponding nodes in normal and bold italic formats, respectively.




Enuy Wittaucay 2015

Balaur bondoc

siki et al, 2010

Fig. 1. Skeletal anatomy of Balaur bondoc. Reconstruction of the holotype with photos of individual bones. (A) Left scapulocoracoid (lateral view).
(B) Middorsal vertebrae (lateral view). (C) Pelvis (left lateral and anterior views). (D, E) Left hindlimb and pes. (F) Right tarsometatarsus (extensor view).
(@) right humerus (posterior view). (H) Right carpometacarpus and manual digits (extensor view). Scale bar at right refers to skeletal reconstruction and
at bottom to all bones.



Aves basales:
Jeholornithiformes

Gobypteryx

yomis
6ot — Vegavis

o Baptomis advenus

3 = Baptomis vamari
Parabasperomis
90 Hasperomis

20

21 9o

5¢cm
—

Figure 1 Complete holotype of Jeholomis prima gen. et sp. nov. (VPP V13274). metacarpal I; ov, ovule; pr, prezygopophysis; pu, pubis; ra, radius; sc, scapula; sk, skull;
a, Skeleton. b, Caudal vertebrae. ¢, Line drawing of the caudal vertebrae. ch, chevron;co,  st, stemum; sv, sacral vertebra; ta, tail; ti, tibia; fm, tarsometatarsus; tp, transverse
coracoid; cv, cervical vertebra; dv, dorsal vertebra; fe, femur; fi, fibula; fu, furcula; ga, process; ul, ulng; un, unguals; 1-22, caudal vertebrag 1-22.

gastrafia; hu, humerus; hy, hyoid bone; il, ilium; is, ischium; ma, mandible; melll,
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Aparicion muineca aviana: osificacion del Pisiforme

Il Radiale
& Intermedium
M Ulnare
M Pisiform

Distal Carpal 1
M Distal Carpal 2
M Distal Carpal 3
I Scapholunare
[ Semilunate

Heterodontosaurus Coelophysis Allosaurus Guanlong Huaxiagnathus
tucki rhodesiensis fragilis wucali orientalis Maniraptora

| L

T Theropoda
Dinosauria

Sapeornis

.
.".:‘\ £

t
o F o

Falcarius Khaan Deinonychus Yixianosaurus Sapeornis Archaeorhynchus  Chicken

utahensis mckennai antirrhopus longimanus chaoyangensis spathula I
, Aves

|
Maniraptora

Boteho et al., 2014




Fig. 2 Relationships between
specimens preserving evidence
of the morphology of the
alimentary canal: Caudipteryx
(Oviraptorosauria) IVPP
V12430 preserves gizzard
stones; Jeholornis (Aves) IVPP
V13352 preserves seeds
indicative of a crop; Sapeornis
(Pygostylia) STM15-15
preserves both seeds in the crop
and gizzard stones; Yanornis
(Ornithuromorpha) STM9-15
preserves fish in the crop and
ventriculus. The crop is either a
synapomorphy of Aves or
Jeholornis 4 all more derived
birds. Dashed line indicates no
data. [ Color for online/pdf only]

s omm

Oviraptorosauria
Dromaeosauridae

Aparicion del sistema digestivo moderno: El buche

Deinonycho-

two-part stomach
grinding ventriculus

Jeholornis
Sapeornis
Neornithes

Troodontidae
ornithuromorphs §#

Archaeopteryx
' En:;.-{ff.r'cfu'sbmfs
'Ena ntiér'n'ith es

basal




Pérdida del ovario derecho

Fig. 3 A simplfied cladogram
of archosaur relationships
showing data regarding
reproductive system. A single
ovary 15 regarded as an
autapomorphy of Aves. Bold
dashed lines indicate indirect
evidence from preserved eggs
that suggest two functional
ovaries and oviducts: nermal
dashed lines indicate absence of
evidence. Crocodylia 1s
represented by Alligator
mississippiensis—note that
mature follicles are nearly equal
in size (one of two ovaries;
mage provided by L. Guillette
and reproduced with
permission); Jeholornis is
represented by STM2-51;
Enantiornithes 1s represented by
an indeterminate specimen
STM10-12; Neornithes 1s
represented by Gallus—note the
strong degree of follicular
hierarchy 1n the maturing -

follicles (image provided by A. E;L'J':i‘;“?“h”'
Johnson and reproduced with ' T

Crocodylia

Oviraptorosauria
Troodontidae

" ‘Archaeopteryx
Jeholornis
 Confuciusomnis
' Sapeomis
Enantiornithes
ornithuromorphs
Neornithes

basal

Dromasosauridae

Ornithuro-
marpha

Omitho-
thoraces

permission) [Color for online/
pdf only]

flight T

loss of right ovary

Paraves

Archosauria
two functional
ovaries and oviducts
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Theropoda

Coelurosauria

AN

Eumaniraptora




Fig. 1 Simplified cladogram of

dernived maniraptoran Oviraot , ..
relationships depicting relative SRE NS

sternal ossification patterns,

which indicate there are no Dromaeosauridae
shared sternal features at the

base of the avian clade. Dashed
line indicates where sternal Troodontidae
plates are absent. Light grey Deinonychosauria

indicates Late Cretaceous:;
darker grey indicates Tertiary.
[Color for online/pdf only]
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Aparicion del Pigostilo

PYGOSTYLE

un-named oviraptorosaur

Eagle PYGOSTYLE
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La transicion de cola larga a pigostilo? Zhongornis haoae

Fig. 3.8 Holotype of the Yixian F
(B) DNHM D2456. (Photograph t

TEXT-FIG. 5. Comparative hands of the dromacosaurid
Deinonychus (A), Archaeopteryx (B), Zhongornis (C), and the
enantiornithine bird Longipteryx (D). The hand of Zhongarmis
shows an intermediate phalangeal formula between 2-3-4-x-x
(Archaeopteryx and most non-avian tetanuran theropods) and
2-3-1-x-x (typical of basal omithothoracine birds:
enantiorrnithines and primitive ornithuromorphs) (Chiappe
2007).

11: (A) DNHM Di

mc | dc

pmx

TEXT-FIG. 2. Interpretive drawing of slab (some portions added from information contained in counterslab) with close-ups of the
manus, foot and caudal vertebrae. Abbreviations: co, coracoid; cv, caudal vertebrae (cl—c13); cve, cervical vertebrae; dc, distal carpal;
dpc, deltopectoral crest; dv, dorsal vertebrae; gas, gastralia; f, frontal; fei, feather impressions; fem, femur; fib, fibula; fur, furcula; hum
humerus; isc, ischium; j, jugal; mcl-III, metacarpals I-I1I; mtI-IV, metatarsals I-IV; pmx, premaxilla; g, quadrate; rad, radius; rib,
thoracic ribs; sc, scapula; syn, synsacrum; tib, tibia; uln, ulna; I-IV, digits (manual or pedal) I-IV.



Confuciusornithidae

Clado que contiene al ancestro comun mas
reciente de Confuciusornis sanctus y
Changchengornis hengdaoziensis mds todos
sus descendientes. (Chiappe et al, 1999)




-5 mm

Fig. 49. Detail of distal end of the left elon-
gate tail feathers of Conficiusornis sanctus
(GMV-2150). Note the symmetrical rachis and
barbed vanes.

VT2
96.12.24

Fig. 1 a Holotype of Confuciusornis feducciai sp. nov., scale bar
5 cm; b comparison of sterna in C. dui (a) (Hou et al. 1999),
C. sanctus (b) (Martin et al. 1998) and C. feducciai (¢), scale bar
1 cm; c distal tail feathers of C. feducciai, scale bar 3 cm




Mosaico de rasgos: craneo diapsido

brain case supraorbital rims

postorbital
process

] T T orbital septum
nasal-frontal hinge

ectethmoid - lacrymal complex

R T upper jaw
JiF ey
‘_-L-“-‘-i 7,

L

zygomatic < pterygeid
process quadrate jugal bar

Confuciusornis
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Fig. 44. Detail of left tarsometatarsus and foot
of Confuciusornis sanctus (GMV-2130), dorsal

: ; . g . o o DL : 2 - o

view. See Anatomical Abbreviations for definition Fig- 24. Detail of the synsacrum, free caudal

ot bl vertebrae, pygostyle, and pelvis of Confiuciusornis
sanctus (GMV-2131), ventral view.




Fig. 1. J. perplexus gen. et sp. nov., IVPP ¥24194. (A) Photograph of main
slab. (B) Composed line drawing. Red-outline boxes denote the locations of
histological samples. ¢, covert feathers; cv, cervical vertebrae; dr, dorsal ribs;
dv, dorsal vertebrae; fu, furcula; gi, gizzard; If, left femur; Ih, left humerus; Ii,
left ischium; lil, left ilium; Im, left manus; Ip, left pes; Ir, left radius; Isc, left
scapulocoracoid; It, left tibiotarsus; lu, left ulna; pu, pubis; py, pygostyle; re,
remiges; rf, right femur; rh, right humerus; rm, right manus; rp, right pes; rr,
right radius; rsc, right scapulocoracoid; rt, right tibiotarsus; ru, right ulna; s,
synsacrum; sk, skull; st, sternum; t, tail feathers. (Scale bar, 5 cm.)

Wang et al 2018



Dromaeosauridae
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Fig. 3. Changes to the scapula and coracoid in vertebrates with a focus on basal avian clades. A simplified tree of vertebrates (Left) shows the scapula

(colored in blue) and coracoid (in green) fused into a scapulocoraocid (in gray) in most major tetrapod clades (see S/ Appendix, 51 Text, for details). Simplified

cladogram of basal Aves (Right) shows the changes to the shoulder girdle and manus (see 5/ Appendix, Fig. 58, for complete phylogenetic result). Thick green

lines near each clade denote temporal range with the first-appearance datum dencted. Major changes to the shoulder girdle and manus across basal avian

phylogeny are summarized: (1) in most nonavian theropods, the scapula and coraceid are fused into a scapulocoracoid at an obtuse angle, and they have a

manual phalangeal formula of 2-34; (2) scapula and coracoid become separated and form an angle of ~90°% (3, 4) independent evolution of a fused

scapulocoracoid in the Confuciusornithiformes and Jinguofortisidae; (6) miner digit is reduced resulting in a manual phalangeal formula of 2-3-2; (7) scapula

and coracoid are decoupled and form an acute angle with further manual digit reduction evolving in derived ornithuromorphs; (8) alternatively, it is equally

parsimonious that a fused scapulocoracoid evolved at the base of Pygostylia and was lost in pygostylians crownward of Jinguofortisidae (5). Wang et al 2018
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Origen del “vuelo moderno”: Ornithothoraces

L e
Hongshanornis




car

Archaeorhynchus

Fig. 1 Schematic reconstructions of the pectoral girdle bones and the
supracoracoideus muscle with its tendon of a the Late Jurassic
Archaeopteryx (reconstruction based on Thermopolis specimen
described by Mayr et al. 2007), b the Early Cretaceous enantior-
nithine Rapaxavis (reconstruction based on DNHM-D2522, figured
by Chiappe and Meng 2016), ¢ the Early Cretaceous ornithuromorph
Archaeorhiynchus (reconstruction based on specimens figured by
Wang and Zhou 2017), and d an extant bird (Columba). The

Enantiornithes

Columba

hypothetical size and position of the supracoracoideus muscle of

Archaeopteryx was inferred from a reconstruction of this muscle in

the dromaeosaur Sauromitholestes (Jasinoski et al. 2006: fig. 6a). The
humeri are shown in an extremely supinated position. ape apohysis of
furcula, bic biceps tubercle, car carina sterni, fur furcula, lco left
coracoid, lhu left humerus, Isc left scapula, rco right coracoid, sup
musculus supracoracoideus. Not to scale

Mayr 2017




Figure 5. Reconstructions of the known tail morphologies in Jehol pygostylians. A, graded fan of pennaceous feathers in
Sapeornis (based on STM16-18). B, paired rachis-dominated’racket-plumes’ in enantiornithine Dapingfangornis (morpho-
logically similar to the tail feathers of Confuciusornis). C, fan-shaped tail of pennaceous feathers in ornithuromorph
Hongshanornis. D, forked tail (presumably formed by asymmetrical pennaceous feathers) in ornithuromorph Schizooura.
E, paired fully pennaceous rachis dominated feathers in Eopengornis. Not drawn to exact scale.




“Las aves opuestas”: Enantiornithes
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Novedades evolutivas:

- Metacarpo lll (minor metacarpal)
de mayor longitud que metacarpo
Il (major metacarpal)

- Fdrcula enformadeY

- Presencia de plumas “racket-
plume” en la cola
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mam
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Figure 11.10. Carpometacarpus of E. leali (PVL-4049) from the
Late Cretaceous of El Brete (Argentina). A, ventral view. B, dorsal
view. Abbreviations: alm, alular metacarpal; ims, intermetacarpal
space; mam, major metacarpal; mim, minor metacarpal.



Diferente estrategia de crecimiento

Fig. 1. (A) Photograph of a Lower Cretaceous avian embryo from Liaoning, China (Institute of Vertebrate
Paleontology and Palecanthropology no. V14238). (B) A line drawing of the fossil shown in (A). Red lines
indicate wing feather sheets, and the green line shows imprints of tail feather anlagen. (C) A dose-up view
of long wing feather sheets near the pedal claws. Scale bars, 5 mm. AD, alular digit; C, coracoid; CE, cervical
vertebra; CV, caudal vertebra; D, dentary; F, frontal, FE, femur; FF, wing feather sheets; FU, furcula; H,
humerus; IL, ilium; 1S, ischiurn; J, jugal; L lachrymal; M, maxilla; M-Il, metacarpal II; M-ll, metacarpal IlI; N,
nasal; PD, pedal digits; P, premaxilla; PU, pubis; P-1, first phalanx of the major digit; P-2, second phalanx of
the major digit; R, radius; S; scapula; SC, semilunate carpal; SP, splenial; T, tibia; TF, tail feather sheets; TR,
thoracic rib; U, ulna; 3 and 4, pedal digits Ill and IV; and | to IV, metatarsals | to IV.







Ornithuromorpha

e Esel clado mas inclusivo que contiene a la perdiz chilena

(Nothoprocta perdicaria), pero no contiene a Enantiornithes.

Patagopteryx

Novedades evolutivas en el
esqueleto

Pérdida de Postorbital

Proceso procoracoides y esternal
en coracoides

Escapula curva

Quilla bien desarrollada
Hipotarso primitivo

Pigostilo reducido

Furcula en formade U







EL ornithuromorfo mas antiguo: Archaeornithura




Songlingornithidae

Fig. 2 A new specimen (IVPP V13358) of the fish-cating bird
Yanornis martini. showing the grit mass in the abdominal region

Yanornis martini

Fig. 11 Skeletal reconstruction of Yixianornis grabaui by
G.S. Paul.






Hoshangornithidae
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FIGURE 4. Cast of slab B of PKUP V1069, holotype of Lengicrusavis houi, gen. et sp. nov. A, photograph and B, camera lucida drawing. The cast
was dusted with magnesium to highlight the bones.
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Fig. 5. Line drawing of the left wing (4) and left foot (B) of Hongshanornis
longicresta gen. et sp. nov. (IVPP V14533). AD, alular digit; CM, carpometa-
carpus; MD, major digit; MID, minor digit; MT1, metatarsal I.
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FIGURE 6. Comparative drawings of the sterna of Early Cretaceous
ornithuromorphs from the Jehol Biota, China. A, PKUP V1069, holotype
of Longicrusavis houi, gen. et sp. nov.: B, Hongshanornis longicresta: C,
Yixianornis grabaui; D, Yanornis martini.



Gansus yumenensis

Aves basales acuaticos:
Gansus
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Fig. 3. Phylogenetic position of G. yumenensis (50% majority-rule consensus tree) based on
holotype and new referred specimens; time scale is per (28). Thin line segments represent ghost
lineages; thick line segments represent known ranges of terminal taxa. Clades are denoted by
black circles (see supporting online material for clade definitions). The star represents the
temporal position of Enaliornis spp. Colors indicate known or inferred ecologies as follows: brown,
terrestrial/arboreal; blue, aguatic'amphibious; black, equivocal. Note the sequence of amphibious
taxa basal to the Meomithes. Depicted divergence times are intended as approximations only,
based on the oldest occurrence of an included species and subsequent divergences. Mya, million
years ago.
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Time (million years ago)

1455 65.5
1S ol 135 g /I 2 p i
Jurassic | Cretaceous | Cenozoic |
Earliest known  Volgavis
Carinat Neornithes w, \\
arnatagy -------- #
- . Neornithes
Orithurag e | “------~- Ichthyornithiformes — (j) e
Hesparornithiformes  (j)
' (7)
= Chao ia
g craoyangi (9)
Ornithuromorpha A ,
N e
—. Archaeorhynchus #
_ﬂ Hongshanorithidae
—D Yanomis-Yixianornis-Songlingomis § (h)
—E Jlanchangomis
Ornithothoraces | - —| | Aberratiodontus (e)
-
— Shanweiniao [“
Rapaxavis  (g)
Longirostravis
Longipteryx  (e), (f)
(d)
Boluochia  (d)
—D Largirostrornis
Pygostylia Q
- D Cuspil isornis () 5 /__’-——"—__'_*"
| I Gobipteryx #
Enanti-
omithest—] Protopteryx (a)
— oaiingheomis L7
Alethoalaornis } . ’j
\ 3
AVES Other Cathayornithiformes \
N 3
E Other Enantiornithes - //
h Confuciusornithidae.
1 LY
- -1 D I ithidae  (b) . Key:
- -:—l Zhongflanomis - =~ :. # I:l Complete dentition
1 -’
L - |—. Zhongornis -
E‘? D Partial reduction of dentition
Pall tor
—— {1 venolomnithidae (a) I Edentulism
—D Archaeopterygldae
E -------------- E- - -H More or less isolated avian teeth indet.
Figure 2. E les of of partial dentiti d in birds, illustrated by different Cretaceous snecms isrnmvlng right side onM Toothed parts of jaws are highlighted
in arange and the premaxillary in gnev Lettering refers to Flgure 1. [a) Jeholornis prima, (b) 5. Y ) Cuspy is houi, (d) Boluochia zhengi, (e)
L h is, Ifl Longipteryxsp. [3], lg) R, pani, (h) Yanornis martini, (i) Hesperomis regalis, in-fchﬂryurmsdrspar Abbreviations: d, dentary; m, maxillary;
pm, pr\emamllm Other patterns are known (see the supplementary material onling). Based on data and ref; in the W ial online.




Caudipteryx 0 17-18
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Neornithes

(crown group birds)




Neornithes

* Grupo de aves vivientes, consiste en el clado menos inclusivo que contiene a la perdiz
chilena (Nothoprocta perdicaria) y la paloma (Columba livia)
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Altricialidad y modos de vida

epibes

Cathartidae
Oscines

<5l ojpH 1S
Passeriformgs
G
ffof???e&

"CE_;}‘V.. g

saneinyje |

Rhynoch!
Eurypygidae
Cron Gruidae
IUiformeg Aramidae
Esophﬁdae
Saro
H

. idae
nionid2®
strut Qneidae

Strisores

idae
rochilidge

PAMPRODACTYL
SYNDACTYL
SEMI-ZIGODACTYL
ZYGODACTYL
HETERODACTYL

aepipody

PRECOCIAL
SEMI-PRECOCIAL
SEMI-ALTRICIAL
ALTRICIAL

Il SUPER-ALTRICIAL

-
Hemiprocnidae

Botelho, J. F., Smith-Paredes, D., & Vargas, A. O. (2015). Evolutionary Biology, 42(4), 502-510.



Las Neornithes se dividen en 2 grandes linajes sobre la base de la
Configuracion 6sea del Paladar:

Neognathae Paleognathae

bp
(a) (b)

Figure 1 Palate bones, in ventral view, of (a) domestic fowl (Gallus gallus,
Neognathae); (b) emu (Dromaius novaehollandiae, Palaesognathae). After
Pycraft 1901b. Key: bp, basipterygoid process; mxp, maxillopalatine; pal,
palatine; pmx, premaxilla; pt, pterygoid; qu, quadrate; ros, parasphenoid
rostrum; vo, vomer. Note the reduced vomers (black) and juxtaposed
palatines (dark grey) in Neognathae. In Palaeognathae, the palatines are
separated by relatively large vomers.



Sinapomorfias:

. Ausencia de dientes

. Ausencia de sutura craneal frontoparietal en adultos*

. Presencia de puente supratendineo en porcidn distal de la tibia

. Presencia de hipotarso completamente desarrollado

Faraman n clfactorii a

s Faumen o eramen arbtonosale
_— L Ophth mediale Hesperornis regalis (https://qilong.wordpress.com)
tamparalis

Crista
nAuchales
ronsy,

coudalis

Faramen
prgumoticum

Cotyla
lataralis

Cotyla
medializ

Fia. 1 Crenéum and mandible of the gull, Larus srgemisive Ongunal deawing, William P.

conanmdeus Fienastrn mand. rostr. B.

Os prafronioke

Qs nosale

i

05 premaxillare
Qs maxillare:
O Frioc. polodinug
mesethmoidaole

&t Fandstra mand. coud 0% dentale
Crypturellus cinnamomeus (https://Digimorph.org)

Pml:_ mia ndibulag
medialis

Cri int —
' 'mnrylun'fﬁ;ﬁﬁ“ﬁ'
2 o

|

—_—

Pars symphysialls
Tubarculum

pseudotem parale

o . " Afgulvs mandibulos
aarticulore  FO350 oditus
prenrRedin canalls mandibulas




112 I J. BAUMEL

Corpus werlebrog
P T, Crista wentrolls

Arie. inlescorporea

Caosfa vertebralis:

Proc. uncingtus Motarium

Foromen

interiransy Extremitas craniolis

SyrEacr

Vartebra thorotica
(frae)

Ala preocetab

ilii

Sut lliocostalis

Suleus venimalls

synsacri
Prac. costolis

Crista iliaca

"’_g" obligua

. Foramen

E abturofum
N

Mnlfl postocabab.
ili

Antitrochanter

Fossa renolis

Recessus iliacus e
Crista iliaco

caudalis
Scopus publs
Alo ischii
Extramitas
caudalis .
'B:.I:B-ﬂ(:ﬂ Proc. dorsolaieralis
! 1 ) _
Verfebrog coudalas '|. Basis pygestyli
{Free) f

Fig. 5. Motarium, Synescrum, and Op coxee of the turkey, Maleagns gatapava; veniral
“?w. Redrawn from Harvey, &t &l (1568). The dashed lines repeesent the Sync. ilinischiadica
{sea Fig. 11]. On the keft side of the drawing the amow inserted it Recessus ilimous
passes dorsal 16 & sharp ledge of bane, the Crista ilisca caudalis.

Abbreviations: iMefraNEY, intertransversarium; preacetabl, pracetabulads; postacetab.
pastacainbularis.
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E siremibos
omalis claviculae

Focies arfic,
acrocoracolden

Prac

. Soapus
acromialis

claviculae

Apaphysiz
Turculae

Extremilos
sternalis claviculos A.

Synos
Interchavicularis

Impressio lig.
ocrecomcahum

Saulcus m,

acrocar. ; Focies arie suprocoracoidel
clavicularis
Facles artic.

humeralis

Inclswra n

’ corocoldel
Facias dorsalis supro

Impressio m

Bupracoracoide sternocaracoide

Prae,
lateralis

Tuberculum

Angulus
madialis

Facies arfie.
aternalis

Extramitas
Acromian caudalls

Margo dorsalis

Tuberculum scapulae

coracoldesm Corpus scapulde:

Foces arflc. Focies lateralis

humeralis

Fig- & Bones of the girdie of the thoracic limb of the asgle, Aguie chvyssetos Redrawn
from Howard (1829). A, Clavicula, caudal aspect; B, Corscoideum, left shouldar satremity,
madial sspect; G, Coracoidaum, boft, dorsal surface; D, Scapula, left, craninl eactremity,
costal surlsces: E, Scapula, et |ateral surface. The ankylosed left and right clavicles fom
the Funcula (ses AnnoL 162). .
Abbreviations: acrooon., edews; artic. amicularis procor. procoracoidews;
acrocoracobum., acrocoracohumeralis,
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Sulcus arfic. Iniciw ra
intercostalis

Labrum Tuberculum
Facies musculoris

dorsale labri wenir
Rastrum sherni slaun
sferni; wnastra ]

lateralis
Spina .

inh&rna
Spina

exfema 7
Trobaculo

Sulcus _
madiana

caringe
Crista
loterolis

Apex
carinoe i
Hi 2 = Trabacuby loteralis

9 cannee Fors cardiaca

/ Trobecula
imbermedia
Fanestra

Froc.
craniol ateral s’
medialis

Pila

coracoideda
B.
Sping
interna Marga
coudalis

Fi
e Pars hepatico

pneumaticum -
-] 8 Pila
coslolls  comigils Sulcus medionus siernl

Fig. 7 Sternum of the pigeon, Colwmbs Nwa Adapted from origingl drewing of J. J.
Baumsl A el l#eal spect; B, viesers (dorgal) sapect
Abbroviation: artic.. articulars.

115

OSTECHLOGLA
Caput Impressio m.
humerl coracobrachialis
Fossa ki craniolis
neumotricipitoli
o cipd —— ;Eull::ua ||;;|. Tubsrculum
Tuberculum copibis bl . darsale
dorsale i
Tubarculum Crista
wantrale paciorolis
Crista | .2
Fl Crista
peclordlis o - 8 bicipitalis
Facies
Intumescantia bicipitalis

Crus dorsale fossae

ik
coudolis &
Crus venfrale fossoe Marga
dorsalis
Corpus humeri :
Corpus Fumeri: Facias cranialis
Fagies coudalis Fossa m.
Sulcus m. brochiolis
humeretricipitis
Tuberculum
Prac. supracendylare Proc.
supracondylaris venirale suprocondylaris
dar salis Epicandylus dorzalis

wanfralis
Epicondylus
darsalis

Buleus m.
scapalairicipitis

Condylus

A. H vaniralls
Fossa L darsalis
cecrani flasorivs Incisura
intercondylaris

Fig. B. Humerus of the gull, Larus srgentsius; leh side. Original drawing of Wm. P, Hamiltan,
A, gaudal surface; B, cranial surlace. In this species the prewmatriciptial fossa Is the dual
=, Aot pheumatized (e Annol 186, 189), and the impreasion for M. conssobrachialis

cranialis is wary strongly developed.
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Catyla Cotyla Proc. cotylaris

veriiralis dorzalis dorsalis ——

Tubercubum lig Incisurg

collat ventr \\*‘ radialis

Tuberculem
bcipitabe

Sulcus fendineus
[WLfbex corpi uin]

Cotylo
humeralis

Tuberculum lig
collat. ventr.

Impréssia m.

Depressia 5o pulotricipitis

m.Brach.

Coput
radil
Marga u Tub
" inea ubgrculum
vertndl® |3 infermuse. L Bicipitale
\ ]
B. II"H Popilloe
Tuberoulizm) | Buleus | remigiales
caudales
carpale | 4 radialis i
1 Tuberculum
timmeull

Condylus
Sultus wantrola

fendinéus

Labrum
condyli
Sulcus
tendingus
Candylus
wantralis Condylus Tubercilum
Sulcus dorsalis ) Apineurosis
intereondylaris Fociss orfic.

rodlocorpalis

Fig- & Radius and Uina of the gull, Larus argentatus, Trom the lef wing. Qriginal drawing,
Wm. P. Hamilton, &, Uina, caudal aspect; B, Uina, cramial aspect: C. Ulna, distal end; O,
Radius, caudal (inesosseois) sspect; E. Aadius, craniol {propatagial] aspect. Mote that
the terminology of these bones is based an the wing in the anatomicsl position (s2e Annol
178 and General |ntro.). I Fig. C, the Trochlea campalis and its parts are identidfied; the
pointed Tubsrcwlum carpale & not kabelad

Abbraviations: ariic, articulanis; collat, collatenls; e, flexor intermusc., intermusculans;
irtesrcess.. interosseus; uin., ulnaris
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Fassa
::ﬂi'gfmqr.. 05 carpi infratrochlearis
MmcIF Trochlea
Os carpl | X carpalis
radialn Facias artfic

ulnacarpalis

1 n:ﬂrf"’:' carpaly
axtansoriu LR Fi cranialis
O metacarp. B supratrochisarls Proe,
alulare pisiformis

Frac
Infermetac.

Prog.
alularis

(s matacorpals

Fovea sarpalis
caudalls

minus
Phalanges B. i
dig. aluloe ?ﬁaﬂm
Suleus Synos, .
tendinaus g]sluﬁurp.
istahis:
Pila Sulecus inteross, (] _maiumrpnla
cranialis i jus
e Fagies arkic.
Fhalangas Phalanx digiti ¢ .
dig. majoris mInerE dig. major

Fig. 10. Carpal and mescarpal bones, phalanges of the twikey, Malsagrs gadapava;
banss fram laft wing. Redrawn from Ghatle et al (1976). A, domsal aspect; B, weniral
#spact, Nosa that the alular digit of the turkey has two phalanges (see Annot. 224 and
Inbeg. Annol. 0] )

Abbreviations: artic., artbculars; dig. digitalis or digiti; intermetac., intermelacarpale af
intermatacarpalis; imMeross., inlsecEseUs; MatRcarp. metacanpalis.
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Foramen Anlitrochanter

Lanhia ilimischiadicem Faramen
m  Pygosiyli Crista ilioca acetabuli
i Proc. dorsolaterolis

Crista ilinca
darsalis darsalis
A,
Basgiz
pygostyli

Sync
Hisischiadica
Ala laehii

Foramen
infervertebrobe
Proc. tarminalis /" |jjym.’ ischiopubica FB;II:ITS
ischii  |Laming ischiodico 15
Foraming
Ala pastacetabilarls intertransyersaria
ili . Synsacrum :
A bi T Crista dorsalls
pax publs b

transversus
Proc.

terminalis ilii

Fassa

INocoudalis

Sutura  antlirechoniericus
llosynsocnali

Ala preccefabularia
il

Fessa ilioca dorsalis
Tub&rculum pregcatobulore

Fig. 11. Palvis (O cosas; Synsacum) and 1ail skebaton of the turkey, Meleagris galapava.
Radrawn from Haneey, et al (1968). A, laters] sspect, right side; B, dorsal aspect. In B tha

arow traverses Canalis ilsosyrsacralis. In A nalics the dusl intervertebenl foramina in the
syngacral part of the vertebiral colmn [see Anncl 144).

CSTEOLOGIA 11

Fosto
Crista trachanteris
frechantens -

Trochamiear
famaris

Foweo lig. copitis

Facies arlec
X { acetabuloris Imprecsiones
Impressiones | 7 obturatoriae
i, ; Focies arfie L
%'.- 5. artitrach 3
T e
52, t Linga I_n'l-rmu:
us famoris: . 4y raudalis
rE“ granialis Linga intermus. i \/}

q
fagTy
5

cranidlis

Fossa
popliten

o i ; Tuberculum m
C | gostree ot

Epicondylus
madinlis

Sulous Crista
patellaris supracandyl.
medials

Imprassio
lig. cruclati
Epicondylus caudalis | e
lateralis

ansge m
illefibularis

Trochlea
fibularis

Condylus medialis

reselo lig.
mml lat I#.

Impressio
lig. cruciati Crista
Fowea tendingus Sulcus cranialis tibicfibularis
m tibialis intercondylaris

Condylus lateralis
cranialis

Fig. 12 Famur of the gull, Larug angentatus; right side. Original drawing Wm. P. Hamilton,
&, cranial aspect; B, caudsl sepect.

Abbreviations: antiresh, anirochantercs; afic. amiculans: gasiroc, gastrocramialis;
iligtrech, iliotrochanericas; inteemus., intermusculans: suprmcandyl., suprscondylaris



LLIBAUMEL
s li Area
Crlaia retrocristalis !
paiellaris interarticularis Caput
Facies arfic fibulae
Fockes ortic. medialis
lateralis ?b?-:ll-iléﬂ
Fossa
Fosso retrocristalis Crista
flwnoria patallaris

Impressio g,

Tuberculum m. collat. med.

ibod ibularia Sulcus

Crista infercrisialis

fibularis
Cristo
cnamiclis

Crista

il cnemialis

fibuloe

croniolis lateralis
Focies =
ncies Faramen
caudalis gostrocnemialis interosseum
proximale
| Faramen
T"::Ir::::l‘l inlerosseumn Enrpus
m. fibularis A, distale .
Epicondylus Epicondylus 0. Facies
lateralis medialis cranialis
Suleus
Tuberogitas
g cartilaginis fibialis suleus
] axtensorius
o fibuslaris
Subeus m. Condylus
fibularis medialis Fans
supratendinsus
Deprassio
apicandylaris C. A I 3
|oteralis Incisura row froverses :

intercandylaris Conalis exlensorius

Fig. 13, Tibletarsus and Fibula of the gooss, Brants canadensis; leh side. Original drawing
Wm. P. Hamilton. A, caudal view: B, praximal srticules surfaces of both bones; ©, distal
axtremity of Tibiotarsus, lateral aspect: D, cranigl view. In A Tubsosiss poplites (net
labsled) is kocated just madial to the tip of lesde on the Fosss flexaria,

Abbreviations: artic., articularls; collat. collabernlis,
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atyia Tuberositas Cristo lateralis
E:neﬁulua m. fib. brevis  hypotarsi
Cotyla Crista madialis
madialis hy patorsi

Fassa
porahypotarsalis
medigliz

Crista planiaris
mediang

Fossa L
infracotyloris
dors.

Impressiones
refinacul |
exlensorii o ;

Impressia lig. |

collat, lat
Sulcus m

it langi

Foe g c.l
subcutanad

Sulcus

xtantorive Foramina

vascularia
Tuberosilos pravimalio

m Cristae

dromeile lateralis plantores
med. gl lak
- Sulcus
ooies
i flesorius ——_—
metotarsi I
Faves g Foramen
collateralis vaGLulars :Dgiglmch
disiale prl?nmrla )
Inglsura
; - Eminantla
intertrochlearis i intercondylaris Trachlea
maulullsh“J meltatarsi
fertii
infercatylare
ntercatylaris
Cotyla Colyla
|oterclis mediclis

Crigta medialia

Fossa ’4‘ i hypatarsi
parahypetarsalis et Sulcus
Iateralis ligomentoss Sulcus
Crist hypatars
stae : i
intarmedios Sulcus ﬁ“:;ﬂ ::‘_i“'““‘
hypatarsi hypatarsi ¥

Fig. 14 Tarsometstarsus of the eagle, Aguis chrysesios (A-C) and the gooss, Anser
coprulescens (Chan frepartorgs); oll bones from the lef Bimb, Redrawn from Howard
[1929). A, dorsal aspect; B, proximal end; C, plantar aspect; D, proximal end. v C tha
aerow travarses Canalis imerosseus tendineus which conducts the endon of M. axtersor
digiti 1V, The Eminentia intercondylars s o process of the proximal and of the bons that,
in the aniculased joind, projects barwean the tibiotarsal condyles and receives the distal
atachment of Lig. intercandylare tibiometatanale [se2 Arthr Annct 171).
Abbeayviations: fib., Rulars; supratroch.. supratiachlaars; tib., tibiaks.



Neornithes: Radiacion Evolutiva

Aparicion de 30
o1 denes modernos
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Diversificacion de las Aves. Modificado de: Hiclanan C.P. et al. 2008. Integrates Principles of Zoology 14th Edition. The McGraw-Hill
Companies, Inc.




Non-Archosauromorpha

Crocodylia
Ornithischia

L_ sauropodomorpha

Herrerasaurus

lophysi
— Coelophysis

L_ Dilophosaurus
Ceratosauria
—

L_ Abelisauridae

Allosauroidea

100/17

94 /10

Tyra nnosaurus

Pelecanimimus

Ornithomimosaurus
—l_E Gallimimus
Struthiomimus

— Compsognathus

100/13

100/ 16

96/2

100713

L_ Sinosauropteryx
Therizinosauroidea
—— Oviraptorosauria
Caudipteryx
Protarchaeopteryx

Dromaeosaurus

68/2

99/8

Velociraptor

Deinonychus
— Troodon

L_ Saurornithoides

Alvarezsauroidea

A

=50/2

98 /12

51/2

69/2

98 /3

62 /2
66 /2
100 /13

Archaeopteryx
Confuciusornis
Enantiornithes
Rahonavis
Apsaravis
Hesperornis
lchthyornis
Lithornis

NEORNITHES

ryptun

Tinamiformes

Ratitae

— Apterygiformes

Palaeognathae

Galloanserae

— Dinernithiformes
Casuariiformes

Struthioniformes

Aepyornithiformes

Anseriformes

COHORT

SUBCOHORT

Neognathae —

L Galliformes
Gaviiformes
Podicipediformes
Sphenisciformes
Procellariiformes
Balaenicipitiforme

Pelecaniformes

Ardeiformes
Ciconiiformes

Gruiformes

DIVISION

Neoaves

Turniciformes

Ralliformes

Charadriiformes

Strigiformes

SUBDIVISION

L Falconiformes

Opisthocomiformes

SECTION

L Cuculiformes

Psittaciformes

Columbiformes

Caprimulgiformes
' E Apodiformes

Livezey & Zusi 2007)

Coliiformes
{ Troagoniformes

Coraciiformes

Piciformes




*

Q

Anhinga
Phalacrocorax
Morus
Fregata
Ardea
Cachlearius
Eudocimus § . .
Balaeniceps | Ciconiiformes
Scopus =
Pelecanus  _ - |
Ciconia
Diomedea
Oceanodroma o
Palacanoidas || Procellariiformes
Puffinus
Oceanites

—

SALLLI OJIIUEDE[ad

o
%ﬂu%fégea!ﬂ Musophagiformes
Aramus

Psophia
Heliornis "Gruiformes”
Sarothrura_
Himantornis
Rallus
Centropus
Coua
Coccyzus
Phaenicophaeus || Cuculiformes
Cuculus
Crofophaga
g}gocp?cyx
horiotis s
Eupodotis_J Otididae
Opisthocomus
Aegotheles
Aerodramus
ﬁ{repfapracne
emiprocne Apodiformes = o
Colibri po
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Fig. 2. ML analysis of the 19-locus data set (ln = —866017.07). ML bootstrap
values > 70% from GARLI are indicated on the cladogram by thicker branches and
are listed at nodes, with values of 100% designated by asterisks. Diamonds at
nodes indicate congruence with MP analysis, and black vertical bars refer to
ordinal designations (those that are dashed indicate paraphyly). The phylogenetic
tree was rooted to crocodilian outgroups (not shown). Genera in bold are icertae

sedis. Branch colors represent major clades supported in this study: land birds (green), charadriiforms (yellow), water birds (blue), core gruiforms and
cuckoos (gray), apodiforms and caprimulgiforms (brown), galloanserae (orange), and paleognaths {purple). Large capital letters indicate groups

discussed in the text and Fig. 1.
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Fig. 4. Our phylogeny differs from and i i ificati - Desertias
g. 4. Our phylogeny differs from and agrees with previous classifications. We merged well-supported phivpdd
(>70% bootstrap values) monophyletic clades at the tips with the same ordinal designation across all AT
three classifications (e.g., 24 species called Passerines). Only higher relationships supported by bootstrap [ B e
i i i Scopidae
values >50% are shown. Colors are as in Fig. 2. Color bars to the right of the tree show membership in L—— Pelecanidae
three different classifications: Peters’ (25) (left), Sibley and Monroe's (30) (middle), and Livezey and Zusi's Anhingidae
(13) (right). Black text within the bars indicates monophyletic orders in our phylogeny, whereas white text |—|_E ;:ﬁ':,z";"mm“"’“
within the bars indicates nonmonophyletic orders. Ordinal name codes: ANS (Anseriformes), APO b Frogatidae
(Apodiformes), APT (Apterygiformes), ARD (Ardeiformes), BAL (Balaenicipitiformes), BUC (Buceroti- Sphenisci
formes), CAP (Caprimulgiformes), CAS (Casuariiformes), CHA (Charadriiformes), CIC (Ciconiiformes), CLM Ihmrg‘s:iornlthidae
(Columbiformes), COL (Coliiformes), COR (Coraciiformes), CRA (Craciformes), CUC (Cuculiformes), FAL Ck:nnii:leas
(Falconiformes), GAL (Galliformes), GAV (Gaviiformes), GLB (Galbuliformes), GRU (Gruiformes), MUS BroceRariiforas
(Musophagiformes), OPI (Opisthocomiformes), PAS (Passeriformes), PEL (Pelecaniformes), PIC (Picifor- Ga:vtildae!
mes), POD (Podicipediformes), PRO (Procellariiformes), PSI (Psittaciformes), RAL (Ralliformes), RHE Anseriformes
(Rheiformes), SPH (Sphenisciformes), STH (Struthioniformes), STR (Strigiformes), TIN (Tinamiformes), TRC {— Galiformes

(Trochiliformes), TRO (Trogoniformes), TUR (Turniciformes), and UPU (Upupiformes).

Fig. 3. Summary tree for neognathous birds with the well-supported
clades discussed in the present study and those which are recovered in
both gene trees in Fig. 2a and b




Mayr 2014; Palaeontology

Coracildae
Brachypteraciidae

e Mo ropldac

Alcedinidae
_E Momatidae
Todidae
Galbulae
Pici
= Bucerotidae
L‘: Upupidae
Phoeniculidae
Trogonidae
Leptosomidae
Codiidae
Strigiformes

sanean|aL

Accipitridae
Pandionidae
4£ Sagittariidae
Cathartidae

Falcon|dae
Passeriformes
Psittaciformes
Cariamidae
Hemiprocnidae
Apodidan
Trachilidae
Aegothelidae
Caprimulgidae
Nyctiblidae

15

STIOSL

Podargidae
e Statornithidae

Phalacrocoracidae
Anhingidae
_é Sulidae
Fregatidae
Scopidae
_E Lenicipitidae

canidae
pre—— idae
[ Threskiornithidae
Clcondidae

Procellariidae

sayyuionbay

Pelecanoldidae
Hydrobatinae
Diomedeidae
Qceanitinae
b S niSCIdAE
Gaviidae
Phaethontidae
Cuculidae

Musophagidae

Opisthocomid ae
Mesitornithidae

= Phoenicopteri idas

= Podiciped dae

Charadriiformes

Gruldae
rE Aramidan
Psaphiidae

Hefiornithidae
Rallidae (paraphyletic)

Otididae
= Eurypygidac

b= Rhynochetidae
r~ Columbidae

= Pieroclidae
= Galliformes

= Anseriformes

Casuariidae
I—é Apterygidae
Tinamidae
Rheidae
| S—

Struthionidae

[

Neornithes: Filogenia

¥

)

53J35UEO||ED

(£007) 15Nz pue Aszaar]

Hackett et al., 2008; Science

Passeriformes
Picidae
Indicatoridae
Ramphastidae
Bucconidae
Galbulidae
Leptosomidae
Brachypteraciidae
Coraciidoe
Meropidae
Todidae
Alcedinidae
-1 Momaotidae

Bucerotidas
Phoeniculidae

Trogonidae
Coliidae

Trochilidae
_E Apodidai

Hemiprocnidae
Podargidae
Steatornithidae
Nyctiblidas
Caprimulgldae
Asgothelidae

Pteroclidae

L columbidae

S ————— LT (ST E

Cuculidae
Musophagidae
Opisthocomidae
Falconidae
Pandionidae
Acclpitridae
Sagittariidae
Cathartidae
Strigiformes

Charadriiformes
Rallidae
Hellornithidae
Mesitornithidae
Turnicidae

Gruidae
Aramidae
Psophiidoe
Rhynochetidae
Eurypygidae
Carlamidae
Otididae

Phoenicopleridas
Ciconiidae
Threskiornithidae
Scopidae
Ardeidae
Phalacrocoracidae
Anhingidae
Sulidae
Pelacanidae
Fregatidoe
Phaethontidae
Balaenicipitidae
Diomedeidae
Procellariidae A
Procellariidae B
Hydrobatidae
Pelecanoididae
Spheniscidae
Gaviidae
Podicipedidae

Gallifarmes
mes
Struthionidae

Rheidae
Casuarllchae
Apterygidae

p—
Ll

I

e Tinamidae

(2007) 1e 32 NEH

Livezey & Zusi 2007; Zool J Linnean Soc

Meropidae
Coraclidoe
Brachypteraciidae
Alcedinidae
Maomatidae
Todidae
Galbulae

Pici
Buceratidas
Upupidae
Phoeniculidae
Trogonidae
Leptosomidae
Collidae
Strigiformes

Accipitridae
Pandionidae
Saglttariidae
Cathartidae
Falconidae
Passeriformes
Psittaciformes
Carlamidae
Charadrilformes
Phalacrocoracidae
Anhingidae
Sulidae
Fregatidae
Scopidae
Balaenicipitidae
Pelecanidae
Ardeidae
Threskiomithidae
Ciconiidae
Procellaridae
Palocanoididae
Hydrobatinae
Diomedeidae
Oceanitinae
Spheniscidae
Gaviidae
Musophagidae
Gruldae
Aramidap
Psophiidoe
Heliornit hidae
Rallidae [paraphyletic)
Cuculidae
Orididae
Opisthocomidae
Hemiprocnidae
Apodidae
Trochilidae
Aegothelidae
Caprimulgidae
Podargidae
Nyctibiidae
Steatomithidae
Eurypygidae
Rhwnochetidae
Columbidae
Mesitornithidae
Pteroclidas
Phasthontidae
Phoenicopteriidae
Podicipedidae
Gallifarmes

| ol e L

s
Casuariidae
Apterygidae
Tinamidae
Rheidae
Struthionidae

FIG. 1. Three phylogenies of neornithine birds based on molecular and morphological data. A, tree obtained from an analysis of 19
nuclear loci (Hackett et al 2008). B, tree resulting from an analysis of 2954 morphological characters (Livezey and Zusi 2007). C, plau-
sible consensus phylogeny preferred in the current study (see text and Mayr 2011a; Kimball et al. 2013; McCormack et al. 2013; Yuri
et al. 2013). Taxa of the “Metaves' clade are marked in red, the remaining Neoaves in blue; the coloured boxes highlight taxa of Tellur-
aves (orange), Aequornithes (green) and Strisores (mauve).
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NEOGNATHAE
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Configuracion osea del Paladar

ros bp bp ros

@) Neognathae (b) Paleognathae

Figure 1 Palate bones, in ventral view, of (a) domestic fowl (Gallus gallus,
Neognathae); (b) emu (Dromaius novaehollandiae, Palaeognathae). After
Pycraft 1901b. Key: bp, basipterygoid process; mxp, maxillopalatine; pal,
palatine; pmx, premaxilla; pt, pterygoid; qu, quadrate; ros, parasphenoid
rostrum; vo, vomer. Note the reduced vomers (black) and juxtaposed
palatines (dark grey) in Neognathae. In Palaesognathae, the palatines are
separated by relatively large vomers.



Paleognathae

Definicidn: Clado mas inclusivo que contiene a la perdiz chilena Nothoprocta perdicaria pero no al gorrién Passer domesticus.
Tradicionalmente se ha subdividido en Ratitae y Tinamiformes (Cripturi)

- Tinamiformes
Tinamidae
(8 géneros)
- Struthioniformes
Struthionidae
Struthio camelus
Struthio molybdophanes
- Rheiformes
Rheidae
Rhea americana
Rhea pennata
- Casuariiformes
Casuariidae
Casuarius casuarius
Casuarius bennetti
Casuarius unappendiculatus
Dromadiidae
Dromaius novaehollandiae
- Apterygiformes
Apterygidae
Apteryx australis
Apteryx mantelli
Apteryx rowi
Apteryx owenii
Apteryx haastii

Filogenia: Los ratites fueron considerados

durante mucho tiempo como monofiléticos,
grupo hermano de perdices y con Kiwi como
linaje mas basal.
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Livezey & Zusi 2007; Zool J Linnean Soc
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—— Ichthyomis dispar
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_: Rhea americana
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e EUIFOMIG SP.
BC B g Tinamotis ingoufi
i | g |10058 b Tinamotis pentlandii
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B .
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98120 e Eudromia olsoni
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8218
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— Nothura darwinii -
; B
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aufga. w2l B W: Rhynchotus maculicollis | =

Nothoprocta cinerascens
Nothoprocta taczanowskir
Nothoprocla pentlandii

9162

Nethoprocta perdicaria
e NOthoCEICUS jUliUS Nothoprocta ornata
m— Nothocercus bonapartei
Nothacercus nigrocapillus
AB A Tinamus tao
.W Tinamus solitarius
9274 3 :
A Trpamus major
A 66/51 : Tinamus guttatus
B172 pns Macn-sc-1013
b aC'n-5¢-1010
AD s Cryplurelius undulatus
. -3 b Cryplurellus boucardi
Bertelli et al., 2014 b Crypturellus soui
N AD Crypturellus brevirostris
Zool J Linnean Soc e Crypturellus barletti L\
12 Crypturellus transfaciatus
11/ Crypturellus cinnamomeus
s Crypturellus erythropus
= Tinaminae (forest-dweeling AD [ gggzzﬁﬁﬁ :igff,:;ii
tinamous) L Crypturellus cinereus
— Nothurinae (open area Crypturellus obsoletus
tinamous) Crypturellus parvirostris
Crypturelius tataupa -

Figure 1. Reduced strict consensus of the phylogenetic analysis of fossils and living tinamous under implied weight.
Differences between topologies under equal versus implied weights analyses are marked with an ‘%’. Alternative posi-
tions of the fossils excluded from the strict consensus a posteriori are indicated above branches (A, MACN-SC-H; B,
MACN-SC-T; C, Nothura sp.; D, Crypturellus reai). Support values of the phylogenetic analysis of extant species and
analysis including fossils, respectively, are below branches.




Lithornithiformes




Palaeotis weigelti

Unidad: Formacion Messel (Eoceno).

Struthionidae Casuariidae

Fig. 2 a Detail of the bony palate of Palaeotis weigelti Lambrecht,
1928 from the middle Eocene of Messel (HLMD Me 771) in ventral
view, in comparison to b Lithornis sp. from the early Eocene Fur
Formation in Denmark (MGUH 26770), ¢ the Yellow-legged Tina-
mou, Crypturellus noctivagus (Tinamidae), d the Greater Rhea, Rhea
americana (Rheidae), e the Ostrich, Struthio camelus (Struthionidae),
f the Southern Cassowary, Casuarius casuarius (Casuariidae), g the

Tinamidae

Apterygidae Gruidae

Southern Brown Kiwi, Apferyx australis (Apterygidae), and h the Grey
Crowned Crane, Balearica regulorum (Gruidae). bpp, basipterygoid
process, cpp caudal process of os palatinum, cvr crista ventralis, hip
hook-like medial process of pterygoid. pal palatinum, pif fossa along
pterygoid. pig pterygoid, rps rostrum parasphenoidale, vom vomer. All
fossils were coated with ammonium chloride to enhance the contrast of
the bone structures. Scale bars equal 20 mm



“Ratites”

Sinapomorfias:

- Proceso zigomatico elongado, 2/3 de cuadrado

- Escapulocoracoides

- Ausencia de quilla esternal

- Vertebras sinsacrales con pobre desarrollo de procesos transversos
- llium alto con fuerte pendiente a cada lado.

- Ausencia de puente supratendineo en tibiotarso (ratites derivadas)
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Fig. 18.—Sternum: (A) Phaethon rubricauda, cranial view: (B) Phaethon rubricauda, ventrocraniolateral view: (C) Aptornis defossor,

ventral view: (D) Eudromia elegans, ventrocraniolateral view: (E) Apteryx australis, ventrocraniolateral view: (F) Struthio camelus,

ventrocraniolateral view.
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Fig. 3—Cranium, externum, lateral view: (A) Anseranas semipalmata; (B) Pachyptila salvini.
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(Keratinized Beak)
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GURE 3. Evolutionary trends in the pal hiform tibi (anterior view). This figure doe

not represent a phylogeny of the organisms. The anterior intercondylar fossa (aicf) begins
to widen and undercut the external (exc) and internal (inc) con({)'les in kiwis (B) and moa:
(D) but especially so in the higher ratites (C). The supratendinal bridge (stb) is lost ir
higher ratites (C) and occasionally does not ossify completely in the kiwis (B).
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Monofilia discutida de “Ratitae”

En una reciente filogenia molecular basada en 20 genes (24 kb) nucleares se recupera a las perdices profundamente anidadas dentro de
un Ratites parafilético.

%* Crypturellus
—— Tinamus :
X , (Tinamous)
Eudromia
90/61 95/99 F1
0.89/0.87\ 10/1.0 Nothoprocta
100/100" %+ [— Casuarius (Cassowary)
1.0/1.0 N\ W% —— Dromaius (Emu) Sinapomorfias de Casuariidae+Apterygiidae:
Aptervx (Kiwi Apterygidae y Casuariidae comparten alas cortas con
ety ( ) vanos reducidos, y Apterygidae + Dinornithidae
X * FRhea (Rheas) presentan hallux (perdido en otras ratites), ausencia
L Pterochemia - de proceso supraorbital y presencia de puente
supratendineo en tibiotarso (ausente en otras ratites)

Struthio (ostrich)

4 Neognath Outgroups (Non-passerine)

Harshmann et al., 2008
Esto implica 2 hipétesis:
- Readquisicidn del vuelo en Tinamiformes (mas parsimoniosa?)

- Pérdida multiple del vuelo en ratites de forma independiente (menos parsimonioso, pero mas probable).



Biogeografia de Ratites 2.0

En un intento por reconciliar la evidencia molecular con la morfolégica, Jhonston (2011) presenta un analisis basado en nuevos rasgos
morfolégicos que soporta la inclusiéon de Tinamiformes en Ratitae. Sin embargo la hipdtesis biogeografica de vicarianza (que intenta ser
congruente con la deriva continental) es inconsistente con el registro fésil.

:é o é 3
§s 28 o, =88 32, B3 g
Late Jurassic 152Mya 3& =¢ £ 2 g_‘:‘é 2582 3fe &
vow 1\
\ \ /
VoW VW
U\ /] \
\ \ \ .
\ \ \ /
vy N\ Il
K/T Boundary 66Mya \‘ \ \ \ ’i;l
O\ \ R \ S/
v N\
v\ N\
U\ \ O\ W //;
v\
vow N\
O
\ \UR\ 4
VoW
v W \/
U\ R\Y/;
L\
B v\
100Mya \ / coMya_s \\ \ 'I
110Mya + \ ‘\ /
/ - \ /
\ /
\
\ /1
\ /I
\W/]
\/1
Figure 5. Schematic representation of the palaeognath ancestor in undivided Gondwana at 152 million years ago (Mya) "

and its distribution across divisions of the continent at 66 Mya according to the phylogeny presented here, with
approximate dates of separation indicated in white type. It is assumed, based on the shape of the phylogeny, that
ancestors of the South American taxa were present on the South America-Antarctica-Australasia fragment of Gondwana,
rather than being the direct result of separation from Africa. Fossil palaeognath remains in Antarctica are not well enough
characterized to fit into this phylogeny (Tambussi et al., 1994) but are denoted with a question mark. Maps are modified Johnston et al.. 2011: Zool J Linnean Soc
from the Paleomap project (Scotese, 2001). v ’

Figure 6. Gondwana area cladogram and a fully resolved palaeognath phylogeny (based on Fig. 4A) mapped together and
reconciled with TREEMAP (http://taxonomy.zoology.gla.ac.uk/rod/treemap.html). Circles indicate nodes on the palaeog-
nath tree that occur prior to geographical separations.
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Baker 2012; published CR1 insertions are indicated by dark gray spheres
with white numbering). Scale bar indicates time in millions of years.
Asterisks mark species included in comparisons to morphological data.
Bird drawings are modified from del Hoyo et al. (1992) with pemission
from Lynx Edicions, Barcelona, Spain.

Baker et al., 204; SMBE

data from this study with that of Harshman et al. (2008) and Phillips
et al. (2010). Support from multiple analyses is presented (BS refers to
% bootstrap support, PP refers to posterior probability values). a) ML
phylogram foranalyses of all paleognath taxa analyzed by Phillips etal.
(2010). The Bayesian consensus tree had a different topology, uniting
the kiwis, emu, cassowary, moas, and tinamous to the exclusion of
the rheas (posterior probability = 0.54). b) ML phylogram for analyses
of taxa used in this study. The unpartitioned ML and MP analyses
united tinamous and rheas with 51% BS (unpartitioned ML) and 87%
BS (MP). c) Species tree estimated using BUCKy for all 61 loci (which
was topologically identical to the primary concordance tree). The top
values are concordance factors (the estimated amount of the genome
supporting a particular bipartition); the lower values provide the 95%
credible intervals for these concordance factor estimates. The species
tree estimated by BUCKy was topologically identical.

Smith et al., 2012; Syst. Biol.
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Fig. 1. Phylogenetic position of the elephant birds from mitochondrial sequence data. Bayesian
posterior probabilities and maximum likelihood bootstrap are presented in black below each branch;
asterisks denote branches that received maximum possible support (bootstrap = 100%, Bayesian
posterior probability = 1.0). Divergence dates [blue numbers above branches; blue bars represent
S5% highest posterior density (HPD) intervals] were inferred with six well-supported node age con-
straints (table 55). Blue arrows mark the minimum date for the evolution of flightlessness in lineages
for which fossil evidence is available (21, 22). The scale is given in millions of years before the present.
Silhouettes indicate the relative size of representative taxa. Species diversity for each major clade is
presented in parentheses, with extinct groups shown in red. The dagger symbol (1) indicates that the

number of elephant bird species is uncertain.

Mitchell et al.,2014; Science

Evidencia de un Clado Ave Elefante+Kiwi

Ancient DNA reveals elephant birds
and kiwi are sister taxa and clarifies
ratite bird evolution

Kieren J. Mitchell,' Bastien Llamas,' Julien Soubrier,' Nicolas J. Rawlence,"*
Trevor H. Worthy,? Jamie Wood,* Michael S. Y. Lee,* Alan Cooper't

Confirma una vez mds que Ratitae es parafilético
Soporta un clado Aepyornithiformes+Apterygiformes
Implica que gigantismo y pérdida del vuelo evolucionan
paralelamente en Paleognathae.

Origen es consistente con divergencia molecular
calibraada con fdsiles.

Distribucidn de paleognatas actuales no es explicada por
vicarianza.

Distribucidn es congruente con una dispersion posterior
al quiebre de Gondwana.
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Fig. 3. Conflict between inferred palaeognath
phylogeny and the topology predicted by conti-
nental vicariance. (A) Relative position of con-
tinents during the Late Cretaceous and Tertiary.
Continental landmasses are colored according to
order of severance from the remaining Gondwanan
landmass: Africa and Madagascar first (dark gray;
100 to 130 Ma), followed by New Zealand (red; 60
to 80 Ma), then finally Australia, Antarctica, and
South America (green; 30 to 50 Ma). Palaeognath-
bearing fossil localities from the late Falaeocene
and Eocene (21, 22) are represented by circles
(flighted taxa) and triangles (flightless taxa). (B)
Predicted phylogeny of ratites under a model of
speciation governed solely by continental vicar-
iance. (C) Palacognath phylogeny as inferred in the
present study (see Fig. 1).
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Galloanseres

Clado menos inclusivo que contiene a pollos (Galliformes) y
patos (Anseriformes).

Soportado por evidencia morfoldgica:

. Proceso Basipterigoides inmovil.
. Proceso retroarticular largo y en forma de hoja.
. Morfologia “derivada” del cuadrado.

También soportado por evidencia molecular: Hibridizacién
DNA-DNA, secuencias de genes nucleares, mitocondriales.

Esta compuesto por los grupos corona Galliformes y Anseriformes,

mas varios grupos extintos.

Galliformes (fotal group)

t Gallinuloididae
1 Paraortygidae

Ansenimonhae

Anseriformes
()
g crown-Galliformes Arseranatidae
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Vegavis iaai

(b)

tbt

Reguero et al., 2013

Fig. 8. Vegavis iaai (Clarke et al. 2005), MLP 93-1-3-1, holotype. (a) The half of the concretion preserving most of the
skeleton of the holotype: (b) the other half of the concretion with few bones. Abbreviations: ¢, coracoids; cv, cervical
vertebra; f, femora; h, humerus: il, ilium; p, pubis; r, radius: tmt, tarsometatarsus; tv, thoracic vertebrae: s, sacrum; sc,
scapula: u, ulna (scale bar 50 mm).

Unidad: Formacion Lopez de Bertodano (Maastrichtiano).
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Figure 3 Phylogenetic placement of Vegavis in three successive cladistic analyses
progressing from Avialae to Anseriformes (see Methods). a, Placement within Avialag in
the strict consensus cladogram of two most parsimonious trees (MPTs): length, 385;
consistency index (Cl), 0.67; retention index (Rl), 0.81; rescaled consistency index (RC),
0.54. b, Placement within Aves in the strict consensus of three MPTs: length, 822; CI,
0.33; Rl 0.48;RC, 0.16. ¢, Placement in Anseriformes in one MPT: length, 148; Cl, 0.91;
Rl, 0.88; RC, 0.81. Bootstrap support values =50% from 2,000 replicates (10 random

addition sequences/replicate; random start rees; tree bisection reconnection) are
reported below and to the right of corresponding nodes. Insets in ¢ compare the right
hypotarsus (see also character 90:0, ref. 16) of exemplars for Tinamiformes (Eudromia
elegans), Galliformes (Ortalis canicollis), Anhimidae (Chauna forquata) and Anatidae (Anas
plataled. All analyses used PAUP* 4.0b10 (ref. 28) and branches were collapsed if
minimurm length was 0. Character scoring of Vegavis in all data sets is given in the
Supplementary Information.

Sinapomorfias compartidas con

Neornithes:

e Cresta deltopectoral del
humero desviada
anteriormente.

e Al menos 15 vértebras
sacrales ankilosadas.

* Puente supratenineo
osificado en el tibiotarso.

Sinapomorfias compartidas con

Anseriformes:

e Fenestraisquiadica cerrada.

e Surco humeral para m.
escapulotricipatlis.

Sinapomorfias compartidas con

Anseriformes:

* Proceso pectineo diminuto
en pelvis

e Hipotarso con cristas y sulci
bien desarrolladas.




Clarke et al., 2016



Casyarius casuaris
o Nothoprocta pardicaria
Colinus virginianus

| Chauna torquata

|, Ansaranas semipalmata

ff‘g”r}mi‘tx Alligator mississippen sis

Galliformes Presb;

USNM PAL 617185 '

Cairina moschata
. Chen caenlescens

' Fulmarus gladialis

g{ Phoebastria nigripes

Vegavis iaaf
MACN—IF'V19.?4-8 Anatidae

is Sp.

T Hiatus for lateral tympaniform

[ Asymmetrical development membrane beween -3 and —4

Anseriformes

Hiatus for lateral tympaniform membrane (LTM) between 0 and -1

Palaeognathae

__Two sound sources—

NEOQnatt'_a__ei Pessulus mineralized and robust.

in Dinosauria |

Archosauria T Sound production in a mating and territorial context and among hatchlings and adults
Larynx-based sound source, as in other tetrapods
Undifferentiated and weakly mineralized tracheobronchial rings

Figure 3 | Comparison of the Cretaceous Vegavis and Eocene
Presbyornis syrinxes to extant avian exemplars showing the
optimization of major traits present in the fossil and arising during the
origin of living birds. The transition from the larynx-based sound source
seen in outgroups to a syrinx, located at the tracheobronchial junction,
(inset) occurred within Dinosauria, before or at the origin of Aves; unlike
surveyed outgroup taxa, all extant birds (Aves) have some bronchial half-
rings and a medial tympaniform membrane, the origin of which may
represent a key first step in syrinx evolution. Many basally divergent

Aves lack a pessulus, thought by some to be key to anchoring larger

vocal membranes or labia®. A well mineralized pessulus, present in both
fossils is here found to be ancestral to Neognathae with several subsequent
losses of this trait (for example in Columbiformes and some Passeri).

Aves T Syrinx present—sound produced at the tracheobronchial juncture
T Bronchial half rings present—consistent with medial tympaniform membrane

Origin of the syrinx T Differentiated ring shape (including waisting, fusion, cross-sectional shape, spacing)
and increased mineralization at tracheobronchial juncture

r Origin of m. tracheolateralis and m. sternotrachealis; interclavicular airsac present

Although mineralized structures of the syrinx in Vegavis and many parts
of extant Anatidae (for example, ducks) show asymmetry, Presbyornis,
Chauna and Galliformes lack this asymmetry. Of the taxa surveyed

here and in the literature, loons, penguins and other waterbirds show a
caudad shift of the lateral tympaniform membrane (LTM) not seen in
Vegavis. The origin of two sound sources is ambiguously optimized as
ancestral to Aves or Neognathae. Syrinxes not to scale. Three-dimensional
PDFs of the fossils and detailed data on extant exemplars are provided
as Supplementary Figs 1 and 2, as well as in Extended Data Fig. 8. For
detailed images of referenced features of the extant and fossil specimens
see http://www.jsg.utexas.edu/syrinx-evolution/ and http://dx.doi.
org/10.5061/dryad.50n8§;.

Clarke et al., 2016



Stem-Galloanseres?:
Pelagornithidae

Tradicionalmente considerados

(Bourdon, 2005) o stem Galloanseres (Mayr, 2011).

Rheidas
Tinamidae
Galliformes
o ’ Anhimidae
= = —DE Ans«e.ranatldae
8 . _Zz _é E g:tgldae_
= omis
% A % 5 Odontopteryx toliapica % g
= o F_'| Qdontopteryx n. sp.1 E g.
= Gl———— COdontapterysx n. sp.2 i T
4 L Amgiflornis emuinus ki
_B Opisthocomidae
Phaethontidae
“j Diomedeidae
L5 Hydrobatidae
| KLs Pelecanoididae

Procellariidae

L e
4l Spheniscidae
—MLE Gavikdae
N Podicipedidae
1

SINFOIN
IIL-I

k]
— Scopidae
) Fregatidae
F: Pelecanidae
ol 6 Sulidae
R Phalacrocoracidae

5 Anhingidae
3: Ciconiidae
T Phoenicopteridae

Fig. 2 Phylogenetic position of the Odontoptervgiformes within
Neognathae in the single most parsimonious tree. Length (L), 212;
consistency index (CI), 0.7; retention index (RI), 0.85. The par-
simony analysis was performed using PAUP 4bl0 [63], with the
branch-and-bound search option. Node support (numbers above
branches) was assessed using Bremer-support indices [8], calculated
with AutoDecay 5.0 [23]. Constrained tree with a sister group
relationship of Galliformes and Odontoanserae: L, 219; CI, 0.68; R,
0.83. Constrained tree with a sister group relationship of Odon-
topterygiformes and Galloansere: L, 231; CL 0.64; RI, 0.8

“Pelecaniformes”,
recientemente se han incluido como crown Galloanseres

38

Fig. 3 Crania in ventral view: a Odontopteryx n. sp. 1 (OCP);
b Anser anser (MNHN-LAC 1933-94). Right ossa quadrati in ventral
view: ¢ O. toliapica (BMNH 44096); d Anseranas semipalmata
(MNHN-LAC 2004-151). Omal ends of left ossa coracoidei in dorsal
view: ¢ Odontopteryx n. sp. 1; f Anser cygnoides (MNHN-LAC
1985-23). Distal ends of right humeri in dorsal view: g Odontopteryx
n. sp. I; h4. evgnoides. O. toliapica (BMNH A224), proximal end of
left ulna: i proximal view; j caudodorsal view. 4. semipalmata,
proximal end of left ulna: k proximal view; | caudodorsal view. Distal
ends of right ulnae in cranial view: m Odontoptervx n. sp. 1; n 4.

cyvgnoides. Proximal ends of left radii in caudal view: o Odontopteryx
n. sp. 2 (OCP); p A cyvgnoides. Proximal ends of left carpometacarpi
in ventral view: q Odontopteryx n. sp. 1; r Chloephaga sp. (MNHN-
LAC 1884-848). Distal parts of right carpometacarpi in ventral view:
s Odontopteryx n. sp. 1; t 4. semipalmata. Odontopteryxn. sp. 1, distal
end of night tibiotarsus: u cranial view; v distal view. Chloephaga sp.,
distal end of right tibiotarsus: w cranial view; x distal view. Distal
ends of left tarsometatarsi in plantar view: y Odontopteryx n. sp. 1;
z A cyenoides. Numbers refer to the apomorphy list for the
Odontoanserae. Scale bars equal 10 mm

Fig. 1 Odontopteryx n. sp. 1 (collections of the OCP and the
Rhinopolis Association). a Cranium and reconstructed maxilla in
lateral view. b Cranium in ventral view. ¢ Proximal end of left
humerus in proximal view d Proximal end of left humerus in caudal
view e Distal end of night humerus in cranial view. f Distal part of
right tibia in medial view. g Distal end of left tarsometatarsus in
medial view. h Proximal part of rght ulna in cranial view. Apo-
morphies of the Odontopterygiformes include: 52 pseudo-teeth; 53
deep groove on maxilla; 50 cotylae quadratica rostrally continuous;
54 caput humeri with distinct dorsal prominence on facies cranialis
and tuberculum dorsale continuing far distally as a smooth con-

vexity; 58 prominent epicondylus dorsalis on humerus; 62 condylus
medialis of tibiotarsus strongly protruding cranially; 63 tarsome-
tatarsus, trochlea metatarsi 11 extending far less distally than trochlea
metatarsi IV and showing smooth semicircular external part
continuous with proximally pointed process. Apomorphies of the
clade that comprises Odontopteryx and 4. emuinus include: 64
elongated foramen pneumaticum on humerus; 65 elongated tuber-
culum ligamenti collateralis ventralis on ulna. Numbers refer to the
character list of the *Electronic supplementary material”. Scale bars
equal 10 mm

Bourdon 2005; Naturwissenschaften



) ) Unidad: Formacion Chandler Bridge (Oligoceno superior).
Pelagornis sandersi
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Fig. 1. (Upper) Reconstruction of P. sandersi (elements preserved in the holotype are shown in white) with D. exulans (Royal Albatross; 3-m average
wingspan) for scale. (Lower) P. sandersi holotype (ChM PV4768) skull in (a) dorsal, (b) ventral, (c) left lateral (mandible in medial view), and (d) right lateral
views (mandible in lateral view). Right humerus in (e) caudal and (f) cranial views. Scapula in (g) lateral and (h) medial views. (i) Partial furcula femur in (j)
cranial and (k) caudal views. Tibiotarsus in (I} cranial and (m) caudal views. Fibula in (n) lateral view. Tarsometatarsus in (o) dorsal view (distal portion exposed
in the medial view because of deformation) and (p) rotated to show the distal portion in dorsal view. (g) Pedal phalanx. cc, Lateral cnemial crest; fac, fossa
aditus canalis neurovascularis; fc, facet; haf, humeral articular facet; ie, intercotylar eminence; j, jugal; If, lateral furrow; mtll, metatarsal trochlea II; nfh,
nasofrontal hinge; pf, pneumatic foramen; pp, paroccipital process; sf, subcondylar fossa; sup, supra-angulare; sw, swelling on crista deltopectoralis; syn,
synovial joint; tb, tubercle; trf, transverse furrow.



Pelagornithidae carecen de cresta ventral en el palatino (presente en Neoaves). Ademas presentan un surco nasal prolongado, similar al de

Pelecaniformes, pero no es homodlogo (ver mas adelante)

Pelagornithidae = ===

Pelagornithidae

G Phaethontidae

F Phalacrocoracidae

Fig. 5 Skulls in comparison. —A. Pelagornis chilensis from the Miocene of Chile (Pelagornithidae; MNHN SGO.PV 1061). —B. Dasornis
emuinus from the early Eocene London Clay in England (Pelagornithidae; SMNK-PAL 4017). —C. Juvenile Pelecanus occidentalis
(‘Pelecaniformes’, Pelecanidae) with long nostrils. —D. Juvenile Phalacrocorax carbo (‘Pelecaniformes’, Phalacrocoracidae) with long
nostrils. —E. Prophaethon shrubsolei from the early Eocene London Clay in England (Prophaethontidae; BMNH A 683) with long nostrils.
—F. Adult P. carbo. —G. Phaethon acthereus (‘Pelecaniformes’, Phaethontidae). mfr, mandibular furrow; rfr, rostral furrow (nasolabial

groove). The scale bars equal 10 mm.



Posicion de Pelagornithidae en Neognathae

En un nuevo analisis cladistico, Mayr (2011) recuperé al grupo como hermano de Galloanseres, soportado por los siguientes rasgos:

(6) Skull, distinct nasofrontal hinge, i.e., caudal part of
beak markedly set off by a furrow against rostral part of
cranium. The character optimization implies a reversal
into the primitive state in crown-group Galloanseres (see

Discussion).
(102) Impressio musculi adductoris mandibutaeexternus; : TApsaravis
— tHesperornis

pars coronoidea in medial position. .
tlchthyomis

M_Tmarmdae
b soo— Rheidae
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mﬁ?—hpte rygidae
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T80

:H?—'I‘S','l'llﬂl'lltﬂdﬁ
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W.E.W_ Procellanidae
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W@: Phaethontidae

| oonre | sconooosooo Ardeidae

85 Rp— , mw:-ej—Threskmrnnhrdae
ocooo— Ciconidae

:»E;o—SmpldaE

soocooosco— Pelecanidae

m_ Balaenicipitidae

"5-::-5-3— Fregatidae

Phalacrocoracidae
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matrix. Apomorphies and character states are listed on the internodes (numbers refer to the character list in Appendix 1); filled circles
represent strict apomorphies, open circles homoplastic ones. Bootstrap support values are indicated below the internodes. Extinct taxa are

marked with a dagger.
Mayr 2011; Zoologica Scripta
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) ) ) Unidad: Formacidn Bahia Inglesa
Pelagornis chilensis (Mioceno medio — Plioceno superior).
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Stem-Galloanseres:

D ro m O rn it h id a e Rango temporal: Registro fosil Cenozoico de

Australia.

Aves graviportales, no voladoras y de habitos
probablemente herbivoros.

Presencia de facetas articular del prceso
basipterigoides bien desarrolladas
(Galloanseres).

Presencia de marcada cresta vetral del
palatino.

Ausencia de hallux.

Digito 4 con 4 falanges.
Ausencia de procesos uncinados.




Anseriformes:
Gastornithidae

Rango temporal: Registro fsil Paleoceno-Eoceno de Europa.
. Aves graviportales y no voladoras.
Presencia de pico enorme lateralmente comprimido, con culmen convexo y sin punta curvada.
Presencia de fenestra temporal superior.
Alas muy reducidas.
Esternén sin quilla.
Escapulocoracoides.

* Carece de procesos uncinados.
* Paladar neognato.

e Foramen ilioisquiddico cerrado.
* Hallux corto.




Isotopic and anatomical evidence of an herbivorous diet

in the Early Tertiary giant bird Gastornis. Implications

for the structure of Paleocene terrestrial ecosystems

D. Angst - C. Lécuyer « R. Amiot - E. Buffetaut -

I Fourel « F. Martineau - 8. Legendre « A. Abourachid -

A. Herrel

A small insertion arca

b large insertion area

-

C  large insertion arca

Fig. 4 Comparisons between the insertion area of the musculus adductor
mandibulae externus superficialis (MAMES) (red area) on the mandible

of modem birds and Gastornis in lateral view (left parf) and in oblique and photo ofthe insertion area. Scale bar 1 cm

Table 4 Results of the Kruskal-Wallis statistical test performed for
calculated 8'°C of diets between either a hypothetical camivorous
Gastornis or a hypothetical herbivorous Gastornis and the associated
contemporaneous herbivorous mammals for each smdied site

Mont-de-Bermu
Pvalue=7.704>107°

Gastornis herbivorous

Mammals herbivorous
Cernay-les-Reims

P-value=0.04298

Gastornis herbivorous

Mammals herbivorous
Saint-Papoul

P-value=0.0001229

Gastornis herbivorous

Mammals herbivorous
Monthelon

Pvalue=NA

Crastomis herbivorous
Mammals herbivorous

posterior view. a Carnivorous modern bird (Buteo platypterus), b seed-
crushing passeriform (Geospiza magnirostris), and ¢ Gastornis mandible

Grastormis camivorous

1.075= 107
6.334x 1077

(asiomis camivorous

0.03887
0.01391

(astomis camivorous

3.097x107°
0.03389

(rastormis camivorous

Crastornis
herbivorous

09176

Gastornis
herbivorous

Crastornis
herbivorous

08997

Crastornis
herbivorous

0.6434

Angst et al., 2014; Naturwissenschaften



Neoaves

Definicién Clado mas inclusivo que contiene al gorridén Passer
domesticus pero no al pollo Gallus gallus.

Rango: Origen en el Cretacico superior.
Soportado ampliamente por evidencia molecular y morfolégica.
Sinapomorfias:

. Presencia de crista ventralis en el palatino, con pars lateralis bien
desarrollada.

. Pérdida del phallus (pene).

. Céndilo medialis del cuadrado con una rostralmente o
lateralmente marcada superficie articular céncava.
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Accipitridas- Accipiter
Accipitnidae- Heterospizias
ecipitridas- Lepodan
Pandionidas
Sagittariidae
Leptosarmdses
Coliidas
Trogonidae
M erepidae
Todidas
Momatidae
Alcedinidas
Coraciidae
Brachypteraciidae
Galbulidae
Buccanidas
Picidue
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Wpupidas
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Cathartidae- Catharies
Cathartidae- Coragyps
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Falconidae - Falco
Falconidae - Polyborus
Dididae
Spheniscidas
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Phalacrocoracidas
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Fregatidae
Cleoniidae - fakimn
Cleoniidae - Mycreria
Ardeidae-Ardea
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Strisores

Definicidn: Clado que incluye a “Caprimulgiformes” y Apoddiformes (Mayr, 2010). Esta bien soportado por evidencia molecular
independiente en varios trabajos recientes (Erickson et al., 2006; Mayr, 2008; Mayr, 2010; Hackett et al., 2008; Prum et al., 2015). Estos
analisis revelaron que “Caprimulgiformes” es parafilético respecto a Apodiformes.

Sinapomorfias: Elongado crus longum del carpal ulnar (pisiforme).

Implicancias en historia evolutiva del grupo: ¢Reaparicidn de actividad diurna en Apodiformes o nocturnidad multiple en
“Caprimulgiformes”?.

Hemiprocnidae

Steatornithidae
Podargidae
Caprimulgidae
Aegothelidae
Trochilidae
Apodidae

L Nyctibiidae

i

53

o
-

95

67




Escenarios Evolutivos de Nocturnidad en

Strisores
(a) (b)
® o o o o b
3, 2 8 2 S 2 8 3
= = @ o B 8 & o = L g @ =B & 6 o
E B 2z 2 82 g2 § E 3 2 2 2 2 g 8
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a o T o o Qo E o @ o B =1 & E &
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Diurnal o Dark-
activitity activitity
o Dark-
activitity
Dark-
activitity
-— Dark-activitity

«— Dark-activitity

Fig. 9. Two hypotheses on the origin of dark-activity (thick lines) in Strisores. (a) Single origin in the stem lineage of the taxon and reversal into
diurnal activity in the stem lineage of the Apodiformes. (b) Fourfold origin in the stem lineages of Steatornithidae, Podargidae, Caprimulgi and

Aegothelidae
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Nesbitt et al., 2011 1cm

Figure 3. The main slab of the second specimen of Fluvioviridavis platyrhamphus (FMNH PA 607) from the Eocene Green Rivel
Formation. Abbreviations: at, atlas; ax, axis; cv, caudal vertebra; fe, femur; fi, fibula; hy, hyoid; il, ilium; is, ischium; 1., left; ma, mandible; na, naris; or
orbit; pmx, premaxilla; prs, presacral vertebrae; pt, pterygoid; pu, pubis; py, pygostyle; q, quadrate; r.,, right; r, rib; sa, sacrum; tbt, tibiotarsus; tmt
tarsometatarsus.



Outgroup*
—— Steatornis caripensis
P oilbirds
— tPrefica nivea
PODARGIFORMES o a
e {Fluvioviridavis platyrhamphus
€ tMasillapodargus longipes
frogmouths
_[ Batrachostomus auritus
STRISORES '’ PODARGIDAE Podargus strigoides |
Caprimulgus carolinensis ] nightjars
—— tParaprefica kelleri
potoos
—  Nyctibius grandis
—0 i
CYPSELOMORPHAE Aegotheles cristatus ] owlet nightjars

Amazilla tzacatl ] hummingbirds
APODIFOR BEE Hemiprocne comata awifts

L Aerodramus vanikorensis

Figure 7. The relationship of Fluvioviridavis platyrhamphus to that of other Strisores using a combined dataset (TL=2119, ClI=0.713,
RI=0.439) and a morphology-only dataset (TL =175, Cl= 0.600, Rl =0.700). See text for outgroup selection(s). Circles = nodes, chevrons =
stem-groups.



Eocypselus rowei




Figure 3. Comparison of wing structure in (a) Eocypselus rowei (WDC-CGR-109), (b) an extant swift (Apodidae: Hirundapus caudacutus: University of Washington
Burke Museum, UWBM 47230) and (¢) an extant hummingbird (Trochilidae: Archilochus colubris: UNBM 49825), with overall body outlines at right. Skeletal
elements (right side) and spread wings (left side) from the same specimen were outlined and traced, with wings mirrored to create images for extant taxa.
For the fossil taxon wing length was reconstructed from the leading primary, and dotted lines indicate the uncertain breadth of the wing. For comparison,
wings were scled to the same skeletal wing length and body outlines to the same head-to-tail length (excluding the long beak of the hummingbird).
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Pan-Apodiformes

—9
Apodiformes

Crypturellus undulatus
Podargus strigoides
Batrachostomus septimus
Masillapodargus longipes
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Prefica nivea
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Paragornis messelensis
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nightjar
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tree swift

stem true swifts

crown true swifts

stem hummingbirds
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Taxonomia

Strisores Baird, 1858.
1 Steatornithiformes, new taxon
1.1 Steatornithidae Bonaparte, 1842
2 Podargocypseli, new taxon
2.1 Podargiformes Mathews, 1918
2.1.1 Podargidae Bonaparte, 1838
2.2 Cypselomorphae Huxley, 1867
2.2.1 Caprimulgi Ridgway, 1881
2.2.1.1 Caprimulgidae Vigors, 1825
2.2.1.2 Nyctibudae Chenu and des Murs, 1851
2.2.2 Apodimorphae Sibley et al., 1988
2.2.2.1 Aegotheliformes Worthy et al., 2007
2.2.2.1.1 Aegothelidae Bonaparte, 1853
2.2.2.2 Apodiformes Peters, 1940
2.2.2.2.1 Apodi Peters, 1940
2.2.2.2.1.1 Apodidae Olphe-Galhard, 1887
2.2.2.2.1.2 Hemiprocnidae Oberholser, 1906
2.2.2.2.2 Trochilidae Vigors, 1823
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Podargidae
Aegothelidae
Apodidae
Hemiprocnidae
Trochilidae
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T 1 Furotrochilus

'Oligocene |

34—

Scaniacypselus
Parargornis

Eocene

L Paraprefica

i,j_‘ MESSEL
GREEN RIVER

Prefica
|' Fluvioviridavis
Masillapodargus

Podargiformes 'Strisores
56

Figure 8. Time calibrated phylogeny of Strisores showing the
early diversification by the middle Eocene. The relationships of
the Apodiformes were based on Mayr [5,71]. Time scale based on
Gradstein et al. [72] and the ages of Messel and Fossil Butte Member
were based on Mertz and Renne [70] and Smith et al. [32], respectively.



Columbaves: Columbimorphae + Otidimorphae
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Gruiformes

— Aramidae

Psophiidae
Heliornithidae

Rallidae

Fig. 4 Phylogenetic relationship of core Gruiformes



— Gallus gallus
—— Anser albifrons
—— Rhynochetos jubatus

e Pedionomus torquatus

Jacana spinosa
Turnix sylvatica

Turnix varia

94/98
Uria aalge

Larus atricilla
Charadrius vociferus

Recurvirostra americana

Gallus gallus
Anser albifrons
RE hetos jubatus Rhynochetidae

Mesitornis unicolor Mesitornithidae

Pod:, I
F

9

Jacana spinosa
Turnix sylvatica -
. :I'l'hrnicidae H
Turnix varia .
Uria aalge
Larus atricilla
Charadrius vociferus

0.99
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B18Y — Mesitornis unicolor

Aramus guarauna

Bugeranus carunculatus

9% Anthropoides paradisea

Anthropoides virgo

Grus japonensis

Grus americana
T994) Grus nigricollis
Balearica pavonina
Balearica regulorum
[ Psophia crepitans

_E Psophia viridis

Heliornis fulica

Laterallus melanophaius
Porphyrio hochstetteri
Porphyrio porphyrio
Gallirallus philippensis

Rallus longirostris
Porzana carolina
Fulica americana

Gallinula chloropus

Tetrax tetrax
*[* 99/ Affrotis afra

Eupodotis senegalensis
75| Ardeotis kori

Otis tarda
_[[I
Fig. 3 Phylogenetic relationships of Gruiformes based on mitochon-
drial 12§, 16S and Val sequences. (Leff) Trees obtained with
maximum parsimony (CI = 0.3638, RI = 0.5126) and maximum
likelihood (—LnL = 35142.11765) analysis. Numbers represent bool-
strap values (MP/ML) and only those >70% are shown. Asterisks

0.1

Recurvirostra americana

Aramus guarauna Aramidae
Bugeranus carunculatus ]
. Anthropoides paradisea
+|*L. Anthropoides virgo
Grus japonensis Gruidae
Grus americana
k| *L Grus nigricollis
b 4 Balearica pavonina

Balearica regulorum —

[ Psophia crepitans
_E . Psophiidae
Psophia viridis

Heliornis fulica Heliornithidae

= Laterallus melanophaius

« Porphyrio hochstetter

L Porphyrio porphyrio

Gallirallus philippensis
Rallidae

Rallus longirostris
Porzana carolina

Fulica americana

Gailinula chloropus _

= Tefrax tetrax

Afrotis afra

il
Eupodotis senegalensis Otididae
Ardeotis kori

* E Otis tarda

indicate bootstrap values of 100%. (Right) Tree obtained with
Bayesian analysis (—LnL = 30320417, Pinvar = 0.369941). Num-
bers represent posterior probabilities and only those >95% are shown.
Asterisks indicate posterior probabilities of 100%




Gruiformes

Sarothruridae
Sarothrura spp

Heliornithidae
Podica senegalensis
Heliopais personatus
Heliornis fulica

Rallidae
(37 géneros)

Psophiidae
Psophia crepitans
Psophia leucoptera
Psophia viridis

Gruidae
Balearica spp
Grus spp

Aramidae
Aramus guarauna




Recordatorio:
No son Gruiformes!

Otidiformes (Columbaves)
Otididae
(11 géneros)

Mesitornithiformes

(Columbaves)
Mesitornithidae
Mesitornis variegatus
Mesitornis unicolor
Monias benschi

Eurypygiformes

(Aequorlithornithes)
Rhynochetidae
Rhynochetos jubatus
Eurypygidae
Eurypyga helias

Turnicidae y Pedionomidae
(Charadriiformes)

Cariamiformes (Inopinaves)
Cariamidae

Cariama cristata
Chunga burmeisteri
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Mirandornithes: Phoenicopteriformes+Podicipediformes
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Tinamidae Evidencia morfOI()gica

66

g2 Cracidae/Phasianidae
i{: Anhimidae
Anatidae
80 —— Podicipedidae o o
—— Phoenicopteridae ‘ .
————— (aviidae !
4,
58 ‘———————— Spheniscidae
—— Procellariiformes W
d o A B o
gg [ Recurvirostridae ) o ) ‘ ‘ ) S
(I Figure 3. Right tibiotarsus, proximal end in comparison. (A) Podiceps cristatus (Podicipedidae); (B) Phoenicopterus ruber

(Phoenicopteridae); (C) Ciconia ciconia (Ciconiidae). The arrows indicate the cnemial crest (character 55). Not to scale.

—— Laridae

ﬂ': Threskiornithidae
Ciconiidae

Balaenicipitidae

Ardeidae

Cathartidae

Cariamidae

Figure 1. Strict consensus tree of three most parsimonious
trees resulting from a cladistic analysis of the character
matrix in Appendix 2 (Length = 197, CI = 0.39, RI = 0.56,

Opisthocomidae

Figure 2 - Skulls in comparison. A: Lesser flamingo (Phoenico-
naias minor. Phoenicopteridae): B: Palaelodus sp. (Palaclodidae:

A &y o

uncatalogued specimen from Alliers in France in the collection of
the Forschungsinstitut Senckenberg): C: Great crested grebe (Podi-

RC = 0.21). Bootstrap values of more than 50% are indi-  Figure 4 Right foot in comparison. (A) Juncitarsus merkeli (cast of helotype in SMF, coated with ammonium chloride); (B)
. Podiceps cristatus (Podicipedidae); (C) Phoenicopterus ruber (Phoenicopteridae, figure reversed to facilitate comparison) .. . o &
Cated Elbcl\’e the lnteTnOdES. The arrows point to the hallux (character 59); note the comparatively well-developed hindtoe in Juncitarsus. Not to scale. ceps cF 1status. Podlmpedmlae). Note that the upper beak and pﬂl‘T of

the cranium in B are reconstructed: an actual specimen is figured
by Cheneval & Escuillié (1992) and slightly differs in proportions.
Seale bars equal 10 mm.

Apomorphies of the clade
(Phoenicopteriformes + Podicipediformes)
include the presence of a notarium (fused
thoracic vertebrae), an unusually high
number of cervical vertebrae, 11 primaries
(except for storks, all other birds have 9 or
10 primaries), a layer of calcium phosphate
that covers the eggshell and that is found
otherwise only in the galliform

Megapodiidae, and nail-like ungual B R i e ety i e o e T e s e
phalanges (Mayr, 2004a, Manegold, 2006). “ ";:J‘;;:;."'JéT'm‘;.;;";:’:\"::m‘f;;n;-i’i otoraton g T4, vt e helloei s Foasingy of orlimal fomaloensie e verilod egutost apit

horus Specimens for Phoenicopteridae (J. Bosch, pers. comm.) and deduced from position of bony canals for the other taxa. Note

3 ) Aechmaph
cccidentalis p“d‘““d'd“ Y n‘? arrows indicate the marked depression at the that jdentification of tendineal furrows/canals departs from Strauch (1978: fig. 29). Not to scale.
site of musculus eraniatim {sharacter 1), Not (o sealn
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-drm

Fig. 3. (A-D) Mandible of Palaelodus ambiguus (SMF Av 604; Palaelodidae) in dorsal (A), dorsolateral (B), ventral (C) and lateral (D) view. (E-G) Mandible of an adult
Chilean Flamingo, Phoenicopterus chilensis (Phoenicopteridae), in dorsolateral (E), lateral (F) and dorsal (G) view. (H) Mandible of a juvenile of Phoenicopterus sp. (P.
chilensis or P. ruber) in dorsal view. Abbreviations: drm, wide dorsal rim of ramus mandibulae; fos, fossa in caudal section of mandible; nvf, neurovascular foramina; rsd,

restored part of symphysis (white plaster). Scale bars equal 10 mm.

24,26,31,32 S .
—220 Podicipediformes
2;'5513%% L1217 palaclodidae
Phoeniconaias
20,4244
oS 1520.30,34,35 L Phoenicopterus
50 39,4045
1‘.’«1\ .
R L Pfoenicoparrus
?‘{\De‘{\ 12,34.56.7,13
22540 __g,
&°
Q¢
('\\Cvo 9,10,14,16,18,19,27 28
4 18:18:14,18,48:48
o BAS

Figure 7. Osteological, oological, nesting strategy, and ecological characters mapped onto a phylogenetic tree modified from Mayr
[23] by the insertion of the BAS specimen to show hypothesised character transitions on the flamingo lineage. Characters come
directly from the text. Black, blue, and red numbers illustrate osteological, oological/nest, and environmental characters, respectively. OSTEOLOGICAL
CHARACTERS (black numbers): Tibiotarsus: 1: distinct notches on the distal rim of condylus lateralis and media : a wide sulcus extensorius; 3: a
medially located sulcus extensorius; 4: a longer supratendinal bridge (in comparison with Palaelodidae); 5: a distinct projection of the lateral and
medial condyles from the shaft; 6 a distinct and conspicuous sulcus proximal to the medial condyle; 7: lack of a medial ridge in the trochlea
cartilaginis tibialis; 8: a rounded and prominent tuberosity for the lateral attachment of the Retinaculum Extensorium Tibiotarsi (RET). Retinaculum
Extensorium Tibiotarsi separated from the articular facet of the intercotylar eminence by: 9: conspicuous sulcus; 10: deep sulcus; 11: narrow sulcus
extensorius; 12: lateral attachment of RET laterally to the sulcus extensorius; 13: deep intercondylar incision; 14: intercondylar incision extends over
lateral condyle to the diaphysis; 15: ridge in the medio-distal portion of sulcus extensorius; 16: tuberosity for the RET medial attachment; 17: shallow
sulcus cranial to the trochlea cartilaginis tibialis; 18: deep sulcus surrounded by crests. Tarsometatarsus: 19: a conspicuous crest in trochlea metatarsi
llI, in plantar view. Skull: 20: presence of salt glands. EGGS AND NESTS (blue numbers): 21: trilaminated eggshell structure; 22: thin outer granulose
calcium phosphate layer; 23: eggshell thickness of or approximately 466 pm; 24: eggshell thickness of or approximately 258 um; 25: Layer 3 of or
approximately 63 pm; 26: Layer 3 of or approximately 30 um; 27: thin columns in L2; 28: Pronounced spherulitic crystals in L1; 29: Wide columns in L2;
30: moderately pronounced spherulitic crystals in L1; 31: Large cylindrical columns in L2; 32: Bulky spherulitic crystals in L1; 33: 45 x30 mm eggs; 34:
90 %53 mm eggs; 35: Single egg per dutch; 36: Two to seven eqgs per clutch; 37: Floating nest; 38: Twig-nest; 39: Ground nest; 40: Mud, volcano-
shaped nest. NESTING ENVIRONMENTS (red numbers): 41: Nesting in lacustrine environment; 42: Nesting in endorheic lacustrine environment; 43:
Nesting in normal-oligohaline lacustrine environment; 44: Nesting in oligohaline to mesohaline lacustrine environment; 45: Nesting in mesohaline to
hyperhaline lacustrine environment; 46: Nesting in shallow to extremely shallow lacustrine environment.

doi:10.137 1/journal.pone 0046972.g007 Gre”et‘Tinner et al 2012 PlOSONE
’

American Flamingo >

1,99 (Phoenicopterus ruber)
1,99l tEnm Greater Flamingo
T I0.12, {Phoemcopterus roseus) ﬁ
n,mt)
o %DOLL%OamesEL%msﬂn go ‘ jc'

Lesser Flamingo L Y

(Phoenicoparrus minor)

(7,9,10,11,
e 12,n,mt)

Andean Flamingo  +
(Phoenicoparrus andinus) =

) James’s Flamingo ¥~
(Phoenicoparrus jamesi) v

| — Podilymbus podiceps
— Aechmaphorus clarkii

Phaethontidae

r— Spheniscidae
| S Procellariformes

Figure 1 Relationships and ages of the flamingos. Cladogram showing the relationships of the living flamingos. The flamingos fall out in two
sub-clades with high support, congruent with the topology recovered by Sibley and Ahlquist [15]. Genus Phoenicoparrus has been expanded to
include all members of the deep-keeled clade (see Discussion). Posterior probabilities (Bayesian inference) and bootstrap support values
(maximum likelihood) are shown above each node. Numbers and letters to the right of each node indicate individual genes and data subsets
which recover that monophyletic clade. Key: 1, RHEB1; 2, TIMM17A; 3, TCF3; 4, RPS24; 5, SLC29A4; 6, NFKBIZ; 7, G3PDH; 8 myoglobin; 9, ZENK; 10,
ZENK 3'UTR; 11, COI; 12, cyt b; n, nDNA subset; mt, mtDNA subset. RHEB1 failed to recover sister status between the American and Greater
Flamingos in a maximum likelihood framework with high support, denoted by "1*

Torres et al., 2014;
BMC Evol. Biol.




Charadriiformes

= LT IRF ]

Phoenicopterus
Rollandia

Burhinus
Charadrius
Haematopus
Recurvirostra
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2 with NONA 2.0 with different settings.

1X

Appendi

iX in

, Psophiidae as outgroup taxon, consensus of 12 most parsimonious

from analyses of the character matr

ing

igure 3. Trees resulti

F
A

0.44,

118, consistency index (CI) =

trees [length
dae as outgroup taxon, consensus of 19 most parsimonious trees (length

115,

i

0.45, RI=0.68). C, Columbidae as outgroup taxon and Turnicidae removed from analysis, consensus of six most

= 0.67]. B, Columb

retention index (RI)

CI

0.69). Bootstrap support values are listed above the nodes, characters

110, CI=0.47, RI

parsimonious trees (length

and characters states next to the internodes (numbers refer to the character list in Appendix 1). Filled circles represent

strict apomorphies, open circles homoplastic ones.



Alcidae d— pap-Alcidae insertae sedis ¥ (GCVP 5690)
Aethia
Prychoramphus

orhinca
erpid
atharacta

Stercorarius

i Gulls, terns,
Tydraprogne alcids, skuas

F "“""‘"ﬂ,gm;a and allies —‘
ema

Laridae

Laromorphae

Turnix

Turnipax lerorum ¥

iurynorhynchus
Lém?cu Y

hilomac =
Mirolia brevirostrata snipes and

Micropalama

Tringa
Catoptrophorus.
Actitis

— gl
{ yeticryphes
Charadriiformes|__f t — Thinocorus
Charadriiformes insertac sedis ¥ (SMEF-MT. 2458) )
: ™ Elseyornis
Thipornis
Charadris
Ph s
T REQOTRIS
Oreopholl Plovers
——————— Anarhynihies ?
Pel l"'nrhrvgony oystercatchers,
Ly 1 :
Vanellus thick-knees
rhynchus )
& < 2 ]
I S and allies ,,
- Ibidoryncha
~ Burhinus
Eonom Chionis N

Jiliniornis huadianensis %

non-charadriiform onteromm

s Sandpipers,

—— Tryigites allies }_
-Arenaria
Heteroscelus

2 = ediparra
Scolopaci i Microparra
. I—N upharanossa bulotorum
Ilﬁﬂ i

Uria lomvia

Alca torda ] Anks
u
Aleini Pinguinus impennist
Uria aalge
€ ] Murres‘

Alle alle
Miocepphus bohaski t ] Poyeides s‘

Brachyramphus dunkeli ¥ —
_C: Brachyramphus marmoratus
B

rachyramphus brevirostris

1 ———————— Brachyramphus perdix
Synthliboramphus antiquus Murrelets
Synthliboramphus wumizusume ;

Synthliboramphus craveri

Alcinae
Synthliboramphus hypoleucus

Synthliboramphus rineyi T —
Cepphus olsoni §
Cepphus carbo

Cepphus columba Guillemots L
Cepphus grylle

Pan-Alcidae incertae sedis ¥ (GCVP 5690)
Aethia cristatella

Alcidae Aethia psittacula

() Aethia pygmaea

Aethiini | Aethia pusilla ‘ Auklets k
Ptychoramphus aleuticus

Aethia barnesi 7

'Q —QFrmercul inae

Fraterculini

Fratercula arctica

Fratercula corniculata
Puffins

Fratercula cirrhata
Cerorhinca monocerata

Stercorariidae Stercorarius longicaudus
—i . ] Skuas
Stercorarius skua

FIGURE 1. Phylogram of charadriiform relationships showing calibrated nodes 1-7 (modified from Baker et al., 2007,
figure 1). Numbered nodes in red correspond to the following calibrations: (1) divergence of Charadriiformes from its
nearest outgroup; (2) divergence of Charadrii from other Charadriiformes; (3) divergence of Burhinidae from Chionis
and Pluvianellus, (4) divergence of Jacanidae from other Scolopaci; (5) basal divergence among Calidridinae; (6)
divergence of Turnicidae from Lari; (7) basal divergence of Laromorphae; (8) divergence of Alcidae from Stercorarii-
dae.

FIGURE 2. Phylogram of alcid relationships showing calibrated nodes 7-15 (modified from Smith, 2011a, figure 1.26).
Numbered nodes in red correspond to the following calibrations: (8) divergence of Alcidae from Stercorariidae; (9)
divergence of Aethiini from Fraterculini; (10) divergence of Fratercula arctica from Fratercula corniculata; (11) diver-
gence of Cepphus carbo from Cepphus columba; (12) divergence of Synthliboramphus hypoleucus from Synliboram-
phus craveri,divergence of Synthliboramphus hypoleucus from Synthliboramphus craveri; (13) divergence of
Brachyramphus marmoratus from Brachyramphus brevirostris; (14) divergence of Alle alle from Uria; (15) divergence
of Uria lomvia from Uria aalge; (16) divergence of Alca torda from Pinguinus impennis.



Eurypigiformes+Phaetontiformes

Clado de Neoaves marinas soportado por evidencia molecular. Integra a
aves del trépico (Phaeton), ave sol (Rhynochetos) y kagu (Eurypiga).

2 Daninl Sxiklai

3
Phasthon

Figure 7. (a) Assembled left foot of Prophaethon shrubsolei
Andrews, 1899 from the eary Eocene London Clay of Walton-
on-the-Naze, Essex, UK (SMF Av 602); position of the single
fragmentary ungual phalanx is arbitrary. (b) Articulated, par-
tially macerated foot of the White-tailed Tropichird Phaethon
lepturus (right side, reversed to ease comparisons). dpr,
pathological depression in first phalanx of second toe; rdg,
pathological ridge along phalanx of second toe. The toes are
numbered. Scale bars: 5 mm.




Aequornithes

Clado de Neoaves (“waterbirds assemblage”) bien soportado por
evidencia molecular (Erickson et al., 2006; Hackett et al., 2008; Prum et
al., 2015). Integra aves marinas.

Aequornithes
(‘waterbird assemblage’)

§ : § Egs
B8 2.30.58881,
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Scopus

Una posible sinapormorfia de Aequornithes
es la presencia de un surco a lo largo del
pico (nasolabial groove). Este estd ausente
sélo en Ciconidae (ciguefias), Phaetontidae
(aves del trépico) y poco desarrollado en
Ardeidae (garzas). Este surco produce
cornificaciones separadas en la ramfoteca.
En juveniles hay narinas alargadas y
desarrolladas a lo largo de una hendidura en
esta zona.

Evidencia morfoldgica -

Pelecanidae

F Phalacrocoracidae G Phaethontidae

Fig. 5 Skulls in comparison. —A. Pelagornis chilensis from the Miocene of Chile (Pelagornithidae; MNHN SGO.PV 1061). —B. Dasornis
emuinus from the early Eocene London Clay in England (Pelagornithidae; SMNK-PAL 4017). —C. Juvenile Pelecanus occidentalis
(‘Pelecaniformes’, Pelecanidae) with long nostrils. —D. Juvenile Phalacrocorax carbo (‘Pelecaniformes’, Phalacrocoracidae) with long
nostrils. —E. Propbactbon sbrubsolei from the early Eocene London Clay in England (Prophaethontidae; BMINH A 683) with long nostrils.
—F. Adult P. carbo. —G. Phaethon actherews (‘Pelecaniformes’, Phaethontidae). mfr, mandibular furrow; rfr, rostral furrow (nasolabial

S N 4 o EEEEE [Nl EASE AR B . WeSE
Euypygs ~ LUK
Phaethon 3
Gavia . -

Spheniscus
Phoebastria
15 Oceanites
' A — 05000 OME
P Oceanodroma
"7 /_\— Fulmarus
\2( Puffinus
R Pterodroma
Pelecanoides
y—CicONia
— | optoptilos
Fregata
Morus
S Anhinga
2]
Phalacrocorax
Theristicus
- Tigrisoma
06 (o —— 162
e — lxobrychus
- Scopus
o B Balaeniceps
Pelecanus

Upper Oligocene Miocene [Pk‘. Ple‘J

Cretaceous Neogene Q.



Gaviiformes

Orden de aves buceadoras cuya distribucion actual es Holartica, pero cuyo registro fésil revela una distribucién mas amplia en el pasado.

Existen registros del Cretacico superior de Chile (Neogaeornis wetzelii) y Antartica (Polarornis gregorii), pero la afinidad de estos taxa es
incierta debido a la naturaleza fragmentaria del material fosil.

Gaviiformes derivados comparten un hipotarso desarrollado, en donde las

crestas hipotarsales se alargan y contactan, encerrando un gran canal para
tendones flexores.
— ]

fpp2
Colymbiculus Colymboides

Registro de Gaviidae en Chile

Neogaeornis wetzelii . Formacion Quiriquina (Masstrichtiano)

i
J =
Colymbiculus Colymboides Gavia
FIGURE 1. Tarsometatarsus of A-F, Colvmbiculus udovichenkoi from the Middle Eocene of Ukraine in com-
parison with G-L. the Early Miocene Colymboides minutus and J-L., the extant Gavia stellata. A-F. left tarso- FIGURE 1.

Neogaeornis wetzeli, holotype (GMPK 123), right tarsometatarsus: A, anterior; B, posterior; C, medial; D, lateral;
E, anterior view of proximal end showing the proximal foramina (arrows); F, posterior view of proximal end showing the
remains of calcaneal ridges of the hypotarsus (arrows). A-D, natural size; E-F, 5x.

metatarsus (SMF Av 592) in dorsal (A). medial (B). lateral (C), plantar (D). proximal (E). and distal (F) view.
G, H, left tarsometatarsus (NMB MA. 2668) in plantar (G) and dorsal (H) view. I, right tarsometatarsus (NMB
5.G. 20829) in proximal view. J-L, left tarsometatarsus in plantar (J), dorsal (K), and proximal (L) view. M,
left carpometacarpus (SMF Av 593, ventral view) of an unidentified small bird from the Middle Eocene of the O rlgl na | mente Neogaeornl's fu e CIaS'f' ca d o) Ju nto con otras aves b ucea d oras

Ikovo sand quarry. Abbreviations: adIl. sulcus for tendon of musculus abductor digiti II: fdl. canal for tendon of

musculus flexor digitorum longus; fhl, canal for tendon of musculus flexor hallucis longus: fipd, canal for tendon m esozoicas ( H esperorn |th Ifo rm es) S| nem ba rgo h ay presen C| a d e h | pota rso IO que
of musculus flexor perforams digiti IT; fpp2, canal for rendon of musculus flexor perforans et perforams digiti ) 4

II; fvd, foramen vasculare distale; pex, base of broken processus extensorius; sft, canal for superficial flexor ten-

dons. In (F) the trochleae are numbered. Scale bars equal 5 mun. indica que eI ejemplar esun Neornithes Olsonl 1992'



Suliformes

3
tPhocavis 2
z
Evidencia molecular y fdsil excluye a Pelecanidae y Phaetontidae del grupo B TCopepteryx §
(desarmando el Pelecaniformes tradicional), rescatando a Fregatidae+Suloidea 3 $Tonsata
[Sulidae+(Phalacrocoracidae+Anhingidae)] en un nuevo clado: Suliformes 51
tWaimanu €
tDelphinornis §
3
tMesetaomnis &
tMarambiornis
tAnthropornis
- L | tPalaeeudyptes
H
— | tEretiscus
L | crown-Spheniscidae
TLimnofregata é'
g
Fregata ®
Sulidae ;‘f
~==== | tMasillastega o
tBorvocarbo 4
g
Phalacrocoracidae
P e <
H 8
3 Anhingidae a
: tProtoplotus

Hipotesis de relaciones filogenéticas propuesta
por Mayr (2008). Integra datos morfoldgicos,
moleculares y paleontoldgicos.




Plotopteridae Fregattidae

Figure 1. Fossil material referred to Tonsala hildegardae. A-D, dentary in dorsal (A) and ventral (B) views, UWBM 86874, C-D, cervical vertebrate
in dorsal {C) and ventral (D] view, UWBM B8B74. E-F, pelvis in dorsal (E) and ventral (F) view, UNBM BEB73. G-H, right femur in cranial (G) and caudal
(H) view, UWEBM B&E73. |, right tibiotarsus in caudal view, UWBM B6873. Scale bar is 2 cm.

doi:10.1371joumal pone. 002567 2.q001
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FIGURE 6. ernofregam hasegawm new speues palatype FhTNH PA 719 skull and maudlble_
Scale =2 cm. Inset: right and left lacrimal bones showing pneumatic foramina in the corpus.

Stem-Suloidea
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e olabed B

Red-faced cormorant

Abbott’s booby

Northern gannet

1.00 i) 1.00

100 Australasian gannet

Cape gannet

Lo

Red-footed booby

L2 Brown booby

1.00 4) 1.00 Masked booby

SUIidae Nazca booby

1.00

s

100 Blue-footed booby

TN Peruvian booby

Fig. 3. Concatenation and BEST species trees. Estimates of the sulid species tree from the (a) concatenation and (b) BEST analyses. Nodal support is indicated with Bayesian
posterior probabilities. Numbers in open circles refer to node numbers that are used in Table 3.



Registro de Sulidae en Chile

Sula aff. variegata, Sula spp. Morus sp. Formacion Bahia
Inglesa (Mioceno medio-Plioceno)

pp cip ft csg cnt

intercotylar
omin::mc damage to
e H tendinal prooves

extermal internal :
il latersl

cotyla _cotyl:
mfracotylar rproxmml
3 5 = foramen
tendingl L a fossa m:;‘
ErODVE N hroximal s exit for
4 r‘:“’fnﬂ proximal enclosed
. ramina foramina
matrix caral
internal icipi
cotyla o Olecranon tricipital
\. R E ¢ artachment
extemal : \"’N humero-ulnar__g*
cotyla . i depression o
proximal & T
adial :
radial tubercle for the

depression ital li
P e sub-cotylar coronoid post-orbital ligament
) fossa Process medial
promirence A e ~ cotyla
for anterior o Nl P
X medial

articular .
Jigament depression for 7| mandibular
(broken) m. brachials anticus i i it Process
olccranon rrdcmre/ E aditus canal fossa m; ‘i:ll:crmlylalr
mtexl:lcmnl damage o e i tubercle for the
i — z;pco:]\lucﬁﬁ N i post-orbital ligament .
al N A r S
pm[";;u] 7 bon‘e \},_ = cotyls tac Ips ap
soressi internal i i A i i i
depression g cowl G coromid ¥ il Figura 21. Craneo de Sula? nov. sp. ACH 02 de la FBI: A vista lateral, B. vista dorsal, C. vista
Ny . e miedial
process  intercotylar cotla ventral. Escala: 30 mm.

crest

FIGURE 3. Sula sp. tarsometatarsus (UOP/01/74) in A, anterior and B. posterior aspects: left ulna (UOP/01/76) in C. medial. D, medio-anconal,
and E. proximal aspects: and right mandible (UOP/01/91) in F. medial. and G. dorsal aspects. Scale bar equals 10 mm.



Phalacrocorax brasilianus

Anhigidae

e Phalacrocorax auritus

Meganhinga chilensis

‘ Anhinga anhinga

’—* Macranhinga paranensis
c

Noriega y Alvarenga, 2000
L Anhinga fraileyi

FIGURE 4. Cladogram with the non-ambiguous synapomorphies supporting each node; Character state indi-
cated as super-index. Node A: 1', 8', 13'; Node B: 1%, 2!, 14'; Node C: §', 7%, 91, 121,

FIGURE 2. f ventral (right) view of th iinga ranzii (holotype UFAC-3640). B, Anhinga anhinga (MHNT-
924), €, M. 1 ype UFAC-4034). A and B an

Alvarengay
Guilherme, 2003

FIGURE 9. Comparison of the humeri of some Anhingidae in ventral
view: A, Anhinga anhinga (MHNT-924). B, Anhinga novaehollandiae

3523). B, (MHNT-1210). C, Anhinga cf. fraileyi (UFAC-4562). D, Anhinga min- FIGURE 7. The left tibiotarsus in ventral (left) and lateral (right) views of A, Anhinga minusa, sp. nov. (holotype UFAC-4720), B, A. anhinga
E. Anhinga 100

uta (paratype UFAC-4719). E, Anhinga cf. grandis (UFAC-4721). (MHNT-924), and C, A. novachollandiac (MNHT-1210



Registro de Anhingidae en Chile

Meganhinga chilensis. Formacion Cura-Mallin
(Mioceno inferior)

Santiago

Regisn
dela

Araucania

o PRGN

Figura 1: Mapa con la localidad de procedencia del material

estudiado. A, Mapa de Chile. B, Mapa de Sudamérca. C, Mapa del T cm ﬁd
:‘Eilmf de LG"Q‘-‘"d“aIYr m‘;“;a;'di la “_b'@ﬂd"‘ del sitio del Ventral (left) and dorsal Comparison of the pelves of species of the Phalwrocorcidae and Anhingidae, in dorsal view, A- Phalacrecorar ]\_/E\ 3 E
allazgo respecto de la ciudad de Lonquimay. (right) views of the humeral olivaceus; B- Arhinga ankinga; C, D apd E- Meganhinga chilersis n.g. nap (a draft of reconstruction hessd upan

M . M M the specimens SGO-FV 4001-B, C and 4002)
portion of the right coracoid =

of Anhinga anhinga (A) and
Meganhinga  chilensis n.g.
n.sp., SGO-PV 4001-J, (B).

Figura 3: Fotografias y esquemas del himero izquierdo
SGO.PV.22212b. A, vista craneal. B, vista ventral. C, vista caudal.

e

D, vista lateral. Barra de escala = 10 mm. J (Y 4 ) cm

Right ulna of Anhinga anhinga (A), in comparison with Meg

Comparison of right tarsometatarsi of species of ingi and P : Anhinga anhinga (left),
palmar (lef), anconal (center) and lateral (right) views.

Meganhinga chilensis n.g. n.sp. (middle) and Phalacrocorax carbo (right), in cranial (A); anterior (B); posterior
(C); and medial (D) views.

anhinga chilensis n.g. n.sp.. SGO-PV 4001-K, (B), in
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Fig. 1. The Bayesian phylogram for the combined dataset (outgroups not shown, for the phylogram including the outgroups see Fig. 51). The numbers associated with the
branches represent posterior probabilities from Bayesian MCMC searches, ML bootstrap values (bold), and equally weighted MP bootstrap values. Bootstrap values =50% are
shown. Branch and number color represent the Bayesisan posterior probability on a gradient of red (very high) to blue (low) as applied in FigTree 1.3.1 ( tree bic.ed.ac.uk/
software/figtree/). Black branches are terminal. The asterisks indicate strong support from all of these measures, i.e., a Bayesian posterior probability of 0.95 and above and
bootstrap values of 90% and above. Our classification is shown. *“As in Table 2. (For interpretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)
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Phalacrocorax sp. Formacion Bahia Inglesa
(Mioceno medio-Plioceno)

impression
) for the
triangular m. brachialis
attachrm_:nt anticus
for anterior
articular
ligament ectepicondyle
entepicondyle outer
condyle
internal
condyle intercondylar
furrow

FIGURE 4. Phalacrocorax sp. distal left humerus (UOP/01/01) in
palmer aspect. Scale bar equals 10 mm.

Phalacrocorax sp. Formacién Horcén
(Plioceno)

K L M

Figure 4. Fossil shearwater and cormorant from the Horcon Formation. Proximal fragment of a fossil left tarsometatarsus assigned as
Puffinus cf. griseus (SGO-PV 21490) in (A) dorsal, (C) plantar and (E) proximal views; and (F) sketch showing the details of the proximal surface.
Proximal section of the same element in the extant great shearwater (Puffinus gravis) in (B) dorsal, (D) plantar and (G) proximal views. Partial wings
and pectoral girdle of the small cormorant Phalacrocorax sp. (SGO-PV 21443): (H) fragment of right ulna in dorsal view; (1) right coracoid in dorsal
view; (J) proximal fragment of left scapula in medial; (K) left coracoid in ventral view; (L) proximal fragment of left humerus in caudal view; (M) left
radius lacking of proximal end in ventral view; (N) left ulna lacking of proximal end in ventral view; and (Q) proximal fragment of left
carpometacarpus in ventral view.



Pelecaniformes

El nuevo orden Pelecaniformes integra a Pelecanus, Balaeniceps, Scopus, Threskiornithidae y Ardeidae.

Anhinga
Phalacrocorax
Morus

rdea
Cochlearius
Eudocimus
Balaeniceps
Scopus
Pelecanus

Diomedea
Qceanodroma
Pelecanoides
Puffinus
Qceanites
Eudyptula
Gavia
Corythaeola
Tauraco




Pelecaniformes

Threskiornithidae
(13 géneros)

Ardeidae
(18 géneros)

Scopidae
Scopus umbretta

Balaenicipitidae
Balaeniceps rex

Pelecanidae
Pelecanus spp.

ENick Athanas
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50 mm

Fig. 1 Early Oligocene fossil pelican from the Luberon (France)
compared to modern and early Miocene specimen. a Fossil Pelecanus
sp. NT-LBR-039, on slab, b extant P. onocrotalus (LAC.1997.186,
Muséum National d’Histoire Naturelle, Paris), ¢ fossil Miopelecanus
gracilis (ML.StG.1438 and ML.StG.3556, C.C.E.C—Centre de
Conservation et d’Etude des Collections—du Musée des Confluences
de Lyon, France). In all specimens, skull and rostrum are in ventral
view, left hemimandible in medial view, and right one in lateral view.
In (a), the fossil quadrates and hemimandibles show post-mortem
displacement, the latter partly overlying skull and rostrum; g recon-
stituted gap between the preserved fossil parts of NT-LBR-039. In
(c), the distance between the two fossil parts of M. gracilis is

estimated. The symphysial part of the mandible (dentaries and
splenials) is dissociated from the angulars and prearticulars, and it is
not preserved on the slab with the rest of the fossil (a) and not shown
here for the modern specimen (b). c/mr and crmr caudal extremities
of left and right mandibular rami; cv 10-11 cervical vertebrae; r/ right
lacrymal; oc occipital condyle; [pbp left postorbital process; pmb
premaxillary base; pmh premaxillary hook; pmw level of premaxillary
maximal width measured; [pp and rpp left and right paroccipital
processes; lg and rg left and right quadrates; /lvr left ventral ridge of
premaxillary; lzp and rzp zygomatic process of left and right
squamosals; rla and rra rostral extremities of left and right angulars;
rip and rrp rostral extremities of left and right prearticulars



Registro de Ardeidae en Chile

E

MICHEL A. SALLABERRY,' ROBERTO E. YU

AMERICA

Z
[
©
g
5
=1
(o]
w
)
(]
Q,
(=]
3

Chile, where
Minas. B) a Dorotea. C

Fragmento proximal de tibiotarso conferido a
Ardeidae indet. (garzas) Destaca por su gran tamano.

FIGURE 6—Comparisc etween f g om Sierr: d c ext and herons p in C £ ¢ indet.
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Ciconiformes

Incluye solamente a Ciconidae (ciguefias y marabues)




Sphenisciformes y Procellariiformes

Anhinga
Phalacrocorax
Morus
Fregata
Ardea
Cochlearius
Eudocimus
Balaeniceps
Scopus
Pelecanus

Diomedea
Oceanodroma
Pelecanoides
Puffinus
Qceanites
Eudyptula

G
Corythaeola
Tauraco



B Fossil record and phylogeny of ornithurine birds Waipara Top
Other lithostratigraphy T
Galiformes Sphenisclormes =41
: Anseriformes ﬁ"u’g"‘*"’ o =
Stratigraphy| Palaeognathae , 7 8
Int. é 44 A ; @
HERHI a4 &
E ERRD P ioo A S
wd E g SE ot i i
= 3 DA HEH Voo — om
Ik —— b ! E
MA ol [ €
70 4 | ot Vo .§
3 g i : O i Sphenisciformes
ca| & Vot-4p-- Ansed- 1 L____.
E " [ | formes ! ,
BD o w k ' H — =
E E ¥ 1 Galloanseres \ N
1 S [E& 2 L el Goaves
Ll | L — ?\ C Reconstruction of Waimanu
60 T -=n--1% Neognathae
1 § CE T\ Neornithes
w2 ! Carinatae
L :
18 AL :
110 4 '
E AP '
120 4 z i
« !
] < [BA !
w i
1309 s :
] VA '
140 BE '.“‘I
] T\Omimurae
150 3 :
ma | *

Waimanu, pinglino fésil mas antiguo
(Paleoceno, Nueva zelanda)(Ksepka et al., 2006)

— phatank b me.

praian o

tuberc. m. tib. cran.
troch. metatars. IV, for, vasc. prox.

|-

\ for. vasc. dist.

sulc. extens.

= L
¢

™ fos. intercot.

/
retinac. extens. oss.

troch. metatars. Il

cris. med. hypotars.
fos. metatars. | P

e

troch. metatars. Il sulc. flex.

emin. intercond.

[ = ¥ S ’ E )
troch. metatars. IV ﬂk F—— /
for. vasc. dist cris. plant. lat. ! cris. hypotars

fos. supratroch. plant for. vasc. prox

troch. metatars. Il

tuberc. m. tib. cran.

cris. med. hypotars.
froch. metatars. IV

troch, metatars. Il — 4
sulc. extens.

for. vasc. prox

trach. metatars. IV for. vasc. prox

G

Sphenisciformes

®
g g g

@ 5 o o

L] [} 2 o @

o 8 § £5 F §8eg
2 o H g
§53 FEENE
g3 8 FsEs5258
Ed < f x5 da

(67)

2
1| en

Fig. 1. Strict consensus tree of six most parsimonious trees
(length = 176, CI = 0.44, RC = 0.29) resulting from an analysis of the
character matrix in Appendix 2. The nodes are characterized by the
following synapomorphies that were found in all most parsimonious
trees (if not indicated otherwise, character transformation is 0 — 1
asterisked characters have CI = 1.0; superseript letters indicate char-
ter that were only found in cither the ACCTRAN or DELTR N
sformation mode): 113, 19%, 29%, 31 (1 — 0); 2 - 6, 38, 51*,
3-7.8,9,34, 61: 4 1, 57, 10,27, 47, 62% 53, 410—»:1'.:5‘ 3
(0= 2),35%,39 (0 — 2/1 — 2);6- 16,19 (1 — 0)*, 26" *, 31%, 334,
45M, 52, 54 (15 2)%, 56 (0 2), 57, 59, 63. 64: 7 — 8 (1 5 0). 9
(1 0), 16°, 25 (1 = 0)*, 26™%, 29 (1 = 0)*, 35°, 46", 47 (1 - 0),
49,51 (1 - 018 -7 (1 0%, 154 198, 217,28 2 = 1), 33°, 34
(1 0)*, 43% 45°% 9 - 11%, 12, 14, 20°, 21°%, 22*, 25*, 31°, 46
(1= 0™, 65,66% 677, 68%: 10— 3 (1 = 0. 6 (1 = 0/, 10(1 = 0%,
32%,36%, 37%, 41*%, 42% 46", 48*, 50%, 53 (1 - 0)*, 56 (2 — 0)*, 58*,
63 (1 = 0 11 - 18, 29°, 4%, 52, 54 (1 — 4), 577 12 -1, 4%, 5, 30%,
40%, 58 (0 — 2/1 — 2); 13 — 24, 39%; 14— 13 (1 = 0), 17. Bootstrap
values above 50% are indicated in parentheses to the right of the
internodes

tra

—_—

2. Right wing in comparison: (a) Phalacrocorax carbo (Phala-
; (b) Mancalla cedrosensis (Mancallinae, Charadrii-
s r Howard 1971); (¢) Copepteryx hexeris (Plotopteridae,
after Olson 1|ld Hlﬁegl\l.! 1979, 1996: Goedert and Cornish 2002
(d) Eudyptula minor (recent, Spheniscidae).
Clrpm)\el.lm\l’pllﬂ hu, humerus; pit, row of pits on
uln.: for attachment of f¢ 5 i
uln, os carpi ulnare. Not to scale and slightly schem
and (c) the distal phalanges are not shown

in modern penguins, ulna and radius of plotopterids strongly
resemble the corresponding elements of a late Paleocene early
Eocene penguin figured by Fordyce and Jones (1986, 1990).
A highly characteristic derived peculiarity of the ulna of
plotopterids is the presence of a row of marked pits for the
attachment of feather quills (Olson 1980, Fig. 3; Olson and

(@

Plotopteridae (Eoceno-Mioceno)

Mayr (2004)

F- cris. hypotars.



EOCENE BIRDS FROM THE WESTERN MARGIN OF SOUTHERNMOST
SOUTH AMERICA
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FIGURE [-—Map of the studied localities in the Magallanes Region of
southernmost Chile, where fossil birds were recovered A) Rio de Las
Minas. B) Sierra Dorotea. C) Sierra Baguales.
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Figure 1. Fossil penguins from the Horcon Formation. A. Skeletal reconstruction of Eudyptes calauina sp. nov. showing the identified
elements; and size comparison with the Macaroni penguin E. chrysolophus and the Yellow-eyed penguin Megadyptes antipodes (yellow silhouette).
Referred specimens: left humerus (SGO-PV 21451) in (B) cranial, (C) distal and (D) caudal views; proximal fragment of left humerus (SGO-PV 21449) in
(E) cranial, (F) proximal and (G) ventral views; (H) proximal fragment of right tibiotarsus (SGO-PV 21447) in cranial view; and (1) distal portion of right
tibiotarsus (SGO-PV 21488) in cranial view. Tarsometatarsus of Humboldt penguin Spheniscus humboldti (J) and Northern Rockhopper penguin E.
moseleyi (K). Holotype: right tarsometatarsus attributed to an adult (SGO-PV 21487) in (L) dorsal, (M) plantar, (N) medial, (O) lateral, (P) proximal and
(Q) distal views. Paratype: right tarsometatarsus attributed to a subadult (SGO-PV 21444) in (R) dorsal, (S) plantar, (T) medial, (U) lateral, (V) proximal
and (W) distal views. Spheniscidae indet.: (X) proximal fragment of right radius (SGO-PV 21450) in ventral view; (Y) right ulna (SGO-PV 21455) in
ventral view; and (Z) right carpometacarpus (5GO-PV 21454) in ventral view. Silhouettes (green for E. calauing, blue for Spheniscidae indet.) based on
complementary specimens attributed to the same species or living relatives. Abbreviations: ci, capital incisure; dt, dorsal tubercle; hts,
humerotricipital sulcus; lc, lateral hypotarsal crest; le, lateral edge of the metatarsi IV; If, lateral proximal vascular foramen; mf, medial proximal
vascular foramen; pli, pit for ligament insertion; ptr, posterior trochlear ridge; sts, scapulotricipital sulcus; tf, tricipital fossa; tll, trochlea metatarsi Il; tlll,
trochlea metatarsi lll; tIV, trochlea metatarsi IV; ts, transverse sulcus.
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Fig.4- Procellaniformes. Diomedeidae: (A) cf. Diomedeq;
partial skull (MPC1011) and (B) aff. Thalassarche?; partial
skull (MPC1012); both from Bahia Inglesa Formation (Late
Miocene). (C) Diomedeidae indet.; distal portion of right
tarsometatarsus (MPC1018) from Coquimbo Formation
{Late Miocene). Procellariidae: (D) Right humerus (MPC1013)
and left distal extreme of humerus (MPC1014) from Bahia
Inglesa Formation (Late Miocene). Scale bar = Scm.

Pachyptila sp. MPC-601, Late Miocene
(Tortonian), Bahia Inglesa Formation, Cal-
dera. a) Dorsal view; b) Posterior view; and
c) Left lateral view. Scale bar = 1 cm

Lower left
Upper center
Middle center
Upper left
Upper left
Lower left

Pelecanoides garnotii (Lesson)
Pachyptila sp. (Gmelin) (MPC-601)
Pachyptila belcheri (Mathews)
Oceanites oceanicus (Kuhl)
Fregetta tropica (Gould)

Puffinus griseus (Gmelin)

10 mm

Fiﬂlm: 4, Fossil shearwater and cormorant Trom the Horcon Formatios. Frosimal fragment of 3 fossl |eft mromentems smsgned a5
f. isevs ISG0-PY 21430) in (A1 dorsal, 1€) plantar 2nd (E] prosimal views: and (F) skeich shawing the detads of the prasimal surface.

M’omalmuono‘m some slEment in the enant ores shesrwater (uffus

anavs in [B) dorsal 101 plantar and ¥G1 peosimal wiews. Partial wings
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Figure 5. The Pliocene record of birds in the Southeast Pacific.
A. Comparison between the Pliocene (P) and extant (E) richness of
penguins and cormorants for each major area represented as minimum
number of species (MNS), B. Map showing the main fossiliferous
localities, the zoogeographical regions (PCP, Peruvian—Chilean Province;
TZ, Transition Zone) and the species recorded.

doi:10.1371/iournal pone.0090043.q005
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Inopinaves

Clado de Neoaves sustentado por evidencia
molecular (a través de un andlisis gendmico con un
amplio muestreo filogenético, ver Prum et al., 2015)
e incluye a Opisthocomiformes (Hoatzin) y Telluraves
(grupo exclusivo de aves continentales).

Indicator
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Picus
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[ Upper | Palasocene |
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Fig. 72. T Left hand of Hoatzin-embryo, II left hand of adult Hoatzin after Parker; ¢ centrale,
d1—d4 first to fourth fingers, i intermedium, m1, m2, m3 the three metacarpals, R radius, r ra-
diale, U ulna, u ulnare, 2, 3 distal carpals. I c. ¥ nat. size, II nat. size.



Telluraves

Clado conocido previamente como
“land birds” o “core landbirds”,
sustentado por evidencia molecular a
través de analisis gendmicos de gran
escala. Incluye Australaves (Paserios,
loros, rapaces falconiformes vy
seriemas) y Afroaves (rapaces
accipitriformes, buhos, carpinteros,
trogones, martin pescador).

En la base de ambas ramas
(Australaves y Afroaves) se ubican
algunos linajes de aves depredadoras.
Esto sugiere un ancestro comun
depredador para todas las Telluraves.




Afroaves

sauuopqdooy

eeydiowliorion

pPanuIjuod SaAB0aN




Coraciimorphae

Bucerotas

Upupiformes

sepidndn
SEpIN2ILa0Yd

aepuosuijassayl

sepinoiasng

Alcediniformes

aepiuIpadfy
SEpRoLoW
aepipoL

aepidosapy

snifpoepudsisent}

Coraciformes sensu sincto

SEPIORIOD)

aeploeisidiyoeig
sepuaidoueian)

seplioeiodogd

seplucIongowdl

Piciformes

aepiold
SEpLOIE2IPU|

aepiseydwey

2e|ng|es)

aepiyyuioydiAs)




Australaves
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Cariamiformes: R R
Cariamidae (Seriemas) e

Segun la filogenia molecular
se ubicarian basales a
Falcénidos (halcones y
caranchos), Psittaciformes
(loros) y Passeriformes (aves
canoras). Antiguamente eran
clasificados como
“Gruiformes”, hoy grupo
polifilético.



Cariamiformes:
Phorusrhacidae
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FIGURE 10. Phylogenetic relationships of L. scagliai among phorusthacids. Silhouettes indicate body size according to Degrange (2012). Black sil-
houettes indicate birds of more than ~70 kg, Different phorusrhacids seem 10 have altained gigantic body size independently in the carly Miocene
and Pliocene. Mesemb., Phorus.. Psilop.,

FIGURE 2. Skeletal anatomy of Liallawavis scaglia, gen. et sp. nov. MMP 5050, Bones colored in gray are missing. Scale bar equals 0.10 m.

<FIGURE 3, The skull of Ilallawavis scagliai, gen. et sp. nov, Autapomorphics are noted by an asterisk. A, B, skull and mandible in A, lateral

w and I, dorsal view: C, detail of the palate (ventral view): I, hyoid apparatus (during preparation ) E, os lacrimale and os lacrimale com umc:l\s

F. scleral ring of the left eye. Note Ilml the beak i high and namow, as in all phorusrhacids, although it is proportionally longer. Abbresi ij.
b,

arcus jugalis; b, limina bhasi {= lamina en, choanes; oc, cricoid cartilage; ens, cnista nuchalis sagittalis; ent,
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Figure 1. Skull of Andalgalornis steulleti (FMNH P1435). A, dorsal view, B, ventral view, and C, left lateral view
scan data. Fossil bone is shown in light brown, and rock matrix and plaster restoration are shown in grey.
doi:10.1371/journal.pone.0011856.g001
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Fig. 2 Femur of Lavocatavis africana gen. €t sp. nov. in comparison
to that of Patagornis marshi Moreno and Mercerat 1891, carly o
middle Miocene of Argentina. Patagornis marshi, left femur, reversed,
a caudal view, after Andrews (1809, pl. XVIL, figure £) and
reconstruction of the Patagomithine Andalpalornis stenfleti (Paterson
and Kraglievich 1960) scaled for comparison to a human (Alvarenga
and Hofling 2003); femur measurements (Table 1) indicate that 2
marshi and L. africana were of similar body size. L. afficana, right

femur, holotype, UM HGL 351-55. b Caudal view. ¢ Caudal view
slightly mediocandally oriented. d Cranial view, Abbreviations: ca
caput femoris, ¢f collum femons. of condylus lateralis, em condylus
medialis, cxm erista supracondylaris medialis, of crista trochanteris,
fan facies articularis antitrochanterica, fooc facies anticularis acetabu-

laris, fpr fossa poplitea, fo impressiones obwratoniae, 1 trochlea

fibulans. Scafe bar=2 cm
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Fig. 5. Summary phylogenetic hypothesis as discussed in the present review. Question marks on dashed lines indicate that the position of a clade
1s uncertain, whereas question marks on continuous lines demark weakly supported clades. The shaded fields outline composition of the land bird
assemblage’ and the newly introduced terms Picocoraciae and Aequornithes (‘waterbird assemblage’)
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Micropsitta finschii
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Psittacula columboides
Tanygnathus lucionensis
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Prioniturus luconensis

98 Amazona viridigenalis
k.3 Pionus menstruus )
35 LX Hapalopsittaca amazonina
27 Pionopsitta caica
) x Brotogeris jugularis
25 Myiopsitta monachus
* Nannopsittaca panychlora

EX Touit batavica
Aratinga pertinax
L3

~]

Ara macao )
3 6 Orthopsittaca manilata
Cyanopsitta spixii

7 andagus nenday
Diopsiftaca nobilis
Guaruba guarouba
Leptosittaca branickii
Cyanoliseus patagonus
Enicognathus leptorhynchus
Rhynchopsitta pachyrhyncha
Pyrrhura picta
= Deroplyus accipitrinus
k== Pionites melanocephala
Forpus passerinus
= Poicephalus robusius
— Psittacus erthacus

g *

of=

99

E.fophus mseicaiﬂus
Probos:;;?er aternmus
Calyptorhynchus funereus

27

= Serinus canarius
= Olus sunia . .
b Tockus flavirostris
r— Colius colius

2 == Picus canus :
Columbina passerina
Coccyzus americanus

Fic. |.—Cladogram of relationships among representatives of 69 parrot genera and 8 outgroup taxa based on a strict consensus of 4 trees obtained
from combined parsimony (MP) analysis of the 4 sequence partitions (COI + ND2, TROP, TGFB2, and RDPSN) with coded gaps. MP bootstrap
support values for each node are shown above the branches with values of 100% indicated by asterisks; Bremer decay index values are shown below.
The classifications of Rowley (1997) and Collar (1997) are indicated by bars on the right: I) family Cacatuidae, IT) subfamily Loriinae, and, within the
subfamily Psittacinae, the tribes a) Strigopini, b) Nestorini, ¢) Psittrichadini, d) Psittacini ¢) Arini, ) Psittaculini, g) Micropsittini, h) Platycercini, and i)
Cyclopsittacini.
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Vastanavis sp.

1 — MMesselastur gratulator

Pufchrapolia gracils

rafro

Psaudasturides macrocephalus

2 Serudaptus pohli HALCYORNITHIDAE

1 Cynilavis colburmarum

Cyrilavis ofsoni

Psiftacopes lepidus

London Clay Species A

Quercypsitta sudrei

Avalatavis tenens

Nestor meridionalis

Cacatua sulphurea

Calyptorhynchus funereus

Amazona fannosa CROWN CLADE
Cyanoliseus patagonicus PSITTACIFORMES

Melopsittacus undulatus

Lorius lory

Trichoglossus haematodus

FIGURE 4. Strict consensus tree (TL = 2769 steps, RI = 0.617, RC =
(.448) from combined analysis of 106 morphological characters and se-
quence data from cytochrome b, RAG-1, and the third intron of the Z-
chromosomal spindlin gene. The strict consensus tree from the analysis
using only the morphological data set is congruent except that one addi-
tional branch is collapsed. Bremer support values for the combined tree
are placed above the appropriate branches, and Bremer support values
for the morphological tree are placed below the appropriate branches.
Note that the single branch that was not recovered in the morphological
analysis is indicated by a Bremer value of 0.

Figure 2. Skulls in comparison. A, Messelastur gratulator Peters, 1994 from the Middle Eocene of Messel (holotype. SMF-ME 2024):
B. Serudaptus pohli Mayr. 2000b from the Middle Eocene of Messel (Halcyormithidac: holotype. WDC-C-MG 2013 D. Red-lored
Amazon, Amazona autmnalis (Psittacidae), juvenile specimen in lateral (C) and dorsolateral (D) view; E, Crested Caracara, Caracara
plancus (Falconidac); F, Hawk-Owl, Surnia ulula (Strigidac). Abbreviations: lac, os lacrimale: sup, processus supraorbitalis. Fossil
specimens are coated with ammonium chloride. Scale bars = 5 mm.
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FIGURE 5. Alternate hypotheses for Pan-Psittaciformes phylogeny mapping key characters of the grasping foot that evolved multiple times within
the clade. A, phylogeny from the analysis presented in this paper; B, phylogeny preferred by Mayr et al. (2010), with Avolatavis inserted based
on results presented in this paper. Character numbers correspond to the phylogenetic matrix: 81(1), fossa metatarsi [ shifted to medial face of tar-
sometatarsus; 89(2), presence of fully developed trochlea accessoria of metatarsal IV; 92(1), pedal digits ITI-IV robust and digit II gracile; 93(0),
proximal 3 phalanges of digit IV subequal in length to penultimate phalanx (reversal from greatly abbreviated).
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Figure 1| Retroposon evidence for the early branching events in the avian tree of life. The tree topology is derived from our presence/absence matrix
(Supplementary Table S1; Supplementary Software) utilizing maximum parsimony and considering representatives of the key avian lineages®™. Black filled
circles (branch A) are bird-specific retroposon insertions (exhibiting a 6-nt deletion that is found in some avian CR1s, but absent in all other avian and
reptilian CR1s), and dark grey balls represent retroposon presence/absence markers that are congruent with one another. Light grey balls on grey gradient
(label F) are retroposon markers that were probably inserted at the very beginning of the neoavian radiation and were subjected to incomplete lineage
sorting of retroposon dimorphisms, as they exhibit presence/absence patterns that are incongruent with one another and with some of the retroposon
markers on the dashed branches. Nodes without retroposon support are not collapsed (but highlighted by asterisks) if they received very strong support
in nucleotide sequence analyses'?'*. Higher-ranking taxa are in red letters (English terms in orange letters and parentheses), including the new taxa
Eufalconimorphae (falcons + parrots + passerines) and Psittacopasserae (parrots + passerines), and some recently introduced superordinal groupings'=3=4,
Bird names in bold letters belong to the nearest bird icon.
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medial
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Caudal auditory pathway

Figure 4 | Evolution of vocal learning in birds. Schematic brain drawings
(adapted from Jarvis et al.*") depict the hearing- and vocalizing-induced
ZENK transcription factor expressions in hummingbirds, budgerigars
(parrot representatives) and songbirds (passerine representatives). Our
robust phylogenetic framework implies that some traits associated with
vocal learning (for example, the anterior-medial vocal pathway (red))

are potentially homologous and thus evolved as an autapomorphic trait
(black square) in the psittacopasseran ancestor, but also independently

in the distantly related ancestor of hummingbirds (dashed lines indicate
that several neoavian lineages are not shown). Neuroanatomical studies
on early branching passerines (that is, Suboscines and Acanthisittidae)
are necessary to infer that the posterior-lateral vocal pathway (green,
located at different brain regions in parrots and oscine passerines) is either
homologous or evolved independently in the two lineages. The caudal
auditory pathway (blue) is a plesiomorphic trait (white square) and was
probably inherited from a common avian ancestor®’. The putative location
of the auditory pathway in falcons and swifts is not shown, as ZENK
expression patterns have, to our knowledge, not yet been investigated in
these birds. Scale bar, 2mm.
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Passeriformes
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"""‘“\‘ ",Q', /E 3 \\ H::,Lm, Fig. 1. Consensus phylogenetic inter-relationships of crown
i ‘{\ x\ \ '.'I | \!\ m";"[';;" ®) group Passeriformes as obtained from analyses of molecular se-
ami (1) \\ \J L | v P quence data. Taxa, which only occur in New Zealand (NZ) or
- ""\ baik Y < Saring Australia/New Guinea (Aus) are labelled. Note that Old World
humumsll) | /L%B/{\ ‘ &'%J Suboscines include one New World representative, the Broad-

't o billed Sapayoa (Sapayoa enigma; e.g. Fjeldsa ef al., 2003).
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Fig. 1 Jamna szybiaki gen. et sp. nov., holotype, specimen MSMD
Av JAM-6 from Jamna Dolna, Poland, early Oligocene (top) and
interpretative drawing (bettom). Left (L) and right (R) elements are
indicated. al Phalanx digiti alulae, dmj phalanx distalis digiti majoris,
mn pha]an.x digi[‘i m.il‘lOfiS, pmj pha]anx pmxima]is djgi[i majoris Figure 1 Proximal carpometacarpal fragment (QM F20688) from Murgon: (a) dorsal view and (b) ventral view. Line equals 1 mm.

Figure 2 Distal tibiotarsal fragment (QM F24585) from Murgen: ( e ands (2) lateral view
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Fig. 8. Graphic representation of the provisional classification
based on DNA sequence data (see Table 2). The taxonomic
distribution of the morphological characters that traditionally
have been used to infer relationships among basal passerines is
fully consistent with this phylogenetic tree. Node 1: aegit-
hognathous palate, ““passerine™ tensor propatagialis brevis,
bundled spermatozoa with coiled head. enlarged hallux, and
type VII deep plantar tendons (Raikow [982). MNode 2:
acromyodian (oscine) syrinx (Miller 1847, Garrod [876).
MNode 3: syrinx with four intrinsic muscles (Ames 1971). Node
4: stapal bone (columella) with expanded foot (Feduccia 1975).
Node 5: tracheophone syrinx (Garrod 1876, Ames 1971).
From Ericson et al. (2002b).
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Fig. 1. Phylogenetic tree of the Bayesian analysis of the ZENK data set with Bayesian (upper value) and MP ratchet (lower value) support added at
each node. Within Sylvioidea, the dashed line refers to “Paroidea”.
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Figure 1 Phylegenetic estimate of the evolutionary time-scale of passerines, with 95% credibility intervals plotted for estimated
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points and fossil placements, A: vicariance event separating Mew Zealand from Antarctica, B: honeyeater (Meliphagidae) [4], € legrunner (Orthomychidas)
LMTH, unpublished cbserdations), D aowr-group cradicid (Cractiddae) [41], E onolid (Orclidag) [42], F: climbing Certhicides” [43]. Panel below figure
indicates the geological time line; G Quatemary, PL: Pliccene, P Pleistocens

on next page.)

re 1 (5ee legend



100 O

América
del Sur

1000 Km

100 200 300 Km

Pelecanoididae

Neornithes indet. a, 7 Phoenicopteridae

theidae * Columbidae
b Tinamidae } Rallidae

Procellariidae
Diomedeidae
Anatidae } Laridae Sulidae

Pelagornithidae LGaviidae

Podicipedidae l Spheniscidae

Anhingidae

Phalacrocoracidae

' B4

Ardeidae

Accipitridae

Cariamiformes

Falconidae

Passeriformes

Localidades con aves fésiles en Chile

1) Kamac Mayu, Regién de Antofagasta. Pleistoceno.
2) Mejillones, Regién de Antofagasta. Formacion La Portada (Plioceno).
3) Cerro Ballena, Region de Atacama. Estratos de Caldera (Pleistoceno).

4) Bahia Inglesa, Region de Atacama.
Formacién Bahia Inglesa (Mioceno medio-Plioceno).

5) Bahia Salada, Region de Atacama.
Formacién Bahia Inglesa (Mioceno medio-Plioceno).

6) Chanaral de Aceituno, Region de Atacama.
Formacién Coquimbo (Mioceno medio-Plioceno).

7) La Cantera, Regién de Coquimbo.
Formacion Coquimbo (Mioceno medio-Plioceno).

8) Quereo, Region de Coquimbo.
Formacién Quebrada Quereo (Pleistoceno).

9) Maitencillo-Horcén, Region de Valparaiso.
Formacién Horcén (Plioceno).

10) Algarrobo, Regién de Valparaiso. Estratos de Algarrobo (Eoceno).

11) Laguna de Tagua Tagua, Region de O'Higgins.
Formacién Laguna de Taguatagua (Pleistoceno).

12) San Vicente, Regidn del Biobio.
Formacién Quiriquina (Maastrichtiano superior).

13) Cerro Rucafanco, Regién de La Araucania.
Formacién Cura-Mallin (Mioceno temprano).

14) Pilauco Bajo, Region de Los Lagos.
Unidad no formalizada (Pleistoceno).

15) Sierra Baguales, Region de Magallanes.
Formacién Man Aike (Eoceno medio-superior).

16) Sierra Baguales, Region de Magallanes.
Formacion Santa Cruz (Burdigaliano).

17) Sierra Dorotea, Region de Magallanes.
Formacién Rio Turbio (Eoceno medio-superior).

18) Rio de las Minas, Region de Magallanes.
Formacién Loreto (Eoceno superior).
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