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Theropoda Marsh, 1881

Definicion de rama: Dinosaurios que comparten un ancestro comun mas
reciente con la paloma Columba livia que con Apatosaurus
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Theropoda

- Garras manuales recurvadas
- Alargamiento de las falanges penultimas de las manos
- Fibula muy proxima a la Tibia y unida a ella por medio de una cresta tibial
- Reduccidn del digito V del pie, entre otros
Craneo y mano de Herrerasaurus

above, A-C bas
1994: D based «




Eoraptor lunensis
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Herrerasaurus ischigualastensis

Sereno & Novas, 1992; 1994
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Staurikosaurus pricei




Guaibasaurus candelariensis

Langer et al, 2011
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Figure 19 Strict consensus trees depicting the relationships of Guaibasaurus candelariensis within archosaurs:
(A) simplified outcome of the inclusion of G. candelariensis in the data-set of Nesbitt et al. (2009b); (B) outcome
of the analysis of the data-set modified from Nesbitt et al. (2009b); bootstrap (100 replicates) and ‘bremer
support’ values are indicated for each clade. Abbreviations: Cl=consistency index (excluding uninformative
characters); HI=homoplasy index (excluding uninformative characters); RC=rescaled consistency index; RI=
retention index.

Langer et al, 2011
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FIGURE 16. Simplified phylogenetic relationships of basal sauropodomorphs based on a data set of Ezcurra (2010). Strict consensus (A ) and reduced

consensus trees after the exclusion of Agnosphytis (B). Full black lines indicate Sauropodomorpha in B. Numbers within Sauropodomorpha indicate
the decay indices.

Martinez et al., 2013



Eodromaeus murphi

Martinez et al 2011




Eoraptor lunensis
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Eodromaeus murphi



Eodromaeus murphi

Eoraptor lunensis

Martinez et al 2011
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Tawa hallae

Nesbitt et al, 2009



Tawa hallae

Nesbitt et al, 2009



Daimonosaurus chauliodus

Sues et al, 2011



Neotheropoda

-Articulaciéon intramandibular
-Fdrcula

-Pérdida del dedo manual V

-5 0 mas vertebras sacrales
-Digitos pedales | & V reducidos

FIGURE 6 The wrists of Coelophysis, Deinonychus, and Ar- FIGURE 1 Hindlimb of a generalized theropod dinosaur
chaeopteryx (modified from Colbert and Ostrom). (after Coelophysis).



Pérdida del extremo proximal del metatarso |

Al

Herrerasaurus Tawa Coelophysis (Neotheropoda) Allosaurus (Neotheropoda)



Claviculas medialmente fusionadas forman un nuevo elemento, la furcula (conservado en aves).
Herrerasaurus, Eoraptor, Eodromaeus y Tawa se desconoce la presencia de farcula/claviculas
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Fig. 1. Relationships among major clades of theropods. Rela-
tionships from Smith et al. (2007), the latest TWiG matrix in
Turner et al. (2007a), and Clarke et al. (2006). The small fur-
cula symbol indicates which clades have at least one member
with an unambiguous furcula.
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Lipkin et al, 2007; Nesbitt et al, 2009;
Yates and Vasconcelos, 2005



Coelophysoidea
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Liliensternus
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COELOPHYSIDAE

COELOPHYSOIDEA

Los Coelophysoidea son mas basales y antiguos vy
representan mejor el probable aspecto del ancestro de los

Neotheropoda. Se caracterizan por un espacio o “muesca” A
entre los dientes del pl‘emaX”aI‘ Yy el maxilar. Destacan la riGures. Cladogram showing the phylogenetic relationships of Lo-
T e “w.n phostropheus airelensis among neotheropod dinosaurs. Strict consensus
agllldad; el CUG”O retraCtll en forma de S y Ia Ca beza tree resulting from the analysis of the data matrix composed by cranial
s S z ~ and post-cranial characters, length 295 steps. C.I. 0.61 and R.I. 0.74.
||V|ana, espeC|allzadO en Ia Captura de presas mas pequenas, Stem-based clades are indicated by arches and node-based clades are
indicated by circles at the root of the node. References: 1, Ceratosauria,

como ocurre en muchas aves actuales and 2, Tetanurac.

NEOTHEROPODA



Megapnosaurus kayentakatae
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Zupaysaurus rougieri



Dilophosaurus wetherilli

Dilephbasaurns wetberilli Dilpphboseurs wetberilfi
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CryOIOPhosaurus ellio ti Figure g.24. The skull of Cryolophosaurus, with its distinctive crest.
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“Dilophosaurus”sinensis

BP/1/5278 (juvenile Dracovenator regenti?)
From Yates, 2005

Dracovenator regenti
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Smith et al,

Marasuchus

Silesaurus
Herrerasaurnis

Eoraptor

Satumalia

Plateosaurus
Lilienstemus
Coelophysis bauri
Coelophysis rhodesiensis
'Syntarsus' kayentakatae
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‘Dilophosaurus’ sinensis
Dracovenator
Dilophosaurus
Cryolophosaurus

Elaphrosaurus
Masiakasaurus
Noasatrus
fokelesia
Abelisaurus
Majungatholus
Camotaurus

2007



Erythrosuchus
Euparkeria
_|: Revueltosaurus
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Early Jurassic (Sinemurian)



Averostra

Clado menos inclusivo que contiene a Ceratosaurus nasicornis, Allosaurus fragilis, ancestro comin mas
reciente y todos sus descendientes (Ezcurra and cuny, 2007). Incluye los taxa Ceratosauria+Tetanurae.

Synapomorfias de Averostra:

- Parte anterior de llium expandida

Coelophysis Allosaurus Tyrannosaurus



Ceratosauria

Clado mas inclusivo que contiene a Carnotaurus sastrei, pero no a Columba livia
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Figure 8  Stratigraphically calibrated phylogeny of Ceratosauria, based on present results (strict consensus). Minimum estimated divergence
times are shown, based only on the taxa included in the phylogenetic analysis. Timescale from Gradstein et al. (2004). Abbreviations as listed in
legend to Fig. 5.

Carrano and Sampson, 2008



Spinostropheus gautieri

ca

Figure 2. Spinostropheus gautieri, basal ceratosaurian (MNN TIG6). (a) Silhouette reconstruction in left lateral view based on
an articulated presacral column. (b) Fifth cervical vertebra in dorsal view. (¢) Fifth cervical vertebra in lateral view with
anterior and posterior views of the articular faces of the centrum. (d) Fifth dorsal vertebra in anterolateral view. (&) Mid-
cervical rib (reversed from left) in dorsomedial view. Cross-hatching indicates broken bone. Scale bars: (a) 10 cm; (b)—(d)

5 cm; (¢) 2 cm. Abbreviations: 1-15, vertebral number; apc, anterior pleurocoel; avpr, articular surface for succeeding ventral
process; C, cervical; ca, capitulum; cr, crest; D, dorsal; di, diapophysis; dpr, dorsal process; ep, epipophysis; eprl,
epipophyseal-prezygapophyseal lamina; nc, neural canal; ns, neural spine; ot, ossified tendon; pa, parapophysis; ppc, posterior
pleurocoel; pnf, pneumartic fossa; pno, pneumatic opening; poz, postzygapophysis; prz, prezygapophysis; ri, ridge; S, sacral; sh,
shaft; tp, transverse process; tu, tuberculum; vpr, ventral process.

Elaphrosaurus bambergi



Ceratosaurus nasicornis
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Limusaurus inextricabilis

Xu et al, 2009



Limusaurus inextricabilis

Xu, Clark, Mo, Choiniere, Forster, Eriekson, Hone, Sullivan, Xu et a |’ 2009
Eberth, Nesbitt, Qi, Hernandez, Jia, Han & Guo, 2009

IVPP V15923
25 cm

mell (el
mcl

e
g y

Figure S1. Limusaurus inextricabilis selected elements. a, Skull in lateral view: b, Left
scapulocoracoid in lateral view; ¢, Left manus in dorsal view: d, Pelvis in lateral view.
Abbreviations: a, angular; ap, acromion process; bf, brevis fossa; ct, coracoid tubercle; d,
dentary: dec, deltopectoral crest: emf, external mandibular fenestra; en, external naris: f,
frontal; fl, flange: If, longitudinal furrow; ils, lateral shelf on ilium; 7isf, ischial foramen; lr,
lateral ridge; ls, lateral shelf; mcl-1V, metacarpals I-IV; mf, maxillary fenestra; n, nasal; p,
parietal; pf, prefrontal; pfe, pubic fenestra; pm, premaxilla; po, postorbital: pp, posterior
process; qj, quadratojugal; r, radius;: re, radial condyle; sac, supraacetabular process; u, ulna;
uc, ulnar condyle.




Noasauridae

Noasauridae es un supuesto grupo hermano de los Abelisauridae, conocidos solo por especies
fragmentarias. Hay débil apoyo para la existencia de un grupo monofilético, pero poco conflicto de ragsos
con esta hipotesis. Comparten con Abelisauridae la presencia una cresta en el femur y procesos
especiales en las vértebras, por lo que se habla de un clado Abelisauroidea: Abelisauridae + Noasauridae

HOmero mas
esbelto que en
Abelisauridae

| Noasaurus leali
;BONAPARTE & POWELL, 1980

PVL 4061
10 cm.

Ligabueino andesi BONAPARTE 1996
Holotype MACN-N 42




Masiakasaurus

Figure 1 Skeletal anatomy of Masiakasaurus knopfleri, based on a composite of isolated
specimens from locality MAD 93-18. a, Partial right maxilla (FMNH PR 2183) in medial
view. Dashed lines indicate reconstructed outline of the element. b, Posterior cervical
vertebra (FMNH PR 2139 in left lateral view. ¢, Left pubis (FMNH PR 2108) in dorsal view.
d, Left femur (FMNH PR 2117) in cranial view. e, Medial caudal vertebra (FMNH PR 2126)
in left lateral view. f, Partial right humerus (FMNH PR 2143) in medial view. g, Left pubis
(FMNH PR 2108) in lateral view. h, Proximal left tibia (FMNH PR 2118) in lateral view. i,
Left tibia/fibula/astragalocalcaneum (FMNH PR 2112) in cranial view. Dashed lines

—_ k

emphasize contacts between individual elements. j, Pedal ungual (FMNH PR 2155) in
lateral view. k, Right metatarsals Il (FMNH PR 2129) and lll (FMNH PR 2151) in cranial
view. Scale bars, 1 cm. am, acetabular margin; aof, antorbital fossa; as, astragalus; bg,
blood groove; ca, calcaneum; cn, cnemial crest; dp, deltopectoral crest; epi, epipophysis;
fi, fibula; hh, humeral head; idp, interdental plates; ip, pit for ilio-pubic articulation; It,
lesser trochanter; me, mediodistal crest; mt2, metatarsal Il; mt3, metatarsal Ill; ns, neural
spine; pb, pubic boot; pf, pubic fenestra; poz, postzygapophysis; pop, parapophysis; pp,
palatal process; prz, prezygapophysis; ti, tibia; ts, trochanteric shelf.




Masiakasaurus

Figure 2 Dentary and lower dentition of Masiakasaurus knopfleri. a, Holotype dentary (UA
8680) in right lateral view. The tooth in position four has been displaced caudally post
mortem. b—d, Scanning electron microscope photographs of isolated dentary teeth
(FMNH uncatalogued). b, Anterior tooth, position 2—4 in lingual view. ¢, Anterior tooth,
position 1-3, in lingual view. d, Anterior tooth, position 1-3, in lateral view. e,

Reconstructed dentary with full complement of teeth in right lateral view. f, Reconstructed
dentary in dorsal view, showing relative sizes and orientations of alveoli. ¢, carina; emf,
external mandibular fenestra; Ig, longitudinal groove; s, serration. Tooth positions are
numbered sequentially from cranial to caudal positions. Scale bars, 10 mm (a, e—f);
5mm (b—d).



Eoabelisaurus mefi P @) e

Figure 1. Middle Jurassic abelisaurid Eoabelisatrus mefi. (a) Skeletal reconstruction, showing preserved parts. Skull in left lateral
(b) and posterior (¢) views. Middle cervical vertebra in left lateral (d) and dorsal (e) views. (f) Anterior mid-dorsal vertebra in left
lateral view. (g) Posterior dorsal vertebra in left lateral view. (£) Anterior caudal vertebra in left lateral view. () Right ulna and radius
in medial view. (7) Right manus in plantar view. (k) Pelvic girdle in left lateral view. (I) Left femur in lateral view. Pedal ungual in
lateral (m) and ventral (n) views. Abbreviations: al, additional lamina; ap, ambiens process; at, antitrochanter; boc, basioccipital
condyle; bt, basal tubera; d, depression; dc, distal carpal; di, diapophysis; epi, epipophysis; f, frontal; fm, foramen magnum; g,
groove; il, ilium; ios, interorbital septumy; is, ischium; j, jugal; 1, lacrimal; lt, lesser trochanter; Me, metacarpal; n, notch; ns,
neural spine; of, obturator foramen; ol, olecranon process; pa, parietal; pap, paroccipital process; ph, phalanges; pl, pleurocoel;
po, postorbital; poz, postzygapophysis; pp, parapophysis; prel, prezvgoepipophyseal lamina; ps, parasphenoid; psf, prespinal
fossa; pt, pterygoid; ptw, pterygoid wing of the quadrate; pu, pubis; q, quadrate; qj, quadratojugal; r, radius; soc, supraoccipital
crest; sq, squamosal; ts, trochanteric shelf; u, ulna; vf, ventral fossa. Scale bars: (a) 500 mm; (b—!) 50 mm; (m,nr) 10 mm.
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Figure 2. Calibrated phylogeny of ceratosaurian theropods. Thick grey lines indicate major ghost lineages in noasaurids and abe-
lisaurids, resulting from the phylogenetic relationships of Eoabelisaurus. Dashed line in Spinostropheus indicates stratigraphic
uncertainty for this taxon [16]. For abelisaurids, outlines of continents indicate geographical distribution.



Abelisauridae

Aucasaurus garridoi
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Abelisaurus

Majungasaurus Carnotaurus sastrei



Carnotaurus s_qstr%'

.

Anatomical Abbreviations—apf, fenestra rostral to the pitu-
itary fossa; bo, basioccipital; bphr, basisphenoidal recess (filled
with sediment); bt, basal tuber; btp, basipterygoid process; bw;
basituberal web; col, columellar recess; cul, cultriform process;
eo-op, exoccipital-opisthotic; ept.lsph, epipterygoid contact of
laterosphenoid: f, frontal; fm, foramen magnum; gr, grooves on
frontal; h, *horn” on the frontal; j. jugal; Isph. laterosphenoid; ltr,
lateral (anterior) tympanic recess; mx, maxilla; mth, mesethmoid;
n, nasal; ne, nuchal crest; oe, occipital condyle; osph, orbitosphe-
noid; p, parietal; pal, palate (covered with sediment); pe, parietal
eminence; pmx, premaxilla; po.f, postorbital contact of frontal;
po.lsph, postorbital contact of laterosphenoid; pop, paroccipital
process; pp. preotic pendant; pea, parietal caudolateral alae; prf,
prefrontal: pro, prootic; ptf, postemporal fenestra; ptg, pterygoid;
g, quadrate; rec, small recess lateral to the occipital condyle in
which the metotic and CN XII foramina open; sag. sagittal crest;
scp, supraoccipital caudomedial projection; sep, bony interor-
bital septum; so, supraoccipital: soe, supraoccipital crest; sph,
sphenethmoid; sq, squamosal; stf, supratemporal fossa; th, teeth;
vasc, vascular foramen of the olfactory tract; I-XII, cranial nerve
foramina.



FIGURE 3. Forelimb of Aucasaurus in caudal and distal views (A)
and caudal view of humerus, radius, and ulna of Carnotaurus (modified
from Bonaparte et al., 1990) (B). Abbreviations: dc, deltopectoral crest:
h. humerus: he. humeral head: it. internal tubercle: me I-IV, metacar-
pals: ph, phalanges: r. radius: u, ulna.

FIGURE 4. Articulated tibiae, metatarsi. and digits of Aucasaurus in
lateral (right) and medial (left) views. Abbreviations: dtg. distal tarsal;
ift, iliofibularis tubercle: mt I-V, metatarsals I-V: rf. right fibula; rt,
right tibia: I-IV, digits I-IV.



Eoabelisaurus Carnotaurus

Dilophosaurus

Figure 3. Limb proportions in several theropods, showing
reduction of distal elements of the forelimb. Femur and fore-
limb of the basal theropod Dilophosaurus (left), basal
abelisaurid Eoabelisaurus (middle) and the derived abeli-
sauridd Carnotaurus (right). Drawn to same femoral length
for comparison.



Tetanurae

Clado mas inclusivo que contiene a la paloma (Columba livia) pero no a Carnotaurus.
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Ceratosaurus nasicornis
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Allosaurus fragilis

Deinonychus anthirropus

Yangchuanosaurus

shaded skull

Sinapomorfias:

- Dientes maxilares restringidos
a la parte anterior de la oOrbita

- Manos alargadas

- Zigapofisis caudales alargadas

- Proceso ascendente del
astragalo laminar y mas alto
gue altura de la cara posterior
del astragalo

- El maxilar presenta una
apertura (fenestra).
El carpo presenta una forma
semilunar



I ETTER  Chilesaurus diegosuarezi

doi:10.1038/nature14307

An enigmatic plant-eating theropod from the Late
Jurassic period of Chile
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Monolophosaurus

Figure 1. Skull of Monolophosaurus jiangt in right lateral view: A, photograph; B, line drawing. Abbreviations: ang, .
angular; d, dentary; en, external naris; f, frontal; j, jugal; jfor, jugal foramen; ldp, dorsal projection of the lacrimal; m, -
maxilla; n, nasal; nfen, nasal fenestrae; nfor, nasal foramina; nk, nasal knobs; pal, palatine; pf, prefrontal; pm, premaxilla;
po, postorbital; q, quadrate; qj, quadratojugal; sa, surangular; sp, splenial; sq, squamosal. Numerals (e.g. pl) refer to
premaxillary, maxillary and dentary tooth positions. Scale bar represents 100 mm.

Figure 1. The mounted skeleton of Monolophosaurus jiangi
(IVPP 84019) in right anterolateral view: (a) photograph; (b)
line drawing indicating mounted bones. Abbreviations: ce2 —
axis (second cervical vertebra); ce7 — seventh cervical vertebra;
ce8 — eighth cervical vertebra; d4 — fourth dorsal vertebra; d5 —
fifth dorsal vertebra: d14 — fourteenth dorsal vertebra; cal — first
caudal vertebra; ca6 — sixth caudal vertebra. Scale bar (in a) =
300 mm (but image is attenuated to the left).
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Figure 20. Time-calibrated strict reduced consensus of 24 unique tree topologies remaining after deletion of Eocarcharia,
Magnosaurus, Megaraptor, Piveteausaurus, Poekilopleuron and Streptospondylus from 189 456 MPTs resulting from
analysis of the total dataset (Appendix S3) of 41 taxa and 213 characters. Ensemble consistency index, 0.438; ensemble
retention index, 0.604; ensemble rescaled consistency index, 0.264. Bremer support (single digit values) and bootstrap
(multi-digit values) are recorded at the nodes.
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Megalosauroidea (=Spinosauroidea )

Piatnitzkysauridae

TEXT-FIG. 2. Condorraptor currumili gen. et sp. nov., Canadon Asfalto Formation, Chubut, Argentina; outline drawing, showing
preserved elements. Scale bar represents 50 cm.




Megalosauridae

C

Torvosaurus Dylrvesesllosinr s

tanner: valesdunensis

Fig. 2. Skeletal anatomy
of Afrovenator abaken-
sis. (A) Skull reconstruc-
tion in left lateral view;
(B) pelvic reconstruction
in left lateral view; (C)
skeletal reconstruction
(length is approximately
9 m);, (D) partial left
manus in lateral view;
(E) right astragalus and
calcaneumn in  anterior
view (ascending process
based on articular de-
pression on distal tibia);
(F) left metatarsus in

Figure 1. Silhouette of Megalosaurus bucklandii containing skeletal reconstruction. Known material is illustrated in proximal view (anterior
white; grey tone indicates reconstructed areas. Scale bar, 1 m. toward tDp) Scale bar in

(A), (B), and (D) to (F) is

10 cm. Scale bar in (C) is

1m. HV, manual or ped-

al digits I-1V; as, astraga-

T lus; asp, ascending pro-
cess; ca, calcaneum; il,
ilium; is, ischium; j, jugal;
jpe, jugal pneumatic ex-
cavation; I, lacrimal; Ipe,
lacrimal pneumatic ex-
cavation; m, maxilla; mf,
maxillary fenestra; obp, obturator process; pmf, promaxillary fenestra; po, postorbital; pu, pubis; q,
quadrate; sc, semilunate carpal; sq, squamosal.

pEmm——E———

Streptospondylus altdorfensis



Spinosauridae

Baryenyx walkeri e S e S i g
s —
S — —

Irvitator challengeri

Bavyonyx (=Suchomimus) tenevensis
(see illustration overleaf)

Spinosaurus acqypticus

Baryonyx walkeri
Based on type specimen BMNH R3951
(Charig and Milner 1986)

Image COPYRIGHT © Miyess Mitri 2010
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Fenestra maxilar

Sinapomorfias:

El maxilar presenta una
apertura (fenestra).
Vértebras con complejo
sistema de camaras y
pleurocelos

Digito IV ausente

Avetheropoda

atitarhital
fenestra

Acrocaniosdiris
ddapted firom Cook & Currie

lower
temporal

parietal

supta-
accipital
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Allosauroidea (=Carnosauria)




Metriacanthosauridae (=Sinraptoridae)
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Fig. 1 Burial skeleton of Yamgchuonosaurus hepimgensis sp. nov..

Yangchuanosaurus hepigengensis

10cm
5 ARMNEGFERNEEERNER e EEENEG RIS EFEE
TMFEL  No. ZDM9o11. SMEH  No. ZDM3o1l.
Fig. 5 Left metacarpus and phalanges of Fig. 6 Left pelvis and sacrals of
Szechuanosaurus zigongensis (sp. mov.), in . Szech ws zigongensis (sp. nov.),
Xuanhanosaurus (Dong' 1984)“1)“"1! and posterior views No ZDMS9(11. in lateral view. Mo. ZDM9011.

“Szechuanosaurus”zigongensis (Gao, 1993)

Fr. 3. Reconstructson of skull and mndlhl: n‘SAIlmJ" r‘dwuzr (VPP 106001 in dorsal (A) and lnseral (B) views. an. angular; acl, antochital
femestra; ar, articular; bo, comgles: d. demtary; ecpl, ectoptervged; en, cxternal nars;
e, exucupnal cp, epipterygoid; f, frantal; j Jugul . lacrinal; m, maxilla; n, nasal; of, arhital fenest s, p, parietal; pal, palatine, pm, pvmmmlhu

po. posearbital; pef, prefrostal: pra, T PE. prerygoid; quadrate; s, sarangular; 50, Mpraccei
vir, vomer. Scale bar = 10 cm. o N ’ " pral 5.

Formas basales de Tetanuros aun
retienen un metacarpo IV bien
desarrollado, pero carente de
falanges



Carcharodontosauridae

Giganotosaurus carolini
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ra hu co we 100 cm

Figure 1| Holotype of Concavenator corcovatus. Specimen MCCM-LH
6666 from the Lower Cretaceous series (Barremian stage) of Las Hoyas
(Cuenca, Spain). a, Photograph under visible light. b, Schematic
interpretation of the exposed right side of the skeleton. a, astragalus; aofe,
antorbital fenestra; co, coracoid; d11-12sp, neural spines of the eleventh and
twelfth dorsal vertebrae; fe, femur; fi, fibula; hu, humerus; il, ilium; is,
ischium; j, jugal; 1, lacrimal; mt 111, third metatarsal; mx, maxilla; na, nasal;
po, postorbital; pu, pubis; ra, radius; sc, scapula; ti, tibia; u, ungual phalanx;
ul, ulna.
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Coelurosauria

Clado mas inclusivo que contiene a Columba livia pero no a Allosaurus fragilis

Coelurosauria is a diverse clade of tetanuran theropods that are phylogenetically defined
as the most inclusive clade containing Passer domesticus but not Allosaurus fragilis,
Sinraptor dongi and Carcharodontosaurus saharicus (Holtz, 1994; Sereno, 2005).



Sinpomorfias:

Alargamiento de la tibia y los metatarsos

Reduccion del isquion

Orbita circular y expandida

15 o0 menos vértebras caudales con procesos transversos
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Coelurosauria basales

Figure 12. Comparison of hands of various coelurcsaurs. A, Allosaurus fragilis (reconstructed from Madsen, 1976); B,
Scipionyx samnictus; C, Nqwebisaurus thwazi (after DeKlerk et al., 2000); D, Huaxiagnathus ortentalis (after Hwang et al.,
2004); E, Sinosauropteryx sp. NGMC 21124; F, Sinosauropteryx prima (reconstructed from Currie & Chen, 2001); G, Comp-
sognathus longipes.

FIGURE I. Skeletal map of Zuolong salleei. Scale bar equals 1 m

Coelurus fragilis YPM 1991 (type), YPM
Marsh, 1879 1992-1995, YPM 2010

20 cm

Fig. 2.—Ornitholestes
hermanni, Amer, Mus.
No. 587. Palmar view
of left manus. X13.

Ornitholestes hermanni



Tyrannosauroidea

Figure .15. Extremes of theropod teeth
compared. (a) Blade-like meat-slicing
tooth of Dromaeosaurus; (b) bulbous
bone-crunching (7) tooth of Tyranno-
saurus.

Figure §.17. The upper teeth of Tarbo-
saurus as seen from the right side of the
skull. Scale in centimeters.
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Figure 1. The phylogenetic relationships of Tyrannosauroidea, based on parsimony analysis. Strict
consensus topology of five most parsimonious trees recovered from the cladistic analysis. Numbers by nodes

indicate Bremer and jackknife support values. Thick lines next to each taxon depict temporal range, which in
most cases is age uncertainty and not true range, and colors of lines denote geographic areas. Branches of the

phylogeny are not scaled to time. Silhouettes are in relative proportion and scaled to total body length

(T. rex= 13 meters). Geographic silhouettes from Loewen ef al."” and taxon silhouettes from phylopic.
org (Kileskus: T.M. Keesey; Guanlong: S. Hartman; Yutyrannus: S. Hartman; Dilong: FunkMonk; Juratyrant:

S. Hartman, T.M. Keesey; Eotyrannus: S. Hartman; Dryptosaurus T.M. Keesey; Albertosaurus C. Dylke;
Nanugsaurus ]. Headden; Daspletosaurus S. O'Connor, T.M. Keesey; Tyrannosaurus S. Hartman).



Proceratosauridae

Figure 3. Proceratosaurus bradleyi. Reconstruction of the preserved parts of the skull in right lateral view. Abbreviations
as in Figure 2, with the addition of: f, foramen; pjf, pneumatic jugal foramen. Scale bar: 50 mm.
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Figure 2 | Selected elements of Y. huali (ZCDM V5000, ZCDM V5001 and
ELDM V1001). a, Photograph of the skull and mandible of ELDM V1001.
b, Line drawing of the skull and mandible of ELDM V1001. ¢-h, filamentous
integumentary structures preserved in the three specimens: ¢, along the
posterior caudal vertebrae of ZCDM V50005 d, along the cervical vertebrae of
ELDM V1001; e, f, along a limb bone of ELDM V1001; g, h, near the pes of
ZCDM V5001 (f and h are close-up views). Abbreviations: aop, accessory
orbital process; clp, cultriform process; co, concavity; cp, cornual process; g,
groove; lec, left ectopterygoid; Ipa, left palatine; Is, left squamosal; mf, maxillary
fenestra; np, nasal prominences; pnr, pneumatic recesses; r, ridge; sp.,
suborbital process; sr, surangular ridge.

Tyrar{nosauridae
Dryptosaurus

Xiongguanlong

Cretaceous

L|—. FEotyrannus

ey
&
£
=
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Figure 3 | A simplified cladogram showing the systematic position of

Y. huali among the Tyrannosauroidea. Silhouettes indicate body size and
possible extent of plumage. Different tyrannosauroids seem to have attained
gigantic body size independently in the Early and Late Cretaceous, but only in
the Early Cretaceous is there direct evidence of a gigantic form with an
extensively feathered integument. This may reflect the relatively cold climate of
the middle Early Cretaceous. See also Supplementary Information.



Tyrannosauridae

LACM 23844

concave
interfanasiral sirul
accessory pneumalic
foramina in antorbital
fossa

AMNH 5027

ridge around antorbital fossa
absent

100 mm
v — roslral ramus of lacrimal deeper
than lacrimal pneumatic recess

surangular shelf projects
horizontally

gnarled nasals
elongate and concave premaxillary process of nasal
constricted frontal process of nasal

nasals with convex cross section
Iar?e margingl alveolar foramina
shorl and wide fronlal

deep dersctemporal fossa on frental
deap frantal

sagitial crest blends with nuchal crest
low and wide sagiftal crast

thick nuchal crest

deep parietals

deep and rugose scar lateroventral to glencid
surangular shelf projects lateroventrally

deep surangular

deep prearticular

dorsal margin of prearticular rostral in position
caniniform teeth

CMMH 7541

sagittal crest extends onto frontal

lransverse lrenloparnielal sulure

LACM 28471 deep dentary

antorbital fossa grades into subcutanecus surface of maxilla

EMBRYO

Figure 19. Diagram of the results of a quantitative reconstruction of a growth series of five Tyrannosaurus rex specimens
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Megaraptoridae

Aerosteon
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Fig. 14. (A) Cranial reconstruction of Megaraptor namunhuaiquii based on MUCPv 595 and (B) skull of Dilong paradoxus (IVPP V14243) in right lateral view. Grey tones indicate
missing bones in MUCPv 595. Postorbital and quadratojugal partially based on Orkoraptor burkei (Novas et al., 2008). Scale bars equal 2 cm.

Porfiri et al 2014
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MEGARAPTORIDAE

Ceratosaurus
Piatnitzkysaurus
Afrovenator
Torvosaurus
Megalosaurus
Baryonyx
Suchomimus
Spinosaurus
Irritator
Monolophosaurus
Sinraptor
Allosaurus
Concavenator
Neovenator
Eocarcharia
Acrocanthosaurus
Shaochilong
C. iguidensis
C. saharicus
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Fig. 12. Strict consensus tree of all the recovered MPTs of the present phylogenetic analysis. Abbreviations: ALLOS, Allosauroidea; CARCHANAE, Carcharodontosaurina
Carcharodontosauria; NEOTETAN, Neotetanurae; PROCER, Proceratosauridae; TET, Tetanurae; TYRADAE, Tyrannosauridae.
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Figure 5. Abdominal contents of Sinocalliopteryx gigas (JMP-V-05-8-01). Blue, undigested feather-like structures; Red, dromaeosaurid
hindlimb; Yellow, gastroliths. Greek numerals (i-iii) denote enlargements in Figure 5. Abbreviations: Dr, dorsal rib; F, femur; H, humerus; Pu, pubis.
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Figure 8. Sinocalliopteryx as a s;Hh hunter eeding on the dror'naesaur Smorr'thosaurus (left) and the primitive bird Confuciusornis



Maniraptoriformes

Clado menos inclusivo que contiene al ancestro de Ornithomimus velox y Columba livia, mas
todos sus descendientes. Incluye los taxa Ornithomimosauria y Maniraptora. (Holtz, 1994)

Sinapomorfias:
- Numerosos dientes en forma de hoja
- Aumento de volumen cerebral

“the cervical cranial zygapophyses are flexed; the caudal margin of the vertebral centra of
cranial cervicals extends beyond the caudal margin of the neural arch; the caudal
zygapophyses of the caudal cervicals are elongate; the internal tuberosity of the humerus is
craniocaudally compressed and longitudinally elongate metacarpal Il is subequal in length to
metacarpal II; the pubic apron is limited

to the distal half of the pubic shaft; and the most proximal point

of the cranial trochanter of the femur extends above the proximal

margin of the femoral head” (Holtz, 2004)
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Figure 6. Strict consensus of 756 most parsimonious trees (tree length 1225). Numbg
below line represent symmetrical resampling GC values (left) and standard bootstrap fre

Mahakala omnogovae

2 Buitreraptor gonzalozorum
1 > GiI: Rahonavis ostromi
3T —— Sinomithosaurus millenii Unenlagia comahuensis
1 —— Microraptor zhaoianus
—— Shanag ashile  — vVelociraptor mongoliensis
1 —— Deinonychus antirrhopus
1 1 _—— Adasaurus mongoliensis

s above lines represent Bremer values; numbers

1 | 2 “—— Sauromitholestes langstoni
i Tsaagan mangas

1 Dromaeosaurus albertensis
2 Utahraptor ostrommaysorum
- —— Achillobator gﬂanﬂcus

taxa as follows: (1) Coelurosauria; (2) Maniraptora; (3) Paraves; (4) Tyrannosauroidea; (5) Compsognathidae; (6) Ornithomimosauria;

(7) Therizinosauria; (8) Alvarezsauridae; (9) Oviraptorosauria; (10) Aves; (11) Troodontidae; (12) Dromacosauridae; (13) Unenlagiinae.

Unambiguous synapomorphies shown in Appendix 3.

Zanno, 2010



Ornithomimosauria

Sinapomorfias:

- Crdneo pequeino

- Cuello alargado

- Metacarpales de igual longitud (de clado menos inclusivo, Ornithomimidae)
- Pérdida de dientes

- Arctometatarso

Harpymimus (Kobayashi et al 2005) Struthiomimus , .
(Nicholls and Russell, 1985) Harpymimus  Struthiomimus
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Figure 2 | Skull of Deinocheirus mirificus
(MPC-D 100/127). a, b, Left lateral view.

¢, d, Dorsal view. e, Reconstruction in composite
lateral view. f, Reconstruction in dorsal view.
Scale bar, 10 cm. Abbreviations: an, angular;

d, dentary; dep, depression; ect, ectopterygoid;
EMF, external mandibular fenestra; f, frontak
ITF, infratemporal fenestra; j, jugal; 1, lacrimal;
md, mandible; mx, maxilla; mxf, maxillary fenestra;
na, nasal; p, parietal; pl, palatine; pmx, premaxilla;
po, postorbital; pra, prearticular; prf, prefrontal;
q, quadrate; gj, quadratojugal; sa, surangular;

scl, sclerotic ring spl, splenial; sq, squamosal;
STF, supratemporal fenestra.

Figure 1 | Deinocheirus mirificus. a, MPC-D
100/127. b, MPC-D 100/128. ¢, Composite
reconstruction of MPC-D 100/127 with a simple
proportional enlargement of MPC-D 100/128.
Scale bar, 1 m. The human outline is 1.7 m tall. The
holotype and the two new spedimens provide
almost all skeletal information of Deinocheirus.

=
2
o
- _ 2
Myr| Period| Epoch|  Age/stage jg' 52
2 =
70 Maastrichian &
e 3
Campanian g
804 g 2
b =
— = Santonian E
Coniacian é
80— — - E
uronian E p Ornithomimidas
1 a
Cenomanian 8
1004 = = =
3 g T
7 g Albian z 2
1104 & - & 3
- w 3
u £ E % — -
< E 2 Dainocheiridae
120 Aptian 2 g ‘é
z § iz
- s =
w N
130 Barremian 2
Hautarivian =4
7 Valanginian
140+
Berriasian

Omithomimosauria

Figure 4 | Phylogenetic relationships of Deinocheirus mirificus within
Ornithomimosauria. a, Hypothetical fleshed-out reconstruction of
Deinocheirus mirificus (by Michael Skrepnick). b, Time-scaled strict consensus
tree of the six most-parsimonious trees from our analysis (treelength = 2,927,
consistency index = (.22, retention index = 0.59; Supplementary
Information). In this hypothesis Deinocheirus is a derived taxon of the
Deinocheiridae, which is the sister-group of the Ornithomimidae.




Maniraptora

Clado mas inclusivo que contiene a Columba livia, pero no Ornithomimus velox.
Incluye los taxa Alvarezsauroidea, Therizinosauria, Oviraptorosauria y Paraves.

Sinapomorfias:

- Antebrazo alargado

- Esterndn grande y osificado

- Carpal semilunar verdadero, formado por carpales distal 1y 2 en igual proporcion
- Pubis retrovertido

acromion

scapuli/-J

biceps tubercle

..\\ \\\
\ S
5 X \
\\M

4. Bambiraptor frinbergi n. gen. and n. sp., holotype (FIP 001), pelvie girdle in lateral view. Scale bar: 5 em (new).

Bambiraptor

Deinonychus

Bambiraptor



Alvarezsauroidea

Clado mas inclusivo que contiene a Alvarezsaurus calvoi, pero no a Columba livia.
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Simplified alvarezsauroid phylogeny showing enlargement of

manual digit Il (in gray) and reduction of manual digits lll and IV. Linhenykus
has a less specialized digit Il but much more reduced lateral digits compared
with other derived alvarezsaurs. The basal tyrannosauroid Guanlong is used
to illustrate the typical tetenuran manus. Mani are not to scale.
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FIGURE 5. The phylogenetic position of Al-
binykus baatar and the mapping the distri-
bution of coossified tarsal character states in
Coelurosauria. Species-level taxa except in
Alvarezsauridae were collapsed into larger
clades for brevity, following Turner et al.
(2007). The silhouettes indicate a decrease in
body size from basal alvarezsaurids to more
derived alvarezsaurids.

Nesbitt et al, 2011



Therizinosauria
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Falcarius utabensis

Nathronychus mckinleyi
(=grafmani?)

Beipiaosaurus inexpectiss
(see also next page)
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Figure 5. Diagnostic features of Therizinosanrus cheloniformis. Casts are a composite of referred materials IGM 10015, 100/16, and/or
100/17. A, right lateral view of right manual unguals I-111. showing poor recurvature and hypel
showing ratio of first to third metacarpals: C, dc view of right Pl-11, showing extreme tr erse compression; and D, lateral view of
right MCI. showing enlarged medial crest. Abbreviations: dit, dorsal intercondylar tuberosity: fi. flexor tubercle: MCI-MCIIIL metacarpals

1-111; me, medial condyle; mer, medial crest; PI-11, first manual ungual: PI-111, second manual ungual; PIT-IV, third manual ungual. Scale
bar 10 mm (A-B). C-D not to scale.

longation: B, dorsal view of right manus,
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Figure 1. Skeletal reconstruction (preserved shown in white) and representative elements of N. graffami (UMNH VP 16420):
(a) cranial dorsal vertebra, cranial view; (&) mid-dorsal vertebra, craniolateral view; (c) left ischium, lateral view; (d) left pubis,
lateral view; (¢) dorsoventrally crushed iliosacrum, dorsal view; (f) proximal caudal vertebra, left lateral view; (g) right ischium/
pubis, lateral view; (k) iliosacrum, ventral view; (z) furcula, cranial view; () right scapulacoracoid, lateral view; (k) proximal
caudal vertebra, caudal view; (/) right iliosacrum, oblique ventrolateral view, showing crushed peduncles, acetabulum,
brevis fossa and cubic tuberosity of postacetabular process; (m) four distalmost caudal vertebrae, lateral view; (n) left and
right humeri, cranial view; (o) chevrons, cranial view; (p) left femur, cranial view; left tibia (¢) proximal and () caudal
views; left fibula () proximal and (u) lateral views; (s) left metacarpus, dorsal view; () antebrachium; (w) manual unguals,
lateral view; (x) proximal (left) and dorsal (right) views of pes (missing PI-II, PIII-II, PITI-IV and PIV-V); and (y) left astra-
galus, cranial view. For abbreviations, see electronic supplementary material. Scale bars: 10 cm (a—e¢, g-y); 5 cm (f). Skeletal
drawing modified from Victor O. Leshyk, copyright 2007.
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Figure 7. Time-calibrated phylogeny of Therizinosauria based on relationships recovered in the maximum agreement subtree of all
MPTs. Shown temporal ranges represent uncertainties in chronostratigraphy, not actual species ranges. Segnosaurus, Erlikosaurus and
Therizinosaurus are shown as unresolved therizinosaurids due to their lability in this study. Minimum temporal hypothesized faunal
interchange events between North America and Asia in the Late Cretaceous shown.



Pennaraptora
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Figure 3 | Evolution of pennaceous feathers in maniraptoran theropods. of maniraptoran theropods. For details of phylogenetic analysis see
Several character states referring to the presence/absence of pennaceous Supplementary Information.

feathers on different parts of the body mapped onto a phylogenetic hypothesis



Oviraptorosauria

AN

Airrceeny

Caenagnathus

Gigantoraptor erlianensis

Sinapomorfias:

- Créneos altos y cortos

- Pérdida de dientes (en formas derivadas)
- Arctometatarso (en formas derivadas)

saf s

Banji long (Xu et al, 2010)



Paraves (=Eumaniraptora)
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- Proceso posterior en isquion
- Proceso obturador distalmente localizado
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Ulna longer than femur

i EUMANIRAPTORA

YERY long arms & hands, tail very mobile near base; distally-placed
backwards-facing pedal digit |; backwards-facing pubis; long leg feathers;
?Gliding flight?






Scansoriopterygidae
(Czerkas & Yuan 2002)

Tt PN

Scansoriopteryx heilmanni(Czerkas & Yuan, 2002)

Recons tructed from type specimen, CAGS02-IG-gausa- 1/DM 607
Epidendrosaurus
ningchengensis
IVPP V12653
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Copyright Scott Hartman, 2003

Scansoriopteryx (Czerkas and Yuan 2002) Epidendrosaurus ninchengensis (Zhang et al 2002)



Epidexipteryx hui
(Zhang et al 2008)

R W
Reconstructed by Zhao Chuang & Xing Lida

Figure 2 | Line drawings and close-up photographs of Epidexipteryx hui
gen. et sp. nov. a, Skeleton and feather outline, based on both main slab and
counterslab, showing that each shafted feather is formed by central rachis
and two unbranched vanes (a’). b, d, d’, Proximal regions of non-shafted
feathers; barbs are parallel and closely united as an unbranched
membranous structure (d, d'), vanes are either layered, indicated by white
arrows (b), or arranged irregularly (c). The red arrow indicates the proximal
end of the feather (d). e, ', f, Distal regions of non-shafted feathers, in which

barbs appear loosely parallel. Abbreviations: as+ca, astragalus and
calcaneum; ce, cervical vertebrae; co, coracoid; cv, caudal vertebrae; dt3+4,
distal tarsals 3 and 4; I, frontal; fe, femur; fi, fibula; ga, gastralia; hu, humerus;
il, ilium; is, ischium; ma, mandible; mtI-IV, metatarsals I-1V; p, phalanges
or metacarpals; pa, parietal; pm, premaxilla; pu, pubis; g, quadrate; r, ribs; ra,
radius; re, rachis; sc, scapula; st, sternum; ti, tibia; tv, thoracic vertebrae; u,
ungual phalanges; ul, ulna; uv, unbranched vane.

Epidexi; c hei
Fhang, zlm{.,, X, g)’;’-.g & Sullivan, 2008
IVPP V1471
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Scansoriopteryx heilmanni Epidexipteryx hui Epidendrosaurus ningchengensis




Eosinopteryx brevipenna







Ceratopsidae S
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Fig. 5 Distribution of major feather morphotypes across a simplified dinosaurian phylogeny
based on Sereno, 1999 Xu, 2002, and Butler et al., 2008

Numbers refer to the feather morphotypes identified in present paper and s refers
to the presence of S('aly integumentary structures

A, morphotype 1, single filament; B, morphotype 2, multiple filaments joined basally; C.
multiple {ilaments jointed basally on a central filament; D, morphotype 4, multiple filaments branching later-
ally from most of the length of a central filament; E.
of a membrane structure 3 .
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Deinonychosauria

Clado mas inlcusivo que incluye a Deinonychus anthirrophus pero no a Columba livia.
Incluye los taxa Troodontidae y Dromaeosauridae.

Sinapomorfias:
- Gran fenestra promaxilar (discutible, presente también en Archaeopteryx)
- Ungual digito Il hipertrofiada

b

FIG. 74. Left pes of Deinonychus antirrhopus (YPM 5205) in internal aspect. Notice the extreme
contrast in the form of the second and third unguals. The dotted line represents a conservative
estimate of the size and shape of the horny claw carried by the ungual.



Dromaeosauridae

Archaeopteryx

Troodontidae

Troodon

Byronosaurus

Sinovenator
Mahakala

Unenlagiinae

Rahonavis
____Unenlagia
| U? paynemili
Neuquenraptor

Dromaeo-

| Austroraptor
| Buitreraptor
____ Microraptor
_____Shanag

sauridae Microraptorinae Graciliraptor

Saurornitho-
lestinae

| Sinornithosaurus
L Hesperonychus
___Saurornitholestes
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Eudromaeosauria |
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[

Atrociraptor
____Bambiraptor

Deinonychus
Velociraptor

Itemirus
Adasaurus
Tsaagan

_____Dromaeosaurus
Utahraptor

Dromaeosaurina

Fig. 3.  Strict consensus of 5,292 most parsimonious trees resulting from
phylogenetic analysis of 23 in-group taxa, 4 out-group taxa, and 114 charac-
ters. H. elizabethae was found to be part of the clade Microraptorinae. Tree
length = 223, consistency index = 0.5430, retention index = 0.6930, rescaled

consistency index = 0.3791.
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Troodontidae

Clado mas inclusivo que contiene a Troodn formosus, pero no a Velociraptor mongoliensis. Maniraptores
graciles, con dientes aserrados, manos raptoriales y garra hipertrofiada en el digito Il pedal. Grandes érbitas.

Sinapomorfias:

- Numerosos dientes maxilares empacados
anteriromente, al igual que los dientes en el dentario
- Fenestra premaxilar desaparece en Troodontidos
derivados il
- Canal en cara labial del dentario con foraminas
neurovasculares

pmx Sinornithoides youngi

i

Jinfengopteryx elegans

Saurornithoides?
unnamed species



Lt femur; rth, ric
pubis; rpe, right pes; Ir, rig
2cm.
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Credit: By Michael DiGiorgio/Courtesy Yale

Figure 4 | Temporally calibrated phylogeny of the Theropoda. (See
Supplementary Information for details.) The known temporal durations

(solid bars) of the major theropod groups, based on well-corroborated fossil
occurrences, indicate that the major tetanuran theropod groups diverged XU et a I, 2009; H u Et a I, 2009

rapidly in the Middle Jurassic to earliest Late Jurassic.



Xiatingia zhengi

S,

a

Xu et al., 2011

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; rfi, right fibula; rh, right humerus; ri, right ilium; rm, right
vertebra; cv, cervical vertebra; dv, dorsal vertebra; fu, furcula; Ic, left coracoid; ~ manus; rr, 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.



Aurornis xui

don op Ip

Godefroit et al., 2013



Balaur bondoc

Csiki 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).
(G) 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.



Unenlagiidae

(ay

rpmx

(c) -
ﬂﬁﬁ;\i\&_m

10cm

‘igure 1. Austroraptor cabazai MML 195, holotype. (a) Skeletal reconstruction and body shape, indicating discovered bones.
3ody length was estimated following equations described by Tumer et al. (: (#) Skull reconstruction in left lateral vie
¢) Left lacrimal in dorsal aspect. (d) Cervical 3? in left lateral view. (e.f) Cervical 82 in (¢) left lateral and (f) cranial views.
£,) Dorsal 42 in (g) left lateral and (k) cranial views. (i,k) Pedal phalanx I1-2 in () left lateral and (%) dorsal views. (j,) Pedal
shalanx IV-2 in () left lateral and (i) dorsal views. af, antorbital fenestra; cp, carotid process; d, dentary; dp, diapophysis;
oramina; fr, frontal; fsp, fan-shaped process of lacrimal; g, groove; h, caudoventral heel; lac, lacrimal; mx, maxilla; muf,
naxillary fenestra; ns, neural spine; o, orbit; pan, postaniral wall; po, postorbital; poz, postzygapophysis; pp, parapophysis; prz,
i apoph! rpmx, rostral process of maxilla; st, spine table.
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Fig. 22. Time calibrated phylogenetic tree depicting the relationships of the Unenlagiidae. MNode 1: 1 — posterolateral lange on manual phalanx 11-1, 2 — penultimate manual

phlanax elongate and bowed. Mode 2: 3 — short and stout ilium, 4 — proximal pubis munded, 5 — preacetabular blade expanded. Node 3 (Unen lagiida low dentary carrying
small unserrated teeth, 7 - elongate muzzle. Mode 4 (Unenlagia + Austromaptor): 8 — reduced deltopectoral arest on humerus, Node 5 (Anchiorns + Avialae): 9 - elongate humerus
and radius/ulna. Abbreviations: UNEN., Unenlagiidae.




Archaeopteryx lithographica

i _:—'— ;}'—__t———“i't{

Indiscutida ave estratigraficamente mas antigua. Se conoce una especie A. lithographica,
pero se ha propuesto la existencia de las especies A. siemensii, A. bavarica y el nuevo género
Welnhoferia grandis (Elzanowski 2001; Elzanowski, 2002).
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Gobipteryx
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‘ DIFFERENZA MORFOLOGICA '

({ Troodon modificato da opera di Hartman, Gobipteryx da opera di Auditore)




Csiki 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.



Fig. 2. Detail line drawing of stomach contents preserved in IVPP V17972A.
Anatomical abbreviation not listed in Fig. 1: tmt, tarsometatarsus. (Scale bar,

10 mm.)

2l

Fig. 3. Reconstruction of the life habits of M. gui.

Fig. 1. Photograph (4) and line drawing (B) of IVPP V179724, Anatomical abbreviations: ald, alular digit; cav, caudal vertebrae; cev, cervical vertebrae; den,
dentary; fe, fermur; fur, furcula; hum, humerus; hy, hyoid bones; ili, ilium; int, integument; isc, ischium; mad, major digit; mid, minor digit; mt, metatarsak; pb,

pubis; rad, radius; th, tibia; thy, thoracic vertebrae; ul, ulna.



Xiatingia zhengi

Figure 1| Xiaotingia zhengi holotype (STM 27-2). a, b, Photograph (a) and
line drawing (b). Integumentary structures in b are coloured grey. cav, caudal
vertebra; cv, cervical vertebra; dv, dorsal vertebra; fu, furcula; Ic, left coracoid;
Ife, left femur; Ih, left humerus; li, left ilium; lis, left ischium; Im, left manus; lp,

o

a

Xu et al, 2011

left pes; Ipu, left pubis; Ir, left radius; Is, left scapula; lu, left ulna; md, mandible;
rfe, right femur; rfi, right fibula; rh, right humerus; ri, right ilium; rm, right
manus; rr, right radius; rt, right tibiotarsus; ru, right ulna; sk, skull; ss,
synsacrum.



Qviraptorosauria

[r— Similicaudipteryx

Epidexipteryx

Jeholornis
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’_E Xiaotingia

o

Archaeopteryx @
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Other dromaeosaurs
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Troodontidae

Figure 4 | A simplified cladogram showing the systematic position of
Xiaotingia among the Coelurosauria (see Supplementary Information).
Morphological features in grey areas need confirmation by better preserved
specimens. Taxa recovered as basal avialans by our analysis are more similar in
general morphology to the oviraptorosaurs than to the archaeopterygids and
basal deinonychosaurs.

Xu et al, 2011
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Avialae

Definicion por apomorfia: Clado caracterizado por la presencia de miembros santeriores alargados
transformados en alas (con capacidad voladora), incluye Archaeopteryx y Ornithurae (Gauthier, 1986)

Sinapomorfias:

*Hipertrofia de miembro anterior en 120-140% o
mas relativo a miembro posterior

*Antebrazo 87% de la longitud total del himero

*Cola reducida a 23 o menos caudales libres

FIGURE 2-5 Skeletal features of (A) the reptilelike Archaeopteryx and (B) a modern
bird, the domestic pigeon. In madern birds, (1) the braincase is expanded and the
head bones are fused; (2) the separate hand bones of reptiles are fused into fewer
rigid elements; (3) the separate pelvic bones of reptiles are fused into a single, sturdy
structure; {4} the many tail vertebrae of Archaeopteryx are reduced in number and
partly fused into a pygostyle; (5) the tiny cartilaginous sternum of Archagopieryx has
expanded to a large keeled bony structure for the attachment of flight muscles; and
(6) the typical reptile rib cage is strengthened with horizontal uncinate processes.
[From Evolution of Vertebrates by E. H. Colbert. Copyright 1955 John Wiley @ Sons, Inc.;
reprinted by permission of John Wiley @ Sons, Inc.|



Avialae:

Definicion de rama (Padian, 2001; Padian, 2004): Clado mas inclusivo que contiene a Columba livia y todos los
maniraptores mas cercanos a Neornithes que a Deinonychus.

Aves:

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

MNeornithes

lchthyornithiformes
Hesperornithiformes
Enantiornithes

Ornithurae

iberomesornis

Mononykus Ornithorthoraces

Archaeopteryx
Metornithes

Dromaeosauridae
Avialae Como consecuencia el clado

denominado como Avialae es mas
inclusivo que Aves.

Deinonychaosauria
Maniraptora
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Fig. 1 — Alternative interpretations about the phylogenetic relationships of Unenlagiidae. A, phylogeny proposed by Hu et al.

(2009), depicting unenlagiids as nested within Deinonychosauria and Dromaeosauridae; B, present analysis, depicting unenlagiids

as the sister group of Aves.

Agnolin & Novas, 2011
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Scansoriopterygidae (Czerkas & Yuan 2002)

(stem group Aves)

Tt PN

Scansoriopteryx heilmanni(Czerkas & Yuan, 2002)

Recons tructed from type specimen, CAGS02-IG-gausa- 1/DM 607
Epidendrosaurus
ningchengensis
IVPP V12653

Copyright Scott Hartman, 2003

Scansoriopteryx (Czerkas and Yuan 2002) Epidendrosaurus ninchengensis (Zhang et al 2002)



Epidexipteryx hui
(Zhang et al 2008)

R W
Reconstructed by Zhao Chuang & Xing Lida

Figure 2 | Line drawings and close-up photographs of Epidexipteryx hui
gen. et sp. nov. a, Skeleton and feather outline, based on both main slab and
counterslab, showing that each shafted feather is formed by central rachis
and two unbranched vanes (a’). b, d, d’, Proximal regions of non-shafted
feathers; barbs are parallel and closely united as an unbranched
membranous structure (d, d'), vanes are either layered, indicated by white
arrows (b), or arranged irregularly (c). The red arrow indicates the proximal
end of the feather (d). e, ', f, Distal regions of non-shafted feathers, in which

barbs appear loosely parallel. Abbreviations: as+ca, astragalus and
calcaneum; ce, cervical vertebrae; co, coracoid; cv, caudal vertebrae; dt3+4,
distal tarsals 3 and 4; I, frontal; fe, femur; fi, fibula; ga, gastralia; hu, humerus;
il, ilium; is, ischium; ma, mandible; mtI-IV, metatarsals I-1V; p, phalanges
or metacarpals; pa, parietal; pm, premaxilla; pu, pubis; g, quadrate; r, ribs; ra,
radius; re, rachis; sc, scapula; st, sternum; ti, tibia; tv, thoracic vertebrae; u,
ungual phalanges; ul, ulna; uv, unbranched vane.

Epidexi; c hei
Fhang, zlm{.,, X, g)’;’-.g & Sullivan, 2008
IVPP V1471



Allosaurus
Sinraptor
Tyrannosauroidea
Compsognathidae
Ornithomimosauria
Ornitholestes
Therizinosauriodea
Alvarezsauridae

& Oviraptorosauria

, Qﬁ? — Troodontidas
@*a-‘:‘ L— Dromaeosaurinae

Epidendrosaurus
Epidexipteryx
Archaeopteryx
Wellnhoferia
Jeholornis
Sapeornis
Confuciusaornis
Protopteryx
Yanornis

Scansoriopterygidae
S5cm

Scansoriopteryx heilmanni Epidexipteryx hui Epidendrosaurus ningchengensis




Archaeopteryx

R E";;'-__r‘——“it{

Indiscutida ave estratigraficamente mas antigua. Se conoce una especie A. lithographica,
pero se ha propuesto la existencia de las especies A. siemensii, A. bavarica y el nuevo género
Welnhoferia grandis (Elzanowski 2001; Elzanowski, 2002).



Daiting Specimen




Long-Tailed Birds: Jeholornis prima

Figure 1 Complete holotype of Jeholomis prima gen. et sp. nov. (VPP V13274). metacarpal Ill; 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, tall; ti, tibia; tm, tarsometatarsus; tp, transverse
coracoid; cv, cenvical vertebra; dv, dorsal vertebra; fe, femur; fi, fibula; fu, furcula; ga, process; ul, ulna; un, unguals; 1-22, caudal vertebrag 1-22.

gastralia; hu, humerus; hy, hyoid bone; il, ilium; is, ischium; ma, mandible; melll,

—

—

Madern birds

lchthyornis

Apsaravis ukhaana
Patagopteryx deferrariisi
Cathayomis yandica
Concorniz lacustris
Neuguenornis volans
Gobipteryx minuta
Confuciusornis sanctus
Sapeornis chaoyangensis
Jeholornis prima
Rahonavis ostromi
Archaeopteryx lithographica
Dromasosauridae



Fig. 3.7 Jiufotang Formation long-tailed birds: (A) holotype of Jeholornis prima IVPP V13274; (B) holotype of
Jixiangornis orientalis CDPC-02-04-001. (Ji Shu-an, CAGS, with permission.)




Dalianraptor cuhe Gao and Liu, 2005



Fig. 3.8 Holotype of the Yixian Formation nonpygostlian Zhongornis haoae with abbreviated tail: (A) DNHM D24
(B) DNHM D2456. (Photograph by Luis Chiappe.)

TEXT-FIG. 5. Comparative hands of the dromaeosaurid
Deinonychus (A), Archaeopteryx (B), Zhongornis (C), and the
enantiornithine bird Longipteryx (D). The hand of Zhongornis
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).

Zhongornis haoae

me | 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 (cl1—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-1II; 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) [-IV.



TEXT-FIG. 6. The single most Dromaeosauridae
parsimonious cladogram (length 363;

consistency index 0.65; retention index —e Archaeopteryx

0.74) resulting from a cladistic analysis

using 242 variables and 15 taxa — Jeholornis %,
(Dromaeosauridae plus 14 avians; the Aves .
former used as outgroup) is shown. The — Zhong ornis

cladistic analysis was conducted using

100 replications of random addition Confuciusornis
sequences of the taxa, each followed by ? Confuciusornithidae

e e Changchengornis

tree bisection—reconnection (TBR)

branch swapping, as implemented by ® Sapeornis

NONA (Goloboff 1993) (see Appendix Pygostylia

for character information, data matrix, —— Longipteryx

and branch support). The results of the ¢ ®

cladistic analysis place Zhongornis as the Enantiornithes Concornis

sister-taxon of Pygostylia, thus ) )

representing a critical stage in the Eoenantiornis

evolution from basal, long-tailed birds Orni *

’ rnithothoraces

to their short-tailed descendants. Patagopteryx

Yixianornis

Ornith hal
rnit uromorp a Gansus

Ormnithurae | [ Anas
Neornithes Gallus




Pygostylia

PYGOSTYLE Sapeornis chaoyangensis (Zhou & Zhang, 2002)

. 276. Rigorous skeletal drawing
_:_‘;._-_..-ﬂ‘-"" excludes parts that are missing or hidden beneath other bones.
Additional information from IVPP V13275 & type IVPP V12698,

. A\
D Based primarily on IVPP'V

Copyright Scont Hastmant, 2003,




Sapeornitidae

Fig. 11. Sapeornis chaoyangensis. Reconstruction of the whole
skeleton mainly based on IVPP V13275 and V13276.



Shensiornis primita

RS
o

Fig. 3. Skull of Shenshiornis primita holotype (LPM-B00018) in right lateral view.
(a) close-up photograph and (b) line-drawing. Abbreviations: en, external nares; f, frontal; j, jugal; 1, lacrimal; la, left angular; 1d, left dentary; Isa, left
surangular; mx, maxilla; n, nasal; p, parietal; po, postorbital; q, quadrate; qj, quadratojugal; ra, right angular; rd, right dentary; rpm, right premaxilla; rsa,
right surangular; sq, squamosal; t, tooth. Scale bar = 10 mm.

L7

Fig. 2. Shenshiornis primita holotype (LPM-B00018).

(a) photograph and (b) line-drawing. Abbreviations: cav, caudal vertebra; ¢v, cervical vertebra; dr, dorsal rib; dv, dorsal veniebra; ga, gastralia; Ife, left
femur; Ifi, left fibula; 1il, left itium; Ipdl-11, left pedal digit I-11; Iti, left tibiotarsus; tmtl-V, left metatarsus I-V; pu, pubis; rfe, right femur; rfi, right fibula;
ril, right thum; ns, right ischium; rpdl, nght pedal digit 1; rpdIV2-5, second through firth phalanges of the nght pedal digit IV, rmtIl-1V, right metatarsus
11-1V; i, nght tbiotarsus; sk, skull; sy, synsacrum. Scale bar = 20 mm

Fig. 4. Shenshiornis primita holotype: close-up photos of sev=
eral skeletal elements of LPM-B00018.

(a) a premaxillary tooth in labial view; (b) two middle cervicals in right
lateral view; (c) right ilium in lateral view; (d) left pes in mediocranial view.
Scale bar = 1 mm for (a), 5 mm for (b), and 10 mm for (¢) and (d).



r—

Neornithes

M

Hesperornis

Enantiornithes

Al

Confuciusornis

Sapeornis

Shenshiornis

W

Jeholornis

Archaeopteryx

Outgroup

Fig. 5. A simplified tree from SI Fig. 1 showing the system-
atic position of Shenshiornis primita and the evolution of a
streamlined and kinetic skull in the Aves.



Didactylornis jii

Fig. 3. Manual digits of Didactylornis jii gen. et sp. nov. and Sapeornis chaoyangensis.
(A) Sketch of manual digits of Didactylornis jii gen. et sp. nov. (B) Photo of manual digits of Didactylornis jii gen. et sp. nov. (C) Photo of manual
Fig. 1. Showing the osteological structures of the holotype of Didactylornis jii gen. et sp. nov. digits of new material of i sis (CAGS-03-07-08) (D) Sketch of manual digits of new material of Sapeomis chaoyangensis (CAGS

-03-07-08).

B C D

Fig. 4. Pedal digits of Didactylornis jii gen. et sp. nov. and Sapeornis chaoyangensis.

(A) Sketch of podal digits of Didactylornis jii gen. et sp. nov. (B) Photo of pedal digits of Didactylornis jii gen. et sp. nov. (C) Photo of pedal digits
of new material of Sapeornis chaoyangensis (JZPM-LSV-130) (D) Sketch of pedal digits of new ial of Sap h is (JZPM-LSV-
130).




fu, furcula: hy. hypocleidium: (I). left: (r
coracoid nerve foramen. Scale bar equals 1 cm. (C

Photograph of DNHM-D3078. Boxes A—C refer to details of the plumage shown in Figure 8. Arrows denote locations of histelogical online )- S a pe Or n I S
e bar equals 5 cm.




FIGURE 6. The pelvis (highlighted in white) of DNHM-D3078. A, pho-
tograph; B, interpretive drawing. Poorly preserved areas are indicated in
hatched pattern. Abbreviations: il. ilium; is, ischium; pu, pubis. Scale bar
equals 1 cm. (Color figure available online).

FIGURE 7. The left pes (highlighted in white) of DNHM-D3078. A,
photograph: B, interpretive drawing. Poorly preserved areas are indicated
in hatched pattern. Abbreviations: mt I-IV, metatarsals [-1V: I-1V, pedal
digits I-IV. Scale bar cquals 1 em. (Color figure available online).

: . S —— X

A7

FIGURE 5. The left manus (highlighted in white) of DNHM-D3078 in
dorsal view. A. photograph: B. interpretive drawing. Poorly preserved ar-
eas are indicated in hatched pattern. Abbreviations: me I-III, metacarpals
I-1II: se, semilunate carpal: I-III. manual digits I-III. Scale bar equals
1 em. (Color figure available online).




Confuciusornithidae

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



Fig. 1 a Holotype of Confuciusomis 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 (c), scale bar
1 cm; c distal tail feathers of C. feducciai, scale bar 3 cm

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

Confuciusornis sanctus

Fig. 3.9 The most common pygostylian from the Early Cretaceous Yixian Formation, Confuciusornis sanctus IVPP
11372. (Photograph by Luis Chiappe.)



Confuciusornis sanctus

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

A p i i Fig. 24. Detail of the synsacrum, free caudal
view. See Anatomical Abbreviations for definition vertebrae, pygostyle, and pelvis of Confuciusornis

of labels. sanctus (GMV-2131). ventral view.



Ornithothoraces

o R
PR .

S5mm

5mm

Fig. 3 (left). Protopteryx fengningensis, holotype V 11844. (A) The pectoral girdle and
the sternum and the reconstruction of the coracoid (B), furcula (C), and sternum (D).
Abbreviations: CA, carina; CO, coracoid; FU, furcula; LP, lateral process; and PR, procora-
coid. Fig. 4 (right). The forelimb of P. fengningensis, holotype V 11665 (A) and
comparisons of the forelimbs in Archaeopteryx (B) [after (27)], Confuciusornis (C),
Protopteryx (D), Eoenantiornis (E) [after (24)], Cathayornis (F) [after (3)], and Larus (G)
[after (38)]. Note the reduction of the first phalanx of the alular digit in the early
evolution of the forelimbs. Abbreviations: AD, alular digit; AL, alula; HU, humerus; RA,
radius; and UL, ulna.

Sinapomorfias:

- Presencia de alula

- Canal triéseo

- Esterndon amplio

- Coracoides elongado




Enantiornithes: las aves opuestas

Dromaeosauridae
Archaeopteryx
Jeholornis
DNHM D2567/8
— Confuciusornis
Confuciusornithidae — Changchengornis
Sapeornis
Zhongornis
Longirostravis
Longipteryx
Shanweiniao
Concornis
Enantiornithes Eoenantiornis
Eoalulavis
Iberomesornis
Neuquenornis
Gobipteryx
Vescornis
Patagopteryx
Asparavis

— PKUP V1069
Ornithuromorpha Hongshanornithidae '— Hongshanormis
Yanornis
Yixianornis
Gansus
ichthyomis
Hesperornis
Anas
Neornithes Gallus

Longipterygidae

Ornithothoraces |

Ornithurae

FIGURES. Strict consensus cladogram illustrating the phylogenetic position of Shanweiniao cooperorum. Tree length: 588 steps; consistency inde:
= 48, retention index = 68.

Figure 8.8. Silhouette reconstruction of . ,
S. santensis showing the preserved bones, Sina pomo rfl as:
based on BPV 538 and IVPP Vg76g.

- Fdrculaen formadeY
- Metacarpo Il mayor que metacarpo Il



, O Absence of alula
' Presence of alula

Q) inferred presence of aluia

Eoalulavis

Figure 8. Reconstructions of the skulls of enantiornithines: A,
Shengiornis mengi; B, Rapaxavis pani; C, Pengornis houwi. All

10 mm scale bars = 1 cm.

Fig. 2. Longipteryx ch is recon i (a) S ; (b) wing, note that the second phalanx of the minor digit is small and
triangle-shaped: (c) furcula: (d) femur, tibiotarsus, and tarsometatarsus, note that metatarsal [V is longer than I and ITI: () uncinate
process and rib. AM, Alular metacarpal; F, femur; FL, fibula: H, humerus; T -IV, metatarsals T -IV; LP, lateral process of sternum; MA,
‘major metacarpal; MN, minor metacarpal; R, radius; RA, radiale; RB, vertebral rib; SR, sternal rib; T, tibiotarsus; U, ulna; UL ulnare; UP,
uncinate process

Protopteryx Longipteryx




ph -1 me v mt il
B V-2

un li-4 ph -2

5 mm

Figure B.5. Left distal metatarsals (most in dorsal view) and pedal phalanges {most in medial view) of 5. santensis (BPY j38a, epoxy
cast) [A, B). Broken lines indicate the margins of bone or harny claw that are visible 2= impressions. Abbreviations: 1-1V, metatarsals
or digits [-1V; 15, phalangeal number; 2z, attachment groove; he, horny claw; me, metatarsal; ph, phaliny; un, umgual.

ot

Tra

5 mm

ph A

wn -3

Figure B.2. Right carpus and manus of £ smtersis (BFV 5382, epoxy cast), mastly in ventral view (A, BL
Metacarpal | is in darsal view, digit I ungual is in medial view, and digit I ungual is in lateral view Broken
lines indicate bone margins wisible 2s impressions. Abbreviations: 1111, metacarpals or digits L1113 pha-
langeal number: i, canal; ded, dorsal extensor depression; £, foramen; fl, flange; be, heel; mc, metacarpak
melc, medial distal condyle; ph, phalan; ra, radius; sle, semilimate carpak; ul, uhna; ule, winare; un, ungiak
wid, ventral flexor depression.

i

slyet

Fig. 4 Reconstructions of Farly Cretaceous bird sterna

A. ornithurine Yixianornis; B. ornithurine Yanornis

C. ornithurine Hongshanornis; D. ornithuromorph FRDC-

05-CM-021; E. Liaoningornis; F. enantiornithine FEoenantiornis; (. Spanish enantiornithine FEoalulavis
H. enantiornithine Rapaxavis pani; . juvenile enantiornithine GMV 2159. Sterna not figured to scale

chd

Figure 8.2. Caidal vertebrae and pygostyle of 5. santensis (BFV s38a, epaxy cast] in left latesal view (A, B). Eroken lines indicate bone
margins visible s impressions. Abbreviations: achi_3, articular surface for chevrons 1-3; ca16, candal vertebrae 18 cha_6, cheveans
2-6; dp, dorsal process; Ip, Lateral process; ns, neural spine; paap, postacetabular process: py. pygostyle: <8, sighth sacral vertehea: tp,
transverse process; vp, ventral process.

Figure 8.8. Silhouette reconstruction of
S, santensis showing the preserved bones,
based on BPV 538 and [VPP Voz6g.



FIGURE 8. Strict consensus cladogram illustrating the phylogenetic position of Shanweiniao cooperorum. Tree length: 588 steps; consistency inde:

= 48, retention index = 68.

Aves

—

Confuciusornithidae —

Pygostyﬁ

Ornithothoraces |

Ornithuromorpha

Enantiornithes

Longipterygidae

—

Hongshanornithidae -—

Ornithurae

Neornithes

Dromaeosauridae
Archaeopteryx
Jeholornis

DNHM D2567/8
Confuciusornis
Changchengomis
Sapeomis
Zhongornis
Longirostravis
Longipteryx
Shanweiniao
Concornis
Eoenantiomnis
Eoalulavis
Iberomesormnis
Neuquenornis
Gobipteryx
Vescornis
Patagopteryx
Asparavis

PKUP V1069
Hongshanornis
Yanornis
Yixianornis
Gansus
lchthyornis
Hesperornis
Anas

Gallus



Ornithuromorpha

clado menos inclusivo que contiene a la Perdiz chilena (Nothoprocta perdicaria) y la paloma (Columba livia)

Pérdida de Postorbital

- Proceso procoracoides y esternal en
coracoides

- Escépula curva

- Quilla bien desarrollada

- Hipotarso primitivo

- Pigostilo reducido

- Fdrcula enformade U



Patagopteryx deferrarisi

Figure 13.14. Thoracic girdle and sternum of P deferrariis
and coracoid in lateral view. Stipple pattern indicates matrix, and cros:

breviations:

ximal end of lefi tarsometatarsus of MACN-N-1a in pr
n medial view. Abbreviations: dv, distal vascular foramen; hyp, hypotarsus; pvf,
proximal vascular foramen; I-IV, pedal digits I to IV.

Figure 13.27. Cladogram depicting the relationship of P. deferrariis

Figure 13.1. Skeletal reconstruction of P. deferrariisi (modilied
from Alvarenga and Bonaparte, 1992). Black areas are not pre-

served in any available specimen.
3 )

[ |
Ichthyornis Neornithes

Hesperornithiformes

Patagopteryx

CARINATAE

Enantiornithes
? &t
o
et
rechaeopteryx

ORNITHOTHORACES

i to other basal birds (modified from Chiappe, 1996b).



Fig. 1 A nearly complete skeleton of the holotype of Archaeorbynchus spatbula gen. et sp. nov. (IVPP V14287). Abbreviations: AL, alula; CA,
caudal vertebra; CM, carpometacarpus; CO, coracoid; CR, crest; CV, cervical vertebra; FE, femur; FI, fibula; FU, furcula; GA, gastralia; GS;
gizzard stones; HU, humerus; IL, ilium; IS, ischium; MCIII, minor metacarpal; PD, pedal digits; PHII-1, first phalanx of major manual digit;
PHII-2, second phalanx of major manual digit; PM, primaries; PU, pubis; RA, radius; SC, scapula; SK, skull; SR, sternal rib; ST, sternum; SY,
synsacrum; TF, eail feathers; TT, tibia; TM, tarsometatarsus; TR, thoracic rib; UL, ulna; UN, ungual.

S

Fig. 4 A, B. Distal end of the tibiotarsus of Archaeorbynchus spathula gen.
et sp. nov. (IVPP V14287). —A. right side in caudal view, showing
the astragalus. —B. left side in cranial view, showing the broad ascending
process of the astragalus. Abbreviations: AP, ascending process of the
astragalus; AS, astragalus. See Fig. 1 for other abbreviations.

Dromeosauridae
Archaeopteryx lithographica
Jeholomis prima
Sapeornis chaoyangensis
Confuciusomnis sanctus
Gobipteryx minuta
Neugquenornis volans
Concornis lacustris

Vorona berivotrensis
Cathayornis yandica
Archaeorhychus spathula
Hongshanornis longicresta
Liaoningornis langidigitus
Yanornis chaoyangensis
Yixianornis grabaui
Apsaravis ukhaana
Baptornis adventus
Hesperornis regalis
Ichthyornis

Lithornis

Crypturellus undulatus
Crax pauxi

Gallus gallus

Chauna torquata

Anas platyrhynchos

SNV

IVHNHLINYO

Archaeorhynchus spathula



Fiqure 12

ne; t, tubercle o

Figure 126 Left tarsometatarsas of holotype UA 86510 A, dorsal, lateral, plantar, and medial views

(et o rig B, proximal view, plantar margin up (top); cross section at midshaft, dorsal margin up
{middle]; distal view, dorsal margin wup. Abbreviations: df, distal foramen; n, notch between MTs 1 and
IV; pf. proximolateral foramen; pho, palmar fosss; Roman numerals refer io metatarsal number.

Vorona berivotrensis

Cl-vka

oyangia beishanensis

Figure 2. Line drawing of the holotype of Zhongjianornis

yangi gen. et sp. nov. (IVPP V15900). Abbreviations: ca,

caudal vertebra; ce, cervical vertebra; co, coracoid; dI-1,
first phalanx of alular digit; dII-1, first phalanx of major
digit; dII-2, second phalanx of major digit; fe, femur; fi,
fibula; fu, furcula; hu, humerus; il, ilium; is, ischium; mcl,
alular metacarpal, mcll, major metacarpal; mclll, minor
metacarpal; mtl, metatarsal I; pd, pedal digits; pu, pubis;
r, radius; sc, scapula; st, sternum; sy, synsacrum; i, tibia;

tmt, tarsometatarsus; tv, thoracic vertebra; u, ulna; up,

uncinate process of rib. Scale bar, 5 cm.

Zhongjianornis yangi
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Fig. 2 A new specimen (IVPP VI13358) of the fish-eating bird

Yanornis martini. Sh(lWillfl the _‘ll’il mass in the abdominal 1'egi(m Fig. 3.15 Holotype of the ornithuromorph Yixianornis grabaui IVPP V12631, from the Jiufotang Formation. (Photo-

graph by Luis Chiappe.)
Yanornis martini Yixianornis grabaui
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Fig. 11 Skeletal reconstruction of Yixianornis grabaui by
G.S. Paul.

Fig. 10 Strict consensus cladogram of the two most parsimonious trees resulting from analysis of the characters and taxa in
Appendices 2 and 3 [length: 422, CI: 0.63, R1 0.82, RC0:51 (PIC only)]. Bootstrap support for those nodes recovered in greater than
50% of the 1000 replicates performed and Bremer (1988) support values are reported to the right of the node to which they apply
(Format: Bootstrap/Bremer). Mesozoic avialans with tail feathering known are pictured, Protopteryx is shown for Enantiornithes
as it is basally placed within that group. No Enantiornithes are known to possess more than two elongate rectrices, although some
possess none at all (Zhang & Zhou, 2004). Pygostyle morphology is illustrated for Sapeornis, Confuciusornis, Iberomesornis and
Yixianornis and shown in insets. One unambiguous synapomorphy supports the clade Yixianornis + Songlingornis (Node A).
Monophyly of new clade of Chinese ornithurines (Node B) is supported by four unambiguously optimized synapomorphies
(numbers refer to characters and states listed in Appendix 2): 53:0, cervical vertebrae not completely heterocoelous; 94:1,
presence of a procoracoid process; 99:1, coracoid without groove at medial opening of n. supracoracoideus foramen; 79:2, medial
posterior process of sternum joined to sternal midline to enclose sternal fenestra; 85:1, base of furcula with a truncate or squared
base. Seven unambiguous synapomorphies support placement of the clade as more closely related to Aves than Patagopteryx:
55:2, ten or fewer thoracic vertebrae; 95:1, intermuscular line on ventral surface of the coracoid; 107:1, humeral head domed or
globose; 143:1, metacarpal Ill narrow compared with diameter of metacarpal Il; 152:1, phalanx II.1 strongly dorsoventrally
compressed; 160:1, antitrochanter posterodorsally located with respect to acetabulum; 193:1, metatarsal Ill displaced posterior
to Il and IV proximally. Apsaravis is placed more closely to Aves than this new lineage by six unambiguous synapomorphies: 62:4,
tensacral vertebrae; 67:1, non contacting pre- and postzygopophyses in tail; 146:1, metacarpal | articulation developed as a shelf;
159:2, ischium and pubis subparallel and appressed; 169:1, pubis compressed mediolaterally; 188:2, posterior portion of distal
articular surface of tibiotarsus for tibial cartilage with well-developed wings.



Hoshangornithidae

Dromaeosauridae
Archaeopteryx
Jeholornis
Zhongornis
— Confuciusornis

Confuciusornithidae “— Changchengornis
Sapeornis

——  Longipteryx
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Fig.5. Line drawing of the left wing (4) and left foot (B) of Hongshanornis ornithuromorphs from the Jehol Biota. China. A, PKUP V1069. holotype
longicresta gen. et sp. nov. (IVPP \V14533). AD, alular digit; CM, carpometa- of Longicrusavis houi, gen. et sp. nov.: B, Hongshanornis longicresta: C,

carpus; MD, major digit; MID, minor digit; MT1, metatarsal |. Yixianornis grabauwi: . Yanornis martini.



Fig.3.18 Holotype of ornithuromorph Apsaravis ukhaana IGM 100/1017, from the Djadokhta Formation of Mongolia. .
(Mark Norell, AMNH, with permission.| Apsaravis ukhaana



Gansus yumenensis
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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, aquatic'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.

Fig. 2. New specimens of G. yumenensis (Chinese Academy of Geological Sciences, Institute of
Geology, prefix CAGS-IG-04-). (A) CM-002, articulated caudal cervical, thoracic, synsacral, and
caudal vertebrae, pelvic girdle, and partial pelvic limbs in right dorsolateral view. (B) CM-002,
pelvis and synsacrum. (C) CM-002, proximal right tibiotarsus [indicated by arrowhead in (A)]. (D)
CM-004, nearly complete skeleton in ventral view with feathers (dark brown) on thoradic limbs,
lacking cranium, cranial-midcervical vertebrae, and both pelvic limbs. (E) CM-004, left coracoid in
ventral view [indicated by arrowhead in (D). (F) CM-001, partial right and left pelvic limbs. (G)
CM-003, nearly complete skeleton in ventral view, lacking cranium, cervical vertebrae, distal left
thoracic limb, and right and distal left pelvic limbs. (H) CM-003, proximal tarsometatarsus
[indicated by arrowhead in (G)]. () CM-008, partial pelvic limbs with soft-tissue preservation. ()
CM-008, tubercular soft tissue preserved around toes [indicated by arrowhead in (I)]. (K)
Reconstruction of G. yumenensis based on new specimens. Elements shaded gray remain unknown.
Abbreviations in figure are as follows: cc, cnemial crests; ft, flexor tubercula; dp, dorsal process of
ischium; fu, furcula; ht, hypotarsus; pp, procoracoid process; sc, sternal carina; sy, synsacrum; vp,
ventral processes of cranial thoradc vertebrae.
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Ichthyornis




Fig. 66.

Two silhouette reconstructions of Ichithyvernis dispar by Gregory Paul showing the relative

proportions of the elements discussed in the anatomical description. Elements known from e/inornis
and discussed in the present monograph are in white.
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Fig. 3.20 Cladogram of Mesozoic bird relationships; the cladogram represents the strict consensus of the 1242 most
parsimonious trees (length = 788 steps) derived from a cladistic analysis of 245 characters for 54 taxonomic units.
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Figure 1. Photos of Hesperornis regalis (KUVP 71012). A, the
predentary and tip of the left dentary in lateral view; B, the preden-
tary in right view; C, the tip of the left dentary in medial view.
Scale bar = 1 c¢cm. Abbreviations: alp, anterior ligamental pit;
de, dentary; pd, predentary; pdf, predentary facet; plp, posterior
ligamental pit.

Figure 5. Photos of the anterior jaws of various specimens of Yanornis, showing the predentary and/or anterior dentaries. A, ¥. martini
(IVPP 13358) in right view; B, holotype of Y. martini (IVPP 12558) in right view. Scale bar = 5 mm. Abbreviations: epm, edentulous
portion of the premaxilla. See Figs 1 and 4 for other abbreviations.

Figure 6. Photos of anterior portion of the skull of the holotypes of: A, Yixianornis grabaui (INPP 1263 1) in ventral view; B, Jianchangornis
microdonta (IVPP 15708) in right view, showing the predentary and anterior dentaries. Scale bar = 5 mm. Abbreviations as in Figs 1.5.



Neornithes

(crown group birds)
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Neornithes

Crown group birds: clado menos inclusivo que contiene a la perdiz chilena (Nothoprocta perdicaria) y la
paloma (Columba livia)




Filogenia de Aves-Neornithes basada en caracteres morfoldgicos

Non-Archosauromorpha

Crocodylia
— Ornithischia

100/7

L_ Sauropedomorpha

Herrerasaurus

9215

— Coelophysis

100/9 93 /6

L_ Dilophosaurus
— Ceratosauria

L_ Abelisauridae

Allosauroidea

87 117

Tyrannosaurus

100/17 10016

Pelecanimimus

94 /10 100/86

95/ 5

76/5

Ornithomimosaurus
_|_E Gallimimus
Struthiomimus

— Compsognathus

58/5

100 /13

L_ Sinosauropteryx
Therizinosauroidea

<50/3
100/ 16

98/2
82/9 100713

— Oviraptorosauria
Caudipteryx
Protarchaeopteryx

Dromaeosaurus

68/2
99/8

<50/3

Velociraptor

Deinonychus
— Troodon

L_ Saurornithoides
Alvarezsauroidea

A

=50/2
a8 /12
51/2

69/2

Archaeopteryx
Confuciusornis
Enantiornithes
Rahonavis

Apsaravis

Hesperornis

9813~
62/2
66 /2

lchthyaornis

Lithornis
NEORNITHES

100/13 "

Crypturi

Tinamiformes

Ratitae

r — — — — Apterygiformes

Palaeognathae

Galloanserae

! - — — — Dinornithiformes
|— Casuariiformes

Struthioniformes

Aepyomithiformes

Anseriformes

COHORT

SUBCOHORT

Neognathae —

DIVISION

Galliformes

Gaviiformes

—

I
Podicipediformes
Sphenisciformes
Procellariiformes

Balaenicipitiformes:

Pelecaniformes

Ardeiformes
Ciconiiformes

Gruiformes

Neoaves

Turniciformes

Ralliformes
{ Charadriiformes

Strigiformes

SUBDIVISION

L Falconiformes
— Opisthocomiformes

SECTION

L Cuculiformes

Psittaciformes

Columbiformes

Caprimulgiformes
E Apodiformes

(Livezey & Zusi 2007)

Coliiformes
{ Trogoniformes

Coraciiformes

Piciformes

Passeriformes



Anhinga
Phalatrocorax —————————————— Acanthisitia ]
Morus £ Bombyeill:
Fregata 2 Regulus
Ardea _5 via
gogrh,’e'_anus - urdus
udocimus = ingil
Balaeniceps Cicoﬂi'ffﬂm_a igggggia
Scopus = Ploceus Oscines
Pelecanus  _ - | idlua
Ciconia  _Q_ Picathartes &
Diomedea Corvus a
COceanodroma = Malurus g
Polacanoides [ Procellariiformes Climacteris %
Puffinus Menura |
gggm;fﬁ; Sphenisciformes e 8
{é‘a ﬁ%’: Gaalmrmes g%urﬂalgg =
orythaeola 4 Thamnophilus
Taura Wusophagiiormes Mioneatos )
Aramus pfrﬂnnus Suboscines
grus 9 ipra
'sophia . Pitta
Heliornis "Gruiformes” Smithornis
ﬁaroﬁmm, Sapayoa -
Jn}}anromrs Alisterus
Cﬂ :Ers Psittacula
oua B Ypetha i i i
a Sl B 5
Goctyaus _ . Gy |Peaactamss Filogenia de Neornithes basada en
aenicophaeus || Cuculiformes Psiftacus
bihaga 5 = i
i . e Deprus Ty datos moleculares (secuencias de
Choriotis Otididae |- Herpetotheres
e Mo DNA nuclear)
Aegotheles i | ke Cariamidge nuciear
Aefodramus E Momotus
Sirepfoprocne = Todus
Hemiprocne [ Apodiformes = o Brachypteracias
Colibri e racias
Phaethornis =3 lerops g
Caprimulgus = LCcCo _E
Eurostopodus Q Galbula B
Batrachosfomus g 2 Capito iciformes = 3
ﬁoda_rgus 2 Megalaimal ="o" ” 2
Nycn_b:_us bracteatus F Dnyjocopus B
y tibius grands ,';%ror =
eatornis Bucorvus
Rirocheios Enlermes o
Columba Bhﬁﬁg:cufus (HaCkett et al 2008)
Geolrygon Pgaromachrufl.n niformes
e pedd Columbiformes Trogon o
Columbina Leptosomus
ﬂonr’ﬂs{ il"'“ih’““hid“ Phoctlis
terocle -
ﬁﬂ”‘? los Prheloclldldae % g,gorym]sﬁgihrma
aethoriTepturus 1 i
gﬁaefh,on rlz.r%n'w:at.da Phaethontidae Bmgo
oenicoplerus icopteri
i o
ﬂgcg:ra . .ga ittarius
Col%’:us_ : ngg{arfﬁgphus Cathartidae
Coturnix Galliformes - Arenaria
Gallus 9, >4 Jacana
kdy Rostratula
* *’ Pedionomus =
+ Thinocorus
. i *’ Dromas ICharadriifurmei
* * Larus
Tumix
Anseriformes % [ 5 Burhinus
L RS Charadrius
7 Phegornis
Haematopus
86 v éu!eryx,
" i w2 Fig. 2. ML analysis of the 19-locus data set (ln = —866017.07). ML bootstrap
*— Crypturellus 2%  values > 70% from GARLI are indicated on the cladogram by thicker branches and
3 Gk TLinamus Tinamiformes ~ 3.~ are listed at nodes, with values of 100% designated by asterisks. Diamonds at
= Eudromia -F ey : . .
Nothoprocta :a nodes indicate congruence with MP analysis, and black vertical bars refer to
Q L gﬂﬁf‘hm J 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.



Sibley & Liverey
Pelers Monroe & Zusi
BESl BES Passerines
esl. sl Parrofs
Falcons
Seriemas
Puftbirds, Jacamars
Barbets, Honeyguides, Woodpeckers
3 Kingfishers, Rcllers, Bee=caters, Metmots, Todies
Hornbills
2 Hoopoe, Woodhoopoes
Trogons
2 Cuckoo-Rollers
Owls

Mousebirds

New World Vultures

Hawks, Eagles, Secretary Bird
Plains=wanderer

Seedsnipes

Jacanas, Painted=snipes
Turnstones

Buttengual

Gulls, Crab Plover

Thick-knees, Plovers, Oystercatchers, Sandpipers
Hammerkop

Shoebill

Pelicans

Herons

Ibises

Anhingas, Frigatebirds, Cermorants, Gannets
Storks

sPH Penguins

Albatrosses, Shearwaters, Petrels
Loons

Turacos

Rails, Finfoots

Cranes, Limpkin, Trumpeters
Cuckoos

Bustards

CEEEAAY
eLEL I

B

3
- B4
I
8

: SRl T EEFERIEFEELET
1080
b T REEEEEH:

HERRABERAEANAREAAN

1L
]
.
i

l' Irmﬁl’fm-

3
LEEL |

Swifts

Frogmouths

Pigeons, Doves

BEEEBEEEIEL ] ERELE]

Tropichirds

]
=

Flamingos

Grebes

Pheasants, Quail, Guineafowl

Curassows, Chachalacas, Guans

Megapodes

Euc.ks‘ Geese, Other Waterfowl, Screamers
iwis

Cassowaries, Emu

Tinamous

Rheas

Ostriches

(<14
Qo

»
F
w

SEEEEHEEEL BRIREREL BEEEEELLEEEE] BREREERRRREE BRI BEE

SEEL L H LLEEE

Fig. 4. Qur phylogeny differs from and agrees with previous dassifications. We merged well-supported
(>70% bootstrap values) monophyletic clades at the tips with the same ordinal designation across all
three classifications (e.g., 24 spedies called Passerines). Only higher relationships supported by bootstrap
values >50% are shown. Colors are as in Fig. 2. Color bars to the right of the tree show membership in
three different classifications: Peters’ (25) (left), Sibley and Monroe's (30) (middle), and Livezey and Zusi's
(13) (right). Black text within the bars indicates monophyletic orders in our phylogeny, whereas white text
within the bars indicates nonmonophyletic orders. Ordinal name codes: ANS (Anseriformes), APO
(Apodiformes), APT (Apterygiformes), ARD (Ardeiformes), BAL (Balaenidipitiformes), BUC (Buceroti-
formes), CAP (Caprimulgiformes), CAS (Casuariiformes), CHA (Charadriiformes), CIC (Ciconiiformes), CLM
(Columbiformes), COL (Coliiformes), COR (Coradiiformes), CRA (Craciformes), CUC (Cuculiformes), FAL
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(Trochiliformes), TRO (Trogoniformes), TUR (Turniciformes), and UPU (Upupiformes).

Hummingbirds Comparacion entre filogenia
Owlet-Nightjar molecular basada en DNA

Nars nuclear (Hackett et al 2008),
oo, Kequ hibridizacién DNA-DNA (Sibley &
Westes Alquist, 1990) y morfoldgica
Hondgrouss (Livezey & Zusi, 2007)

Hipotesis filogenética de
consenso entre 2
filogenias moleculares
(Ericson et al., 2006;
Mayr 2008)

Trogoniformes

Lan i

? weeses

il

Picidae
Indicatoridae
Ramphastidae
Bucconidae
Galbulidae
Coraclidas
Brachypteraciidae
Meropidae
Alcadinidae

Phoeniculidae
Upupidae
Passeriformes
Coliformes
Psittaciformes
Falconidae
Strigiformes
Accipitridae
Pandionidae
Sagittariidas
Cathartidae

Ci

Podargid

——— )

St ithidae
MNyctibiidae
Caprimulgidae
Hemiprocnidae
Apodidae
Trochilidae
Aegothelidae

Colur
Pteroclidae

Otidid
o =

Musophagidae
Opisthocomidae

i e sl

M

Phaethontidae
Rhynochetidae
Eurypygidae
Phoeni ridae
Podicipedidae
Masitomnithidae
Rynchopidas
Jacanidae
Tumicidae
Charadriidae
Gruidas
Aramidae
Psophiidae
Heliomnithidae
Rallidae

Balaenicipitidas

S

P:?mu
Anhingidae
Phalacrocoracidaa
Sulidae
Fregatidae
Spheniscidas
Threskiomithidae
Ardeidae
Ciconiidae
Procallariiformes
Gaviidae

Anseriformes
Galliformes
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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.
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