Introduction to
Evolution & Ecology
Homer Simpson Evolves (1:29):
https://www.youtube.com/watch?v=faRlFsYmkeY&list=PLD5B2AF8CD99CB8CA

Introduction to Evolution
• Gene Pool – the collective group of all of the genes and their various alleles that
exist for a species  determines all of the possible forms of proteins that exist
within a species
• Gene pool for a species changes over time as new mutations introduce new
alleles and alleles that are help organisms survive and reproduce are passed
on and increase while harmful mutations are lost from the population
• Evolution - Process in which a species genetically changes over time
• the alleles in the gene pool change in composition and frequency

Taxonomy
There is great variety in all life on
earth; but all life uses the same
genetic code (DNA) and there are
a few genes that are found
in all organisms.

Kings
Play
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Introduction to Evolution
• Evolution - Changes are very small from one generation to the next, but
accumulate over thousands and millions of years to result in potentially large
changes in a species
• may also lead to speciation
(process in which two species
diverge from a single species)
and extinction
• The Theory of Evolution
All species on Earth today are
descendents of a single common
ancestor, and all species
represent the product of millions
of years of accumulated
microevolutionary changes
Cladogram
(evolutionary tree)

Common descent

LUCA (last universal common ancestor)

Introduction to Evolution
Natural Selection
•

Process by which evolution occurs evolution

•

“Survival of the Fittest”

•

Fitness = measurement of ability to survive and reproduce

•

Some phenotypes are more helpful (provide greater fitness) and thus become
more frequent in the population over time

•

Some phenotypes are less helpful or are harmful (provide less fitness) and thus
become less frequent in the population over time

•

The environment determines which phenotypes are more or less beneficial

Soot from the industrial revolution of the
1800’s coated tree trunks and caused the
allele frequency of black moths compared
to peppered moths to increase
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Natural Selection
• How would natural selection affect each of the following?

Evolution of Antimicrobial Resistance
The frequency of antibiotic resistance genes increase in the gene
pool of a microorganism population that is repeatedly exposed to
antibiotics
According to the World Health Organization (WHO), the
use and misuse of antimicrobials in human medicine and
animal husbandry over the past 70 years has led to a
relentless rise in the number and types of microorganisms
resistant to these medicines - leading to death, increased
suffering and disability, and higher healthcare costs.

– Beak size in hummingbirds
– Speed of antelope
– Color of lilies
– Color of rabbits
– Size of animals on a small island
– Teeth of primates
– Hair of primates
– Brain size of primates

Evolution of Antimicrobial Resistance

Evolution of Antimicrobial Resistance

According to the World Health Organization (WHO)

According to the World Health Organization (WHO)

•

• People can help tackle resistance by:
 using antibiotics only when they are prescribed by a certified health professional;
 completing the full treatment course, even if they feel better;
 never sharing antibiotics with others or using leftover prescriptions.

•

•

•

•

In 2012, there were about 450 000 new cases of multidrug-resistant tuberculosis
(MDR-TB). Extensively drug-resistant tuberculosis (XDR-TB) has been identified in
92 countries. MDR-TB requires treatment courses that are much longer and less
effective than those for non-resistant TB.
Resistance to earlier generation antimalarial drugs is widespread in most malariaendemic countries. Further spread, or emergence in other regions, of artemisininresistant strains of malaria could jeopardize important recent gains in control of the
disease.
There are high proportions of antibiotic resistance (ABR) in bacteria that cause
common infections (e.g. urinary tract infections, pneumonia, bloodstream infections) in
all regions of the world. A high percentage of hospital-acquired infections are caused
by highly resistant bacteria such as methicillin-resistantStaphylococcus
aureus (MRSA) or multidrug-resistant Gram-negative bacteria.
Treatment failures due to resistance to treatments of last resort for gonorrhoea (thirdgeneration cephalosporins) have now been reported from 10 countries. Gonorrhoea
may soon become untreatable as no vaccines or new drugs are in development.
Patients with infections caused by drug-resistant bacteria are generally at increased risk
of worse clinical outcomes and death, and consume more healthcare resources than
patients infected with the same bacteria that are not resistant.

Types of Selection
• Natural selection can affect the distribution of phenotypes in three ways:

– Directional Selection

• Health workers and pharmacists can help tackle resistance by:
 enhancing infection prevention and control;
 prescribing and dispensing antibiotics only when they are truly needed;
 prescribing and dispensing the right antibiotic(s) to treat the illness.
• Policymakers can help tackle resistance by:
 strengthening resistance tracking and laboratory capacity;
 strengthening infection control and prevention;
 regulating and promoting appropriate use of medicines;
 promoting cooperation and information sharing among all stakeholders.
• Policymakers, scientists and industry can help tackle resistance by:
 fostering innovation and research and development of new vaccines, diagnostics,
infection treatment options and other tools.

Types of Selection
• Natural selection can affect the distribution of phenotypes in three ways:

– Directional Selection
– Stabilizing Selection

Malaria
pushes
increase in
sickle cell
gene

Deaths from
sickle cell
anemia push
decrease in
gene
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Types of Selection
• Natural selection can affect the distribution of phenotypes in three ways:

Types of Selection
• Natural selection can affect the distribution of phenotypes in three ways:

– Directional Selection

– Directional Selection

– Stabilizing Selection

– Stabilizing Selection
– Disruptive Selection

Big beaks are better at cracking
open nuts and seeds
Small beaks are better at
getting into nooks and crannies

Types of Selection
• Natural selection can affect the distribution of phenotypes in three ways:

– Directional Selection
– Stabilizing Selection
– Disruptive Selection

Speciation
• Disruptive Selection can lead to speciation
• Speciation is the process in which one species diverges into two
separate species (meaning two groups that no longer breed with one
another)
– Behavioral Isolation is one type
of reproductive isolation
Two populations are capable of interbreeding
but choose not to due to differences in mating
preferences
- ex: beak size in finches
- ex: meadowlarks with
different mating songs

Speciation
• Types of Reproductive Isolation (all three can lead to speciation)

Speciation
• Types of Reproductive Isolation (all can lead to speciation)

– Behavioral Isolation

– Behavioral Isolation

– Geographic Isolation
Two populations are physically
separated from one another
- ex: island foxes on the Channel Islands

– Geographic Isolation
– Temporal Isolation
Two populations reproduce at different times
- day versus night
- seasonal isolation

Example of seasonal isolation

Day Lilies

China

Evening Lilies
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Speciation

PBS: Speciation in Salamanders (3:21)
https://www.youtube.com/watch?v=YCoEiLOV8jc

• One species usually retains the original species name
while the other is given a new name

Genetic Drift
• Genetic drift causes changes in allele frequency that are not due to
natural selection but instead are due to chance; occurs only in small
populations
– Organisms with certain alleles happen to have more offspring
– Natural disasters (randomly kills off part of the population,
thereby changing the allele frequencies)
– Immigration and emigration
• Founder effect – a population of emigrants start a new population
in a new location, but the frequency of alleles in the new
population may not match that
of the original population
– often leads to speciation

Hardy-Weinberg Equilibrium

Remember!

• State in which allele frequencies remain constant
(evolution is not occurring)

The Environment determines which traits are helpful and
therefore get passed on to the next generation.

• Five conditions must be met:
1. Must be random mating

“Fitness” is determined by an organism’s environment.

2. Population must be very large (no genetic drift)
3. No immigration or emigration (no genetic drift)
4. No new mutations
5. No natural selection

If the environment changes and different alleles become more
favorable, then natural selection will act on the species to
cause the new allele to build up in the gene pool and the old
allele to decrease (evolution!)

• Extremely rare if at all possible
• Used as a bases for calculating the rate of evolution (change in
allele frequencies) within a population

Organisms do not develop mutations in response to their
environment. Mutations are random and happen by chance.
Otherwise no organisms would ever go extinct!

Introduction to Ecology

Introduction to Ecology

•

Ecology is the study of the interactions between organisms and their natural
environments

•

Recall that the environment determines fitness and therefore evolution

•

The physical (abiotic) and biological (biotic) factors that surround and affect an
organism make up its environment
Abiotic Factors
– Climate: the temperatures, humidity, and precipitation of a region over a long period
of time
– Geology: the surface features of a region (soil granularity, pH, available nutrients,
hydrothermal and volcanic activity, etc)

Biotic Factors
– Predators: an organism that feeds on another organism
– Prey: an organism that is eaten by another organism
– Competitors: organisms that compete for the same resources
• limiting resources are those that in which there are not enough for all members
of a population (competition leads to survival of the fittest)

Together these form food chains and more complex food webs

Can you identify the:
• Predators?
• Prey?
• Competitors?

• Note that the arrows
point in the direction
of the flow of energy
• Autotrophs are organisms
that obtain energy from
inorganic sources
 producers: obtain energy from the
sun and convert it into carbohydrates
• Heterotrophs are organisms that obtain
energy by eating other organisms (also
known as consumers)





Herbivores: eat plants (producers)
Carnivores (predators): eat other animals
Omnivores: eat both plants and animals
Detrivores: eat dead organisms; they are a
type of decomposer (organisms that help
recycle organic matter back into the
environment)
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Energy Pyramic

Energy Pyramic

• Only 10% of energy is passed from one trophic
level to the next (the other 90% is lost to the
environment as heat, movement, etc)
• Bottom of food chain = producers
• Successive levels of consumers
(primary, secondary, tertiary, etc)

• Many, many individuals make up the
lowest trophic levels
• Few individuals make up the highest
trophic levels
• This is because as energy is lost at
each level, less and less is available
for each successive level
• Primary consumers require
a small territory to obtain the
vegetation they need
• Each level of consumer
requires a larger and larger
territory in order to find and
eat enough organisms to
sustain itself

secondary
consumer

producer

tertiary
consumer

primary
consumer

100% of
sun’s energy

10% of
1% of
sun’s energy sun’s energy

.1% of
sun’s energy

Other Ecological Interactions
Symbiosis
a close relationship between
two species (3 types)
– Mutualism: each organism derives a benefit
from the other

Ecology
• Ecology is the study of the interactions between organisms and their natural
environments
• The hierarchy of ecology:
– Species – organisms that interbreed and thus share a gene pool
– Population – all members of the same species within a defined region
– Community – the group of populations within a defined region
– Ecosystem – the biotic and abiotic factors within a defined region

– Commensalism:
one organism derives a
benefit while the other is
not helped nor harmed
by the relationship
– Parasitism: one organism derives
a benefit at the expense of the
other (the other organism is
harmed by the relationship)

• Habitat – the area where an individual organism lives, including the biotic and
abiotic factors that affect the organism
• Niche – an organism’s place within an ecosystem, e.g. how it interacts with and
affects other organisms and its physical environment including its place in the food
web, when and how it reproduces, where and how it builds its home, etc.
– Biome – a group of ecosystems that have the same climate
– Biosphere – the combined portions of the planet in which all life exists (from the
microrganisms that live under the surface of the deepest parts of the ocean to the air
space above the tallest mountains where birds and insects fly)

Biomes

Biomes

• Biomes are groups of ecosystems that have the same climate

• Climate (temperature and humidity)
is determined by
1. Amount of Direct Sunlight

• Climate is defined by
two main factors
– Temperature
– Humidity
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Biomes

Biomes

• Climate (temperature and humidity) is determined by
2. Physical features of the earth

Atlantic Coast

Biomes of the U.S.
from coast to coast

Pacific Coast

Biomes

Ecological Succession

• Different biomes support different vegetation based on the amount of
available water

• Sometimes an ecosystem is damaged or destroyed by natural disaster or
some other force.
– Partial damage (like that caused by fire or minor landslide) results in destruction of
most plant life but retainment of soil
– Total destruction (like that caused by volcanic activity or major landslide) results in
destruction of all plant life and soil (starts out as a crust of volcanic rock)

• As a result, each biome supports
different animal life (based on
the vegetation eaten by each)
• Within each biome are
various ecosystems
created by variations
in the landscape
(e.g. changes in
altitude caused by
mountains/hills/
valleys, nutrient
availability,
toxins, etc.)

• These ecosystems undergo ecological succession (the series of changes
that occur over time as part of the ecosystem re-establishing itself)

Secondary Succession
Pioneer
species

Ecological Succession
• Sometimes an ecosystem is damaged or destroyed by natural disaster or
some other force.
– Partial damage (like that caused by fire or minor landslide) results in destruction of
most plant life but retainment of soil
– Total destruction (like that caused by volcanic activity, glaciers, or major landslides)
results in destruction of all plant life and soil (starts out as a crust of volcanic rock)

• These ecosystems undergo ecological succession (the series of changes
that occur over time as part of the ecosystem re-establishing itself)

Competition, Adaptations and Population
•

Remember that the environment determines which phenotypes (alleles) are more
or less beneficial to a species, including the biotic and abiotic factors

•

Organisms adapt to their environments over time via natural selection
 Adaptations are inherited characteristics that increase an organism’s fitness
(ability to out-compete others, survive and reproduce)

•

Organisms compete for resources like food, water, living space / shelter, etc
– Limiting factors – resources for which there
are not enough for all members of a population
(keep population from growing exponentially
without limit)

Exponential growth

– The environment determines which resources
are available, how much of each resource is
available, and the conditions under which
organisms compete

•

Organisms also compete for mates
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Exponential Growth
Some bacteria reproduce every 20 minutes

Logisitic Growth

Limiting Factors

At this rate, after 36 hours the descendants of a single bacterium
would cover the entire surface of the earth one foot deep. In the
next hour they would be over our heads. In a few days, there
would be enough bacteria to weigh as much as the visible
universe and would be expanding outward at the speed of light.

Point at which nutrients start to run out or
antibiotics start to kick in, etc.

Logistic Growth
Curve

So why doesn’t this happen?
Number of
Bacteria

Number of
Bacteria

Exponential
Growth

Time

Logisitic Growth
•

Logistic Growth is exponential growth followed by little or no growth

•

Occurs when limiting factors cause a population’s growth to decrease as
limited resources (food, water, shelter) become more scarce or the
populations of predators increase

•

Carrying capacity is the number of individuals in a population that an
ecosystem can support

Little or No Growth

Time

How fast is the human
population growing?

Number of
Individuals

Time

How fast is the human
population growing?

The World Food
Supply

In 1798 Thomas Malthus predicted that human
population growth would eventually outstrip
total possible food production
(Exponential Growth is also called Geometric
Growth or the Malthusian Growth Model )

• The current world grain harvest is 1.85 billion tons
• If expanded to 2 billion tons, could feed 10 billion people
subsisting only on grain (no meat eaters)
• There are currently 6.9 billion people and the world population is
estimated to exceed 10 billion people in 2050
• If everyone ate like Americans, 2 billion tons of grain could only
support 2.2 billion people
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The World Food Supply
With a limited amount of land and a growing
number of people to feed from that land, each
person’s part becomes smaller and smaller.

Back to Evolution
and Natural Selection…

=
The Apple
Demonstration

•

When the environment changes, new adaptations are often necessary
 if these are not already present in the species (genetic variation) then the
species may go extinct (the last remaining members of a species die and the
species no longer exists)

•

Extinction results from:
– Environmental changes followed by lack of adequate adaptations
– Introduction of new, better adapted competitors
(introduced species versus native/indigenous species)
– Disease
– Human Impact:
• Overhunting
Genetic variation helps
• Habitat Destruction
prevent extinction!
• Introduced Species/Diseases

How can we avoid a population crash?
– Don’t build on arable land
– Eat lower on the food chain
– Develop genetically modified
crops that are safe to eat
– Stabilize human population
growth (growth rate of 2.1)

Extinction
•

Five Mass Extinctions in past 600 mys
– large glaciation, sea levels fall
– impact (Siljan Crater)
– impact (Bedout Crater), global warming,
flood basalts (Siberia), low O2
– impact (Manicouagan Crater),
volcanic flood basalts (Central Atlantic)
– impact (Chixculub Crater),
volcanic flood basalts (Deccan, India)

The Holocene Extinction –
currently thousands of species are
going extinct each year and 30-50%
of all species are expected to go
extinct by mid century

The Greenhouse Effect
Global warming,
a main contributor
to extinctions,
occurs when more
Greenhouse gases
enter the atmosphere
thereby trapping
more heat.

Sun rays

• Earth is currently
experiencing its sixth
mass extinction event

Less heat escapes

Heat is trapped.

• The cause?...

The Human Species

Earth

The Greenhouse Effect
Earth’s atmosphere:

• Earth would be like the moon without the greenhouse effect

• Harmless gasses like N2 and O2
• Water
• Greenhouse gasses

 225oF during the day
 -243oF during the night

– Carbon dioxide (CO2) – 50%
– Chlorofluorocarbons – 15%
– Methane – 18%
– Nitrous Oxide – 10%

The Greenhouse Effect

Trap heat energy
like a blanket

• An increase in
greenhouse gasses
causes global warming

– Other gases & pollution – 7%
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The Carbon Cycle

Global Warming
Increased temperatures can lead to

•

Photosynthesis converts
CO2 into carbohydrates

•

Aerobic Respiration
converts carbohydrates
into CO2

•

Pressure and heat from
the earth convert decaying
matter into fossil fuels

•

Human technology
converts fossil fuels into
CO2 and pollution

•

CO2 is also released from
volcanoes, living organisms
(esp. cows and termites), and
other natural processes

• worldwide changes in climate
• rise in sea level
• increasingly severe weather
(hurricanes, floods, droughts)
• habitat destruction
• reduced food supply
• mass extinction (cannot adapt fast enough)
• increase in disease (tropical expansion –
malaria, dengue fever, west nile virus)

The Water Cycle
• Nitrogen is a key ingredient in amino acids
and is therefore necessary to make proteins;
hence it is required by all living organisms

Charles Darwin
•

“Father of Evolution:

•

Born February 12, 1809

•

Darwin’s work was result of observations and collections
from his 5 year voyage around the world on the H.M.S.
Beagle

•

Noticed patterns of diversity
– among the
grasslands
of Europe,
Australia
and South
America
which had
similar
climates
– Among the
cluster of
Galapagos
Islands

Charles Darwin
•

Worked on his theories about evolution for 25 years before
publishing them!

•

Darwin’s ideas directly contrasted with traditional beliefs that
the Earth was only a few thousand years old

•

Darwin’s ideas were influenced by several revolutionary thinkers
of his time:
– James Hutton (1775) and Charles Lyell (1833) both
proposed how geological processes over millions of years
shape the surface of the earth
– Jean-Baptiste Lamarck (1809) proposed that organisms
past traits to their offspring and over time this can result in
changes in a species
– Thomas Malthus (1798) proposed that organisms compete
for resources and uncontrolled population growth results in
insufficient resources, thus causing populations to crash
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Charles Darwin
• Received an essay from Alfred Russel Wallace in 1858
outlining ideas very similar to Darwin’s own ideas
• Published On the Origin of Species by Natural Selection
November 24, 1859

– Present-day organisms are descended from
ancestral species, many of which
no longer exist (speciation & extinction)
– Natural Selection causes evolution (genetic
changes in a species over time)

Evidence of Evolution
• Homologous Anatomy

Charles Darwin
Darwin’s Principles of Evolution
1. More individuals are produced each
generation than can survive.
2. Phenotypic variation (caused by
genetic variation) exists in among
individuals and is heritable
3. Organisms compete with one another
for limited resources and those with
heritable traits better suited to the
environment are more likely to survive,
reproduce and pass on those traits
(“survival of the fittest”)

Marine mammals have
vestigial legs (whales,
dolphins, and porpoises)

Evidence of Evolution
• Homologous Anatomy
• Vestigial Traits/Organs

nictitating membrane - a translucent
third eyelid that can be drawn across
the eye for protection and to moisten it
while maintaining visibility

python
skeleton

Evidence of
Evolution
• Homologous Anatomy
• Vestigial Traits/Organs

Evidence of Evolution
• Homologous Anatomy
• Vestigial Traits/Organs
• Embryological/Developmental Similarities
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Evidence of Evolution

Evidence of Evolution
•
•
•
•

Homologous Anatomy
Vestigial Traits/Organs
Embryological/Developmental Similarities
Genetic Similarities

•
•
•
•

Homologous Anatomy
Vestigial Traits/Organs
Embryological/Developmental Similarities
Genetic Similarities

• Human genes are 96% - 98% identical to chimpanzees
• humans, chimpanzees, and bonobos are more closely related
to one another than either is to gorillas or any other primate

• Humans share about 75% of their genes with mice, only takes into
account genetic similarity, does not include variation in protein
expression
• Overall, mice and humans share virtually the same set of genes.
Almost every gene found in one so far has been found in a closely
related form in the other.
• Both the mouse and human genomes contain about 3.1 billion base
pairs. Only about 5 percent of the sequence in both species consist of
protein-coding regions (genes) and, on average, these regions are 85
percent identical (some genes are 99 percent identical while others are
only 60 percent identical). These regions are evolutionarily conserved
because they are required for function. In contrast, the non-coding
regions are much less similar (only 50 percent or less).

Evidence of Evolution
•
•
•
•
•

Homologous Anatomy
Vestigial Traits/Organs
Embryological/Developmental Similarities
Genetic Similarities
Distribution of Species
world distribution of cycads

Organisms don’t exist in all locations
where there is a good climate for them

Evidence of Evolution
•
•
•
•
•
•

Evidence of Evolution
•
•
•
•
•

Homologous Anatomy
Vestigial Traits/Organs
Embryological/Developmental Similarities
Genetic Similarities
Distribution of Species

The island fox is endemic to the Channel Islands

How Are Fossils Made?

Homologous Anatomy
Vestigial Traits/Organs
Embryological/Developmental Similarities
Genetic Similarities
Distribution of Species
Fossil Evidence
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Earth’s Eras and Periods

Evidence of Evolution
Fossils are dated based on
• Their order in sedimentary rock layers
• Mineral dating (like carbon dating) which measures the percent of isotopes
of specific atoms found in the fossils or surrounding rock

86% of
Earth’s
history

Human Evolution

Human Evolution: Fossil Evidence

From Bacteria to Apes (4:09)
https://www.youtube.com/watch?v=9mhX2Kas558
Human Evolution Made Easy (9:44)
https://www.youtube.com/watch?v=u7Y34zrJjtk

Human Evolution: Fossil Evidence

Humans

100,000 ya

Homo sapiens sapiens

10 Weird Facts About
Human Evolution
https://www.youtube.com/wa
tch?v=dcp5RzyOaLY

Homo sapiens neanderthalensis
• Humans and neanderthals shared a common ancestor
about 200,000 years ago
• neanderthals went extinct about 30,000 years ago

•
•
•
•

Humans have been on this planet for 100,000 years
They are the only species found in every biome
Their population is growing at an unsustainable rate
They have driven thousands of species to extinction due to
over-hunting, global warming, pollution, and habitat destruction
• By 2050 (you will be about 50 years old), humans are projected to
• cause the extinction of 30% - 50% of all life on earth
• out grow the planet’s carrying capacity
• use up all of the planet’s fossil fuels

• If we continue at this rate in the fashion we have been,
what will life be like for you, your children and your
grandchildren?

12

