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Jean Baptiste Lamarck published a theory of evolution emphasizing the
role of the needs of individuals in driving evolutionary change

Proposed ancestor The giraffe ancestor lengthened its neck by stretching to
of giraffes has reach tree leaves, then passed the change on to offspring.
characteristics of

modern-day okapi.
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change over time was highly influential




Darwin proposed a new a mechanism for evolutic
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Charles Darwin

Natural selection as a mechanism of evolution



What did the Origin of Species Emphasize?

1. The nonconstancy of species (species can evolve)
2. The descent of all organisms from common ancestors (branching evoluti

3. The gradualness of evolution (evolutionary changes accumulate over tin

4. The multiplication of species (speciation: formation of new species)

5. Natural selection (the [main] mechanism of evolution)



Darwin proposed a new a mechanism for evolutic

Natural selectionis any consistent difference in fithess among
different classes of biological entities

Fitnessreproductive success of a biological entity is the average
per capita rate of increase in numbers (i.e., the number of
offspring an individual leaves in the next generation)

Natural selection is not an external force or agent, itis a name
for statistical differences in reproductive success among genes,
organisms or populations.
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(a) Lamarck's theory: variation is acquired.

. In every generation, some individuals are
more successful at surviving and reproducmc A
than others
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. Survival and reproduction of individuals is no '**

. . . Some individuals Over many generations, longer- necked mdnwduals are more
b h successful, perh; because they can feed on taller trees.
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I n d IVI d U a I S (b) Darwin's theory: variation is inherited.

If each of these is true, evolution by natural
selection is the inevitable outcome!






Giraffe Vertel







Adaptation

DEF: Amdaptationis a characteristic that enhances the
survival or reproduction of organisms that possess it, relative
to alternative character statesit arises through natural

selection

Characteristic vs process



Comparison of the skeleton of Archaeopteryx and a recent bird
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The adaptive significance of a long neck

AWnhat is the adaptive
significance of the long
neck?

AFormulate a hypothesis and
a way to test it!

AFormulate an alternative
hypothesis
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The adaptive significance of a long neck

What are your hypotheses?

How would you test them
empirically?




The adaptive significance of a long neck

Hypothesis 1: The long neck allows
for foraging in places where other
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The adaptive significance of a long neck

Hypothesis 2: The long neck serves as a weapon in male
combats for access to mates.




Hypotheses about adaptation to be need tested

Plausibility is no reason to prematurely accept
a hypothesis about the adaptive significance ¢
a trait '

Not every trait of an organism or each use of «
trait by an organism is adaptive

The origin of a traits is not necessarily reflecte
in its current use

o e

Differences among populations are not alway,
adaptive

Not every adaptation is perfect



Adaptation vs Exaptation

Exaptation Gtephen Jay Goul& Elizabeth Vrba 982, Paleobiology

Character that has beero-opted for use unrelated to its origin. It might have been an
adaptation for a different use initially

Evolution of a Wing

-;.—&._,_.,-_:M* ety "T
The Path to Birds

Feathers seem critical for flight and they might be. But, that does not mean that the feather evolved as a trai
originally in response to the ecological challenges of flight. Feathers clearly arose in dinosaurs before they ¢
likely for decoration and/or thermoregulation. They were thempted for flight.



How do we identify adaptations?

1) Tests for selection/measuring fithess
2) Experiments

3) Observational approaches

4) Comparative approaches

*** These methods are complimentary and can be used simultaneously***
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Stephen Jay Gould (19412002)




Stephen Jay Gould and Richard C. Lewontin 1979

ridicule that Voltaire heaped on Dr Pangloss: ‘“Things cannot be other than they

Proe, B, Sov, Lowd, B 205, GRI-G0S L LT s81
Peinted tn Grend Britain

The spandrels of San Marco and the Panglossian paradigm:
a critique of the adaptationist programme

By 8., GovrLn avnp B O LEwosTin

Museam of Compeerative Zoology, Harsard Dniversity,
Cresebridge, Massechuwsetls 02135, U84,

Fieure 2. The eeiling of King’s College Chapel,

are. .. Everything is made for the best purpose. Our noses were made to carry

spectacles, so we have spectacles. Legs were clearly intended for breeches, and

we wear them.” Yet evolutionary biologists, in their tendency to focus exclusively

on immediate adaptation to local conditions, do tend to ignorc architcctural

3 TELLING STORIES constraints and perform just such an inversion of explanation.

“All this is & manifestation of the rightness of things, since if there is a voleano
at Lishon it could not be anywhere else. For it is impossible for things not to be
where they are, because everything is for the best’ (D Pangloss on the great

Lisbon earthquake of 1755 in which up to 50000 people lost their lives).
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The spandrels of San Marco




Dr. Panglos¢Candide by Voltaire 1759) Just so stories, Rudyard Kipling
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1)

Not every trait that appears to be an adaptation is not
necessarily one, at least it may not have evolved by natura
selection

4 possible reasons for why this might be so:

1) A simple byproduct (e.g. red color of blood)

2) Random genetic drift

3) Correlated with another feature (e.g. hittiking)

4) Pleiotropy(ie. Phenotypic effect of one gene on multiple
characters)



Selection for size also results in selection  of color (red)




The Red Queen hypothesis
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(C) Evolutionary change

Z’» ___________________
_ |
TAZ | h?
Z Pl i |
| |
| |
| |
| |
| |
| |
| S |
| ——|
B A
4 z"

Mean of parents

EVOLUTION 4e, Figure 6.13 (Part 3)
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Types of selection

(A) Directional

(B) Stabilizing
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(C) Disruptive
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Measure selection on traits
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Experimental approaches

A Most powerful tool in science as it restricts the difference between study
groups to a single variable

A example: Function of wing markings and wimgving intephritid flies




Adaptive value of wing markings?

Research question: Do the wing markings and the wing waving of
flies mimic the threat display that spiders use on each other, and
thereby allow the flies to escape predation?

H1: Flies do not mimic spiders.
H2: The flies mimic spiders, but they behave like spider to deter

other predators
H3: The flies mimic spiders, and the mimicry functions to deter

spiders themselves.



Adaptive value of wing markings?

A

Zonosemata
untreated

Treatment

Test effect of
wing markings
plus wing
waving

Purpose

>

Zonosemata
with own
wings cut and
reglued

Control for
effects of
operation

C

7771?""5
Zonosemata

with housefly
wings

Test effect of
wing waving
without wing
markings

Predictions under Hypothesis 1: No mimicry

Attack
Attack

Jumping spider will:

Other predator will:

Attack
Attack

Attack
Attack

Housefly with
Zonosemata
wings

Test effect of
wing markings
without wing
waving

Attack
Attack

Predictions under Hypothesis 2: Mimcry deters other predators

Jumping spider will: Attack

Other predator will: Retreat

Attack

Retreat

Attack
Attack

Attack
Attack

Predictions under Hypothesis 3: Mimicry deters jumping spiders

Retreat
Attack

Jumping spider will:

Other predator will:

Retreat
Attack

Attack
Attack

Attack
Attack

Housefly
untreated

Test effect of
no wing
markings and
no waving

Attack
Attack

Attack
Attack

Attack
Attack



Jumping spider responses

Retreat

Stalk and

Kill

Adaptive value of wing markings?

A Having an effective control group
IS critical

A All treatments need to handled
exactly the same

S A Randomization is needed

A Replication is needed




Observational studies

Behavioral thermoregulation in reptiles
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To show behavioral thermoregulation, we must show that (1) animals choose particular
temperature more often than random, and (2) that temperature choices are adaptive.



Temperature ('C)

Observational studies

Behavioral thermoregulation in reptiles

A Preferred range between 28 and 32 C

A Snakes do a good job staying in preferred range, by moving uis
and down within a burrow or by spending time on warm rocks &
above ground \

A How do these choices compare with the available options?

Snake 1 Snake 2

(@) 29-30 July 1979 (b) 11-12 July 1985
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Observational studies

Environmental temperatures available to snakes

(@) Temperatures under a thin rock (b) Temperatures under a thick rock () Temperatures under a medium rock
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Observational studies

Where do snakes spend their nights?

Table 10.1  Distributions of rocks available versus rocks
chosen by snakes

Thin, medium, and thick rocks are equally abundant at Eagle Lake,

but garter snakes retreating under rocks at night show a strong
preference for medium (P < 0.05; chi-square test with thin and thick
rocks combined because of small expected values).

Thin Medium Thick
(<20 cm) (20—40 cm) (>40 cm)
Rocks available 32.4% 34.6% 33%
to snakes
Rocks chosen 7.7% 61.5% 30.8%
by snakes

Source: From Table 1 in Huey et al. (1989b).

Good observational studies seek to find circumstances in nature that resemble an experiment!



The comparative method

The white coat color of a mountain
goat might be an adaptation to
snowcovered environments




That the white coat color of a mountain goat is an adaptation to
snowcovered environments becomes more convincing when
compared to a close relative that is not white and does not live In

snow covered environments




A single evolution of white color in polar environments might be
somewhat convincing that the color is adaptive, but when you
have several evolutionary repeated, independent examples it is

much more convincing




Trait

The comparative method
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The comparative method

Convergent evolutionevolution of similar traits (adaptations) in independent
lineages due to exposure to similar environmental conditions




Convergent Evolution; _
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Convergent Evolution
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QUIZ: who was the eauthor of the famous paper (cited >11000
times): Gould anck 1979 in the Proceedings of the Royal Society*

Send answer taxel.meyer@unkonstanz.de

Stephen Jay Gould (19412002)




Phenotypic plasticity

A Ability of genotypes to produce different
phenotypes

A Analogous to the/c

A This is a complicating factor: phenotypically plastic
traits are not necessarily adaptive

A ExampleDaphnialumholziexpress different
morphological traits depending on the presence or
absence of fish predators




Phenotype

Genotype 1
Genotype 2

Phenotypic plasticity

S

«

Genotype 3

Environment

A Phenotypic plasticity in itself is an
evolvable trait (if there is genetic variation
for the degree of plasticity)

A Phenotypic plasticity is adaptive if it allows
individuals to adjust their phenotype so as
to increase their fitness in the particular
environment in which they find themselves
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(C) Evolutionary change
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Types of selection

(A) Directional

(B) Stabilizing
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(C) Disruptive

Number

Survival

Number

50

40

30

20

10

50

40

30

20

10

0 5 10

0 5 10
Trait value



Natural selection, response to selection, heritability

The response to selection is calculated by comparing the Heritability: To estimate the response to selection, you also
mean (average) trait value in the selected individuals of need to know the heritability of the trait. Heritability is a
each generation to the mean trait value in the entire measure of how much of the variation in a trait is due to
population. The difference in the means between genetic factors. It is typically expressed as an h"2 value,
generations is divided by the standard deviation of the trait which ranges from 0 (no genetic influence) to 1 (entirely

in the initial population. This ratio is known as the selection genetic). The response to selection is proportional to the
differential (S). product of the selection differential and the heritability:

Response to Selection (R) =S * h"2

In summary, response to selection is a
Evolutionary change measure of how much a trait changes
due to selection. It depends on the
strength of selection (S), which is the
difference in trait values between
selected individuals and the entire
population, and the heritability (h"2) of
the trait, which represents the genetic
contribution to the trait's variation. The
response to selection helps us
understand the potential for evolution
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Frequency (as percent of population)
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Are finch populations variable?
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Is some of the variation heritable?
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|s survival and reproduction even?

Population growth under the
assumption that an average
couple survives two
reproductive seasons and
produces two chicks in each
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Adverse environmental conditions can cause massive mortality



|s survival and reproduction random?



