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Evolution, Speciation & Extinction

« Outline the levels of genetic diversity

«+ Distinguish between natural selection, adaptation, evolution
and speciation and describe how they are linked

« Describe conditions under which natural selection can lead to
speciation, and give real-world examples

« Outline traits that make a species vulnerable to extinction

« Explain why small populations are especially prone to

extinction

Proportion of People that Believe in
Evolution, by Country 2014

InUS., 42% Believe Creationist

View of Human Origins

g

Respo

What proportion of the world’s
species are threatened with
extinction?

® A)10%
® B)20%

:(C)BO%
D)40%
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Evolution, Speciation & Extinction

Origin Of Species

Published by Charles Darwin 1859
Darwin’s reasoning:
« Organisms produce more offspring than will survive
Individuals vary in their traits; some traits are more ’4- .
adaptive than others (“natural selection”)

Those better adapted are more likely to survive
(“survival of the fittest”)

Favorable traits are thus passed on to offspring
(“descent with modification” or “adaptation”)

THE ORIGIN OF SPECIES

DNA structure published in
1953 by Watson & Crick

The Genetics of Evolution

Review Genetic Definitions:
Gene
Allele
Homozygote
Heterozygote
Gene pool
Genetic diversity

Individual 1 Individual 2
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The Genetics of Evolution

Genetic definitions:
Gene: a region of the DNA that codes for a particular trait
Allele: variants of a particular gene; diploid organisms have two of every gene
Homozygote: An individual with 2 identical alleles for a gene
Heterozygote: An individual with 2 different alleles for a gene
Gene pool: the sum total of all alleles of every gene in a population

Genetic diversity: The number of different alleles of a gene in an individual, population or
species (aka genetic variation or polymorphism).

A, A, A,

(&
o

Individual 1 ‘ Individual 2

The Genetics of Evolution
Levels of Genetic Diversity:

« Within individuals = heterozygosity
« Among individuals within a population
« Between populations

Natural selection acts on individuals

Adaptation happens at the level of the gene pool or population

(the change in allele frequencies over time in response to selective
pressures)

Genetic diversity is the basis for natural selecti

Natural Selection & Genetic Variation

Natural Selection = differential survival among genotypes within a species.
 variation in genotype gives rise to variation in phenotype

* natural selection acts on existing genetic variation

« “survival of the fittest” = differential reproductive success among genotypes

« change in the gene pool over time

Which variants are adaptive depends on current conditions!
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The Genetics of Evolution

Where does genetic diversity (variation) come from?

Ultimate cause = mutation
random process — rare errors in DNA replication during cell division
some mutations detrimental, some beneficial, some neutral

Proximate cause = sexual reproduction (recombination / gene flow)
produces novel allele combinations; new traits

Which variants are adaptive depends on current conditions!

L%

When Does Evolution Lead to Speciation?

Selection Pressure

Stabilizing Directional Disruptive

Can you think of examples of ABIOTIC and BIOTIC selection pressures?

Biotic Selection Pressure:
Avoiding Competition

Niche-diversification of tropical bird feeding guilds:

strict frugivores
foliage gleaners
[CEIRCENETS)

tree haunters
vine-tangle specialists
army-ant followers
bee-eaters
hummingbirds
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Biotic Selection Pressure:
Avoiding Competition

Sequential flowering of 6 species of Shorea trees in an Asian rainforest

Biotic Selection Pressure:
Avoiding Being Eaten

Opuntia spp. in
Galapagos

- principle food of
[ERTRIERER

- spinyness & height
related to iguana
population

Rapid (Contemporary) Evolution

Radiation of beak shapes and
sizes in Galapagos finches

Peter & Rosemary Grant 1977.
Severe drought left only thick-walled seeds.
Birds with “deep” beaks survived in greater numbers.
Subsequent offspring had beaks 0.5 mm deeper.
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When Does Evolution Lead to Speciation?

Selection Pressure

Stabilizing Directional Disruptive

TCS 2018

Only disruptive (or diversifying) selection can lead to speciation!

Rapid (Contemporary) Evolution
Read Ashley 2003
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Allopatric speciation in Drosophila - Dodd 1989

Speciation = the formation of 2 or more species from a single common ancestor

Allbpatric | Peripatric Parapatric| Sympatric

i @ @ @ @
population
Initial step of
speciation
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Adaptive Radiation

One ancestral organism gives rise to
many new species

Evidence:

« Darwin’s finches — adaptation to varying
food availability on different islands

« Tyrant flycatchers — opportunistic radiation

Examples of Darwin's Galapagos in response to insect diversity

finches, showing radiation of beak «Bats — opportunistic radiation in response
shapes and sizes to nocturnal insect diversity

« Cichlids — dry periods in African lakes &
sensory drive speciation (Kricher p. 63)

*Mammals — radiation following dinosaur
extinction

Origin Of Species - Speciation

Speciation requires:
1. Reproductive isolation = barrier to gene flow, via:

* geographic separation = vicariance: Pleistocene refugia, Andean uplift,
fragmentation

 temporal separation (timing of reproduction)

2. Differentiation = divergence, via:
« local adaptation (differential selection)
¢ genetic drift
* mutation

Cannot interbreed even if rejoined = reproductively isolated
« Pre-zygotic vs. post-zygotic isolation mechanisms

Convergent Evolution

Similar selective pressures
lead to similar traits

..even among unrelated
organisms

Form fits Function:

Homology vs. Analogy
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Aposematic Coloration in Heliconius butterflies
& Miillerian Mimicry

Extinction

« Extinction (global)

« Extirpation (local)

 Functional extinction
(ecological)

Why do species go extinct?

« Death > Birth over extended
period

« Cataclysmic events

« Ultimate vs proximate causes

Bison skulls

Current species richness =
Speciation - Extinction

Diversity has been increasing
through time

Periodic mass extinctions occur

Punctuated equilibrium

The 6t Mass Extinction

« Rates now estimated to be
10-10,000X higher than
“background” rates

How do we predict extinction
rates? Read Primack pg 142-144
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hropogenic Extinction Drivers

#1 Habitat Loss

uth Africa

or meat, hide

1914 |

Overexploitation

Climate Change

Syrian Ass — Middle East
1927 !
1923

Bubal Hartebeest - North Africa/Middle East
Hunting for sport

Passenger Pigeon — U.S.
Hunting for m t

Tecopa Pupfish — California, USA
Development

1981
1979

Javan Tiger — Indonesia
Hunting

Catherine Woodward

Tasmanian Tiger - Au:
Government

Recent Extinctions

&
7%

Golden Toad — Costa Rica Yangtze River Dolphin
Habitat de; n

Climate Change, Di
1989 2006

on

Pyrenean Ibex - Europe | 2000 2008 aripbean Monk Seal
Hunting Hunting
L
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Endangered - | More than 60% of threatened
41% amphibians mammals and 85% of

13% birds £+ B threatened amphibians

30% mammals ' - currently receive no

40% of all organisms e S8l B conservation attention.

See Primack Fig. 5.1

What makes a species
vulnerable to extinction?

Vulnerability to Extinction

« Small geographic range

« Migrants (monarch butterflies, migratory birds, whales)

« Specialists
« Large territory requirements (jaguar)

» Low reproductive rates (K-selected)

« Palatable or in conflict with humans (hunting, development)

« Recent rapid decline

« Small population size
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Special Problems of Small Populations
STOCHASTIC EXTINCTION RISK

also see “Allee Effect” and demographic stochasticity
(Primack pg. 161-164)

Special Problems of Small Populations
DEMOGRAPHIC STOCHASTICITY in ATIOS

“In 1927, only about a dozen were left — a

mere two being females — despite being effective
afforded the best protection according to population size
contemporary science; that number had

declined to a handful, all males, by the

end of the year.” -- Heath Hen, Wikipedia

Special Problems of Small Populations
LOSS OF GENETIC DIVERSITY

Genetic diversity increases with:
+ habitat area / island size
range size
gene flow (dispersal ability)
population size
species persistence

Small populations lose
adaptive ability

Catherine Woodward
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Special Problems of Small Populations
HOW DO SMALL POPULATIONS LOSE GENETIC DIVERSITY?

Genetic Drift

random fluctuation in allele
frequencies through time

faster loss of genetic diversity in
smaller populations

H = % heterozygosity
t = # of generations
H, = Ht

rimack 5.11
assumes two alleles per locus, random Primach 5_1

mating, no mutation, no gene flow, no
inbreeding

Special Problems of Small Populations

HOW DO SMALL POPULATIONS LOSE GENETIC DIVERSITY?

Inbreeding

mating between close relatives
loss of heterozygosity (fixation)

accumulation of deleterious
mutations

inbreeding depressi
10 5 fitness due to inbreeding
Generations of inbreeding

Loss of heterozygosity and fixation of alleles in mice due
to inbreeding
http://nfs.unipv.it/nfs/minf/dispense/immunology/lecturesffiles/inbred_co
ngenic.html

Special Problems of Small Populations

HOW DO SMALL POPULATIONS LOSE GENETIC DIVERSITY?
Founder / Bottleneck effect

low diversity in a subset of a population that colonized a new site or survived a cataclysmic
mortality event.

® Japanese crested ibis

# Golden-cheeked warbler

1000 10,000 100,000
lation bottlened size
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Outbreeding Depression:
Case Study of Tatra Ibex

INBREEDING 4 ™ OUTBRELDING
DEPRESSION N DEFRESSION
Often obaerved, % Mot aften
important to y \ observed
comservation / \

High |
Relatedness of parents

Mating between Mating between !
close relatives n erent sprcies o
Primack Fig. 5.13 - ffevent populations

Inbreeding depression = reduced fitness due to mating between highly related individuals

Outbreeding Depression:
Case Study of Tatra Ibex

INBREEDING 4 ™ OUTERELDING
DEFRESSION
Mot aften
observed

Belatedness of parests

Mating between
close relatives

Primack Fig. 5.13

Heterosis = increased vigor of heterozygotes

Outbreeding Depression:
Case Study of Tatra Ibex

INBREEDING 4 ™ OUTERELDING
DEFRESSION
Mot aften
observed

conservation

High |
Relatedness of parents
Mating between Mating between

clnse relatives from differen
widely different populatians

Outbreeding depression = reduced fitness due to mating between highly unrelated
individuals . because local adaptation leads to genetic differentiation
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Genetics and the “Extinction Vortex”

\
d ¢

genatic
variability

Number of Philippine Eagles

Vulnerability:

Declining Population
Size

Waorld Cheetah Population

Tiger Population Data Source: Cheetah Facts

Decline

Conservation Implications

The exciting field of conservation genetics!

¥ Minimum Viable Population (MVP)
. # of animals required to have 90% chance
of surviving 100 years

+ 50-500 rule of old

* now recommend 3000-10,000
individuals

Consider effective population size

See Primack 5.9

Catherine Woodward
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Conservation Implications

The exciting field of conservation genetics!

Considerations for management of
small, isolated populations

Restoring gene flow
« offset drift & inbreeding
« increase genetic diversity

Habitat corridors

“Genetic rescue”....but avoid
outbreeding depression

Ibexin the Tatra Mountains,
Czech Republic
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