Macroevoluc¢ao

Evolucao acima do nivel de espécies

Sergio Russo Matioli



Macroevolucao

* Simplesmente a
microevolucao em escala
maior

 [déia dominante entre os
defensores do

Neodarwinismo
* Expoente: George Gaylord
Simpson (1902-1984)




Macroevolucao

"Gradualismo filético”
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Macroevolucao
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Explosive’phase Normal! ‘phase
Quantum evolution FPhyletic evolution
predomirnant predominant
Great variation Reduced variatiorn

Many infermediate Types Mo infermediate fypes

F16. 35~—Diagram of “explosive” evolution by multiple quantum steps

into varied adaptive zomes, followed by extinction of unstable inter-

mediate types and phyletic evolution in each zone. The pattern is like

that of South American ungulates, although the diagram does not at-
tempt to show their actual phylogeny in detail.

Evolucao quantica: A
explicacdo de Simpson
para eventos concentrados
em espacos “curtos” de
tempo



Macroevolucao: equilibrio
intermitente
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Stephen Jay Gould Niles Eldredge
(1941-2002) (1943-)
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Padroes e processos

Tanto o “gradualismo filético” como o
“equilibrio intermitente” tratam somente de
padroes, ou seja, como as linhagens de
organismos cujos fosseis sdao preservados
evoluem durante o tempo geologico. Os
processos que levam a esses padroes € que
sao os focos das teorias.
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Caracteristica mais complexa: 3 locos
com eteito aditivo (trigo)
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Tipos de variancia

Variancia fenotipica: ¢ a variancia total da
populacao. Inclui efeitos genéticos € nao
genéticos.

Variancia genética: ¢ as variancia que €
devida as diferencas genéticas existente
entre os individuos da populacao. Exclui a
variacao causada por fatores ambeintais.



Variancia fenotipica

Média= 1,72 m Var = 61 cm?
Variancia Variancia Variancia
fenotipica Genética Ambiental
Vo = Ve -+ Vi



Genetica quantitativa

* A Genética quantitativa € muito mais geral
que a Genética classica.

e Seus fundamentos sao facilmente
associaveis aos achados mais recentes de
Biologia molecular, Bioquimica, Gendmica
e ProteOmica.

e Entretanto... As analises sao muito dificeis
€ sa0 pouco generalizaveis.



Teoria da recapitulacao

Fish Salamander Tortoise Chick Rabbit Human

Gravura inspirada nos desenhos de Ernst Haeckel



Teoria da recapitulacao

Figure 20.1
Recapitulation, illustrated by
fish tails. (a) The development

() (b}

ofa modern teleost, the flatfish
Pleuronectes, passes through
(startingat thetop) a

diphycercal stage, to a stagein
which the upper lobe of the tail
is larger (heterocercal), to the
adult, which hasa tail with
equal-sized lobes (homocercal ).
(b) Adult formsin order of
evolution of tail form, from
topto bottom: lungfish
(diphycercal), sturgeon
(heterocercal), and salmon
(homocercal). Reprinted, by
permission of the publisher,
from Gould (1977a).

Adigao terminal (Gould, 1977)



Teoria da recapitulacao

Figure 20.2
(a) Evolution by terminal

addition. The stagesin an
individual's development ¢
are symbolized by alphabetic

letters. (1), (2), and (3) up the
page represent three successive
evolutionary stages. With
terminal addition, new stages
areadded only to theend of
the lifecycle. (b) Evolution by
non-terminal addition. A new
evolutionary stage has been
added in early development,
not on to theend of the life
cyclein theadult.

Adicao terminal



Progénese € neotenia
Figure 20.3

Pedomorphosis, in whicha
descendant species reproduces
ata morphological stage that
was juvenile in itsancestors, can
becaused by (a) progenesis, in
which reproduction isearlier in
absolutetime, or (b) neoteny,
in which reproduction isat

the ssmeage but somatic
development has slowed down.
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Ambystoma mexicanum
adulto

Ambystoma mabeei jovem



Heterocronia

Desenvolvimento | Desenvolvimento Tipo de Resultado
somatico sexual heterocronia morfologico
Acelerado --- Aceleracao Recapitulacao
-- Acelerado Progénese Pedomorfose
Retardado --- Neotenia Pedomorfose
--- Retardado Hipermorfose | Recapitulacao




Transformacdes de D’ Arcy
Thompson

D'Arcy  Wentworth ~ Thompson
(1860-1948), matematico e bidlogo
escocés, escreveu, em 1917, “On
growth and form” onde enfatizou os
papeis da fisica e da mecanica no
desenvolvimento dos organismos.




Transformacodes de D’ Arcy
Thompson

Figure 20.4

A D’Arcy Thompson
transformational diagram,

The shapes of two species of fish
have been plotted on Cartesian
grids. Argyropelecus olfersi could
haveevolved from Sternoptyx
diaphana by changes in growth
patterns corresponding to the
distortions of theaxes, or the
direction of evolution could
have been in the other
direction, or they could have
evolved from acommon
ancestral species, Likewise

for Scarus and Pomacanthus.
Reprinted, by permission of the
publisher, from Thompson
(1942).




Transformacdes de D’ Arcy
Thompson
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Skulls of a human, a chimpanzee and a baboon
and transformations between them



Acao de genes reguladores

Figure 20.5

Thereare two main classes of
developmentally influential
genes. (a) Transcription factors
(TF) that bind enhancers,
which can switch genes on or
off. The state of theenhancer
determines whether RNA
polymerase binds the
promotor. The binding of RNA
polymerase to the promotor is
the first step in the transcription
ofa gene. A stretch of DNA may
exist between the enhancer

and promotor. (b) Signaling

proteins. A signaling pathway {a) Transcription factors
in the cell may lead from a
receptor molecule in thecell .
membrane, ultimately toa

transcription factor which can BHA Enhancer l I Promater Coding gens
beactive or inactive, When the

transcription factor isactivated,
it can switch a gene on by the
process shown in (a). Many {b) Signaling proteins e Iacls
proteins may beable to interact ./

with a receptor protein in the
control of cellular metabolism:
all such moleculesare
(provided they are proteins)
examples of signaling proteins,
Also, receptor proteins may be
bound by molecules other than
thoseconventionally classified
as hormones. From Carroll
etal. (2001).




Mutacoes homeoticas

Antennapedia Ultrabithorax



Mutacoes homeoticas ¢ a teoria
de Richard Goldschmidt

Diversos fenotipos de mutantes genéticos bem
caracterizados poderiam ser produzidos tambem de
alteracoes ambientais durante o desenvolvimento de
Drosophila melanogaster.

Goldschmidt propos que as mutacoes no “sistema de reacao”
estariam para a macroevolucao assim como as mutagoes
genéticas estariam para a microevolucao.



Genes homeoticos




Crescimento isometrico




Crescimento alométrico

Cranio de babuinos ao longo
do desenvolvimento. Notar a
diferenca nas taxas de
crescimento da face e do
cranio




Crescimento alométrico

Individuos de diferentes tamanhos do coleoptero
Metopodontus savagei. Notar a diferenca de propor¢ao
entre o tamanho do corpo e dos chifres



Crescimento alometrico e
dimorfismo sexual

A | B

L=
2
C

9 I
2 @

Cyclommatus metallifer. A interacao entre os genes de
determinac¢ao sexual e a expressao do hormonio juvenil
produzem o dimorfismo por tamanho e alometria.



A hipotese da rainha vermelha

Alice: Por qué precisamos correr tanto?
Rainha Vermelha: Para ficarmos no mesmo lugar!

Lewis Carroll, Alice atraveés do espelho



Bidlogo evolutivo norte-
americano que lecionou na
Universidade de Chicago.
Baseado em compilagdes de
levantamentos do registro
fossil, concluiu que havia uma
probabilidade constante de
extin¢ao, que explicou atraves
da hipdtese da rainha
vermelha (ou de copas).




Extincoes constantes
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The macroevolutionary Red Queen. Survival times for
extinct genera of the Class Echinoidea (sea urchins and
sand dollars). The linear relationship between number of
genera and the logarithm of survival time suggests that
the probability of extinction is constant over time.
Redrawn from Van Valen (1973).

Curva de extin¢ao de Equinoides (pepinos do mar ¢
bolachas da praia)



Selecao ou “ordenamento” de
esSpecies

Alguns autores propuseram que grupos de hierarquia
superior aquela de especies (géneros, familias ou
quaisquer clados), poderiam estar sujeitos a selecdo, de
forma analoga ao que acontece em individuos de uma
especie.
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Radiacoes adaptativas
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Radiac;(“jes adaptativas

Adaptive radiation in Galapagos finches

medium tree finch large tree finch
( Camarhynchus bauper) (Camarhynchus psittacula)
small tree finch

(Camarhynchus parvufus}

mangrove finch
(Camarhynchus heliobates)

vegetarian finch . T
(Camarhynchus 2 .
crassirostris) woodpecker finch

(Camarhynchus pallidus)

[cesta
‘seed-eating -
\ warbler finch

large cactus finch

(Certhidea olivacea)
(Geospiza conirostris)

&:oos Island finch

cactus finch (Pirnaroloxias inornata)

(Geospiza scandens)

sharp-beaked ground finch small ground finch
(Geospiza qifficilis) (Geospiza fuliginosa)
large ground finch rmedium ground finch
(Geospiza magnirostris)

(Geospiza fortis)
© 2005 Encyclopaedia Britannica, Inc.

Radiacao adaptativa dos tentilhoes de Galapagos. Todas as

especies do género Geospiza descendem de uma unica espécie
ancestral.



Causas das radiacoes adaptativas

Inovacao

Em uma espécie ha a evolugao de uma novidade
evolutiva. Todas as especies descendentes desta
podem diversificar rapidamente por possuir essa
caracteristica inovadora. Exemplo: Mamiferos

Oportunidade

Uma espécie passa a ocupar um ambiente ainda
inexplorado perante suas capacidades. Assim como no
caso da inovag¢ao, pode haver rapida diversificacao.
Exemplo: os tentilhdes de Galapagos.



Extin¢coes em massa
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Extin¢coes em massa
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DISCOVER BIOLOGY, Second Edition, Figure 22.8 © 2002 Sinauer Associates, Inc., and W. W. Norton and Company



Approximate Crater Dlameter (km)

Extin¢coes em massa
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Extin¢coes em massa
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Extin¢coes em massa

802 Evolution: Raup and Sepkoski

PERCENT EXTINCTION

L~

2 [ SRLCNRIAEIPTT & BCloK BV IHBlAL & [eie.c MR P
TRIASSIC JURASSiC CRETACEQUS TERTIARY

250 200 150 100 50 0
GEOLOGIC TIME (10%YR)

FiG. 1. Extinction record for the past 250 ma. Letter codes (bot-
tom) identify stratigraphic stages. The best-fit 26-ma cycle is shown
along the top. The:relative heights of extinction peaks should not be
taken as literal expressions of extinction intensity because the ab-
sence of extant taxa exaggerates the heights of younger peaks.

Periodicidade?
Raup e
Sepkoski, 1984



Extin¢coes em massa

Location of the

Chicxulub crater

North America
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Cratera datada de 65 mA.




Extincao K/T

Embora a hipotese do impacto seja
bem aceita, nao ha como descartar as
evidéncias de intenso vulcanismo na
epoca

Ha também a hipotese do “grande
sino”’, segundo a qual a ressonancia
causada pelo impacto causaria um
rearranjo da crosta, com vulcanismo.
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Extin¢coes em massa
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Evidéncias de uma
cratera gigante na
Antartida, talvez do
fim do Permiano



Extin¢coes em massa

TR
orze Evidéncias de um
g enorme derrame de
. ¥ Soums lava do fim do
g Permiano

P. B. Wignall et al.,, Science 324, 1179 -1182 (2009)
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A Terra como bola de neve

Paul Hoffman mostrando o
inicio de rochas carbonaticas
do fim do pré-cambriano sobre
vestigios de glaciares

THE SNOWBALL EARTH

-




Macroevolucao

* Simplesmente a microevolucao em
escala maior?
* Sujeita a leis diferentes daquelas da
microevolucao?
a) Influéncias bioticas
b) Influéncias abioticas



E: External factors
(climate, geology,
ecology)

Macroevolucao

Species selection

Historical constraints/

Developmental constraints

Independent
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> ! Migration/dispersal

evolution (vicariance)
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Macroevolution
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Megaevolucao
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Percentage of O, in atmosphere

Oxi1génio no passado
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1.Planos animais

2. Peixes

3.0rdoviciano
4.Conquista da Terra!

5. Ext. devoniano

6. P6s-Devoniano
7.Conquista da Terra?
8.Carbonifero-Permiano
9. Ext. Permiano

10. Triassico tardio

11. Triassico/Jurassico
12. Mamiferos grandes

Berner et al. (2007). Oxygen and evolution. Science 316:557.



CO, no passado
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CO, no passado mais recente
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http://www.skepticalscience.com/co2-levels-airborne-fraction-increasing.htm



Biosfera doente




Vanishing Islands

http://www.youtube.com/watch?
v=hFsZmO0OddALS

Documef)tério ~7 minutos

Youtube Vanishing Islands




