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Adaptacao

O fato de que os organismos estao adaptados aos seus
ambientes ¢ reconhecido pelos filosofos desde ha
muito tempo e antecede, em muitos séculos, o
trabalho de Darwin. Havia dois tipos de explicagoes:
aquelas baseadas em proposito (Aristoteles, p. ex. ) e
aquelas baseadas em combinacdes de elementos mais
primordiais (Empédocles, p. ex.)



William Paley (1743-1805)

Clérigo e tedlogo 1inglés,
escreveu a obra ‘“Natural
Theology: or, Evidences of
the Existence and Attributes
of the Deity, Collected from
the Appearances of Nature”
em 1802, que se tornou um
paradigma da Teologia
natural.




Se, por outro lado, voc€ encontra
um relogio™, voc€ somente pode
concluir que foi feito por um
fabricante de reldgios.

* Um exemplo de tecnologia mais avancada da época

O Argumento de Paley

Se voc€ encontra uma pedra,
voce poderia dizer que ela
simplesmente esteve sempre
ai, sem que se ache 1sso um
absurdo.




O Argumento de Paley

.

O raciocinio com relacdo ao
relogio poderia ser estendido aos
seres vivos dada a sua
complexidade. Um dos exemplos
de Paley ¢ a estrutura dos olhos,
comparada a de um instrumento
construido com um proposito
evidente, o telescopio.

telescope objective focussing lens reticule

focus ring j::;;x



E o lamarckismo?

A teoria da evolucao por heranca de
caracteres adquiridos nao oferece
explicacoes para a existéncia de
adaptacOes, uma vez que estas
apareceriam espontaneamente.




E o lamarckismo?

Imagine que haja heranca
dos caracteres adquiridos.
Como entao explicar a
direcao adaptativa do uso
ou desuso de orgaos? Qual
¢ 0 processo que implica
essa direcao?




E o lamarckismo?
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A ortogeénese

Figure 10.1

Two lineages of titan otheres

showing parallel body size

increase and theevolution of

horns. Only two of many

lineagesareillustrated.

Reprinted, by permission of

the publisher, from Simpson mmx large
(1949). hoens)

Late Eocene
{emall hams arising in
saveral different groups)

Early Eocene Y, {
{no horns)



A ortogeénese... e a inércia!

fot. Jerzy Macigzek

Foto de esqueleto (esquerda) e
reconstru¢ao artistica (abaixo) do
alce irlandés gigante Megaceros
giganteus, extinto ha cerca de 7700
anos. Segundo alguns pesquisadores
do comeco do século XX, teria sido
extinto por causa da ortogénese
inercial.




A adaptacao e a selecao
natural

A selecdao natural pode explicar todas as
adaptacoes. Entretanto ela nao pode explicar
toda a evolucao, uma vez que ha mudancas
evolutivas que nao implicam selecao natural, tal
como aquelas produzidas por deriva genética.



A adaptacao e a selecao natural
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A selecao natural pode explicar
mesmo todas as adaptacoes?

*Adaptagoes complexas

*Desvantagens de condigdes intermediarias



Adaptacoes complexas

“Se fosse possivel demonstrar a
existéncia de qualquer oOrgao complexo
que nao pudesse ser formado por meio
de numerosas pequenas modificagoes
sucessivas, minha teoria desmoronaria
completamente.”

(Darwin, 1859).



Adaptacoes complexas

Figure 10.2

Stagesin theevolution of theeye, illustrated by species of
mollusks. (a) A simple spot of pigmented cells, (b) A folded
region of pigmented cells, which increases the number of
sensitivecells per unitarea. (¢} A pin-hole camera eye asis
found in Nautilus. (d) An evecavity filled with cellukar fluid

- e
Optic nerve

rather than water. (e) An eyeis protected by adding a
transparent cover of skin and part of thecellular fluid has
differentiated into a lens. (f) A full, complex eye, as found
in the octopusand squid. Redrawn, by permission of the
publisher, from Strickberger (1990).



Adaptacoes complexas

1 d=1 2 =123
A | a =
176 steps 362 steps
d =456
5 d=456 6 f=3P
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Figure 10.3

Eight stagesin theevolution of theeye in a computer model.
The initial stage hasa transparent cell layer, a light-sensitive cell
layer, and a dark pigmented bottom cell layer. It first improves
its optical properies by buckling in (up to stages 4-5); by stage 5
itapproximately corresponds to the pin-hole camera eye { see
Figure 10.2c). It then improves by theevolution of a lens

d=283
3 d=195 4
U 270 steps . 225 steps
7 d=4.73 8

f=2pP =41

d
f=P
- @

(stage6). The lens shape then changes, and the insflattens, to
improve the focusing properties. fis the focal length of the lens;
it has the best optical properties when fequals the distance
from the lens to the retina (P): this feature gradually improves
in the final three phases (stages 6-8). d indicates the change

in shapeand is the normalized diameter of the eve. Redrawn, by
permission of the publisher, from Nilsson & Pelger (1994).



DI: O argumento de Paley
requentado
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Estrutura molecular do
flagelo bacteriano

Na década de 1990, apds o
reconhecimento que a chamada
“Teoria Criacionista” era de cunho
religioso € ndo cientifico, 0S
movimentos religiosos norte-
americanos passaram a apoilar a
“Teoria do Design inteligente”,
segundo a qual o argumento de
Paley poderia ser valido no nivel
molecular.



Evolucao do flagelo bacteriano
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Assim como no caso da evolucao do olho de vertebrados, a evolucao
do flagelo bacteriano pode ser explicada por evolucao gradual onde,
em cada uma das situacoes intermediarias, a estrutura € funcional.

( )



Formas intermediarias de
estruturas

Para qué serviriam “meias asas’?

Lembrete: Um organismo
intermediario tem que sobreviver!
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Pré-adaptacoes ou exaptacoes

Homologia de apéndices
de insetos
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Propriedades termoregulatorias
¢ de capacidade de planagem
em apeéndices achatados
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O acumulo de pequenas
modificacoes

Figure 10.5
A cross between the two Species 1 Species 2
modern species would show
that the large beak size 1 cm beak 1.4 cm beak
difference iscontrolled by bk spnadon e
a single gene of large effect /
(AvsA,). However, the modern
difference hasevolved by a ge't;tya;eb;:z;
number of small stages in the Present
past. The Fisherian evolution } /
isinvisible in a modern cross.
(05in=1.25cm.) Time LACH Pty
genotype AyA;
Past 1.1 cm beak
genotype A A
Ancestoc/
1 ¢m beak

genotype AA



Adaptacoes “anacronicas’”

Figure 10.6

The fruits of (a) Crescentia alata (Bignoniaceae) and (b)
Annona purpurea (Annonacene) are two examples of fruits that
were probably caten by large herbivores that recently went

extinct, The larger fruitsin (a) areabout 8in (20 ¢m) long; the
fruitin (b) 1s nearer 12in (30 ¢cm) long. Both trees were
photographed in Santa Rosa National Park, Costa Rica.
(Photos courtesy of Dan Janzen.)



O Morfoespaco

© Guido T. POPPE




Modelagem matematica da forma de
uma concha

Figure 10.8
Coiling axis The shape of a shell can be described by three numbers.
The translation rate (T) describes the rateat which the coil moves
down thecoiling axis: T=0 for a flat planispiral shell, and isan
increasingly positive number for increasingly elongated shells.
Theexpansion rate (W) describes the rateat which the shell size
increases; it can be measured by the ratio of thediameter of the
shell at equivalent pointsin successive revolutions; W= 2in
the figure. The distance from thecoiling axis { D) describes the
tightness of the coil; it is the distance between the shell and the
coiling axis, and in the figure it is half the diameter of the shell.
See Figure 10.9 for many theoretically possible shell shapes with
different values of 7, W, and D. Redrawn, by permission of the
publisher, from Raup (1966).




Distribuicao das conchas reais no
morfoespaco

Hellcold forms

Expansion rate (W)

10‘/

Translation (T)

Figure 10.9 other regionsin the cube represent theoretically possible

The three-dimensional cube describesa set of possible shell but naturally unrealized shell shapes. The spaceis called a
shapes. Around the outside of the figure, 14 possible shell shapes  morphospace, reprinted, by permission of the publisher, from
areillustrated asdrawn by a computer. Only four regions in the Raup (1966).

cubeareactually occupied by natural species: A, B, C, and D. All



Relacoes alométricas
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Restricoes alomeétricas
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Restricoes historicas

Trajetoria do nervo laringeo (ramo
do nervo vago, X nervo craniano).




Restricoes historicas

Figuro 10.12 First  Second Third Fowrth

Evolution of the recurrent {a) Fish branch branch beanch  branch

laryngeal nerve. (a) In fish,
the vagus nerve sendsdirect
branches between successive gill

arches. (b) In mammals, the gill

arches have evolved into a very >

different circulatory system. Mouth 1 2
Thedescendant nerve of the

fish’s fourth vagus now passes

from the brain, down to the
heart (in the thorax) and back
up to the larynx. Redrawn, by
permission of the publisher,
from Strickberger (1990},
modified from de Beer (1971).

Mouth




Restricoes historicas
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Restricoes historicas

Olho de lula (Mollusca, Cephalopoda, esquerda) e humano (direita)

Ponto cego. Feche o olho direito e fixe o esquerdo no ponto vermelho
¢ aproxime-se ate a estrela azul desaparecer.



Restricoes historicas
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Restricoes historicas




Restricoes morfo-funcionais




Filmes (opcional)

¢ EVOLUCAO DO FLAGELQO BACTERIANQ (EM INGILIES)

o “DESIGN” INTELIGENTE (CANAL DQ PIRULILA)

o “DESIGN” INTELIGENTE X TEORIA DA EVOLUCAQ



