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Evolution of populations

Microevolution

Populations
= ??

All of the genes in a population =  their ___________

 All alleles at all loci

One species (i.e., 

caribou), but

two populations

Fig. 23.6

Lecture outline

The Modern 
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Hardy-Weinberg

Bridging Darwin and Mendel

Evolution could not be completely 

explained until an understanding of 

genetics was included

Did Darwin know about genetics?

In the early 1940’s, developments 

in several fields (genetics, 

paleontology, taxonomy, 

biogeography, and population 

dynamics) were combined to form 

the modern synthesis

The modern synthesis

Coined by Julian Huxley 

(1942)

Emphasizes

 Populations as the units of 

evolution

 Natural selection as the 

major mechanism of 

evolution

 Gradualism—large changes 

can result from ‘baby steps’ 

over a very long time

Macroevolution vs. Microevolution

Macroevolution: change that results in …

 How do we get to macroevolution?

Microevolution: change in …

 The core definition of evolution

 Modern synthesis?

Are they really that different?
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Two key considerations

Natural selection acts on individuals, but only 

populations evolve

 Evolution is observed by changes in gene 

frequencies at the population level

An individual can be thought of as both a 

genotype and a phenotype

 So, does natural selection act directly on the 

genotype or phenotype?

Bent grass

An important question
If natural selection is acting on existing 

variation in individuals composing a 

population, where does the variation come 

from in the first place?

Key sources:

 Mutations

 Sexual reproduction

Source #1:  Mutations

Changes to the nucleotide sequence of DNA

Several types (e.g., point, deletions, duplications)

To be important for evolution, mutations must 

be heritable

Overall…Good?  Bad?

Sickle-cell anemia results

from a point mutation

Source #2: Sexual reproduction
Shuffling of alleles during sexual 

reproduction provides a unique 

genotype for each individual

Three mechanisms:

 Random fertilization

 Crossing over during meiosis

 Independent assortment of 

chromosomes in meiosis

Fig. 13.11

Fig. 13.12

Mechanisms of evolution

Why does the allele frequency change in a 

population?

 Genetic drift

 Gene flow

 Natural selection

Mechanism #1:  Genetic drift

Changes in a population’s allele frequencies 

due to ___________

 Is genetic drift adaptive?

Occurs in all populations, but a problem when 

populations get too __________

A type of sampling error

Common examples:

 Bottleneck effect

 Founder effect
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Genetic drift example
Only 5 plants reproduce Only 2 plants reproduce Fixation

Fig. 23.9

Is evolution occurring?

Bottleneck effect
Survivors after large 
reductions in populations 
do not represent the 
gene pool as well as 
before the reduction

1% of prairie left

2 populationsFig. 23.11

Fig. 23.10

Founder effect
When relatively few individuals colonize a new 

area, they represent the entire gene pool

Hawley et al. (2006)

Mechanism #2: Gene flow

Movement of fertile individuals 

(or gametes if you’re a plant or 

broadcast spawner) between 

populations

Usually reduces genetic 

differences among populations

But…

Mechanism #3: Natural selection

Differential success in survival and reproduction

Leads to populations becoming better adapted 

to their environments…survival of the fitter

 Fitness:  an individual’s contribution to the gene 

pool of the next generation relative to the 

contribution by others

Is it random? (and why do I ask?)

Modes of selection (1)

Three ways that natural selection affects the 

frequency of heritable, quantitative traits

 Directional selection

 Disruptive (= diversifying) selection

 Stabilizing selection
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Modes of selection (2)

Fig. 23.13

Modes of selection (3)

Fig. 23.13

How much variation

remains after each

mode of selection?

Sexual selection

Darwin’s term

Why is there sexual 
dimorphism?

Bowerbirds

Fig. 23.15

Evolution by natural selection does 

not equal perfection
Evolution is limited by history or ancestry

Adaptations are often compromises

Selection can only edit existing variation

Brown hyena

Hardy-Weinberg principle

An important tool for studying the presence of 
(micro)evolution

In 1908, Hardy and Weinberg independently 
developed the same answer to the question:
 What would the gene pool (and thus the gene frequency) of 

a NON-evolving population look like?

The frequencies of alleles in a gene pool remain 
constant over generations unless they are acted 
upon by things other than segregation in meiosis, 
random fertilization, and crossing over

 In a state of Hardy-Weinberg equilibrium

G.H. Hardy

W. Weinberg

Allele frequency

An example of calculating allele frequency:

Fig. 23.7

p for CR = 16 / 20

q for CW = 4 / 20

Random production 

of gametes
p + q = 1

http://www.youtube.com/watch?v=E1zmfTr2d4c
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Allele frequency in 

a non-evolving 

gene pool

Using these 

frequencies, what do 

the offspring look like?

And, more importantly, 

what do the allele 

frequencies look like?

Fig. 23.8

Hardy-Weinberg Equation

In the next generation, proportions of 

homozygous and heterozygous genotypes 

are:

 p2 + 2pq + q2 = 1

 p = frequency of allele 1

 q = frequency of allele 2

Using this equation, you can calculate 

frequencies of alleles in a non-evolving

gene pool

Hardy-Weinberg assumptions

Very large population size

No migration

No mutations

Random mating

No natural selection

How realistic are these conditions?

Hardy-Weinberg—what’s the fuss?

When does H-W 

apply?

So…how can it be 

used to understand 

evolution?


