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— Myxinoidea + Petromyzontoidea (80)

Mammalia

6.495 spp.

Aves
10.721 spp. Actinopterygii
~25,000

Fishes

Lepidosauria

10.955 spp.

Testudinia

360 spp. (

Gymnophiona 4

Uredeles

: 214 spp. 757 spp.

———
R »

Diversidade dos Sarcopterygii viventes (2020) . sarcopterygii: 36.796
Fonte: Pough et al. (2002). Vertebrate Life. New Jersey, Prentice Hall. espécies




— Myxinoidea + Petromyzontoidea (80)

Mammalia

6.495 spp.

Aves
10.825 spp. Actinopterygii
~25,000

Fishes

Lepidosauria

10.980 spp.

Testudinia

361 spp. (

Gymnophiona 4

Uredeles

: 214 spp. 766 spp.

———
R »

Diversidade dos Sarcopterygii viventes (2021) . sarcopterygii: 37.080
Fonte: Pough et al. (2002). Vertebrate Life. New Jersey, Prentice Hall. espécies




— Myxinoidea + Petromyzontoidea (80)

Mammalia

6.495 spp.

Aves
10.907 spp. Actinopterygii
~25,000

Fishes

Lepidosauria

11.550 spp.

Testudinia

363 spp. (

Gymnophiona 4

Uredeles

: 221 spp. 815 spp.

———
R »

Diversidade dos Sarcopterygii viventes (2023) . sarcopterygii: 38.039
Fonte: Pough et al. (2002). Vertebrate Life. New Jersey, Prentice Hall. espécies




Mammalia

6.495 spp.

Aves

10.907 spp.

Lepidosauria

11.550 spp.

Anura

7.653 spp.

Testudinia &
363 spp. ( =
; uymnophiona 4 Uradeles

. 221 spp. 815 spp.

- Sarcopterygii: 38.039 espécies
- Actinistia: 2 spp.
- Dipnoi: 6 spp.

- Amphibia: 8.689 spp. (Anura 7.653 spp.,
Caudata ou Urodela: 815 spp., Gymnophiona:
221 spp.)

- Testudinia ou Chelonia: 363 spp.

- Squamata: 11.549 spp.

- Rhynchocephalia: 1 sp.

- Crocodilia: 27 spp.

- Aves: 10.907 spp. (+18.022 subespécies!)

- Mammalia: 6.495 spp.

AmphibiaWeb (2023) AmphibiaWeb: Information on Amphibian
Biology and Conservation. University of California, Berkeley.
Disponivel em: http://amphibiaweb.org/  (Acessado em
23/10/2023)

Burgin, C. J. et al. (2018) How many species of mammals are
there? Journal of Mammalogy, 99 (1): 1-14.

Clements, J.F. et al. (2022) The eBird/Clements Checklist of Birds
of the World: v2022. Cornell University, Ithaca. Disponivel em:
http://www.birds.cornell.edu/clementschecklist/download/
(Acessado em 24/10/2023)

Uetz, P. (2023) The Reptile Database. Disponivel em:
http://www.reptile-database.org/ (Acessado em 24/10/2023)

Diversidade dos Sarcopterygii viventes (2023)
Fonte: Pough et al. (2002). Vertebrate Life. New Jersey, Prentice Hall.
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Filogenia dos Craniata.

Fonte: Janvier, P. 1996. Early Vertebrates. New
York, Oxford University Press.




Posicao Filogenética de
Crocodylia e Aves - Filogenia dos
Gnathostomata (vertebrados
com mandibula).

Fonte: Pough et al. (2002) Vertebrate Life.

6 Ed. New Jersey, Prentice Hall.
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Yolk sac
Yolk
(nutrients)

Extraembryonic membranes

Allantois

com mandibula).

Posicao Filogenética de

Crocodylia e Aves - Filogenia dos

Amniotic
cavity

with
amniotic |
fluid

Gnathostomata (vertebrados
Fonte: Pough et al. (2002) Vertebrate Life.

6 Ed. New Jersey, Prentice Hall.
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com mandibula).

Pough et al. 2002. Vertebrate Life.

Posicao Filogenética de
6 Ed. New Jersey, Prentice Hall.

Crocodylia e Aves - Filogenia dos

Sauropsida
Gnathostomata (vertebrados

Fonte: Pough et al. (2002) Vertebrate Life.

6 Ed. New Jersey, Prentice Hall.
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Temporal openings (fenesirae)

Posicdo Filogenética de
Crocodylia e Aves - Filogenia dos

External
nostrils

Gnathostomata (vertebrados
com mandibula).
Sauropsida
Fonte: Pough et al. (2002) Vertebrate Life

6 Ed. New Jersey, Prentice Hall.
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com mandibula).
Sauropsida

Pough et al. 2002. Vertebrate Life.

Posicao Filogenética de
6 Ed. New Jersey, Prentice Hall.

Crocodylia e Aves - Filogenia dos
Gnathostomata (vertebrados

Fonte: Pough et al. (2002) Vertebrate Life.

6 Ed. New Jersey, Prentice Hall.
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Filogenia dos Diapsida.

Posicao Filogenética de
Crocodylia e Aves - Filogenia dos

Diapsida.

Archosauria

Fonte: Pough et al. (2002) Vertebrate Life.

6 Ed. New Jersey, Prentice Hall.
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Upper temporal fenestra

temporal GG,
fenestra _
” Mandibular fenestra Archosauria _ morfologia: (a) Cl‘énio
de Ornithosuchus; (b) fémur de
Thescelosaurus.

— 4th trochanter
Fonte: Pough et al. (2002). Vertebrate Life. New

Jersey, Prentice Hall.

Legend: f, frontal; par, parietal; pf, postfrontal; po, postor-
bital; prf, prefrontal; sq, squamosal; q, quadrate; gj,
quadratojugal.

Morphological features of diapsids. (a)
Skull of Ornithosuchus showing the characteristic features
of archosaurs: two temporal arches, a keyhole-shaped )
Fonte: Pough et al. (2002) Vertebrate Life. 6 Ed. New Jersey,

orbit, and an antorbital fenestra. (b) Femur of

Thescelosaurus showing the fourth trochanter. Prentice Hall.
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Fonte: Pough et al. (2002) Vertebrate Life.

6 Ed. New Jersey, Prentice Hall.
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lapsida.

Filogenia dos D

Fonte: Pough et al. (2002) Vertebrate Life.

6 Ed. New Jersey, Prentice Hall.
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ORDEM CHORISTODERA: Diapsida basal ou Archosauromorpha basal?

Jurassico Médio -> Mioceno Inferior.
Semi-aquaticos.

- =N

Hyphalosaurus lingyuanensis, Wy TR s D el
Cretaceo Inferior, China. Embridao ou neonato nao identificado,
Cretaceo Inferior, China.

Fontes: Buffetaut, E. et al. (2007) A two-headed reptile from the Cretaceous of China. Biol. Lett., 3: 80-81.
Gao, K.-Q. & Ksepka, D. T. (2008) Osteology and taxonomic revision of Hyphalosaurus (Diapsida: Choristodera)
from the Lower Cretaceous of Liaoning, China. J. Anat., 212: 747-768.
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Fonte: Pough et al. (2002) Vertebrate Life.

6 Ed. New Jersey, Prentice Hall.
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RHYNCHOSAURIA: Morfologia e Diversidade

superficie ventral de placa dentaria de
Hyperodapedon

Hyperodapedon sanjuanensis,
Trassico, Argentina

Mesosuchus browni, Triassico Inf., Africa
do Sul



Filogenia dos Diapsida
Fonte: Pough et al. (2002) Vertebrate Life

6 Ed. New Jersey, Prentice Hall.
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PROLACERTIFORMES (protossauros): Morfologia e Diversidade

Macrocnemus. Trassico Medio, Europa e China

Sharovipteryx mirabilis (2,5 cm sem
cauda). Triassico Médio, Quirguistao

Tanystropheus. Triassico Médio, Europa, Oriente Médio, China



PROLACERTIFORMES (protossauros): Morfologia e Diversidade

Elongate fangs for catching
fish and cephalopods

Flattened snout with nostrils on top
indicate an aquatic lifestyle

Uspecies was skeletally mature
W

Tricuspid dentition for crushing
soft-shelled invertebrates

Fonte: Spiekman, S.N.F. et al. (2020) Aquatic habits and niche partitioning in the extraordinarily long-necked Triassic
reptile Tanystropheus. Current Biology, 30: 3889-3895.



Filogenia dos Diapsida
Fonte: Pough et al. (2002) Vertebrate Life

6 Ed. New Jersey, Prentice Hall.
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ARCHOSAURIA: PROTEROSUCHIA: Morfologia e Diversidade

.

Archosaurus rossicus. RuUssia, Permiano
Superior

|,\'

Chasmatosaurus. Africa do Sul, Trassico :
Inferior



Tornozelo de
Ornithodira

Filogenia dos Diapsida.
Archosauria

Tornozelo de

Crocodylia
Fonte: Pough et al. (2002) Vertebrate Life.

6 Ed. New Jersey, Prentice Hall.
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CRUROTARSI: PHYTOSAURIA: Morfologia e Diversidade

R e e Rutiodon carolinensis (EUA, Triassico
et g o] | [0 Superior)

Machaeroprosopnis

(= Rutiodon?) sepiomaxilla

Machaeroprosopus gregorii. Novo
México, EUA, Triassico Superior
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CRUROTARSI: AETOSAURIA: Morfologia e Diversidade

Stagonolepis robertsoni.
Trassico Superior, Inglaterra

Desmatosuchus haplocerus. Triassico
Superior, Texas
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CRUROTARSI: RAUISUCHIA: Morfologia e Diversidade

Prestosuchus chiniquensis. Triassico Superior,
Rio Grande do Sul, Brasil. 6,7 m

© N. Tamura, 2008

Qianosuchus mixtus. Triassico,
China. 3,0 m
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CRUROTARSI: CROCODYLOMORPHA: Morfologia e Diversidade

Pterygoid Internal  Palatine External
bones nostrils bones , nostrils
Procoelous
vertebra

TERITARY

Area of secondary
bony palate
EUSUCHIA

Amphicoelous Pterygoid Internal External '
vertebra nostrils nostrils

(%)
=
O
(YW}
QO
=
1
o
8

Palatine Area of secondary
bones bony palate

MESOSUCHIA

Amphicoelous Pferygoid

vertebra borbs Internal

nostrils

External
nostrils

Palatine

bones

TRIASSIC

million years ago

PROTOSUCHIA

Fonte: Ross, C. A. (Ed.). (1989) Crocodiles and alligators. London, Merehurst Press, 240p.
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CRUROTARSI: CROCODYLOMORPHA: Morfologia e Diversidade

Metriorhynchus superciliosus.
Cerro Jaspe, Chile, Juréassico

Dakosaurus andinensis.
Chile, Jurassico Inferior




CRUROTARSI: CROCODYLOMORPHA: Morfologia e Diversidade

Sarcosuchus imperator (tPholidosauridae). Cretaceo, Africa. 11-12m.



CRUROTARSI: CROCODYLOMORPHA: Morfologia e Diversidade

Purussaurus brasiliensis (Alligatoridae, Caimaninae).
Mioceno, Brasil (Acre) e Peru (20 m.a.). 10,9 m, +5ton



(d) garial.

SO0

938 AnA AR 80

Morfologia geral
crocodilo americano;

©

chinés:

aligator

)
Fonte: Pough et al. 2002. Vertebrate Life. 6 Ed. New Jersey, Prentice Hall.
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CROCODYLIA viventes: Morfologia geral
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Crocodylus ¢
Africa.

.gé

afaphractus.

Gavialidae. Gavialis gangeticus. India.

Fonte: Ross, C. A. (Ed.). 1989. Crocodiles and Alligators. London, Merehurst Press, 240p.



CROCODYLIA viventes: Morfologia - Tegumento

Vista dorsal do tronco - osteodermos: Vista ventral do tronco — escamas sem
Crocodylus niloticus. Africa. osteodermos.

- Epiderme (proteina queratinizada) — camada germinativa e camada cornea (material morto acumulado);

- Derme (corium) — colageno; forma osteodermos (altamente vascularizados) — carbonato de calcio e
fosfato de célcio — protecéo, controle de temperatura e fonte de Ca (lanca ions alcalinos que neutralizam
acidose - acumulo de CO, no sangue devido ao mergulho);

- Sub-cutis — camada carnosa.
Fonte: Ross, C. A. (Ed.). (1989) Crocodiles and alligators. London, Merehurst Press, 240p.



CROCODYLIA viventes: Morfologia - Tegumento

Orgéos sensoriais tegumentares

- Funcéo pouco conhecida:
detectam alteracdes de pressao,
movimento de presas e mudancas
na salinidade da agua.

- Em Crocodylidae, presentes na
cabeca, maxila, mandibula,

g pescoco, tronco, cauda e parte
interna dos membros.

- Em Alligatoridae, presentes
apenas na maxila, focinho, ao redor
Alligator mississipiensis Crocodylus acutus dos olhos, mandibula e palato
superior.




CROCODYLIA viventes: Morfologia — regiéo cefalica

TOP VIEW

External
nostrils

Lower Jaw
opening

SIDE VIEW

Fonte: Ross, C. A. (Ed.). 1989. Crocodiles and alligators. London, Merehurst Press, 240p.



CROCODYLIA viventes: Morfologia — regiéo cefalica

"alligators” "crocodiles"
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(@) (b)

conversion of notch to pit loss of overbite

dentary fangs occlude
in pmx-mx notch

overbite

ancestral condition

Evolucdo da ocluséo dentaria em Crocodylia (Brochu, 2003): (a) Paleosuchus trigonatus (Alligatoridae),
Recente; (b) Crocodylus intermedius (Crocodylidae), Recente; (c) Leidyosuchus canadensis
(Alligatoroidea), Cretaceo Superior.

Fonte: Brochu, C. (2003) Phylogenetic approach toward crocodylian history. Annual Review of the Earth Planetary Sciences, 31:
357-397.




CROCODYLIA viventes: Morfologia — regiéo cefalica

External
nostrils

, ,","\ "”'. : .
Secondary

bony

Internal
nostrils

-Palato secundario — formando pelas pré-
maxilas, maxilas, palatos e pterigoides;
narinas internas se abrem nos pterigoides.

- Selos carnosos no céu da boca (valvula
palatal) e na base da lingua, isolando a
cavidade oral da traquéia.

Crocodylus mississippiensis. E.U.A.

Fonte: Ross, C. A. (Ed.). (1989) Crocodiles and alligators. London, Merehurst Press, 240p.



CROCODYLIA viventes: Morfologia — regido cefalica

Narinas externas (anteriores) de Crocodylus mississipiensis. E.U.A. (em
protuberancias na extremidade do focinho — aguas calmas)

- Olfato bem desenvolvido — deteccéo de presas e reproducéo (gl. cloacais)

- Orgdo vbmero-nasal é pouco desenvolvido

Fonte: Ross, C. A. (Ed.). (1989) Crocodiles and alligators. London, Merehurst Press, 240p.



CROCODYLIA viventes: Morfologia — regiéo cefélica

Olho de Crocodylus porosus,
durante o dia. Regiao Indo-
Pacifica.

Olho de Crocodylus johnsoni, durante a
noite. Australia.

- Olhos esféricos;

- Tapetum lucidium - camada refletora atras
da retina — cristais de guanina,

- células receptoras de luz — cones,
bastonetes (enxergam colorido);

- Membrana nictitante presente; recobre o
olho durante o mergulho

Fonte: Ross, C. A. (Ed.). (1989) Crocodiles and alligators. London, Merehurst Press, 240p.



CROCODYLIA viventes: Morfologia — regiéo cefélica

Ouvido externo de Crocodylus johnsoni. Australia.

- Ouvido externo coberto por aba dérmica,;

- Audicdo bem desenvolvida — relacionada a vocalizacéo

Fonte: Ross, C. A. (Ed.). (1989) Crocodiles and alligators. London, Merehurst Press, 240p.



CROCODYLIA viventes: Morfologia — membros

CROCODILIAN TYPICAL REPTILIAN
ANKLE STRUCTURE ANKLE STRUCTURE

Tibia
Fibula

Tibia

Fibula

Membro posterior de Crocodylia, com
membranas interdigitais

Estrutura do tornozelo de Crocodylia
(Crurotarsi) (permite movimentos
giratorios e de torcao)

Salto (jovens): Crocodylus cubensis. Cuba.

Fonte: Ross, C. A. (Ed.). 1989. Crocodiles and alligators. London, Merehurst Press, 240p.



CROCODYLIA viventes: Morfologia — membros

C AN ¥ Pl ; A Staciany

Marcha: Crocodylus palustris. india.

Galope: Crocodylus johnsoni. Australia.

Fonte: Zug, G. R. (1989) Walking, running, and crawling. P. 49. In: Ross, C. A. (Ed.). Crocodiles and alligators. London,
Merehurst Press, 240p.



CROCODYLIA — Alimentacao

Crocodylus cataphractus. Africa.

Fonte: Ross, C. A. (Ed.). (1989) Crocodiles and alligators. London, Merehurst Press, 240p.



CROCODYLIA — Alimentacao

Crocodylus porosus. Sumatra,
Indonésia.

Fonte: Ross, C. A. (Ed.). (1989) Crocodiles and alligators. London, Merehurst Press, 240p.



CROCODYLIA viventes: Morfologia — sistema cardiovascular

Pressao sistélica (= em contracdo) (quando crocodilo
em repouso):

TO HEAD AND ANTERIOR BODY : oA A
- Circulacéo sistémica: endotérmicos: 87-216cm H,O

(presséo alta, para vencer a resisténcia periférica dos
tecidos alt. vascularizados) X ectotérmicos: 30-80cm

H,O.
_FORAMEN OF
- PANIZZA - Circulacdo pulmonar: endotérmicos: < 30cm H,O
(presséo baixa, para lidar com a delicada membrana
pulmonar; altas taxas de liberacdao de O, pulmao
“sec0”) X ectotérmicos: 20-55cm H,O (alta presséo;
puimdo “Omido”, com membrana pulmonar

PULMONARY
ARTERY

YRR Ry VENTHICLE produzindo 10-20X mais plasma que nos
endotérmicos, constituindo uma barreira para o
RIGHT LEFT intercambio de gases).

ATRIUM ATRIUM

- Ectotérmicos: todos permitem que sangue
desoxigenado e oxigenado se misturem (desvio
direita para esquerda).

FROM BODY - FROMILUNGS - Crocodylia: pressdo da circulacéo sistémica ca. 3X
TO VISCERA AND POSTERIOR BODY pressao pulmonar (similar aos endotérmicos); sangue
flui tanto pelo arco aértico direito, como esquerdo (via

foramen de Panizza).

Esquema de coracéo e principais vasos de um Crocodylia (em atividade).

Fonte: Pough et al. (2002) Vertebrate Life. 6 Ed. New Jersey, Prentice Hall.



CROCODYLIA — Respiracao e Circulacao

- Pulmao multicameral.

-Respiracdo aérea; inspiracdo — expansao das costelas, diafragma
functional e pistdo hepatico (movimento da cintura pélvica e do
figado para tras).

- Fluxo de ar unidirecional durante inalacéo e exalagao (vs. fluxo de
ar “tidal”, alternando para fora e para dentro - Mammalia).

- Sacos aéreos ausentes.
- Brénquios intrapulmonares similar aos de Aves:

- 1 par de bronquios cervicais similar aos bronquios ventrais
de Aves que se conectam com sacos aéreos cervicais.

- 1 par de pequenos

- 3 pares de bronquios caudais originados de uma camara
intrabronquial terminal.

Estrutura tridimensional do pulméo de um crocodilo e fluxo de ar
[visdo dorsal obliqua (E), movimentos de inspiracdo (F) e de
expiracao (G)] (Farmers & Sanders, 2010)

Fonte: Farmers, C. G. & K. Sanders. (2010) Unidirectional airflow in the lungs of alligators. Science, 327: 338-340.



CROCODYLIA — Excrecao e Osmorregulacao

- Crocodilos de agua doce
(hipertdnicos em relagcéo ao meio)
s | — mecanismos comportamentais e
fisiol6gicos para conservacdo de
solutos (Na, K) (na cloaca) e
excrecdo de excesso de agua
(epitélio da boca e trato
respiratorio);

- Crocodilos estuarinos e
marinhos (hipotonicos em relacao
ao meio) — mecanismo

comportamentais e fisiolégicos
para excrecao de solutos (gl. de
sal na boca em Crocodylidae),
para evitar entrada de solutos e
obtencéo de agua (bebem apenas
agua doce).

Boca de Crocodylus porosus com goticulas salinas secretadas pelas glandulas de sal.
Regiao Indo-Pacifica.

Fonte: Ross, C. A. (Ed.). 1989. Crocodiles and alligators. London, Merehurst Press, 240p.



CROCODYLIA — Controle de temperature e ecologia

Ectotherms
Species

Efficiency(%)

Endothermns
Species

Efficiency(%)

Red-backed salamander
(Plethodon cinereus)

Mountain salamander
(Desmognathus ochrophaeus)

Panamanian anole
(Anolis limifrons)

Side-blotched lizard
(Uta stansburiana)

Hognose snake
(Heterodon contortrix)

Python
(Python curtus)

Adder
(Vipera berus)

Average of 12 species

48

Kangaroo rat
(Dipodomys merriani)

Field mouse
(Peromyscus polionotus)

Meadow vole
(Microtus pennsylvanicus)

Red squirrel
(Tamiasciurius hudsonicus)

Least weasel
(Mustela rixosa)

Savanna sparrow
(Passericulus sandwichensis)

Marsh wren
(Telmatodytes palustris)

Average of 19 species

0.8

1.8

3.0

1.3

2.3

1.1

0.5

- Demanda metabodlica de endotérmicos excede em 15-20 vezes aquela dos
ectotérmicos com massa corporal similar (mais O, e nutrientes por unidade de tempo).




CROCODYLIA — Comportamento Social e Reproducéao
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Crocodylus novaguineae. Nova Guiné.

Fonte: Ross, C. A. (Ed.). (1989) Crocodiles and alligators. London, Merehurst Press, 240p.



CROCODYLIA — Comportamento Social e Reproducéao

Desova de Crocodylus palustris. India.

Fonte: Ross, C. A. (Ed.). 1989. Crocodiles and alligators. London, Merehurst Press, 240p.



CROCODYLIA — Comportamento Social e Reproducéao

Table 1. Variation among amniote phalluses. *, this study.

Sphenodon

Squamata

Chelonia

Crocodilia

Mammalia

Aves (Palaeognathae,
Anseriformes)

Aves (Neoaves,
Galiformes)

paired, lateral buds*®
paired, lateral buds
paired, lateral buds
paired, lateral buds
paired, lateral buds
paired, lateral buds

paired, lateral buds

no mature phallus

paired, lateral hemipenes

single, midline phallus
single, midline phallus
single, midline phallus

single, midline phallus

open sulcus
open sulcus
open sulcus
tubular urethra

open sulcus

no mature intromittent phallus

turtles

midline p!
endodern

crocodilians

ectoderm

endoderm
endoderm
endoderm
endoderm

blood/lymph
blood
muscle/blood
blood
lymph

Fonte: Sanger, T. J. et al. (2015) Resurrecting embryos of the tuatara, Sphenodon punctatus, to resolve vertebrate phallus evolution.
Biol. Lett. 11: 20150694.



CROCODYLIA — Comportamento Social e Reproducéao

Grupo de ovos de Paleosuchus trigonatus, proximo a termiteiros. Brasil.

Fonte: Ross, C. A. (Ed.). (1989) Crocodiles and alligators. London, Merehurst Press, 240p.



Cuidado parental — fémea de Crocodylus niloticus carregando ovos. Africa.

Fonte: Ross, C. A. (Ed.). (1989) Crocodiles and alligators. London, Merehurst Press, 240p.



CROCODYLIA — Comportamento Social e Reproducéao

Cuidado parental — fémea de Crocodylus palustris auxiliando recém-nascido. india.

Fonte: Ross, C. A. (Ed.). (1989) Crocodiles and alligators. London, Merehurst Press, 240p.



CROCODYLIA — Comportamento Social e Reproducéao

Ninhos de Dinosauria e ovos: (a) Ovirraptorideo chocando ovos; (b) ninho fossilizado de
ovirraptorideo; (c) embriao fossilizado de ovirraptorideo.

Fonte: Pough et al. (2002) Vertebrate Life. 6 Ed. New Jersey, Prentice Hall.
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Fonte: Pough et al. (2002) Vertebrate Life.

6 Ed. New Jersey, Prentice Hall.
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2002. Vertebrate
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Fonte: Pough et al.
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PTEROSAURIA: Morfologia

Pterodactylus Skeleton

t‘\fm'i! I Eve socket
w Q
o
V4
7

arhAAA LA SN
y,
/ Long neck

N ——
vertebrae

"
‘ Lower jaw

Esqueleto de Pterodactylus.

Wiist
First three fingers, (carpus)
small with claws

Preroid bone

Upper arm
(huemertis)

Fourth finger: the
elongated ‘wing finger’

Long metacarpals Lower arm

(radius and uina)

Pelvis

Lipper leg

. =L/ (feimr)

Lower ley
(tihia)

. Ankle
Lower jun (farsus) Foot
(from abore) o | ]
= It 1l
LN : ”'\\ 2 [\
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Cranio de Rhamphorhiynchus.
Fonte: Wellnhofer, P. (1991) The illustrated Encyclopedia of Prehistoric Reptiles. New York, Barnes & Noble Books.



PTEROSAURIA: Morfologia

ARTICLES nature '
https://doi org/10.1038/541555-018-0728-7 CC Ology & CVOl ution

Pterosaur integumentary structures with complex
feather-like branching

Zixiao Yang', Baoyu Jiang @', MariaE. McNamara ©?2, StuartL.Kearns?, Michael Pittman®4,
Thomas G.Kaye ©5, Patrick J. Orr5, Xing Xu” and Michael J. Benton ©3*

Fig. 4 | Reconstruction of one of the studied anurognathid pterosaurs.
This pterosaur exhibits diverse types of pycnofibres distributed in different
body parts. Credit: Yuan Zhang

@ Srviis dosert
<0 Ormvncmmus samonimous

Saurepodomonpha

Saurischia

Dinasauria .

Ornithischia

Avemetatarsalia

Scales

Monofikaments

Brush-like filaments

Tufts of flamants

Open pennaceous fsathers
(no sacondary branching)

5 [l Closed pannacecus feathers
(with sacondary branching)

B
Plarosauria — = e — .
O

Psoudosuchia [‘erocodile-ling archosaurs’)

180 170 180 150 140

A
WEY Lato origin of teathers
[ |

Fonte: Yang, Z. et al. (2019) Pterosaur integumentary structures with complex feather-like branching. Nature Ecology &
Evolution, 3: 24-30.




PTEROSAURIA: Diversidade

Pterodactylus

200 mm

Rhamphorhynchus muensteri

Rhamphorhynchus

Fonte: Wellnhofer, P. (1991) The illustrated Encyclopedia of Prehistoric Reptiles. New York, Barnes & Noble Books.



PTEROSAURIA: Diversidade

Gnathosaurus: filtrador?

Ctenochasma: filtrador

Fonte: Wellnhofer, P. (1991) The illustrated Encyclopedia of Prehistoric Reptiles. New York, Barnes & Noble Books.



PTEROSAURIA: Diversidade

Créanio de Dsungaripterus: duréfago

Fonte: Wellnhofer, P. (1991) The illustrated Encyclopedia of Prehistoric Reptiles. New York, Barnes & Noble Books.



PTEROSAURIA: Diversidade

Reconstrucéo e cranio de
Pterodaustro: filtrador

Fonte: Wellnhofer, P. (1991) The illustrated Encyclopedia of Prehistoric Reptiles. New York, Barnes & Noble Books.



PTEROSAURIA: Diversidade (Brasi)

e S _ .
— _?'é P S
tThalassodromeus sethi, Cretaceo Inferior tCaiuajara dobruskii (Tapejaridae), Cretaceo
(110 m.a.), bacia do Araripe Superior (85 m.a.), Cruzeiro do QOeste, bacia

de Bauru



PTEROSAURIA: Diversidade (Brasil)

tKeresdrakon vilsoni (~Tapejaridae),
Cretaceo Superior (85 m.a.), Cruzeiro do
Oeste, bacia de Bauru



PTEROSAURIA: Relacoes Filogenéticas

tScleromochlus taylori (Scleromochlidae, Avemetatarsalia),
Tridssico Superior (220 m.a.), Escécia, 18 cm.

Fonte: Benton, M. J. (1999) Scleromochlus taylori and the origin of dinosaurs and pterosaurs. Phil. Trans.R. Soc. B., 354:
1423-1446.



< ‘?J’”
AR

Tlxalerpeton poIeS|nenS|s
Brasil, Triassico Superior
(~237-228 M.a.), 40 cm

tLagerpeton chanarensis,
Formacédo Chafares, Provincia
La Rioja, Argentina, Triassico
Superior (~236-234 M.a.), 70 cm

PTEROSAURIA: Relagdes Filogenéticas - Lagerpetidae

Time (million years ago)
220 210
Jurassic

[ Middle | = upper |~ Lower  [Middlg
Ch m inian Carnian Norian Rhaetian [He| Sinemurian [Pliensbachian| Toarcian |Aalen

Common Posterior
Pseudosuchia
crus semicircular
@ canal
-
Archosauria G :rosaria ” /
. Anterior P
a3 - semicircular

JDmosqummorpha

@ | agosuchus talampayensis canal

Lagerpetidae

3 -
Tran Ll .
/ Silesauridae Lateml
Pan-Aves semicircular canal
A Dinosauria
F T
- .‘ bt -

.5 ————— 2
Pterosauria P

Evolutionary rates

003 0.16 094 55 - g
T | | Macronychoptera = Eudimorph
0.07 039 23 ’

Fonte: Ezcurra, M.D. et al. (2020) Enigmatic dinosaur precursors bridge the gap to the origin of Pterosauria. Nature.
https://doi.org/10.1038/s41586-020-3011-4
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DINOSAURIA: Sinapomorfias

The head of the femur is
in-turned to fit

into the

hip socket

HOLE IN THE
 HPSOCKET

ISCHIUM
"

This right side of the pelvis of Plateosaurus

illustrates the hole in the hip socket. The knees are
held close in
to the body,
providing a
narrow gait

Fonte: Dingus, L. et al. (1995) The Halls of Dinosaurs. A Guide to Saurischians and Ornithischians. New York, American
Museum of Natural History.

Dingus, L. & Rowe, T. (1997) The Mistaken Evolution. Dinosaur Evolution and the Origin of Birds. New York, W.H.
Freeman and Company.



(2002) Vertebrate

Filogenia dos Ornithodira.
Life. 6 Ed. New Jersey, Prentice Hall.

Fonte: Pough et al.

18. Coelurosauria

|
+

IVAIUNYSONNVHAL s

19. Maniraptora

+ 17. Tetanurae

AYAINIWOHLINHO I

- 16. Theropoda

<mD_OI3<mO._|_¢ S TR P R TR T — — — —

YIHNVSOlvH3o i !

domorpha

k

auropo

—

|||||||| VISdOLVYHID messssmmm—m ||
| I

T

4 1. Dinosauria

Ornitischia

poda

VIHNVYSOTVHAIOAHOVd s — — — - -

+ 5. Cera

7. Euornithopoda
=+ 6. Ornithopoda
| . o
|

I
I

—+ 3. Genasauria

Fp——— |

._r IVAIHNVSOLNOQOYILIH s —

N

YIHNVSOTANNY

4. Thyreophora

_—= VIHNVSO0DILS s

IVAIHNYSOAINIOS e —
VN IVAIHNYSOHAV mmmem

| VIHNYSONILd e

w
©

Arejus) olsseinp uBjUWISd
OI0ZON3D J10Z0S3aAN J10Z031vd




Ixalerpeton

Lagerpeton

270082 Dromomeron romerii

: { 1/53/23 Dromomeron gigas

Dromomeron gregorii

Marasuchus
1/21/0

ATVES [

Saltopus

Lewisuchus/Pseudolagosuchus
Eucoelophysis

Asilisaurus
Ignofosaurus
Sacisaurus
Diodorus

- Lutungutali

Silesaurus

Pisanosaurus
1/58/47

702089
1

Hetero

Eocursor
119/4

Manidens
Tianyulong

BN

dontosaurus

Ornithischia

Abrictosaurus
Fruitadens

Lesothosaurus

Guaibasaurus
Daemonosaurus
Eodromaeus
Agnosphitys
Staurikosaurus
Sanjuansaurus
Herrerasaurus

13221

Dinosauria

2753746

Tawa

Chindesaurus
Dracovenator
Panguraptor
Zupaysaurus

1/42/33

2120

1/4/-7

118/6
_.

Saurischia

Eoraptor
Saturna
Panpha

2/28/4

Pantydraco

1/54/40

1/38/7

1/23/4

Fontes: Baron, M.G. et al. (2017) A new hypothesis of dinosaur r
Langer, M.C. et al. (2017) Untangling the dinosaur family tree. Nature, 551, E1-E3.

2/42/28 Agllisaurus
\—‘ﬂ: Jeholosaurus
2630
21278 =
1/32/8

Hexinlusaurus
Emausaurus
Scelidosaurus
Scutellosaurus
Laguintasaura

Theropoda

‘Syntarsus’ kayentakatae
Dracoraptor
Procompsognathus
Coelophysis
Sarcosaurus
1/30v22 Liliensternus
Lophostropheus
Dilophosaurus
Sinosaurus
Cryolophosaurus
Allosaurus
Piatnitzkysaurus
Elaphrosaurus
Ceratosaurus
Eoabelisaurus

lia

gia Sauropodomorpha

Pampadromaeus
Buriolestes

Thecodontosaurus

Efraasia
Gongxianosaurus
Pulanesaura
Lufengosaurus
Coloradisaurus
Riojasaurus
Yunnanosaurus
Aardonyx
Unaysaurus
Plateosaurus
Antetonitrus
Leyesaurus
Massospondylus kaalae
Massospondylus carinatus
Nyasasaurus

Vulcanodon

Tazoudasaurus

elationships and early dinosaur evolution. Nature, 543, 501-506.




Euparkeria capensis . o
Postosuchus kirkpatricki

Ixalerpeton polesinensis 2" i
ﬁiage boton chanarensis ) : E: ; Character:
romomeron romeri )
Dromomeron gregori
Dromomeron gigas
Saltopus elginensis
MarasLuchus lilloel

IS
eWﬁsuchus?ﬁseudolagosuchus
Asilisaurus kongwe i
Silesaurus opolensis

Lutungutali sitwensis
Eucoelophysis baldwini

Diodorus scytobrachion «
Sacisaurus agudoensis ./
Pisanosaurus mertii . .
- Ignotosaurus fragilis Silesauridae
Agnosphitys cromhallensis

. . Eodromaeus murphi .
Dinosauriformes 1 Staurikosalirus pricei Herrerasauridae
Herrerasaurus ischigualastensis

Sanjuansaurus gordilloi
Eoraptor Iu&en_%s T
uaibasaurus candelariensis
Buriofestes schultzi Sauropodomorpha
Panphagia protos
Saturnalla tupiniquim
Pampadromaeus barberenal
Pantydraco caducus )
Thecodontosaurus antiquus
Efraasia minor . .
Nyasasaurus parringtoni
assospon?/lus carinatus
Massospondylus kaalae
Leyesaurus marayensis
Antetonitrus ingenipes
Plateosaurus engelhardti
Unaysaurus tolentinoi
Aardonyx celestae
Yunnanosaurus huangi
Riojasaurus incertus.
Coloradisaurus brevis |
Lufengosaurus huenei
Pulanesaura eocollum
. . Gongxianosaurus shibeiensis
Dinosauria Tazoudasaurys naimi
e . VL#canodon karnibaensis
indesaurus bryansmalli
1 — Tawa hallze )
Daemonosaurus Acﬂhaugpdus . ] Ornithischi
nidens condorensis
Heterodontosaurus tucki i il
Tianyulong confuciusi
Fruitadens haagarorum
Abrictosaurus consors

Eocursor parvus .
Laquintasaura venezuelae
Scutellosaurus lawleri
Scelidosaurus hiarrisonii

mausaurus ernsti
Lesothosaurus diagnosticus
Agilisaurus louderbacki
Hexinlusaurus multidens :
Jeholosaurus shangyuanensis

Bilophosaufms Werh?riﬂi T q
racovenator regenti eropoda
i i Panguraptor lufengensis
Ornithoscelida LanguEpoy wooﬁ :
Zupaysaurus rougieri .
Dracoraptor hanigani
‘Syntarsus’ kayentakatae
Coelophysis bauri A
Procomxpso nathus triassicus

Lophostropheus airelensis

Liliensternus liliensterni

Sinosaurus triassicus
Cryoiophosgyrus eillioti

iatnitzkysaurus floresi
Allosaurus fragilis .
Elaphrosaurus bambergi .
Ceratosaurus nasicornis
Eoabelisaurus mefi

Fontes: Baron, M.G. et al. (2017) A new hypothesis of dinosaur relationships and early dinosaur evolution. Nature, 543, 5
Langer, M.C. et al. (2017) Untangling the dinosaur family tree. Nature, 551, E1-E3.
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DINOSAURIA: ORNITISCHIA: Sinapomorfias

~ Marginocephalia
< o
N
~~ Cerapoda
RN /

gy \\\
Lesothosaurus 7 = ; }jé nasauria

Ve

predentary bone ;9’/0 ithischi
/= Ornithischia

(a) Euparkeria; (b) Ceratosaurus
(Saurischia); (c) Scelidosaurus
(Ornitischia); (d) Thescelosaurus
(Ornitischia).

Fonte: Pough et al. (2002) Vertebrate Life. 6 Ed. New Jersey, Prentice Hall.

Dingus, L. & Rowe, T. (1997) The Mistaken Evolution. Dinosaur Evolution and the Origin of Birds. New York, W.H.
Freeman and Company.
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DINOSAURIA: ORNITISCHIA: THYREOPHORA: Morfologia e Diversidade

Stegosaurus stenops (Stegosauria):
Colorado, EUA, Jurassico.

Fonte: Currie, P. J., & K. Padian (Ed.). (1997) Encyclopedia of Dinosaurs. San Diego, Academic Press.
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DINOSAURIA: ORNITISCHIA: ORNITHOPODA: Morfologia e Diversidade

lguanodon mantelli (lguanodontidae):
Sussex, Inglaterra, Cretaceo.

Fonte: Currie, P. J., & K. Padian (Ed.). (1997) Encyclopedia of Dinosaurs. San Diego, Academic Press.



(2002) Vertebrate

Filogenia dos Ornithodira.
Life. 6 Ed. New Jersey, Prentice Hall.

Fonte: Pough et al.
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DINOSAURIA: ORNITISCHIA: ORNITHOPODA: Morfologia e Diversidade
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Parasaurolophus walkeri (Hadrosauridae):
Alberta, Canad4, Cretaceo Superior.

Fonte: Currie, P. J., & K. Padian (Ed.). (1997) Encyclopedia of Dinosaurs. San Diego, Academic Press.



(2002) Vertebrate

Filogenia dos Ornithodira.
Life. 6 Ed. New Jersey, Prentice Hall.

Fonte: Pough et al.
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DINOSAURIA: ORNITISCHIA: CERATOPSIA: Morfologia e Diversidade

Triceratops (Ceratopsidae): Alberta, Canada,
Cretaceo Superior.

Arrhinoceratops

Fonte: Currie, P. J., & K. Padian (Ed.). (1997) Encyclopedia of Dinosaurs. San Diego, Academic Pressu.



This portion of the right arm of Plateosaurus
American

illustrates the grasping hand.

(1995) The Halls of

Dinosaurs. A Guide to Saurischians and
New York,

Fontes: Pough et al. (2002) Vertebrate

Life. 6 Ed. New Jersey, Prentice Hall.

Museum of Natural History.

Dingus, L. et al.
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Filogenia dos Ornithodira.
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Filogenia dos Ornithodira.
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DINOSAURIA: SAURISCHIA: SAUROPODA: Morfologia e Diversidade

Camarasaurus supremus (Camarasauridae): -
Colorado, EUA, Jurassico Superior.
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Diplodocus carnegii (Diplodocidae): EUA, Jurassico Superior.
Fonte: Currie, P. J., & K. Padian (Ed.). (1997) Encyclopedia of Dinosaurs. San Diego, Academic Press.



(2002) Vertebrate

Filogenia dos Ornithodira.
Life. 6 Ed. New Jersey, Prentice Hall.

Fonte: Pough et al.
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shows the three-fingered hand

Tetanurae

Filogenia dos Ornithodira.

Fontes: Pough et al. (2002) Vertebrate
(1995) The Halls of

Life. 6 Ed. New Jersey, Prentice Hall.

Dingus, L. et al.

Millions
of years

IVAININOHLINHO sesssssssmmmmy

# e <mn_0I:<m0._._< T T R TR — — — —

YIHNVSOlvH3o i -

YAOdOHNYS s — — — —|

VISdOLYHID meesssssm—
I

VIHNVSOTVHdIOAHOVd s

.W 3IVAIHNYSOLNOQOHILIH " —

VIHNYSOTANNY
_ = VIHNVSOD3LS mm

VIHNVSOH3Lld e

IVAIHNYSONNVHAL e -~~~ — =~ = o

illl_.l

e

VYAOdOHNVYSOHd mesmm — |-

IAVAIINYSOAINIOS memms —
Y IVAIHNYSOHEVS mmam

144

SR

18. Coelurosauria

+ 17. Tetanurae

- 16. Theropoda

. 2auropodomaor

_T 9. Margino-
5.Cerapoda cephalia
schia

+

ZORTETS

=+ 2. Ornithischia

7. Euornithopoda

b

=+ 6. Ornithopoda

B

4. Thyreophora

Dinosaurs. A Guide to Saurischians and
New York, American
Museum of Natural History.

Ornithischians.

L 12. Saurischia

+ 1. Dinosauria

L7‘________________T__________________
I
l_____n______-__

Recent
0.01

Areipag

‘SN08dE}8I)

aisseinf

—1t— 206

uejuLed

JI0ZON30

J10Z0s3n

210Z03Tvd




DINOSAURIA: SAURISCHIA: THEROPODA: Morfologia e Diversidade

Allosaurus fragilis (Allosauridae). EUA, Jurassico Superior.
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(a) Uma ave corredora, o casuar (Casuaris casuaris), (b) uma ave voadora, o mocho-real (Bubo bubo), (c)
uma ave mergulhadora, a alca (Alca torda); estudos indicam que 0s processo uncinados sao curtos nas
corredoras, longos nas mergulhadoras e de tamanho intermediario nas demais aves, (d) Oviraptor
philoceratops, (e) Velociraptor mongoliensis. Escala=5 cm

Fonte: http://www.birds.ro/Birds-evolution.html.
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Ornithomimus (Ornithomimidae) — Coelurosauria — bracos
longos e furcula
Fonte: Currie, P. J., & K. Padian (Ed.). (1997) Encyclopedia of Dinosaurs. San Diego, Academic Press.



American

SEMILUNATE CARPAL
This right hand of Deinonychus shows the
crescent-shaped bone in the wrist
New York,

Maniraptora
Filogenia dos Ornithodira.

- carpal semilunado;
Fontes: Pough et al. (2002) Vertebrate

Life. 6 Ed. New Jersey, Prentice Hall.
— Dingus, L. et al. (1995) The Halls of

Dinosaurs. A Guide to Saurischians and

- 1°. dedo do pé (halux) voltado para tras;
Ornithischians.

- pubis voltado para tras;
Museum of Natural History.
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PYGOSTYLE

Precursor do pigostilo em Maniraptora — Dromeosauridae seriam Aves?

Fonte: http://www.birds.ro/Birds-evolution.html.
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Filogenia dos Coelurosauria — Evolugcao das Penas

Fonte: Prum, R.O. & Brush, A.H. (2004) A controvérsia sobre o que veio primeiro: penas ou passaros? Scientific American
Brasil, 5: 64-73.
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Plumagem de Sinosauropteryx prima

Filogenia dos Coelurosauria — Evolugcao das Penas

Fonte: Prum, R.O. & Brush, A.H. (2004) A controvérsia sobre o que veio primeiro: penas ou passaros? Scientific American
Brasil, 5: 64-73.



Sinosauropteryx prima, China, Provincia Liaoning, Cretaceo Inferior: reconstrucao
e hol6tipo, mostrando plumagem.

Fonte: Currie, P.J. & Padian, K. (Ed.). 1997. Encyclopedia of Dinosaurs. San Diego, Academic Press.
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Plumagem de Beipiaosaurus inexpectus

Filogenia dos Coelurosauria — Evolugcao das Penas

Fonte: Prum, R.O. & Brush, A.H. (2004) A controvérsia sobre o que veio primeiro: penas ou passaros? Scientific American
Brasil, 5: 64-73.



Beipiaosaurus inexpectus (Therizinosauroidea), China, Provincia Liaoning,
Cretaceo Inferior e detalhe do antebraco, mostrando plumagem.

Fonte: Xu et al. (1999) A therizinosauroid dinosaur with integumentary structures from China. Nature, 399:350-354.



Radio e ulna de Ornithomimus (Ornithomimidae), |
mostrando marcas de penas.

Ornithomimus (Ornithomimidae), Canada, Alberta, Cretaceo Superior.

Fonte: Reest et al. (2015) A densely feathered ornithomimid (Dinosauria: Theropoda) from the Upper Cretaceous
Dinosaur Park Formation, Alberta, Canada. Cretaceous Research, 58:108-117.
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Filogenia dos Coelurosauria — Evolugcao das Penas

Fonte: Prum R.O. & Brush, A.H. (2004) A controvérsia sobre o que veio primeiro: penas ou passaros? Scientific American
Brasil, 5: 64-73.
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o Rémiges de Caudipteryx zoui

Filogenia dos Coelurosauria — Evolucao das Penas

Fonte: Prum, R.O. & Brush, A.H. (2004) A controvérsia sobre o que veio primeiro: penas ou passaros? Scientific American
Brasil, 5: 64-73.



Caudipteryx zoui, China, Provincia Liaoning, Jurassico Sup.-Cretaceo Inf., holo6tipo,
e detalhe do braco esquerdo, mostrando as rémiges.




Microraptor gui, China, Provincia de Liaoning, Cretaceo Inferior, holotipo, e detalhes
do braco e perna, mostrando as rémiges.

Fonte: Xu et al. (2003) Four-winged dinosaurs from China. Nature, 421:335-340.




Microraptor gui, China, Provincia de Liaoning, Cretaceo Inferior, reconstrucéo e
detalhes do braco e perna, mostrando as rémiges.

Fonte: Xu et al. (2003) Four-winged dinosaurs from China. Nature, 421:335-340.



Stephen A, Czerkas © 2002

Cryptovolans pauli (possivel sinbnimo de Microraptor gui), China, Jiufotang,
Cretaceo Inferior, reconstrucao.

Fonte: Czerkas, S.A. et al. (2002) Flying dromeosaurs. Pp. 16-26. In: Czerkas, S.A. Feathered Dinosaurs and the Origin of
Flight: The Dinosaur Museum Journal 1. Blanding, The Dinosaur Museum.




Fonte: Czerkas, S.A. et al. (2002) Flying dromeosaurs. Pp. 16-26. In: Czerkas, S.A. Feathered Dinosaurs and the Origin of
Flight: The Dinosaur Museum Journal 1. Blanding, The Dinosaur Museum.



Fonte: Xu, S.A et al. (2015) A bizarre Jurassic maniraptoran theropod with preserved evidence of membranous wings. Nature,
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A new Jurassic scansoriopterygid and the loss of
membranous wings in theropod dinosaurs

Min Wangh2*, Jingmai K. O'Connor’?, Xing Xu'? & Zhonghe Zhou'-?
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Fig. 3 | Phylogeny and phylomorphospace of Mesozoic coelurosaurians.
a, Simplified phylogeny showing the position of Ambopteryx (see
Extended Data Fig. 7 for complete results, and full names for age and
stage abbreviations). Myr, million years. b, ¢, Phylomorphospace based

on principal component (PC)1 and PC2 (57 taxa) when both fore-

and hindlimbs are included (b), and on PC1 and PC2 when only the
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Pena assimtrica de
Archaeopteryx lithographica,
Jurassico Sup., 150 m.a.

Filogenia dos Coelurosauria — Evolugcao das Penas

Fonte: Prum, R.O. & Brush, A.H. (2004) A controvérsia sobre o que veio primeiro: penas ou passaros? Scientific American
Brasil, 5: 64-73.



Evolucédo das penas penaceas em terOpodes maniraptorianos.
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Fonte: McKellar,R.C. et al. (2011) Science, 333:1619-1622




Archaeopteryx lithographica, Alemanha, Solhoffen, Jurassico Superior (150 m.a.):
reconstrucdo e exemplar do Museu de Berlim, mostrando plumagem.
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Archaeopteryx lithographica



Ouvido interno direito de Archaeopteryx lithographica.

Fonte: Alonso et al. (2004) The avian nature of the brain and inner ear of Archaeopteryx. Nature, 430:666-669.



Archaeopteryx como Deinonychosauria?

Owiraptorcsauria
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Other dromascsaurs

Unenlagiines

Troodontidas

Filogenia de Coelurosauria, indicando

Xiaotingia zhengi, China, Jurassico Superior ~ POSI¢a0 de Xiaotingia (Xu et al., 2011)

(160 m.a.) (Xu et al., 2011)
Fonte: Xu et al. (2011) An Archaeopteryx-like theropod from China and the origin of Avialae. Nature, 475:465-470.




2020: Oculudentavis —uma ave proxima de Archaeopteryx?

Article o .
romaeosauridae

Hummingbird-sized dinosaur fromthe rotacopter
Cretaceous period of Myanmar Ocduen

Confuciusornithiformes
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2021: Oculudentavis —uma ave proxima de Archaeopteryx? Nao, € um lagarto!
Current Biology @ CelPress

Unusual morphology in the
mid-Cretaceous lizard Oculudentavis

Arnau Bolet,'* Edward L. Stanley,”' Juan D. Daz - J. Salvador Arias,® Andrej Cernansky,® Marta Vidal-Garcia,”
Aaron M. Bauer,” Joseph J. Bevitt,” Adolf Peretti,’” and Susan E. Evans'’
“Correspondence: T
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Figure 5. Phylogenetic trees showing the position of Oculudentavis

(A) Phylogenetic tree showing the position of Oculudentavis using an amniote dataset;” (B) photograph of the holotype of O. naga; (C) simplified phylogenetic tree
showing the position of Oculudentavis using a squamate dataset’ combined with a molecular dataset’” treating some morphological characters as ordered; (D)
simplified phylogenetic tree showing the position of Oculudentavis using the same dataset as in (C) but with all characters unordered; (E) simplified phylogenetic
tree showing the position of Oculudentavis using the same dataset as (C) but removing molecular data.




Evidéncias reunindo Crocodylia e Dinosauria (incluindo Aves)

Mei long (Troodontidae), Provincia Liaoning, Cretaceo Inferior: em posicao de ave
dormindo ou em repouso.

Fonte: Xu & Norell. (2004) A new troodontid dinosaur from China with avian-like sleeping posture. Nature, 431:838-841.



Evidéncias reunindo Crocodylia e Dinosauria (incluindo Aves)

Oviraptorids

Sauropods

Troodontid
Crocodiles — &

THEROPODA (MANIRAPTORA)
DINOSAURIA

ARCHOSAURIA

Caracteristicas de ovos e ninhos de Archosauria: ninho, camadas cristalograficas da casca e
simetria do ovo.

Fonte: Chiappe, L. M. (2007) Glorified Dinosaurs. The Origin and Early Evolution of Birds. Hoboken, Wiley-Liss. 263p.



Evidéncias reunindo Crocodylia e Dinosauria (incluindo Aves)

Ninhos de Dinosauria e ovos: (a) Ovirraptorideo chocando ovos; (b) ninho fossilizado de
ovirraptorideo; (c) embriao fossilizado de ovirraptorideo.

Fonte: Pough et al. (2002) Vertebrate Life. 6 Ed. New Jersey, Prentice Hall.



Evidéncias reunindo Crocodylia e Dinosauria (incluindo Aves)

Vista lateral direita de uma reconstrucao tridimensionsal de Thescelosaurus. L-

cavidade ventricular esquerda; R-cavidade ventricular direita; S-costelas esternais;
SA-arco sistémico; U-processo uncinado.

Fonte: Fisher, P.E. et al. (2004) Cardiovascular evidence for an Intermediate or higher metabolic rate in an ornithischian
dinosaur. Science, 288:503-505.



Evidéncias reunindo Crocodylia e Dinosauria (incluindo Aves)

Embryo/perinate/juvenile Adult

Mudancas ontogenéticas em cranios de Archosauria: a, Alligator; b, Compsognathidae; c,
Therizinosauridae; d, Archaeopteryx; e, Enantiornithes; f, Confuciusornis; g, Avestruz (Struthio).

Similaridade entre cranios de embrido (verde) e adulto (vermelho) de aligator, a esquerda, e de um
adulto de Confuciusornis (vermelho) sobreposto por um jovem de alligator (verde), a direita.

Fonte: Bhullar, B.-A.S. et al. (2012) Birds have paedomorphic dinosaur skulls. Nature, 487:223-226.



=
Apyipug)

Lwaayropuy
JO pooyiayIy

2003)

VIMNVSONV.LLE |
AVATNVSOIHOVHS | #

: _

|

VAAI0D0d0TdI{I : m " ;
snanosiauQ - |

snanpsodvang = | { ;
snnn§ounys — YAOdOdnvs |

uopounIMy = |
i
Vaodounvsoud —-

SAURISCHIA
(Seebacher

AVASdOLYHHX

sdojpiaa0uniucgy

"HVAISdOLVIEIDO.LOYd SHINDSSUDAODY ) wim |
SHINVSOIVIMST VITYHZOONIDEVI |

INO0Sauria

VIOVSOTVHIIDAHIVL

DINOSAURIA

SHINDSOJUOUT ]

AVARINVSOTAINY
AVARNVSOUON
VIINVSODALS

VAodANGd

morregulacédo em D

ORNITHISCHIA

SHINDSOYIOSPT

SNIRDSOUDST] o

ALV
JISSVIILL

ALV ATIvE ALVI QN ATavd
SNOTDVLAID JISSVAIr




Filogenia de Aves basais

Fontes: Clarke, J.A. (2004) Mor_pholosqg, ph_/ylogenetic taxonomy, and systematics of Ichthyornis and Apatornis (Avialae:
Ornithurae). Bull. Am. Mus. Nat. Hist., 286:1-179.

Clarke, J.A. et al. (2005) Definitive fossil evidence of the extant avian radiation in Cretaceous. Nature, 433: 305-308.



SINAPOMORFIAS
- Pélvis fundida (sinsacro)
- Cauda curta, com pigostilo
- Reducéo de garras nos pés

6 caudal vertebrae)

6 caudal vertebrae

Filogenia de Aves basais

Fontes: Clarke, J.A. (2004) Mor_pholosqg/, ph_/ylogenetic taxonomy, and systematics of Ichthyornis and Apatornis (Avialae:
Ornithurae). Bull. Am. Mus. Nat. Hist., 286:1-179.

Clarke, J.A. et al. (2005) Definitive fossil evidence of the extant avian radiation in Cretaceous. Nature, 433: 305-308.



Membro basal de Pygostylia: Confuciusornis sanctus, China, Provincia
Liaoning, Cretaceo Inferior
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Filogenia de Aves basais

Fontes: Clarke, J.A. (2004) Mor_pholosqg, ph_/ylogenetic taxonomy, and systematics of Ichthyornis and Apatornis (Avialae:
Ornithurae). Bull. Am. Mus. Nat. Hist., 286:1-179.

Clarke, J.A. et al. (2005) Definitive fossil evidence of the extant avian radiation in Cretaceous. Nature, 433: 305-308.



[ SINAPOMORFIAS |
- Esterno quilhado
- Alula

Filogenia de Aves basais

Fontes: Clarke, J.A. (2004) Mor_pholosqg, ph_/ylogenetic taxonomy, and systematics of Ichthyornis and Apatornis (Avialae:
Ornithurae). Bull. Am. Mus. Nat. Hist., 286:1-179.

Clarke, J.A. et al. (2005) Definitive fossil evidence of the extant avian radiation in Cretaceous. Nature, 433: 305-308.



Membros basais de Ornithothoraces: Enanthiornithes

Iberomesornis romerali, Espanha, Las Sinornis santensis, China, Liaoning,
Cretaceo Inferior

Hoyas, Cretaceo Inferior
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Membros basais de Ornithothoraces: Enanthiornithes

Cratoavis cearenses (Enanthiornithes). Brasil, Ceara, Cretaceo Inferior

Carvalho, I. S. et al. (2015). A Mesozoic bird from Gondwana preserving feathers. Nature Communications, 6 (7141).



Membros basais de Ornithothoraces: Enanthiornithes

Xing, L. et al. (2016). Mummified precocial bird wings in mid-Cretaceous Burmese amber. Nature Communications, 7: 12089.



Membros basais de Ornithothoraces: Enanthiornithes

:’frontiers

A New Enantiornithine (Aves)
Preserved in Mid-Cretaceous
Burmese Amber Contributes to
Growing Diversity of Cretaceous
Plumage Patterns

Lida A i Connorts*!, Kecheng Niu®, Pierre Cockx®", Huijuan Mais®
and Ryan C.

FIGURE 4| F

FIGURE § | Reconstructions of prmary plumagy
(G) DP-V-15101; (B) DIP-V-151




Membros basais de Ornithothoraces: Enanthiornithes

Geological Magazine A new, remarkably preserved, enantiornithine

Rapid Communication bird from the Upper Cretaceous Qiupa

e this articte: X Formation of Henan (central China) and
convergent evolution between

n {central China)

between enantiornithines and modern birds

Li Xu?, Eric Buffetaut®*®, Jingmai O’Connor?, Xingliao Zhang?!, Songhai Jia?,
Jiming Zhang!, Huali Chang' and Haiyan Tong**®

Dromaeosauridae
Archaeopteryx
Jeholornis prima
Eoconfuciusornis
Canuclusornlthifurmes_E Changchengormnis
Confuciusornis sanctus
Sapeornis
Protopteryx
Iberomesornis
{—— Shanweiniao
— Longipteryx
— Rapaxavis
—— Longirostravis
Pengornithidae - Pengomnis
— Eopengornis
Elsornis
— Eoenantiornis
Concornis
Enantiophoenix
Neuquenornis
“—— Halimornis

Shengiornis g
—— Yuwornis \&‘)
Gobipteryx -

Eocathayornis
L Eoalulavis
Cathayomis
Archaeorhynchus
Patagopteryx
— Longicrusavis
.. . . , . — Yanomis
Yuornis junchangi, China, Luanchuan, Cretaceo Superior ————— Gansus yumenensis
Apsaravis
Hesperornis
Omithurae Ichthyornis

Longipterygidae

sayjuonueus

Ornithothoraces

Ornithuromorpha

Gallus
Anas



Filogenia de Aves basais

Fontes: Clarke, J.A. (2004) Mor_pholosqg, ph_/ylogenetic taxonomy, and systematics of Ichthyornis and Apatornis (Avialae:
Ornithurae). Bull. Am. Mus. Nat. Hist., 286:1-179.

Clarke, J.A. et al. (2005) Definitive fossil evidence of the extant avian radiation in Cretaceous. Nature, 433: 305-308.



Ornithurae

SINAPOMORFIAS

- 10 ou - vértebras toracicas
-10 g?u + vértebras sacrais
anquilosadas

- indmeros caracteres da mao

Filogenia da Aves basais

Fonte: Prum, R.O. & Brush, A.H. (2004) A controvérsia sobre o que veio primeiro: penas ou passaros? Scientific American
Brasil, 5: 64-73.



Ordem Hesperornithiformes - membro basal de Ornithurae

- Laurasia - Cretaceo
- Aquéticas, adaptadas a vida marinha

Hesperomis regalis
late Cretaceous
Morth America (Kansas)

Hesperornis regalis. EUA, Kansas, Cretaceo Superior



Ornithurae

Filogenia de Aves basais

Fontes: Clarke, J.A. (2004) Mor_pholosqg/, ph_/ylogenetic taxonomy, and systematics of Ichthyornis and Apatornis (Avialae:
Ornithurae). Bull. Am. Mus. Nat. Hist., 286:1-179.

Clarke, J.A. et al. (2005) Definitive fossil evidence of the extant avian radiation in Cretaceous. Nature, 433: 305-308.



meiem Cclado N&d0 denominado

Ornithurae SINAPOMORFIAS |

-3  vértebras sacrais
modificadas ou +
- Processo lateral do
coracoide
- Quilha do esterno mais
pronunciada

Filogenia de Aves basais - Perda de garras nos digitos
da méo

Fontes: Clarke, J.A. (2004) Mor_pholosqg/, ph_/ylogenetic taxonomy, and systematics of Ichthyornis and Apatornis (Avialae:
Ornithurae). Bull. Am. Mus. Nat. Hist., 286:1-179.

Clarke, J.A. et al. (2005) Definitive fossil evidence of the extant avian radiation in Cretaceous. Nature, 433: 305-308.



Ordem Ichthyornithiformes - membro basal do clado nédo denominado

Ichthyornis dipar. EUA, Kansas, Cretaceo Superior



Ordem Ichthyornithiformes - membro basal do clado nédo denominado

Ichthyornis dispar (Marsh, 1872)
Skull (composite of multiple specimens)

. > ) E Premaxillary
Lateral —_—— ety X B Maxillary
: — E : [ Nasal

[ Palatine
[ Braincase, basicranium and interorbital septum
Dentary and splenial
O Postdentary mandible
O Teeth
M Lacrimal
H Jugal
[ Quadratojugal
B Quadrate

Medial
Right 11th mandibular tooth (YPM 1450)

‘ Coronal

Vestibular Mesial

Dorsal o I. - I : s . . ‘

Oral

Fig. 1 | Full 3D reconstruction of the skull of I. dispar 3D reconstruction of the skull of I. dispar is shown on the left. High-resolution scans of
the right 11th mandibular tooth of YPM 1450 are shown on the rig

Fonte: Field, D.J. et al. (2018) Complete Ichthyornis skull illuminates mosaic assembly of the avian head. Nature, 557: 96—100.



Ordem Ichthyornithiformes - membro basal do clado néo denominado
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Fontes: Botelho, J.F, (20_152 Skeletall\PIasticit in response to embryonic muscular activity underlies the development and
evolution of the perching digit of birds. Nature, Scient. Rep., 5 (9840):1-11.



syl Cclado Ndo denominado

Ornithurae

Filogenia de Aves basais

Fontes: Clarke, J.A. (2004) Mor_pholosqg/, ph_/ylogenetic taxonomy, and systematics of Ichthyornis and Apatornis (Avialae:
Ornithurae). Bull. Am. Mus. Nat. Hist., 286:1-179.

Clarke, J.A. et al. (2005) Definitive fossil evidence of the extant avian radiation in Cretaceous. Nature, 433: 305-308.
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Neornithes
syl Cclado Ndo denominado
Ornithurae [ SINAPOMORFIAS |
- Dentes ausentes

-15 ou + vértebras sacrais
anquilosadas

-4  vértebras sacrais
modificadas
- Esterno modificado

Filogenia de Aves basais

Fontes: Clarke, J.A. (2004) Mor_phologé/, ph_/ylogenetic taxonomy, and systematics of Ichthyornis and Apatornis (Avialae:
Ornithurae). Bull. Am. Mus. Nat. Hist., 286:1-179.

Clarke, J.A. et al. (2005) Definitive fossil evidence of the extant avian radiation in Cretaceous. Nature, 433: 305-308.
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