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Supplemental Figure 1. An overview of animal diversity. The numbers of described species are 
estimated from a variety of sources (GIGA Community of Scientists 2014). This cladogram is 
the same as that shown in Figure 1. Some common English names are indicated in bold in the 
Description column. 
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Animals

Deuterostomia

Comb jellies. Gelatinous carnivores that move with cilia and capture 
prey with glue cells.

Sponges. Filter feeders that pump water through their bodies.

Amoeba-like animals with three cell layers and no mouth or organs. 
They graze as they move along solid surfaces.

Corals, “true” jellyfish, and their relatives. These carnivores capture prey 
with unique stinging cells, and some harbor photosynthetic symbionts. 

Worms with a single gut opening that acts as both the mouth and anus.

Sea stars, urchins, brittle stars, feather stars, and sea cucumbers, 
and relatives. Grazers, detritus feeders, carnivores, and filter feeders. 
Swimming larvae and adults with fivefold symmetry.

Digging or creeping worms with bodies divided into a proboscis, collar, 
and trunk.

Lancelets. Filter feeding animals that superficially resemble small fish.

Filter feeders that include species with a swimming tadpole-like larvae 
and sessile adults, as well as other species that are free-swimming their 
entire lives.

Hagfish, lampreys, and vertebrates. Highly mobile animals with 
well-developed endoskeletons.

Arrow worms. Swimming carnivores that capture prey with poisonous 
spines.

Filter feeders that form encrusting and leaf-like colonies.

Small sessile animals with a ring of tentacles that filter particles from the 
water.

Very small animals with complex life cycles that live on the mouthparts 
of lobsters.

Highly diverse group of worms that includes segmented and 
unsegmented species. Includes sessile species, burrowers, walkers, 
swimmers, and many other forms.

Clams, snails, squids, octopi, tusk shells, chitons, and relatives. 
Wormlike and shelled animals that are diverse and abundant.

Ribbon worms. Predators that fire a highly extensible proboscis at 
prey.

Lamp shells. Shelled filter feeders that superficially resemble clams.

Wormlike animals with a ring of tentacles that are used for filter feeding. 
Some species secrete tubes that they live in.

Small ciliated wormlike animals that live in detritus and sediment.

Flatworms. Most species are parasitic, including tapeworms and 
flukes, but many others are free-living.

Small worms that live in marine sediments, often in areas with low 
oxygen.

Minute animals with relatively large jaws found in freshwater springs and 
ponds.

Highly abundant small animals. In most species, a ciliated corona 
creates water currents for feeding and locomotion.

Reduced parasites with few cell types. Free-swimming larvae search for 
new hosts.

Reduced parasites found in the excretory structures of cephalopods.

Penis worms. Phallus-shaped burrowing marine worms.

Small animals found in marine sediments, sometimes in oxygen-poor 
zones. Elaborate spines encircle the mouth.

Small animals found in marine sediments. Spines encircle the mouth 
and the body is divided into 13 segments.

Roundworms. Highly diverse worms with many life cycles and 
lifestyles.

Hair worms. Elongate worms that parasitize arthropods.

Water bears. Small animals, with four pairs of limbs, found in a variety 
of habitats. They are highly resistant to stress and can survive 
prolonged dessication and exposure to radiation. 

Velvet worms. Carnivires that capture prey by shooting glue from 
specialized glands. 

Insects, crustaceans, spiders, centipedes, and relatives. Highly 
abundant and diverse animals with well-developed exoskeletons. 



Supplemental Material: Annu. Rev. Ecol. Evol. Syst. 2014. 45:371–95 
doi: 10.1146/annurev-ecolsys-120213-091627 
Animal Phylogeny and Its Evolutionary Implications 
Dunn et al.  
 

Supplemental Figure 1. An overview of animal diversity. The numbers of described species are 
estimated from a variety of sources (GIGA Community of Scientists 2014). This cladogram is 
the same as that shown in Figure 1. Some common English names are indicated in bold in the 
Description column. 

Platyhelminthes

Tardigrada

Phoronida

Nemertea

Cycliophora

Micrognathozoa

Loricifera

Nematoda

Mollusca

Dicyemida

Cephalochordata

Cnidaria

Ctenophora 192

8579

1

13138

118

7330

33

3020

64832

129

5900

172

2

21707

74374

388

18

849

29285

97

1

3241

380

1280

1280

19

26

182

24773

361

1168

177

>1200000

Number 
of species Description

Marin
e

Fresh
water

Terre
str

ial

Parasit
ic

Xenacoelomorpha

Echinodermata

Nematomorpha

Kinorhyncha

Gnathostomulida

Craniata

Brachiopoda

Porifera

Priapulida

Gastrotricha

Hemichordata

Annelida

Placozoa

Urochordata

Entoprocta

Bryozoa

Chaetognatha

Rotifera

Orthonectida

Onychophora

Ecdysozoa

Arthropoda

Protostomia

Bilateria

Spiralia

Animals

Deuterostomia

Comb jellies. Gelatinous carnivores that move with cilia and capture 
prey with glue cells.

Sponges. Filter feeders that pump water through their bodies.
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Worms with a single gut opening that acts as both the mouth and anus.

Sea stars, urchins, brittle stars, feather stars, and sea cucumbers, 
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Digging or creeping worms with bodies divided into a proboscis, collar, 
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Lancelets. Filter feeding animals that superficially resemble small fish.

Filter feeders that include species with a swimming tadpole-like larvae 
and sessile adults, as well as other species that are free-swimming their 
entire lives.

Hagfish, lampreys, and vertebrates. Highly mobile animals with 
well-developed endoskeletons.

Arrow worms. Swimming carnivores that capture prey with poisonous 
spines.

Filter feeders that form encrusting and leaf-like colonies.

Small sessile animals with a ring of tentacles that filter particles from the 
water.

Very small animals with complex life cycles that live on the mouthparts 
of lobsters.

Highly diverse group of worms that includes segmented and 
unsegmented species. Includes sessile species, burrowers, walkers, 
swimmers, and many other forms.

Clams, snails, squids, octopi, tusk shells, chitons, and relatives. 
Wormlike and shelled animals that are diverse and abundant.

Ribbon worms. Predators that fire a highly extensible proboscis at 
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Lamp shells. Shelled filter feeders that superficially resemble clams.

Wormlike animals with a ring of tentacles that are used for filter feeding. 
Some species secrete tubes that they live in.

Small ciliated wormlike animals that live in detritus and sediment.

Flatworms. Most species are parasitic, including tapeworms and 
flukes, but many others are free-living.

Small worms that live in marine sediments, often in areas with low 
oxygen.

Minute animals with relatively large jaws found in freshwater springs and 
ponds.

Highly abundant small animals. In most species, a ciliated corona 
creates water currents for feeding and locomotion.
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and the body is divided into 13 segments.

Roundworms. Highly diverse worms with many life cycles and 
lifestyles.
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Water bears. Small animals, with four pairs of limbs, found in a variety 
of habitats. They are highly resistant to stress and can survive 
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Aleksander Kowalewski: descreve a larva de ascidia

Aleksander	Kowalewski	

• Descreveu	a	larva	de	
ascidia	em	1866		

Os Cordados



William	Bateson	

• Da	o	nome	de	Chordata	(1885)	e	inclui	

aos	hemicordados	

William Bateson: o geneticista que deu o nome aos 
Cordata

Os Cordados



Ernst Haeckel: unifica o taxon “Chordonier”

•  Haeckel primeiro coloca aos tunicados como 
moluscos (1866), e depois em 1886 aceita o 
taxon “Chordonier” (em alemão) composto por 
tunicados, cefalocordados e vertebrados.

Os Cordados

O	artista:	



Libbie	Henrietta	

Hyman	(1888-1969)		

"I	believe	my	interest	in	nature	
is	primarily	aesthetic."	

Caracteres embriológicos y del desarrollo son usados en las primeras filogenias de animales

Hyman da importância aos processos do desenvolvimento dos animais e gera propostas 
filogenéticas com base na morfologia (desenvolvimento do blastóporo, lofoforos e coelomas) 
dos grandes grupos animais. 

Propostas filogenéticas iniciais: Hyman

Grupos	propostos	que	ainda	são	reconhecidos	como	monofiléticos:	

• 	Deuterostomados	como	grupo	monofilético	



Traditional views!

Adoutte	et	al.,	2000	

Importancia	a:	

(	1)	lofoforos:	

(2)	coelomas:	



TAREFA!	1a	parte	



Filogenias	moleculares	

	Primeras	filogenias	moleculares:	

•  18S	SSU	rRNA	(grandes	grupos)	

•  nuclear	genes:	16S	rRNA,	5S	rRNA,	28S	rRNA;	

mitochondrial	genes:	cytochrome	oxidase,	

mitochondrial	12S,	cytochrome	b,	control	

region;	and	few	chloroplast	encoded	genes:	

rbcL,	matK,	rpl16	(grandes	e	pequenos	grupos)	

	Outros	caracteres	usados:	

•  NADH	dehydrogenase	subunit	5	ou	NAD5	

(arthropodos	+	nematodos;	chaetognatos	como	
protostomados;	lofoforados	como	
protostomados;	acoelos	fora	dos	protostomados)	

•  intrones	(Tunicados+Vertebrados)	

•  genes	‘diagnóstico’	(loci	Ig	em	vertebrados	o	
repeticões	ricas	em	leucina	nos	Cyclostomados	
ou	peixes	sem	mandíbula)	

•  miRNAs	(Tunicata+Craniata)	

•  transcriptomas	



Adoutte	1999	

Grupos	que	tem	mudado	de	lugar	e	pasado	por	revisão	por	filogenias	moleculares:	

• 	lofoforados	como	grupos	irmãos	dos	deuterostomados	

• 	desaparição	de	coelomados,	pseudocoelomados,	e	acoelomados	

Grupos	propostos	das	filogenias	moleculares	que	ainda	são	reconhecidos	como	monofiléticos:	

• 	Ambulacraria	como	grupo	monofilético	

Filogenias	moleculares	



Peterson	&	Eernisse,	2016	

Filogenias	usando	transcriptomas	

Os deuterostomos



Xenacelomorpha	não	é	um	Deuterostomo	

B	Vellutini	



Peterson	&	Eernisse,	2016	

Os deuterostomos

Otras	apomorfias	propostas	

para	os	deutorostomos:	

• 	Fendas	faringeas	expresam	Pax1/9	

• 	Genes	faringeos	Pax1,	Nkx2.1,	
Nkx2.8,	e	FoxA1	agrupados	num	

cromosoma	

• 	Genes	de	metabolismo	de	acidos	

sialicos	

Ancestro	hipotético	dos	deuterostomos:	

Animal	bipartito	somato-visceral	

parecido	ao	fossil	vetulicoliano	



•  Phylogenomic	data	set	of	

146	nuclear	genes	(33,800	

unambiguously	aligned	

amino	acids)	

Os Cordados

Filogenias	usando	transcriptomas	

Delsuc	et	al.	2006	



	Posição	dos	Tunicados	

(Field	et	al.	1988;	Cameron	et	al.	2000;	

Swalla	et	al.	2000;	Winchell	et	al.	2002)	

(Hyman	1959;	

Zimmer	and	Larwood	1973;	

Nielsen	2002)		

(Milne-Edwards	1843;	

Haeckel	1866)	



Lowe	et	al.	2015	

Deuterostomos	e	cordados	



TAREFA!	2a	parte	



Kardong	

Deuterostomos	e	cordados	





a 

b 

Origens	dos	cordados:	

c 



Kardong	

Construindo	um	cordado:	Inversões	

Protostomo-Deuterostomo	

Bilaterian	D-V	inversion	with	
hypothetical	“complex”	

Urbilaterian	

2.	Ventral	to	Dorsal	nervous	system:	1.	Mouth-forming	to	Anus-forming	blastopore:	

De	Robertis	2008	



Construindo	um	cordado:	inversão	do	sistema	nervoso	

ocurre	na	linagem	que	da	origem	aos	cordados	

(Hemichordata	!	Chordata)	

Lowe	et	al.	2015	



Inversão	do	sistema	nervoso	

Brown	&	Swalla,	2008	(adapted	from	Gerhart	2006)	

Bmp/Dpp	

Chrd/Sog	

Hypothetical	changes	of	expression	

	in	late	gastrula	of	chordate	ancestor:	

(adapted	from	Lowe	2015)	



Evolução	da	neurulação	
Hemichordate	neurulation	and	the	origin	of	the	neural	tube	

Miyamoto	&	Wada,	2013	

Bmp/Dpp	

Hh	



	Construindo	um	cordado:	a	notocorda	

Hickman	

Kardong	1995	



Contruindo	um	cordado:	sinapomorfias	

1.  tubo	neural	dorsal	

2.  notocorda	

3.  cauda	postanal	

4.  (endostilo/glândula	
tireoide)	



Contruindo	um	cordado:	a	cresta	neural	



Adameyko	&	Fried,	2016	



Neural	crest	and	evolution	of	vertebrate	head	



Contruindo	um	cordado:		

coração	e	sistema	circulatório	

Cefalocordado:	

Tunicado:	 Hemicordado:	



Kardong	

Contruindo	um	cordado:	resumo	







Hemichordata	





Auricularia	(Holothuroidea)	
Hemichordata	

Lowe,	2015	

Hemichordata	



Enteropneusta	



Modo	de	vida	



Hickman	

Anatomia	

Hickman	

Saccoglosus	kowalevskii	

Balanoglossus	aurantiacus	 Ruppert,	2004	



Alimentação	

Hickman	



Sistema	faríngeo	

Kardong	

Não	há	branquias	nas	fendas	

faríngeas,	mas	alguma	troca	de	

gases	respiratórios	ocorre	no	

epitélio	vascular	faríngeo	e,	

tambem,	na	superficie	do	corpo.	



Sistema	nervoso	

Rychel	&	Swalla,	2008	 Lowe	et	al.,	2015	



Circulação	e	excreção	

Cortesia	T.	Lotufo	





Desenvolvimento	

Ptychodera	flava	(indirect	development)	

Saccoglossus	kowalevskii	(direct	development)	



Kardong	

Röttinger	&	Lowe	2010	



Pterobranchia	



Pterobranchia	



Anatomia	Cephalodiscus	









Actinistia

Crocodylia

Lepidosauria

Urochordata

Amphibia

Testudines

Chondrichthyes

Mammalia

Myxini

Dipnoi

Cephalochordata

Aves

Hyperoartia

Actinopterygii

Agnatha / Cyclostomata

Craniata

Vertebrata

Gnathostomata

Osteichthyes

Sarcopterygii

Choanata

Tetrapoda

Amniota

Diapsida

Archosauria

Filogenia de Chordata



Cordados	fosseis	

Pikaia	(cefalocordado)	

Haikohuella	

(taxón-irmão	dos	vertebrados?)	



Cephalocordata	





Anatomia	



Anatomia:	região	anterior	



Anatomia:	região	anterior	



Anatomia:	região	da	faringe	



Notocorda	e	locomoção	



Circulação	



Circulação	e	excreção	

Kardong	



Reproducção	



Desenvolvimento	larval	



Amphioxus	development	(Cephalochordata)	
Asymmetron	lucayanum-	Bahama	lancelet	

Both	are	non-feeding	larvae	

(Holland&Holland,	2008)	



Modified	from	Stolfi	&	Brown,	2015	

O	próximo	filo	(ou	subfilo	dos	Cordados):	os	Tunicados!	


