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An omission

Charles Darwin (1809-1882)

On the Origin of Species 1859

Changed the way people look 
at life, including behaviour

Alfred Russell Wallace 
(1823-1913)

Song of the Dodo
David Quammen

Another founding father Darwin’s reasoning in The Origin

• Living organisms can increase in 
number geometrically - but they don't

• Variation exists among individuals in 
every species

• Many variations are transmitted from 
parent to offspring

• Variations that result in greater 
survival and reproductive success will 
increase in frequency across many 
generations



What is evolution?

Evolution: allele frequency change 

Natural selection: differential reproduction 
(measured as fitness)

*Adaptation: a trait that contributes to an individual's ability 
to survive and reproduce in competition with conspecifics in 
the particular environment in which it evolved

Natural selection is the only 
evolutionary force that can 
predictably lead to adaptation*

Evolution is a population process

The red colour trait predominates over time 
because individuals bearing it have greater 

success in each generation.

Selection acts on individuals...

...but is measured across a population.
You need heritable variation for NS to work.

Selection acts on gene products

...but is measured across a population.
You need heritable variation for NS to work.



The evidence: artificial selection

Darwin begins with artificial selection in The Origin AS affects behaviour, too

Example: Canis lupus familiaris 

The evidence: artificial selection

foxhounds
vs.

greyhounds

The evidence: artificial selection

Artificial selection in the genus Capsicum

From self defense to sriracha

Joshua Tewksbury et al. 2008



The evidence: biogeography

Darwin amassed a great deal evidence for 
natural selection, and the most famous comes 
from the Galápagos.

The Beagle
1831-1836
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The evidence: evolution in action

Geospiza fortis on Daphne Major

The Beak of the Finch
Jonathan Weiner

The evidence: evolution in action

DROUGHT!

Only seeds left were 
the largest ones

Only largest billed 
birds able to survive



The evidence: evolution in action Measuring evolution in action

To demonstrate NS, we need to show that a trait 
is heritable

• Without genetic influence, genotypes in the 
next generation would be just like those before 
the selection event

In finches, bill size & shape are heritable

• Significant correlation between morphology of nestlings 
and parents (parent-offspring regression)

• More recently, genes controlling variation in beak size 
within and between species have been identified

Measuring evolution in action Measuring evolution across species

In the comparative method, phylogeny or the 
evolutionary history of organisms is used to 
study selection and change across species



Ray-finned fishes (Actinopterygii)

Built a phylogenetic super tree of > 200 families

Mapped on parental care, mode of fertilization, gestation, 
and nest construction

Measuring evolution across species

1. Demonstrated frequent evolutionary 
transitions in care

2. Maternal care tended to evolve after a 
transition to internal fertilization

3. Found no evidence that biparental 
care is an evolutionary stepping stone 
between male-only and female-only care

Measuring evolution with experiments

Guppies (Poecilia reticulata)

In Trinidad, tiered stream systems where 
waterfalls acts as barriers provide an ideal 
scenario for experimental evolution in the field

Measuring evolution with experiments

High P
Low P

1957: guppies transferred from a 
high-predation to a low-predation site

Descendants had decreased 
schooling behaviour, and tended to 
approach predators more closely

= typical behaviours in other low-
predation streams

Survival of the fittest

• Survival alone is not important... differential 
reproduction is the key

Foresight

• NS can only respond to current conditions - “it does 
not see ahead, plan consequences or have a purpose in 
view” (Richard Dawkins)

Awareness (at least, not necessarily)

• An organism need not be aware of why it acts a certain 
way for that to be the ultimate cause of its behaviour

What NS does not involve



Clear thinking about NS

Variation does not arise because an 
organism needs to respond to a challenge

• Genetic mutations are the source

Evolution proceeds as a tree, not a ladder

• All living things are descended from a 
common ancestor, so all extant species have 
been evolving for the same amount of time, 
just in different ways

• Natural selection works with what it has 
already available

1985

The lemming myth

What’s wrong 
with this picture?

They were pushed!

White Wilderness

1958 Disney nature 
documentary filmed in a 
Calgary

http://www.youtube.com/
watch?v=xMZlr5Gf9yY

1:18

Group vs. individual selection

If cheating was 
heritable, what would 
the next generation 

look like?

• Selection operates on gene 
products, and is measured 
across populations

• NS does not typically act at 
the group or population level, 
so behaviour does not evolve 
for the good of the species



Clear thinking about NS

Key question:

Who benefits?

The extended phenotype

Replicator: any entity of which 
accurate copies are made
e.g. genes in biological evolution, 
ideas in cultural evolution

Vehicle: something built by 
replicators to help them survive 
and reproduce; the survival 
machinery of genes
e.g. a body, a nest
http://www.youtube.com/watch?v=XuKjBIBBAL8

Who benefits?

Replicator: any entity of which 
accurate copies are made
e.g. genes in biological evolution, 
ideas in cultural evolution

Vehicle: something built by 
replicators to help them survive 
and reproduce; the survival 
machinery of genes
e.g. a body, a nest
http://www.youtube.com/watch?v=XuKjBIBBAL8

Next week in Animal Behaviour

Lecture 4: Genes and environment I

Lecture 5: Genes and environment II

Lecture 6: Neural and hormonal 
mechanisms

LAB 1: The Highland Enigma, or How to 
Measure Behaviour (handouts on website!)

Text chapter 3


