
Evolution in populations

We can combine the laws of inheritance with 
an understanding of evolution to understand 
the prevalence of traits in populations 
through time and how new species formthrough time and how new species form



Hardy-Weinberg Equilibrium

In a sufficiently large, randomly mating population allele 
frequencies remain constant from generation to 
generation (the population is in Hardy-Weinberg 
equilibrium)

If a trait is controlled by two alleles (A, a) and A = p, 
a = q, then a = q, then 

(p + q)2 = 1
p2 + 2pq + q2 = 1 

This gives the frequency of the three possible genotypes 
(AA, Aa, aa) in equilibrium

AA + 2 Aa + aa = 1
If observed frequencies are not significantly different 
from those expected, the population is in equilibrium



Hardy-Weinberg

Hardy Weinberg Example Phenotype:

# alleles B bAlleles 

Wing color # individuals

BB 6

bb 6

Bb 8

totals 20

# alleles B b

B 2*6 12 12 0

b 2*6 12 0 12

Bb 2*8 16 8 8

40 20 20

Alleles 
present:

Frequency of allele B = 20/40 = 0.5; Frequency of allele b = 20/40 = 0.5
p2 + 2pq + q2 = 1 (0.5*0.5) + 2(0.5*0.5) + (0.5*0.5) = 0.25 + 0.50 + 
0.25

Predicted

0.25 (20) = 5 B

0.50 (20) = 10 Bb

0.25 (20) = 5 b



Why don’t populations stay in 
equilibrium?

How can a recessive allele become more 
common than a dominant allele
If an allele is dominant shouldn’t it always 
be expressed in 75% of the population?be expressed in 75% of the population?
Shouldn’t  harmful traits eventually 
disappear from a population?



NO!

Populations do not remain static through 
time
It is the change in these frequencies through 
time that results in evolutiontime that results in evolution
When the assumptions of Hardy-Weinberg 
are violated, we see deviations from 
expected gene frequencies



Violations of Hardy-Weinberg

Mutation
Selection
InbreedingInbreeding
Assortative mating (mate choice)
Small population size (drift)
Migration



How do populations evolve?
These violations of Hardy-Weinberg = 4 forces of 

evolution in populations
Mutation (random)
Natural selection (non-random)Natural selection (non-random)
Genetic Drift (random)
Sexual Selection (non-random mating)



How do populations evolve?

Genetic Drift and the Founder effect
Chance variation in genetic frequencies between generations in 
small populations
“rare” alleles can be quickly lost or “fixed” due to chance



How do populations evolve?

Sexual Selection: when mating in a population or species is not random

Intrasexual selection: when individuals of the same sex compete for mates 
Intersexual selection: when individuals of the opposite sex choose (select) certain traits

Intrasexual selection
Male-male competition

Intersexual selection
Female choice



How do populations evolve?

Micro-evolution (by mutation, genetic drift, sexual selection, and/or 
natural selection) leads to differences between populations
Population = a finite collection of conspecific individuals living in the 
same area and having the potential to mate with one another (also 
called demes) 
When “enough” differences have accrued, macro-evolution can occur. 
Macro-evolution = the production of a new speciesMacro-evolution = the production of a new species
What is a species?

The Biological Species Concept- a group of interbreeding natural 
populations that are reproductively isolated from other such groups 
(Ernst Mayr 1963)



How do Populations Evolve?

Natural Selection
Stabilizing selection –

Constant environment
Selection against individuals deviating from the norm

Directional selection –
Individuals within the population vary Individuals within the population vary 
Live within a distinct set of environmental conditions
Individuals with traits that fit the environment succeed in surviving to reproduce
Reproductively successful individuals pass their genes and traits on to next generation
Reproducer’s alleles increase in frequency over the generations and become more 

common in the gene pool



Macroevolution

Reproductive isolation is required for a new species
Mechanisms to prevent populations from interbreeding
Pre-mating and post-mating mechanisms 

Behavioral barriers
Geographic barriers or niche partitioning
Reproductive barriers

Morphological differences (body shape, size, color)Morphological differences (body shape, size, color)
Genetic and chromosomal differences 
Behavioral differences (breeding season, courtship)

Blue headed wrasse from Atlantic side of Isthmus
Cortez Rainbow wrasse from Pacific side



Macroevolution

Speciation occurs in two ways: Cladogenesis or Anagenesis
Cladogenesis: splitting or branching of existing species

Allopatric speciation
speciation among populations living in two 
different ranges or territories
geographic isolation leads to reproductive isolationgeographic isolation leads to reproductive isolation
Sympatric speciation
species living in the same or overlapping ranges 
adapt to different ecological niches



Macroevolution

Anagenesis (or phyletic transformation)
Continuous evolutionary transformation of an 
entire species into a descendant species that is 
phenotypically different
Usually a slow accumulation of changes through 
natural selection (gradualism)
New species simply a matter of “enough” genetic 
alteration from original (kind of arbitrary)
There is no increase in species diversity here



Hybrids



Ring Species



Extinction

All species are destined for extinction (avg about 4 my)
New, intense competition
Extreme environmental change

Ice Ages vs global warming
Sea level fluctuation
Large scale volcanismLarge scale volcanism
Changes caused by comets and asteroids

Extinction reduces species diversity but opens up new niches



Limits to the Bio Species Concept

Limitations to the Biological Species Concept for Studying Fossils
Unclear how reproductive isolation is defined in fossil record
This concept defines species as a gene pool, which is not observable in fossil record

Morphological Species Concept
Morphological characters shared between individuals indicate interbreedingMorphological characters shared between individuals indicate interbreeding

Species are polytypic and this concept does not account for variability
Sibling species differ reproductively but not morphologically
What about sex dimorphism or life stages?

2 groups must be temporally and spatially proximate

Evolutionary Species Concept
"A species is a series of ancestor-descendent populations passing through time and space 

independent of other populations, each of which possesses its own evolutionary 
tendencies and historical fate“
Problem: gaps in fossil record create arbitrary distinctions


