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9Ǿƻƭǳǘƛƻƴ ǿŀǎ ƴƻǘ όŜƴǘƛǊŜƭȅύ 5ŀǊǿƛƴΩǎ ƛŘŜŀ

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

²ƘƛƭŜ ǿǊƻƴƎΣ [ŀƳŀǊŎƪΩǎ ƛŘŜŀ ǘƘŀǘ 
ǎǇŜŎƛŜǎ ŀǊŜ ƴƻǘ έƛƳƳǳǘŀōƭŜέ ŀƴŘ Ŏŀƴ 
change over time was highly influential 



Darwin proposed a new a mechanism for evolution

Natural selection as a mechanism of evolution



What did the Origin of Species Emphasize?

1. The non-constancy of species (species can evolve) 

2. The descent of all organisms from common ancestors (branching evolution) 

3. The gradualness of evolution (evolutionary changes accumulate over time)

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

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



Natural selection: is any consistent difference in fitness among 
different classes of biological entities

Fitness: reproductive 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, it is a name 
for statistical differences in reproductive success among genes, 
organisms or populations. 

Darwin proposed a new a mechanism for evolution



5ŀǊǿƛƴΩǎ ƪŜȅ ƛŘŜŀǎ

1. Individuals within populations are variable

2. The variations among individuals are at least 
partially heritable

3. In every generation, some individuals are 
more successful at surviving and reproducing 
than others

4. Survival and reproduction of individuals is not 
random, but tied to the variation among 
individuals

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





All mammals (exception manatee) have 7 neck vertebrae





DEF: An adaptation is a characteristic that enhances the 
survival or reproduction of organisms that possess it, relative 
to alternative character states ςit arises through natural 
selection

Characteristic vs process

Adaptation





ÅWhat is the adaptive 
significance of the long 
neck?
ÅFormulate a hypothesis and 

a way to test it!
ÅFormulate an alternative 

hypothesis

The adaptive significance of a long neck



The adaptive significance of a long neck

What are your hypotheses?

How would you test them 
empirically?



Hypothesis 1: The long neck allows 
for foraging in places where other 
ǎǇŜŎƛŜǎ ŎŀƴΩǘ όŦƻǊŀƎƛƴƎ ŎƻƳǇŜǘƛǘƛƻƴ 
hypothesis)

The adaptive significance of a long neck



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

The adaptive significance of a long neck



Hypotheses about adaptation to be need tested

Å Plausibility is no reason to prematurely accept 
a hypothesis about the adaptive significance of 
a trait

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

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

Å Differences among populations are not always 
adaptive

Å Not every adaptation is perfect



Exaptation (Stephen Jay Gould & Elizabeth Vrba 1982, Paleobiology) 

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

Adaptation vs Exaptation

Feathers seem critical for flight and they might be. But, that does not mean that the feather evolved as a trait 
originally in response to the ecological challenges of flight. Feathers clearly arose in dinosaurs before they could fly 
likely for decoration and/or thermoregulation. They were then co-opted for flight.



1) Tests for selection/measuring fitness

2) Experiments

3) Observational approaches

4) Comparative approaches

*** These methods are complimentary and can be used simultaneously***

How do we identify adaptations?



¢ŜǎǘƛƴƎ 5ŀǊǿƛƴΩǎ ƛŘŜŀǎΥ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ƳŜǘƘƻŘ



Stephen Jay Gould (1941 ς 2002)



Stephen Jay Gould and Richard C. Lewontin 1979



The spandrels of San Marco



Dr. Pangloss (Candide, by Voltaire 1759) Just so stories, Rudyard Kipling







1) Not every trait that appears to be an adaptation is not 
necessarily one, at least it may not have evolved by natural 
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. hitch-hiking)
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



= R

Types of selection



Associations with fitness correlates in 
populations

Example: Stabilizing selection on vertebral 
number in pike

Measure selection on traits



Experimental approaches

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

Å example: Function of wing markings and wing-waving in tephritid 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?



ÅHaving an effective control group 
is critical

ÅAll treatments need to handled 
exactly the same

ÅRandomization is needed

ÅReplication is needed

Adaptive value of wing markings?



Observational studies

Behavioral thermoregulation in reptiles

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



Behavioral thermoregulation in reptiles

Å Preferred range between 28 and 32 C
Å Snakes do a good job staying in preferred range, by moving up 

and down within a burrow or by spending time on warm rocks 
above ground

Å How do these choices compare with the available options?

Observational studies



Environmental temperatures available to snakes

Å Many options for 
thermoregulation

Å No place is perfect 
throughout the day

Observational studies



Where do snakes spend their nights?

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

Observational studies



The white coat color of a mountain 
goat might be an adaptation to 
snow-covered environments

The comparative method



That the white coat color of a mountain goat is an adaptation to 
snow-covered 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 



The comparative method



The comparative method

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



Gambusia (2)
Mexico

Poecilia (3)
Mexico

Xiphophorus hellerii
Mexico

Limia sulphurophila
Dominican Republic

Gambusia holbrooki
Florida

Poecilia latipinna
Florida

Pseudoxiphophorus
Mexico

Convergent Evolution: 
migration and adaptation into sulphur hot springs
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QUIZ: who was the co-author of the famous paper (cited >11000 
times): Gould and X 1979 in the Proceedings of the Royal Society?

Send answer to axel.meyer@uni-konstanz.de

Stephen Jay Gould (1941 ς 2002)



Phenotypic plasticity

ÅAbility of genotypes to produce different 
phenotypes 
ÅAnalogous to the VE

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

ÅExample: Daphnia lumholzi express different 
morphological traits depending on the presence or 
absence of fish predators



ÅPhenotypic plasticity in itself is an 
evolvable trait (if there is genetic variation 
for the degree of plasticity)
ÅPhenotypic 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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= R

Types of selection



Natural selection, response to selection, heritability

Heritability: To estimate the response to selection, you also 
need to know the heritability of the trait. Heritability is a 
measure of how much of the variation in a trait is due to 
genetic factors. It is typically expressed as an h^2 value, 
which ranges from 0 (no genetic influence) to 1 (entirely 
genetic). The response to selection is proportional to the 
product of the selection differential and the heritability:

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

In summary, response to selection is a 
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 
in a population in response to selective 
pressures.

= R

The response to selection is calculated by comparing the 
mean (average) trait value in the selected individuals of 
each generation to the mean trait value in the entire 
population. The difference in the means between 
generations is divided by the standard deviation of the trait 
in the initial population. This ratio is known as the selection 
differential (S).



Stabilising Selection for birth weight in humans



Peter & Rosemary Grant

¢ŜǎǘƛƴƎ 5ŀǊǿƛƴΩǎ ƛŘŜŀǎ



Are finch populations variable?



Is some of the variation heritable?



Is survival and reproduction even?

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



Is survival and reproduction random?


