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ExtincOes e Registro fossil
Os padrodes de diversidade mudam ao longo do tempo
Desaparecimento de formas € um processo recorrente na evolucao das espécies
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ExtincOes e Registro fossil
Os padrdes de diversidade mudam ao longo do tempo
Desaparecimento de formas € um processo recorrente na evolucao das espécies
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Extincbes e Registro fossil

Terminologia / Extingao “de fundo”
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Extincoes e Registro fossil

Grandes Extin¢cdes “em massa”

Many species became extinct, perhaps
more than 30% of plants and animals of
the time.

The extinct organisms spanned a broad
range of ecologies, and typically include
marine and non-marine forms, plants and
animals, microscopic and lqrge forms.
The extinctions were worldwide, covering
most continents and ocean basins.

The extinctions all happened within a
relatively short time, and hence relate to
a single cause, or cluster of interlinked
causes.

The level of extinction stands out as con-
siderably higher than the background
extinction level.
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Extin¢cOes e Registro fossil

Grandes Extingdes — Causas: Regressao/Transgressao Marinha

 Soerguimento/subsidéncia dos continentes
* Variagao da temperatura (niveis de CO,)
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Extincoes e Registro fossil

Grandes Extingdes — Causas: Regressao/Transgressao Marinha

Possiveis consequéncias que afetariam as biotas

* Envenenamento por elementos-traco (R/T)

e Acumulo e oxidacao de matéria organica (R)

* Reducdo e fragmentacao de areas de

ocorréncia (R/T)
* Aumento da continentalidade (R)
* Anoxia (R/T)
* Perda de biofacies (R/T)
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Extin¢cOes e Registro fossil

Grandes Extingdes — Causas: Vulcanismo

e Exterminio direto

* Reducao de habitat

e Resfriamento global (inicial)

* Efeito estufa (desdobramento)

e Chuva acida (diminui pH oceanico)




Extin¢cOes e Registro fossil
Grandes Extincdes — Causas: Mudancas Climaticas Globais

Causas da variacao de temperatura

Ondas
Ondas longas

Efeito estufa causado por curtas
concentragao de gases e Raios

infravermelhos

aerossois atmosfericos B

Ondas curtas

SuEse0 Ar aquecido sobe
chao na estufa




Extin¢cOes e Registro fossil

Grandes Extincdes — Causas: Mudancas Climaticas Globais

* Alteragao da produtividade : |
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Extin¢cOes e Registro fossil

Grandes Extingdes — Causas: Impactos de corpos extra-terrenos

* Exterminio direto

e Resfriamento global (inicial)

* Efeito estufa (desdobramento)

* Chuva acida (diminui pH oceanico)
* Incéndios globais

* Tsunamis




Extincdes e Registro fossil

As grandes extincoes — Regimes de sele¢ao
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Extincoes e Registro fossil

As grandes exting¢oes — “Big five”

|dentificacao de cinco picos
de extincao

Outros eventos menores

Ordem de intensidade
(% de familias marinhas extintas)

Permo-Tridssico (50%)
Fim do Ordoviciano (22%)
Fim do Devoniano (21%)
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Cretaceo-Terciario (15%)
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Antes das “Big five” (“Big-Seven”)

O surgimento e irradiacao da vida fotossintetizante
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Antes das “Big five” (“Big-Seven”)

O surgimento e irradiacao da vida fotossintetizante
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Antes das “Big five” (“Big-Seven”)

O surgimento e irradiacao da vida fotossintetizante
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Antes das “Big five” (“Big-Seven”)

O surgimento e irradiacao da vida fotossintetizante

Com o aumento do O2 muitas formas se extinguiram ou restringiram-se
a ambientes periféricos (anaerdbicos)



Antes das “Big five” (“Big-Seven”)

O surgimento e irradiacao da vida fotossintetizante

A0 passo que outras
passaram a usa-lo em seu
metabolismo (respiracao)



Antes das “Big five” (“Big-Seven”)

A queda do “Jardim de Ediacara”
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Extincao do Ordoviciano

A primeira grande extincao do Paleozdico

Impressao artistica do Ordoviciano (graptozoario)



Extincao do Ordoviciano

Grupos mais afetados

Conodontes (80%)

Graptolitos (70%)
Equinodermas crindides (45%)
Ostracodes (30%)

Corais (2%)

Brachiopoda (20%)
Bryozoa (13%)
Moluscos cefalépodes (12%)

22% das familias
49% dos géneros
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Extincao do Ordoviciano

A primeira grande extincao do Paleozdico

ORDOVICIAN SILURIAN

Dois momentos de extingcao
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Extincao do Ordoviciano

A primeira grande extincao do Paleozdico

* Glacial Deposits
+— Ice Flow

“Duas fases”
. Inicio e fim da
glaciacao



Extincao do Ordoviciano

A primeira grande extincao do Paleozdico

Aumento da temperatura e do nivel do mar

Glaciation
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Extincao do Ordoviciano

Dois pulsos de extingao

| — Glaciagao: regressao marinha, aumento da circulacao oceanica (corrente termo
-hialina), aeracdo do fundo oceanico e material téxico para a superficie

Il — Deglaciagao: transgressao marinha, diminuicao de circulacao oceanica,
inundacao de areas costeiras e anoxia

* Glacial Deposits
«— Ice Flow

CRLP L
Ordovician




Extincao do Devoniano
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Extincao do Devoniano




Shallow marine - photic

Extincao do Devoniano

Mudanc¢a no padrao de bioconstrutores de recifes
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Extincao do Devoniano

GNATHOSTOMATA (jawed fishes)
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Extincao do Devoniano

Acanthostega e Ichthyostega



Extincao do Devoniano

The first land animals
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Extincao do Devoniano

Coal beds
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Extincao do Devoniano

Grandes eventos Bidticos — formacgao dos solos

Middle Silunan

penetration depths of the root systems
3

Pragian - Emsian Eifelian - Givetian Frasnian Famennian



Extincao do Devoniano

Sequestro de carbono

Resfriamento
“Efeito Ice-House”

Primeiras florestas

Input de matéria organica
no oceano = eutrofisacao e anoxia




Consequiéncias da extincao do Devoniano

Irradiacao dos condrictes, peixes dsseos, peixes pulmonados e tetrapodes;
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Extincao Permo-Triassico
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Extincao Permo-Triassica - Perda de 85% da vida marinha

Tridssico inf.




Extincao Permo-Triassica

Extincao de trilobitas, rugosos e tabulados

Reducao na diversidade de bragquidpodos, crindides e cefaldpodos




Extincao Permo-Triassica
Extingao de trilobitas, rugosos e tabulados

Reducao na diversidade de braquidpodos, crindides e cefaldpodos
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Extincao Permo-Triassica

Grupos extintos: pareiassauros, dinocefalios e gorgonopsios

Diversidade muito reduzida: dicinodontes e temnospondilos




Extincao Permo-Triassica
Grupos extintos: pareiassauros, dinocefalios e gorgonopsios

Diversidade muito reduzida: dicinodontes e temnospondilos
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Extincao Permo-Triassica

400+

Global Sea Level Fluctuations

Formacao do Pangea, regressao, e reducao
das areas plataformais
Extingao da fauna marinha
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Extincao Permo-Triassica

Domo de Araguainha: maior cratera sul-americana

Map Scade 1:200,000



Extincao Permo-Triassica

Domo de Araguainha: maior cratera sul-americana
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Extincao Permo-Triassica

Traps Siberianos: evidéncia e evento vulcanico de grande escala




Extincao Permo-Triassica

Traps Siberianos: evidéncia e evento vulcanico de grande escala
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Extincao Permo-Triassica

SIBERIAN TRAP ERUPTI
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Extincao Permo-Triassica

Traps Siberianos: evidéncia e evento vulcanico de grande escala




Extincao Permo-Triassica

Traps Siberianos: evidéncia e evento vulcanico de grande escala
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Amphibians

Extincao Permo-Triassica

Inicia periodo mesozdico de dominio dos diapsidos
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entre o Permiano e o Triassico
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Extincao do Triassico

Dinosaurs’ Lucky Break

Not necessarily superior competitors, dinosaurs may simply have
benefited from the ill fortune of their reptilian predecessors

by Michael J. Benton

Throughout the history of life, there
have been many major upheavals in which
whole groups of animals were replaced by
others. Perhaps the most famous was the

I of the di by the

reptiles by the dinosaurs went as follows:
During the Permian period and the early
part of the Triassic (from 290 to 225 mil-
lion years ago), the land was dominated by

mammals 65 million years ago. Another
major change occurred 150 million years
earlier, when the dinosaurs took over the
position of dominance that had been held
for 80 million years by mammallike rep-
tiles.

What triggered these great upheavals?
Scientific thinking about the various fac-
tors that might have been responsible for
such replacements has undergone some
significant changes of its own. At times,
for example, scientists have suggested
that mammals caused the extinction of
the dinosaurs by eating their eggs or by
competing for the same food resources.
Now, however, most people are convinced
that the mammals played only a minor
role, if any (largely because both groups
had lived side by side for millions of
years), and that, instead, environmental
change was primarily responsible. The
mammals apparently sat around for 150
million years in the Mesozoic under-
growth until, with the extinction of the di-
nosaurs, they had their opportunity to ra-
diate into newly available niches.

But what about the initial radiation of
the dinosaurs? The transition from mam-
mallike reptiles to dinosaurs has been de-
scribed by many authors and is frequently
quoted as an example of major competi-
tive replacement among vertebrates. (The
use of the word competition in this context
is convenient but potentially misleading.
Individuals can compete, and one could
even consider two Spe: gieas competing,
o icherigrriROmic levels, any large-

ments would probably be the

hined.

result of such events

the llike reptiles, which ranged in
size and shape from a rat, or smaller, to a
hippopotamus. At the end of the Permian,
major upheavals occurred and many
lineages became extinct. In the early
Triassic, faunas of herbivorous mammal-
like reptiles, almost certainly unbalanced
by these events, were heavily dominated
by huge numbers of a single genus, Lys-
trosaurus. New faunal elements also ap-
peared at this time: the thecodontians,
which included the ancestors of the dino-
saurs. The carnivore niches throughout
most of the Triassic were shared by ad-
vanced mammallike reptiles, such as Tra-
versodon, and thecodontians, some of
which, such as Rauisuchus, became very
large. The thecodontians are supposed to
have gradually outcompeted the mam-
mallike reptiles and taken over the carni-
vore niches. Toward the end of the Trias-
sic, there were still some herbivorous
mammallike reptiles, such as Dinodonto-
saurus, and some herbivorous thecodon-
tians arose. Dinosaurs, according to most
of these accounts, first appeared on the
scene in the middle Triassic. Eventually,
the mammallike reptiles and thecodon-
tians waned and the dinosaurs increased in
importance, supposedly as a result of com-
petition. The replacement was complete
after about 40 million years.

Dinosaur superiority in this alleged
competition has been variously attributed
to features of their posture and locomotion
or to their thermoregulation. Mammallike
reptiles and thecodontians are said to have
had a sprawling or semierect posture, with
their legs stuck out sideways and bent

together with other factors, in an essen-
tially random way. The net result could
more accurately be described as differen-
tial survival of one taxon compared with
another that occupied a similar range of
niches. For the purposes of this article,
however, I will stick with the more famil-
iar term of competition.)

According to nearly all published ac-

d d only at the knee and elbow. In
dinosaurs, the legs were tucked right un-
der the body, giving them an erect pos-
ture, as seen in most mammals. This en-
abled them to take longer strides and
support greater weight.

In the past decade, many authors, in-
cluding myself, have devoted hundreds of
pages to speculations about the thermal

counts, the replacement of mammallike

physiology of the di and why it was
better than that of mammallike reptiles.
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Causas: vulcanismo e aquecimento global

B CAMP lava flows
Provincia magmatica central-atlantica | CAMPsills

A | CAMP dykes

Intensos derrames basaltico datados do
limite Tridssico-Jurassico, causados pela
separacao da Pangéia
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Extin¢ao do Triassico

Grupos mais afetados — Vertebrados: dicinodontes, pseudosuquios.
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Origem dos grupos terrestres de vertebrados recentes
(mamiferos, tartarugas, arcossauros e lepidossauros)

Brachyrhinodon (Escocia)

Adelobasileus
(EUA)
. Odontochelys
e —

Postosuchus (EUA)
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Extincao em massa K-T (Cretaceo-Terciario)

Desaparecimento de 50% do géneros e 20% das familias
Além da maioria dos dinossauros, se extinguiram pterossauros,

plesiossauros, mosasauros, amonitas, belemnitas e rudistas




Extincao em massa K-T (Cretaceo-Terciario)

Pouca (ou nenhuma) perda de diversidade: crocodilos, mamiferos,
tartarugas, lagartos, bivalves e gastropodos
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Extincao em massa K-T (Cretaceo-Terciario)

Evento catastréfico ou gradativo? Belemnitas, amonitas,
plesiossauros, pterossauros, ja estavam em declinio
Bem como alguns dinossauros?! (controverso)

Problema: intervalo de
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Extincao em massa K-T (Cretaceo-Terciario)
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Extincao em massa K-T (Cretaceo-Terciario)

Causas: explicacoes arcaicas (pouca adaptatibilidade)
Genética exaurida: gigantismo, excesso de espinhos!
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Extincao em massa K-T (Cretaceo-Terciario)

Causas: hipotese atuais - Impacto de Asteroide
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Anomalia de iridio e quartzo impactado
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Extincao em massa K-T (Cretaceo-Terciario)

Causas: hipotese atuais - Impacto de Asteroide

Cratera de Chicxulub - 1986




Extincao em massa K-T (Cretaceo-Terciario)

Causas: hipotese atuais - Impacto de Asterdide
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Extincao em massa K-T (Cretaceo-Terciario)

Consequéncias: chuva acida

*Acido Nitrico: energia liberada pela
impacto teria possibilitado a reacao
entre O, e N,

* Acido Sulfarico: produzido a partir de
SO, e SO, vaporizado das rochas
préximas ao impacto




Extincao em massa K-T (Cretaceo-Terciario)

Conseqguéncias: nuvem de poeira

*Suspensao de particulas sdlidas na EliueH{EE

*Longos periodos de escuridao

*Diminuicdo da temperatura

*Diminuicdo da fotossintese

*Queda da produtividade primaria



Extincao em massa K-T (Cretéceo-Terciario)

Consequéncias: efeito estufa

Outgoing longwave
radiation
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Extincao em massa K-T (Cretaceo-Terciario)

Causas: hipdtese atuais — Vulcanismo
Poderia explicar anomalia de iridio e “pico de samambaias”

PAKISTAN

New Delhi L %,
® e

Deccan Traps, India
erupcoes em massa no K-T




Extincao em massa K-T (Cretaceo-Terciario)
Chicxulub: 300 mil anos mais antigo
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Extincao em massa K-T (Cretaceo-Terciario)
Consequéncias (em cenarios de impacto ou vulcanismo):
inverno nuclear (reducao da produtividade primaria) e efeito estufa
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Formas dependentes de ciclo detritivoro foram menos afetadas
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Depois da “big-five”
Antartica, “grand-coupure” e gramineas

Formacao da corrente circumpolar
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Depois da “big-five”
Antartica, “grand-coupure” e gramineas

mamiferos do
Paleo-Eoceno

Molar
hipsodonte






Depois da “big-five”
Antartica, “grand-coupure” e gramineas

Declinio da fauna de “bunodontes”




Depois da “big-five”
Antartica, “grand-coupure” e gramineas

Dominio de Selenodontes na Eurasia, Africa e América do Norte
Cavalos na Eurasia e América do Norte
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Depois da “big-five”
Antartica, “grand-coupure” e gramineas

Anchitherium

Paleotherium
Propalaeotherium i
§ Pachynolophus Orohippus

I Grazers
Browsers




Depois da “big-five”
Irradiacao do Homo sapiens




Percent survival of Large Mammal species

Depois da “big-five”
Irradiacao do Homo sapiens
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Depois da “big-five”
Irradiacao do Homo sapiens
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Depois da “big-five”
Irradiacao do Homo sapiens
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Depois da “big-five”
Irradiacao do Homo sapiens




Depois da “big-five”
Irradiacao do Homo sapiens
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Depois da “big-five”
Irradiacao do Homo sapiens
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AN UNNATURAL HISTORY
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Irradiacao do Homo sapiens
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Depois da “big-five”
Irradiacao do Homo sapiens
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