
UNIT 9: EVOLUTION 
Chapters 10, 11, 12, and 17 



Bellwork  

!  Get out Dragon Genetics Lab  
! Make sure all Tables are correctly filled in 
! All 10 Analysis questions are answered in complete sentences 

and easy to read.   
!  Staple Table on top of Answers on top of the drawing 
! Make sure both names are on the lab! 

!  Thompson Ticket Sheets – I am stamping today!! 
!  Homework This Week: 

! QuizEgg’s 6.1-6.3 are Due by Wednesday night 
! QuizEgg’s 6.4 – 6.6 will go live on Wednesday and will be 

due Sunday night. 



Introduction to Evolution  



Five Fingers of Evolution 



Evolution 

!  On its grandest scale, 
EVOLUTION is all of the 
changes that have 
transformed life over an 
immense time. 
!  the biological history of life 

on Earth.  



Pre-Darwin 

!  Before Darwin, two ideas about life on Earth 
prevailed.  
! 1. Species are fixed, or permanent, they do not change 
! 2. Earth itself is less than 10,000 years old and also 

unchanging.  
" These ideas were challenged as people became aware of 

the incredible diversity of organisms, past and present, and 
the nature of Earth's geologic processes. 



Georges Buffon 

!  Georges Buffon 
!  French naturalist, mid-1700s  
!  Study of fossils led him to suggest that Earth might be much older than a few 

thousand years.  
!  Observed that specific fossils and certain living animals were similar but not 

exactly alike.  



Jean Baptiste Lamarck 

!  French naturalist, early 1800s 
!  proposed that life evolves, or 

changes 
!  recognized that species are 

not permanent.  
!  Lamarck explained evolution 

as a process of adaptation.  



Adaptation 

!  Today, biologists consider an 
ADAPTATION to be an 
inherited characteristic that 
improves an organism's ability 
to survive and reproduce in a 
particular environment.  
! Example, the massive hind legs 

of a kangaroo that moves about 
by hopping and leaping 



Inheritance of Acquired Characteristics 

!  Lamarck is unfairly remembered 
in large part for his mistaken 
explanation of how adaptations 
evolve.  
! proposed that by using or not using 

certain body parts, an organism 
develops certain characteristics.  

!  thought that these enhanced 
characteristics would be passed on 
to the offspring.  

! Lamarck called this idea inheritance 
of acquired characteristics. 



Lamarck’s mistaken explaination 

!  Lamarck might explain that a 
kangaroo's powerful hind legs 
were the result of ancestors 
strengthening their legs by 
jumping and then passing that 
acquired leg strength on to 
offspring.  

!  However, an acquired 
characteristic would have to 
somehow modify the DNA of 
specific genes in order to be 
inherited.  

!  it is important to note that 
Lamarck proposed that evolution 
occurs when organisms adapt to 
their environments.  

!  This idea helped set the stage 
for Darwin. 





Darwin's Two Main Points 

!  Descent with Modification 
!  Natural Selection 



Point 1:Descent with Modification 

!  Species of organisms living 
on Earth today descended 
from ancestral species.  
!  descendants of the earliest 

organisms spread into various 
habitats over millions of years.  

!  In these habitats, they 
accumulated different 
modifications, or adaptations, 
to diverse ways of life.  

!  accounts for the diversity of 
life 



Descent with Modification: Example 

!  The jackrabbit and the snowshoe hare are two species of 
hares that have adapted to living in different environments.  
!  The jackrabbit benefits from fur that blends well in the desert and 

ears, rich with blood vessels, that help cool its body.  
!  White fur provides protective camouflage in the snowy northern 

regions of the snowshoe hare's range. 



Descent with Modification 



Point 2: Natural Selection 

!  Darwin's second main point was his argument for 
natural selection as the mechanism for evolution.  
! Natural selection:  process by which individuals with 

inherited characteristics well-suited to the environment 
leave more offspring on average than do other 
individuals 
"  can cause a population to change over time.  
" The result of natural selection is adaptation.  
" This process of natural selection is another way of defining 

evolution.  





Post-it Example 



Bellwork 4/14 

!  Pick up a Science World and read the article on pg 
2-3 on Adaptation. 

!  1.  What is an adaptation? 
!  2. Give an example of an adaptation from the 

article.   



Evolution has left much evidence 



Evidence for Evolution – Big Idea Notes 

!  1. The Fossil record 
!  2. Embryology 
!  3. Geographic Distribution of organisms 
!  4. DNA 
!  5. Similarities in structures 



1.  The Fossil Record 

!  Fossil : preserved remains or markings left by organisms 
that lived in the past  



Forming Layers… 

!  Most fossils found in sedimentary rocks.  
!  Sand/silt eroded from the land carried by rivers to seas and swamps, where the 

particles settle to the bottom.  
!  Over millions of years, deposits pile up and compress the older sediments below 

into rock.  
!  Rock strata, or layers, form when the rates of sedimentation or the types of 

particles forming the sediments vary over time.  



Becoming a Fossil 

!  Aquatic organisms 
!  when they die and are buried in sediments in a way that preserves some of their 

structure.  
!  Land organisms  

!  swept into rivers, lakes, swamps, and seas.  
!  being covered by windblown dust, sand, or volcanic ash. 



Relative Dating-  

!  Younger rock strata 
usually are layered on 
top of older ones  
! Use the Law of 

Superposition 

!  Thus, the positions of 
fossils in the rock strata 
can reveal their relative 
age.  



Law of Superposition 





The Fossil Record 

!  The fossil record is this 
chronological collection 
of life's remains in the 
rock layers, recorded 
during the passage of 
time. 
! provides evidence of 

Earth's changing life 



Fossil Record 

!  Oldest fossil evidence of life- 
chemical traces in rocks, 
Greenland, 3.8 billion years 
old.  
!  Fossils of prokaryotes 

(bacteria and archaea) have 
been found in rocks of about 
3.5 billion years in age.  

!  These data fit with the 
molecular and cellular 
evidence that prokaryotes 
are the oldest form of life.  

!  Fossils in younger layers of 
rock record the evolution of 
various groups of eukaryotic 
organisms.  



Paleontologists 

!  Paleontologists -scientists who study fossils 
! have discovered fossils of many ancestral life forms that 

link past and present. 



Extinction 

!  Extinct—species that no longer exist 
! Fossils of extinct species help scientists reconstruct the 

past 



Extinct During the Reign of Man 

Quagga 



Fossil evidence for evolution 

!  Fossil evidence supports the hypothesis that whales, which have no hind limbs, evolved 
from land-dwelling ancestors that had four limbs.  
!  Ancient whales  

"  had hind limb bones 
"  discovered by paleontologists digging in Egypt and Pakistan 
"  lived about 40 million years ago  
"  were aquatic animals that no longer used their legs to support their weight.  

!  Even larger leg bones are found in fossils of older whale species that may have split their 
time between living on land and in water. 







Warm-up 4/5 

!  #3.  What is relative dating? 
!  #4.  In the picture below put the letters in order 

from oldest to youngest. 



2.  Geographic Distribution 

!  Many patterns in the 
geographic distribution of life 
forms make sense in an 
evolutionary context.  
!  Why do some animals of the 

South American tropics share 
more features with certain 
species in the South American 
deserts than they do with species 
in the African tropics?  

!  Why is Australia home to so 
many kinds of pouched mammals 
(marsupials)—such as kangaroos 
and koalas—while very few 
placental animals—such as deer 
and squirrels—live there 



Geographic Distribution 

!  The most widely accepted 
hypothesis suggests that 
Australia's diverse 
marsupial species evolved 
from marsupial ancestors 
on an island continent that 
was isolated from 
placental mammals. 



Geographic Distribution 

!  Serves as a clue to how modern species may have evolved.  
!  Two islands- similar environments, different parts of the world  

"  The species on each island have more similarities to species on the nearest mainland than 
they do to species on the other island.   

!  If species evolved from ancestors that lived in one geographic region, the 
presence of related species in that region today makes sense.  



Darwin’s Finches 



3.  Similarities in Structure 

!  similarities in structure among species provide clues 
to evolutionary history 
! Forelimbs of all mammals consist of the same skeletal 

parts 
"   Human arms, cat forelegs, whale flippers, and bat wings all 

have the same basic combination of bones 
"  functions of these forelimbs differ 



Similarities in Structure: Homologous Structures 

!  Arms, forelegs, flippers, and wings of different mammals 
are variations on a common structural theme—one that has 
become adapted to different functions.  

!  Similar structures in species sharing a common ancestor are 
called homologous structures. 











Homologous Structures 

!  Support other evidence that evolution is a 
remodeling process 

!  Structures that originally functioned one way in 
ancestral species become modified as they take on 
new functions. 

!  This idea is what Darwin meant by "descent with 
modification." 



Vestigial Structures- 

!  are remnants of structures that may have had 
important functions in an ancestral species, but have 
no clear function in some of the modern descendants 
! …homologous structures that have a major function in 

one species but are not important in a related species 
!  reduced in size 



Vestigial Structures: Examples 

!  Vestigial hipbones/ legs in whales  
!  Vestigial legs in snakes 
!  Appendix and coccyx in humans 
!  Wings of flightless birds (ostrich, emu) 
!  eyes of certain cavefish and salamanders 









Vestigial Structures 

!  If species arose independently, remnants of 
structures similar to working organs in other species 
would be unlikely 

!  The presence of these structures makes sense if 
certain species descended from a common ancestor. 



4.  Similarities in Development 

!  Embryos of closely related 
organisms often have similar 
stages in development. 
!  Ex. all vertebrates have an 

embryonic stage in which 
pouches appear on the sides of 
the throat.  

!  At this stage, the embryos of 
fishes, frogs, snakes, birds, and 
primates look relatively alike. 

!  similarities of these structures 
during development support 
other evidence that all 
vertebrates evolved from a 
common ancestor 







Similarities in Development 

!  Homologous structures 
develop from the same 
embryonic tissue. 
! Develop from same 

location/ group of cells 
in the embryo 

! Further supports 
“common descent” 



Similarities in Development 

!  Homeotic Genes 
! master control genes that 

direct development of body 
parts in specific locations in 
many organisms 
" A mutation here can cause 

dramatics changes that can be 
passed on to the next 
generation 



 5. Molecular Biology (DNA) 

!  A molecular sequence (DNA) is inherited, sooo… 
!  If two species have genes and proteins with sequences 

that match closely, biologists conclude that the 
sequences must have been inherited from a relatively 
recent common ancestor.  

!  In contrast, the greater the number of differences in 
DNA and protein sequences between species, the less 
likely they share as close a common ancestry. 



DNA Sequencing  

!  REMEMBER = Science is 
TESTABLE! 

!  Fossil evidence and 
studies of anatomy 
support the hypothesis 
that humans, 
chimpanzees, and 
gorillas are closely 
related.  

!  This hypothesis is 
testable.  

!  DNA can be used to 
make predictions about 
what to expect if the 
hypothesis is correct.  



DNA Sequencing- Example 

!  If humans and other primates 
are closely related, then they 
should share much of their 
inherited DNA and protein 
sequences.  

!  The sequences of distantly 
related species should have 
more differences.  

!  If molecular analysis did not 
confirm this prediction, that 
would cast doubt on the 
hypothesis that apes and 
humans are closely related. 



The Conclusion…. 

!  There is approximately 5 percent difference in the 
total DNA between Humans and Chimpanzees. 





Molecular Biology 

!  Darwin's boldest hypothesis was that all life forms 
are related.  

!  The Molecular Evidence:  
! 1. Common genetic code shared by all species  
! 2. Genetic language passed along through all the 

branches of evolution.  
! has added to the evidence that supports evolution as 

an explanation for the unity and diversity of life 



Big Idea Notes - Summary 

!  Wrap-up:   
!  1. Read back over the 5 main sources of evidence for evolution. 
!  2. Write down any words that you think MUST be a part of the summary. 
!  3. Create a 2-3 Sentence summary that includes all of the sources in some way.   
!  4. Share your 2-3 Sentence summary with your neighbor 
!  5. Rewrite a stronger summary using both of your original summaries.   
!  6. When you think you have a finalized draft, write the summary in the “roof” on top 

of your pillars of support. Be prepared to share!  

!  Words to include:   



Darwin proposed natural selection as a 
mechanism for evolution. 

Natural Selection 



Observations Lead to a Question  

!  13 species of finches unique to the Galápagos 
islands  

!  most closely resemble one finch species living on the 
South American mainland.  



Observations Lead to a Question  

!  Reasonable hypothesis:  
!  the islands were colonized by a single finch species that 

strayed from the mainland.  
!  adapted to the varied habitats on the islands and 

eventually diversified into the 13 species 
!  key characteristic of the finches =beaks #are adapted to 

specific foods available on the different islands  
! A question that follows is, "How did these different beaks 

arise?"  
! Darwin's theory proposes that these differences arose 

through natural selection. 





More Observations Lead to an Idea  

!  Darwin based his theory of natural selection on two 
key sets of observations.  
! 1. All species tend to produce excessive numbers of 

offspring (Malthus) 
! 2. There is variation among the individuals of a 

population. 



1. More than needed… 

!  Resources are limited 

!  Production of more individuals than the environment can support leads to a struggle 
for existence.  

!  Only a small percentage of offspring will survive. 
!  Many eggs are laid, many young are born, and many seeds are spread, but only a tiny 

fraction complete their development and leave offspring of their own.  

!  The rest are starved, eaten, frozen, diseased, unmated, or unable to reproduce for other 
reasons. 



2. Variation 

!  Variation refers to differences among members of 
the same species. 
!  Is HERITABLE and passes from generation to generation 



Theory of Natural Selection 

!  Individuals with inherited traits that 
are best suited to the local 
environment are more likely to 
survive and reproduce than less 
fit individuals.  
!  the individuals that function best 

tend to leave the most offspring 
! over many generations, each new 

generation has a higher proportion 
of individuals with the advantageous 
traits. 



The Answer… 

!  Darwin also reasoned that natural selection could 
eventually cause two isolated populations of the 
same species to become separate species as they 
adapted to their different environments.  

!  This would explain patterns such as those observed 
in the Galápagos finches. 



Pinto Island 
Intermediate Shell 

Isabella Island 
Domed Shell 

Hood Island 
Saddle-back Shell 





Artificial Selection 

!  Artificial selection is the selective breeding of 
domesticated plants and animals to produce 
offspring with genetic traits that humans value. 

!  humans have been modifying species for thousands 
of years 
! dog breeders  have been changing dogs for 500 years 







Artificial Selection supports Evolution 

!  Darwin observed that artificial selection could produce 
a great deal of change in a species in a short time.  
!  reasoned that over thousands of generations, natural 

selection could also cause major change.  
!  important differences between artificial and natural 

selection: 
"  The traits that become more common in a population through 

artificial selection are those that humans choose.  
"  In contrast, natural selection favors traits that benefit the 

organisms in their particular environment—environmental 
conditions do the "selective breeding." -evolutionary adaptation to 
the environment. 



Pesticides—Natural Selection in Action 

!  By spraying crops with poisons to kill insect pests, 
humans have favored the reproduction of insects 
with inherited resistance to the poisons over those 
with no resistance. 





Woolyboogers 

!  On a distant planet there exists 5 species 
of a creature called a Woolybooger. Each 
Woolybooger is similar except their mouth 
has variations. All woolyboogers eat beans.  
!  Some woolyboogers have a clothespin mouth.  
!  Some woolyboogers have a tweezer mouth  
!   Some have a needle mouth.  
!  One year a new species of woolybooger was 

discovered, this woolybooger was called the 
Spoon-Mouthed Woolybooger . 

!   Each of you will play the part of a 
woolybooger on this planet.  
!  The spoon-mouth wooly booger is rare, so only 

two of you will get to be this type of wooly 
booger. 



Procedure 

!  Procedure:  
!  1.  You will run through several trials. Each trial will 

require your woolybooger to gain at least 20 
beans. If 20 beans are not acquired during the time 
period, your woolybooger has died. 

!  2.  Start with 1 minute on the clock. Then reduce the 
time to 45 seconds, then 30 seconds, then 15 
seconds. 

!  3.  When a woolybooger dies, the student can play 
the offspring of the surviving woolyboogers.  



Analysis and Conclusion Questions 

!  1. What happens to animals that cannot compete as well with 
other animals in the wild? 

!  2. Can you think of any real-life examples of the woolybooger, 
where one species has a definite advantage over another? 

!  3. Sometimes animals that are introduced into an area that 
they never lived in before, out-compete and endanger resident 
species, why do you think this happens? 

!  4. If only one species is considered the "fittest", why do we still 
have so many variations among species. Why do some birds 
have very long pointy beaks, while other birds have short flat 
beaks? 

!  5. How do you think diseases can affect natural selection? 



Wooleybooger LabData Table: 

1 min	 45 sec	 30 sec	 15 sec	

Generation 1	 Generation 2	 Generation 3	 Generation 4	

Tweezer	

Clothespin	

Chopsticks	

Spoon	

On a separate sheet of paper, copy down the data 
table for today’s lab.   



Gene Pools and Change  



Population 

!  Population: a local group of individuals belonging 
to the same species 
!  smallest level at which evolution can occur.  



Misconception 

!  A common but mistaken belief is that individual 
organisms evolve.  
!  It is true that natural selection does act on individuals, 

and inherited characteristics do affect their 
reproductive success.  

! However, this natural selection only becomes clear when 
an entire population is tracked over time. 



Misconceptions: 



Gene Pool 

!  Gene pool: consists of all the alleles (alternative 
forms of genes) in all the individuals that make up a 
population.  
!  the reservoir from which the next generation draws its 

genes  
! where genetic variation—the raw material of evolution

—is stored 
! key concept in understanding the evolution of 

populations 



Gene Pool Variation Visualization 

!  Population of wild 
mustangs 
!   Each mustang has a 

unique combination of 
genes  

!  individual variations- 
horses' coloring  

!  result of sexual 
recombination 

!  typical in populations that 
reproduce sexually  
"  meiosis and fertilization 

shuffle alleles within the 
gene pool and deal them 
out to offspring in fresh 
combinations. 



Changes in Gene Pools 

!  Random examples:  
! processes that lead to genetic variation like mutations 

and sexual recombination 

!  Non-Random examples:  
! natural selection (and thus evolution)  

" environment favors genetic combinations that contribute to 
survival and reproductive success.  

"  some alleles may become more common than others in the 
gene pool.  



Changes in Gene Pools 

!  In other words, there is a 
change in the frequency of 
alleles—how often certain 
alleles occur in the gene pool.  
!  This frequency is usually 

expressed as a decimal or a 
percentage. 



Microevolution 

!  Merging of Mendel's and Darwin's theories  
!  led to a way of looking at evolution based on genetic 

changes in populations.  
! Microevolution is evolution on the smallest scale—a 

generation-to-generation change in the frequencies of 
alleles within a population. 



• Moths with “peppering” blend in better in a forest with large lichen populations. 

• The smoke from factories in the Industrial revolution killed lichen and stained tree trunks. 

Peppered Moths 



Microevolution in Action! 

!  Peppered moth’s are a great way to see 
generational changes. 

!   1.  Color/Camouflage your peppered moth 
! Give them a phenotype that gives them an advantage 

in the wild environment of Thompson’s Biology 
Classroom.   

!  2. Tomorrow our predator the fierce Mr. Straka will 
hunt out the weak.   



Peppered Moth Hunt Analysis 

!  Predator on the lose… 
!  Put the classes 

peppered moth 
population into a dark 
and light category. 

Homozygous Dominant 
(Dark)  

Heterozygous 
(Bright colors)  

Homozygous recessive 
(light)  

Total Moths =  



Peppered Moth Hunt Analysis 

!  Predator on the loose… 
!  Put the classes peppered moth 

population into a dark and light 
category. 

!  1. What frequency of dark moths 
survived? 

!  2. What frequency of light moths 
survived? 

!  3. What frequency of intermediate 
moths survive? 

!  4. What phenotype had the 
advantage in Thompson’s Biology 
Classroom? 

!  5.  What could happen to this 
environment to change which 
phenotype had a clear advantage? 



Warm-up 5/11 

!  9.  What does frequency 
of alleles mean?  Make up 
a population that has 
20% frequency of the 
recessive allele and 80% 
frequency of the dominant 
allele.   

!  10.  What is 
microevolution?  Give an 
example.   



Hardy-Weinberg Equilibrium 

!  Hardy-Weinberg Equilibrium : populations that do not undergo 
change to their gene pools are not presently evolving.  
!  frequency of alleles in that gene pool are constant over time.  
!  populations rarely remain in Hardy-Weinberg equilibrium for long in 

nature 
!  useful because it provides a "no change" baseline that makes it possible to 

recognize when a gene pool is changing. 



Hardy-Weinberg Equilibrium: Describes a population 

that is not evolving 

!  Evolution will not occur as long as these conditions 
are met: 

1.  No Recurring mutations 
2.  No Natural selection 
3.  No Migration 
4.  Mating must be random 
5.  No Genetic drift 
6.  Large population 
7.  Everyone has the same  

 number of offspring 
Such disturbances are the source  
of micro-evolutionary change. 





Practice Problems….don’t cry!  



Solving Hardy Weinberg Problems 



2 Main Causes of Changes in Gene Pools 

!  1. Natural selection 
!  Genetic drift 



Genetic Drift 

!  2.  Genetic drift: A change in the gene pool of a 
population due to chance 
! All populations are subject to some genetic drift 
!  the smaller the population is, the more impact genetic 

drift has on that population 
"  Large populations- frequencies of alleles more stable 

"  Coin toss 1,000x- 700 heads, 300 tail 

" Small populations- allele frequencies vary erratically 



Genetic Drift 



Genetic Drift 



Genetic Drift and Cheetahs 

!  Cheetah population size has been dramatically 
decreased due to genetic drift. 
! Caused by the bottleneck effect.  
! This is harmful to a species’ evolutionary success because it 

restricts potential genetic responses to environmental change 







The Bottleneck Effect 

Original 
population 

Bottlenecking 
event 

Surviving 
population 

Figure 23.8 A 

(a) 
Shaking just a few marbles through the  
narrow neck of a bottle is analogous to a  
drastic reduction in the size of a population  
after some environmental disaster. By chance,  
blue marbles are over-represented in the new  
population and gold marbles are absent. 

!  Types of Genetic Drift: 
!  1. The Bottleneck Effect. 
!  A sudden change in the environment may drastically 

reduce the size of a population 
!  The gene pool may no longer be reflective of the 

original population’s gene pool 



The Bottleneck Effect 

!  Loss of variation due to 
a bottleneck effect 
could reduce the ability 
of a population to 
adapt to environmental 
change 



Genetic Drift 

!  Due to continental 
Drift: 
!  African Serval   
!  Canada Lynx 
!  S. and C. American 

Margay 



Founder Event 

!  2. The Founder Event -  when a small number of 
individuals disperse to a far away place where 
other members of those species are not present 
! establishes new populations 
!  reduces genetic variation 
!  smaller the colony, the less its genetic makeup will 

represent the gene pool of the larger population from 
which the colonists came. 



Founder Effect: Hawaii  



Founder Effect: Galapagos  



Founder Event: Hawaiian Fruit Flies 

!  Many forests in Hawaii are 
geographically isolated by lava 
flows 

!  Strong winds occasionally blow 
fruit flies to new patches of 
forest where there are no flies. 

!  A single fertilized female fruit 
fly can start (found) a whole 
new population 

!  With this more limited amount of 
genetic variation evolution of 
new phenotypes and 
reproductive barriers can 
happen very quickly. 



Warm-up 5/12 

!  Put your moth up in the classroom!!   
!  11. What criteria must be met to be in Hardy-

Weinberg equilibrium? 
!  12.  Is a population in Hardy-Weinberg equilibrium 

evolving?  If not, what is its purpose? 



Other Mechanisms of Change in Gene Pools 

!  1. Gene flow  - 
!  2. Mutation 
!  Remember: The 2 MAIN causes of change are 

GENETIC DRIFT and NATURAL SELECTION.  



Gene Flow 

!  Gene flow: the exchange of genes with another 
population   
! occurs when fertile individuals or their gametes (sex 

cells) migrate between populations 
!  tends to reduce genetic differences between 

populations 
! can eventually mix neighboring populations into a 

single population with a common gene pool 



Gene Flow Example 

!  A population that neighbors the wildflowers in the figure below 
consists entirely of white-flowered individuals.  

!  A windstorm may blow pollen from these neighbors to the mostly 
red-flowered population.  

!  Interbreeding would increase the frequency of the white-flower 
allele in the original population.  



Mutation 

!  2. Mutation: change in an organism's DNA 
!   If this mutation is carried by a gamete, 

the mutation enters the population's gene 
pool. 

!  plays a key role in evolution as the 
original source of the genetic variation 
that is the raw material for natural 
selection 
!  ***Extremely important in asexual 

reproducers*** 

!  Natural selection, genetic drift, or both, 
can influence whether the frequency of a 
new mutation increases in a population. 



Mutation Example – Albino deer 

!  Albinism - mutation resulting in a lack of coloration (white)  
!  Natural selection affects the frequency of the mutant allele in the population.  

!  White fur may lend an advantage to animals that live in snowy climates most of the year 
and must escape predators to survive.  
!  In such a population, this allele might increase in frequency.  

!  But deer live in wintry conditions only one season out of four.  
!  White fur could prove harmful most of the time, so the frequency of such an allele in deer 

populations would most likely not increase. 



Mutation 

!  Soooooo… 
!  If mutation is helpful it will be passes on b/c the animal 

will survive to reproduce and so will its offspring. 
!  If the mutation is harmful it will be killed by the 

environment and not pass on its genes 



Natural Selection and Fitness 

!  Genetic drift, gene flow, and mutation can cause  
" microevolution  
"  changes in allele frequencies 

!  they do not necessarily lead to adaptation 
! Only natural selection usually leads to adaptation  



Natural Selection and Fitness 

!  Natural selection is a 
blend of chance and 
sorting.  
!  Chance stems from  

!  mutations  
!  the sexual recombination 

of alleles 
!  These random events 

produce genetic variation 
in a population  

!  Sorting, which is not 
random, is accomplished 
by differences in 
reproductive success 
among members of the 
varying population 



Natural Selection and Fitness 

!  Natural selection 
"  “Struggle for existence"  
"  "survival of the fittest"  

!  Misleading - they suggest natural selection usually involves direct contests 
between individuals.  

!  Competition isn’t always dramatic or obvious.  
"  the males do combat for mates, lock horns  
"  moths, some may have more offspring than others b/c their wing colors hide them 

better from predators.  
"  Some plants may reproduce better b/c slight variations in flower color, shape, or 

fragrance make the plants better able to attract pollinators. 



Natural Selection and Fitness 

!  Fitness—the contribution that an individual makes to the gene pool of 
the next generation compared to the contributions of other individuals 
!  In other words…. If you have more offspring with your awesome genes 

you’re more fit than the other guy.  
"  Survival to reproductive maturity is necessary for reproductive success 
"  all that counts in natural selection is production of healthy, fertile offspring. 



Warm-up 5/16 

!  15.  What are the two 
MAIN sources of change to 
a gene pool? 

!  16.  What are some 
OTHER mechanisms for 
change to a gene pool? 



Peppered Moth Simulation  

!  Calculate the frequency of the alleles (Both 
Dominant and recessive) in the surviving peppered 
moth population found in Thompson’s Biology  
Classroom.  There were 24 dark moth survivors , 18 
intermediate moth survivors and 11 light moth 
survivors found. 
! The dark moths are all homozygous dominant. 
! The intermediate moths are heterozygous. 
! The light/white moths are homozygous recessive. 



Warm-up 5/15 

!  13.  What is genetic drift?   
!  14.  Differentiate between the two types of genetic 

drift.  



Warm-up 5/17 

!  17.  What is biological fitness?  Identify which Labrador mom 
is MOST fit, and explain why.   
!  Is that still the best choice if all of these puppies don’t 

become parents? 

!  18.  What is speciation?  What must happen in 
order for speciation to occur?    



Evolution of Antibiotic Resistance in Bacteria 

Evolutionary Biology and Health Science 



Antibiotics - 

!  Medicines that kill or slow the growth of bacteria  
! Pros:  

" help to cure many infections caused by bacteria 
"  saved the lives of millions of people 

! Cons:  
" widespread use of antibiotics brings risk  
"  caused the evolution of antibiotic-resistant populations of the 

very bacteria the drugs are meant to kill. 



Antibiotic Resistance 

!  Antibiotic resistance evolves by 
natural selection 

"  ***Remember pesticide example*** 

! An antibiotic causes selection among 
the varying bacteria of a population, 

!  Leaves only those that can survive the 
drug  

! While the drug kills most of the 
bacteria, the resistant bacteria multiply 
and quickly become the norm in the 
population rather than the exceptions. 



Antibiotic Resistance 



How did we let this happen? 

!  1. Overuse 
!  Estimated that HALF of all medical prescriptions for antibiotics are 

unnecessary  
!  Half of all antibiotics produced in North America and Europe are 

given to livestock 
!  Antibacterial agents in household items 

!  2. Misuse 
!  Medical doctors (inc. vets and dentists) incorrectly prescribe 

anitbiotics: wrong one/ incorrect dosage/viruses/preventitive 
!  Broad spectrum prescriptions instead of narrow spectrum 
!  Over the counter in many countries 
!  Improper use by patients 



Formula for medical disaster 

!  Bacteria Biology + Current Human Behavior = Fast Evolution 
!  Examples:  

"  MRSA- Antibiotic resistant Staphlococcus 
"  Resistant tuberculosis-causing bacteria 



PBS Video Response #6 



RadioLab - NPR 

!  Broad Institute - What is CRISPR? 

!  Update: CRISPR 
!  Aired: Saturday February 24th , 2017 
!  Clustered Regularly Interspaced Short Pallindromic Repeats 



Genetic Drift Simulation 

!  Find the person in the room that has a card with the same number 
but different color.   
!  Example:   

"  3 of Diamonds 
"  3 of Clubs 

!  Pick up a container of beads (or get out your M&M’s) from the front 
of the room and follow the directions on the simulation.  
!  NUT ALLERGIES = Don’t eat M&M’s!  
!  Make sure to ask for help if you are unsure on the math.  
!  Black Bead = Brown M&M 



Discover Magazine -  Summarize 
Evolution in 2 minutes or less!  Top 2 
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!  In UNIT 10: Describe OR Draw the difference in 
STRUCTURE between E.coli bacteria on the left and the 
virus injecting its DNA into E.coli on the right.  

!  19.  Explain how bacteria have become resistant to 
antibiotics.  List two examples. 



The diversity of life is based on the origin of new species. 

Biological Species Concept and Evolution 



What Is a Species? 

!  Biological species concept:  
defines a species as a 
population or group of 
populations whose members 
have the ability to breed with 
one another in nature and 
produce fertile offspring.  

"  Members of one species also 
cannot successfully interbreed 
with members of other species.  

"  This species concept helps 
biologists understand the origin 
of new species 



Biological Species Concept: Limitations 

!  Limitations:  
! Organisms that only reproduce asexually are not 

included.  
! Fossils, of course, are no longer reproducing, so they 

cannot be evaluated by this definition either.  
! Even with these exceptions, the biological species 

concept is useful.  



From Microevolution to Macroevolution 

!  microevolution : refers to change in the allele frequencies within a 
population 

!  macroevolution: encompasses more dramatic biological changes evident in 
the fossil record.  

"  These changes include the origin of different species, the extinction of species, and the 
evolution of major new features of living things, such as wings or flowers 

"  Main focus is speciation 



Speciation 

!  Speciation:  origin of 
new species  
! Adds biological diversity 
!  leads to an increase in 

the number of species 
"  ancestral (original) 

species branches into two 
separate species, 
increasing the diversity of 
life. 



Crash Course: Speciation 



Reproductive Barriers Between Species 

!  For speciation to occur, reproductive isolation must 
exist. 
! Reproductive isolation: condition in which a reproductive 

barrier keeps two species from interbreeding  
" 4 Types of Reproductive barriers: 

"  1. Timing 
"  2. Behavior 
"  3. Habitat 
"  4. Geographic 



1. Temporal Isolation (TIMING) 

!  Occurs when 2 similar species have different breeding seasons.  
!  Ex. Eastern and Western spotted skunks  

"  Western spotted skunks breed in the fall 
"  Eastern species breeds in late winter  
"  timing of their breeding seasons keeps these species separate even where 

they coexist in the Great Plains. 

Western Eastern 



Temporal Isolation (TIMING) 

!  Example:  
!  3 similar species of orchid 

in the same rain forest 
release pollen on different 
days.  

!  Thus they cannot pollinate 
one another. 



2. Behavioral Isolation 

!  Occurs when 2 similar species 
may have different courtship 
or mating behaviors.  
! Example 

" eastern and western 
meadowlarks are almost identical 
in shape, coloring, and habitat.  

"  ranges overlap- central United 
States  

"  remain separate species b/c their 
courtship rituals differ, including 
the songs that attract mates. 

eastern 

western 



Eastern vs. Western Meadowlark Calls 



3. Habitat (ecological) Isolation  

!  Some species remain reproductively isolated because they are adapted to 
different habitats in the same general location.  
!  Example 

"   certain lakes in British Columbia, Canada, contain two different species of three-
spined stickleback fish.  

"  One species is adapted to living along the lake bottom, feeding on small snails.  
"  Other species spend most of their lives in the open water, filtering plankton (small floating 

organisms).  
"  The two species' preferences for different habitats help maintain their isolation. 



4. Geographic Isolation 

!  Occurs when 
populations are 
separated by 
geographic barriers 
such as rivers, 
mountains, or bodies 
of water. 
! Example: Abert and 

Kaibab squirrels  

Abert  

Kaibab 



Abert and Kaibab Squirrels 

!  Live in the southwest 
!  never seen together 
!  About 10,000 yrs ago the Colorado river split the species into two 

separate populations.   
!  Two gene pools formed. 
!  The Kaibab squirrel EVOLVED FROM the Abert squirrel. 





Geographic Isolation and Speciation 

!  Geologic processes constantly change and rearrange Earth's 
features.  

"  A mountain range may gradually emerge, slowly splitting a population of 
organisms that cannot cross it.  

"  A creeping glacier may slowly divide a population.  
"  In other cases, populations become separated when a small group disperses from 

the main population and colonizes an isolated location, such as an island.  



Splinter Population 

!  The separation of a small "splinter" 
population from its main population 
is a crucial event in the origin of 
species.  

"  Once separate, the splinter population 
may follow its own evolutionary course.  

"  genetic drift—change in a gene pool 
due to chance—plays a key role in 
microevolution.  

"  Changes in allele frequencies caused 
by genetic drift and natural selection 
can accumulate in the splinter 
population, making it less and less like 
the main population. 

"  Do not always speciate 
"  Possible for 2 pops to come back 

together and remerge if no repro 
barriers 



Other Reproductive Barriers  

A) Premating isolating mechanisms -- prevent union of gametes -> zygote 
!  Geographic Barrier: sp. occur in different places 
!  Behavioral Barrier: species may not recognize each other as mates 
!  Ecological Barrier: Species utilize different resources in habitat 

!  Temporal Barrier: mate a different times of the year 
!  Mechanical Barrier: Structural differences prevent mating  
!  Prevention of gamete fusion: Gametes fail to attract one another 

B) Post-mating isolating mechanisms -- varying degrees of hybrid sterility or fitness 
!  Hybrid embryos do not develop properly 

!  Hybrid adults do not survive in nature 

!  Hybrid adults are sterile (can not reproduce. ex. Mule) 







Adaptive Radiation 

!  Adaptive radiation: evolution from a common 
ancestor of many species adapted to diverse 
environments 



The Tempo of Speciation 

1. Gradualism: gradual accumulation of changes in allele frequencies/ 
mutations in gene pool causing slow steady evolution of populations 



The Tempo of Speciation 

2. Punctuated equilibrium: evolutionary model suggesting species often 
diverge in spurts of relatively rapid change, followed by long periods of 
little change. 



Evolution is usually a remodeling process 

Evolution of Structures 



Can Darwin's theory of gradual change account for such 
"breakthroughs" in form and function? 

!  So far, you've been reading about examples in 
which one species gives rise to another similar 
species.  

!  Yet most people think of evolution as involving more 
dramatic transformations 
! new body forms  
!  intricate structure of an eye.  



How does natural selection account for these adaptations? 

!  fins and flippers of swimming 
animals 

!   bodies adapted for flight  
!  structure of an eye  
!  flower 



Refinement of Existing Adaptations 

!  Refinement- complex structure evolves from a 
simpler structure having the same basic function 
! Ex. Human eye 



Argument Against Refinement 

!  Some people cannot consider that such complex 
organs could evolve by gradual refinement of 
simpler structures.  
!  If the eye needs all of its parts to work, the argument 

goes, how could a partial eye be of any use as an 
evolutionary stage?  

! What's the use of a retina (a layer of cells on which 
light is focused), for instance, without a lens that focuses 
light?  

! Yet, evidence shows that eyes don't have to be 
complicated to be useful adaptations 



How Refinement Occurs 

!  Mollusks (squids, octopuses, snails, clams),  eyes 
ranging in complexity from clusters of light-sensitive 
cells to camera-like eyes with lenses.  



The Evolution of the Human Eye 



Refinement Examples 

!  Insects and crustaceans 
! Exoskeleton (chitin) 

" Water- protects from predators (crustaceans) 
"  Land- prevents dehydration (insects) 

!  Penguins 
! Flippers modified from wings 
! No fly 
! Swim  



Warm-up 5/19 

!  20.  What are four 
reproductive barriers? 
Give examples for each. 

!  21.  What are the 2 
speeds of speciation (ie 
macroevolution)? 



The fossil record provides evidence of life’s history. 

The Fossil Record 



Four types of fossils 

!  Mold fossils  
!  a fossilized impression made in 

the substrate - a negative image 
of the organism  

!  Cast fossils  
!  formed when a mold is filled in  

!  Trace fossils = ichnofossils  
!  fossilized nests, gastroliths, 

burrows, footprints, etc  

!  True form fossils  
!  fossils of the actual animal or 

animal part  



Cast/Trace Fossil 

! 21 million yr. old fossil of a beaver burrow in NE.   



6 Ways Organisms Turn into Fossils 

!  Unaltered preservation 
!  like insects or plant parts trapped in amber, a hardened form of tree sap 

!  Permineralization=petrification  
!  in which rock-like minerals seep in slowly and replace the original organic tissues 

with silica, calcite or pyrite, forming a rock-like fossil - can preserve hard and soft 
parts - most bone and wood fossils are permineralized 

!  Replacement  
!  An organism's hard parts dissolve and are replaced by other minerals, like 

calcite, silica, pyrite, or iron 
!  Carbonization=coalification 

!  in which only the carbon remains in the specimen - other elements, like hydrogen, 
oxygen, and nitrogen are removed 

!  Recrystalization  
!  hard parts either revert to more stable minerals or small crystals turn into larger 

crystals  
!  Authigenic preservation  

!  molds and casts of organisms that have been destroyed or dissolved.  



The Fossil Record 

!  Rich record of macroevolution 
!  each layer of rock, the fossils are samples of the organisms 

that existed in that place at the time the sediment was 
deposited 

!  provide a consistent and extensive record of Earth's history. 



Geologic Time Scale 

!  Geologic time scale : 
organizes Earth's 
history into four distinct 
ages known as the 
Precambrian, 
Paleozoic, Mesozoic, 
and Cenozoic eras 
! eras are divided into 

shorter time spans 
called periods  

! periods are divided 
into epochs 



Boundaries in Time 

!  The boundaries between 
eras are marked in the 
fossil record by:  
! Major changes in the 

forms of life  
"  the start of the Cambrian 

period is marked by the 
appearance of a 
diversity of multicellular 
animals with hard parts 

! Widespread extinctions 
" Extinction of the dinosaurs 

in the Cretaceous 



Dating Fossils: Relative vs. Absolute dating 

!  Relative ages  
!  reflect the order in which groups of species existed 

compared to one another  
! won't tell you the actual ages 

!  Absolute ages 
! Estimate of age in years 



Dating Fossils: absolute dating 

!  radiometric dating 
! determination of absolute ages 

of rocks and fossils through 
calculations based on a 
radioactive isotope's fixed rate 
of decay 
"  Isotope - one of several forms of 

an element 
" method most often used to 

determine the absolute ages of 
rocks and fossils  



Half-life 

!  An isotope's half-life is the 
number of years it takes for 
50 percent of the original 
sample to decay.  
!  unaffected by temperature, 

pressure, and other 
environmental conditions. 

!  Science Channel Radiometric 
Dating 

Number of 
half-lives 
elapsed 

Fraction 
remaining 

Percentage 
remaining 

0 1/1 100 

1 1/2 50 

2 1/4 25 

3 1/8 12.5 

4 1/16 6.25 

5 1/32 3.125 

6 1/64 1.563 

7 1/128 0.781 

... ... ... 

n 1/2n 100(1/2n) 



Half-life 

!  "Carbon dating" can only 
be used to find the age of 
recent fossils because 
carbon-14 has a half-life of 
just 5,730 years 

!  To estimate the ages of 
older fossils, scientists can 
use surrounding rocks that 
contain uranium-238 and 
other radioactive isotopes 
having longer half-lives. 



Radioactive dating 

!  All radioactive elements have a fixed 
(unchanging) half-life. 



Warm-up 5/22 

!  22.  What is an isotope? 
!  23.  What is a radioactive isotope’s half life? 



Half-life problems 

!  1. How long will it take for 30g 
of 222Rn to decay to 7.5g?   

2.  How many grams of 16N will 
be left from a 16g sample after 
21.4 seconds? 

Mass Time Fraction Half lives 

0 1 0 

1 

2 



Half- life problems 

!  3.  How many half lives 
will it take for 50g of 
99Tc to decay to 
6.25g? 

!  4.  What fraction of a 
sample of 32P will be 
left after 42.9days? 



Half life Problems 

!  35. How long will it take 
for a 28g sample of 226Ra 
to decay to 3.5g?  

!  36. How long will it take 
for 50% of a sample of 
131I to decay? 

!  37. How long will it take 
for 500g of 90Sr to decay 
to 125g? 



Geologic Time 



Remember…Geologic Time Scale 

!  Geologic time scale : 
organizes Earth's history 
into four distinct eras:  

"  Precambrian Time – 
everything before 
Paleozoic, oldest 

"  Paleozoic 
"  Mesozoic 
"  Cenozoic – most recent 

!  eras are divided into 
shorter time spans called 
periods or systems 

!  periods are divided into 
epochs or series 



Boundaries in Time 

!  Boundaries between 
Eras  and Periods are 
marked in the fossil 
record by:  
1.  Major changes (or 

turnovers) in the 
forms of life  

2.  Widespread or mass 
extinctions  



Mass Extinctions 

!  Mass extinction: episode 
of great species loss  
! Example: Cretaceous-

Tertiary Extinction 
"  65 MYA 
"  The World lost an enormous 

number of species . 

"  Dinosaurs thrived on Earth for 150 
million years.  

"  Less than10 million years later—a 
brief period in geologic time—all 
the dinosaurs were gone 



"Big Five" 

!  End Ordovician 
!  Late Devonian 
!  End Permian 
!  End Triassic 
!  End Cretaceous 



Ordovician-Silurian extinction 

!  439 million years ago 

!  caused by a drop in sea levels as 
glaciers formed, then by rising sea 
levels as glaciers melted.  
! Particularly affected were 

brachiopods, The toll:  
! 25 percent of marine families  
! 60 percent of marine genera. 



Late Devonian extinction 

!  364 million years ago 
!  Cause unknown (anoxia, sea level shifts?) 

!  lasted perhaps as long as 20 MY,  
!  By the late Devonian, there were plants, insects, and 

amphibians on land, fish in the seas, and huge reefs 
built by corals   

!  continents of Euramerica and Gondwana were just 
beginning to move together to form Pangea.  

!  The extinction seems to have only affected marine 
life. Reef-building organisms were almost completely 
wiped out, so that coral reefs returned only with the 
development of modern corals in the Mesozoic 

!  Toll: 
!  22 percent of marine families 
!   57 percent of marine genera.  
!  little is known about land organisms at the time 



Permian-Triassic extinction 

!  251 million years ago.  
!  Earth’s worst mass extinction 
!  The "Great Dying"  
!  Had enormous evolutionary significance:  

!  on land, it ended the primacy of mammal-like reptiles 
!  recovery of vertebrates took 30 million years 
!  In the seas, the percentage of animals that were sessile 

dropped from 67% to 50% 
!  Causes – still unknown? 

!  comet or asteroid impact, direct evidence has not been 
found 

!  Massive volcanic eruption 
!  impact triggered the volcanism  

!  Toll: 
!  95 percent of all species 



Triassic–Jurassic extinction event 

!  ~205 million years ago 
!  Cause Unknown 

! Gradual climate change/ sea 
level change, asteroid impact, 
massive volcanic eruptions? 

!  48% of all species 
!  Most archosaurs, therapsids, and 

most of the large amphibians 
were eliminated, leaving 
dinosaurs with little terrestrial 
competition.  



Cretaceous–Tertiary extinction event 

!  65.5 million years ago  
!  widely known as the K–T extinction event 
!  Iridium deposit 
!  large-scale mass extinction of animal and 

plant species 
!  75% of species went extinct. 

!  It ended the reign of dinosaurs  
!  opened the way for mammals and birds to 

become the dominant land vertebrates.  
!  In the seas it reduced the percentage of 

sessile animals to about 33%.  
!  The K-T extinction was rather uneven — 

some groups of organisms became extinct, 
some suffered heavy losses and some 
appear to have been only minimally 
affected.  



KT Impact Visualization 
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Lets plot the Highlights! 

!  Earth Forms 
!  Origin of life 
!  First multi-cell orgs 
!  First land animals (amphibians) 
!  First seed plants (ferns) 
!  First Reptiles 
!  Ordovician Extinction (438 mya) 
!  Devonian Extinction (365 mya) 
!  Permian Extinction (245mya) 
!  First dinosaurs 
!  First mammals 
!  First bird, Archeopteryx 

!  Triassic Extinction (208 mya) 
!  First Flowering Plants 
!  T-Rex 
!  K-T Extinction (65mya) 
!  Ancestors of Dogs and Cats 
!  Grasses widespread 
!  First monkeys 
!  Hominids 
!  First of 4 ice ages 
!  Homo habilis 
!  Homo sapiens 



Warm-up 5/23 

!  24.  What is refinement? 
Give an example. 

!  25.  What is adaptive 
radiation?  Where could this 
occur? 

!  26.  How is radiometric 
dating different from 
relative dating? 



Prokaryotic life begins life on Earth. 

Origin of Life 



The Oldest Fossils 

!  Earth's crust began to cool 
and solidify in early 
February–  
!  about 400 million years after 

the planet formed.  
!  Fossil evidence indicates that 

life existed by late March  
! About 3.5 billion years ago.  
!  These ancient fossils are 

found in dome-shaped rocks 
called stromatolites.  



Stromatolites 

!  Stromatolites are composed of thin layers of sediment pressed tightly 
together 
!  Resembles layered mats formed by colonies of photosynthetic prokaryotes 

living today in salty marshes.  
!  Fossils resembling photosynthetic prokaryotes have been found in 

stromatolites about 3.5 billion years old.  



Modern vs. Fossil Stromatolite 



Photosynthetic Prokaryotes 

!  Today, photosynthetic prokaryotes among simplest 
organisms that can produce own food  
! Not likely that photosynthetic bacteria were first forms of 

life- photosynthesis is a complex process 
!  Evidence that photosynthetic prokaryotes existed 3.5 billion 

years ago suggests that life in simpler forms began earlier 
"  perhaps around mid-February (3.9 billion years ago) 
"  When Earth had cooled enough for liquid water to exist. 



Where Did Life Begin? 

!  Scientists continue to 
debate – Where did life 
Begin?  
!  shallow water or moist 

sediments such as clay  
! deep-sea hydrothermal 

vents   
" Today's deep-sea vents are 

populated with prokaryotic 
organisms that may 
resemble some of the 
earliest living cells. 



Hydrothermal Vents 
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!  27.  What are eras?  What are 
the 3 main eras in order from 
most recent to oldest? 

!  28. What marks boundaries on 
the geologic time scale?   

!  29.  Which extinction killed the 
dinosaurs?  Which extinction had 
the highest loss of species?  



CRISPR Activity 

!  Using your section summary and the infographic in 
the article.  Create a visual representation of the 
information present in your part of the article.   
! You will have 15 minutes to create something 

presentation worthy! 



Gondwana Activity 

Examine the map of the modern world, looking closely 
at the shape of each continent (including the continental 

shelves, which is part of the continent)   
Question:   Are there places that the continents would 

“fit together” like a puzzle?  Support your answer. 



Reconstructing Gondwana 

!  Early 1915 
!  German scientist, Alfred Wegener, proposed that 

the continents once formed a giant supercontinent 
that he called Pangaea, meaning “all land” 
"  Speculated that the Earth took this form about 245 

million years ago, during the Triassic period of the 
Mesozoic era (dino days!) 



Reconstructing Gondwana 

!  A few years later… 
!  South African geologist 

Alexander Du Toit 
further hypothesized 
that Pangaea was 
divided into two 
supercontinents, 205 
million years ago.   
"  Called the two 

supercontinents Laurasia 
(northern) and 
Gondwanaland 
(southern) 





Reconstructing Gondwana 

!  Scientists use many kinds of evidence to test hypotheses and 
theories. 
!  For example:  Using the distribution of fossil species on Earth 

today. Scientists found similar fossil remains of plants and animals 
on different present day continents.  The scientists used this data 
and an understanding of the kinds of fossil species found to test 
the hypothesis that the continents were once connected.  



Reconstructing Gondwana 

!  You will look at the evidence that focuses on 
Gondwanaland, the supercontinent that includes 
what is now S. America, Antarctica, Australia, Africa, 
Madagascar, and India.   
! The first order observation that led to the idea of 

continental drift was simply the outline shapes of the 
modern continents…they look like a puzzle! 



What the Scientists did… 

!  After first using 
geography of the 
modern continents, 
scientists investigated 
other kinds of data, 
such as 
"  Distribution of fossil 

locations 
"  Evidence of ancient 

climates during the 
time in question 

"  Distribution of rock 
types  

"  Mountains 
"  The Himalayas 

were formed 
about 40-50 
million years ago 
when India and 
Eurasia collided.  



Wegener’s 
reconstructions 
based on 
glacial 
features,  the 
presences of 
coal, salt, 
gypsum, and 
sand dune 
deposits. 



Gondwana Activity 

!  With your partner 
! 1.  Cut our each of the continents in 

Handout 1, cutting along the outline 
of the outer edge of the continental 
shelf for each continent. 

! 2.  Propose a hypothesis:  Try to fit 
the continents together into one super 
continent and when satisfied with 
your proposed Gondwana 
configuration glue the pieces to a 
piece of construction paper. 



Gondwana Activity 

!  3.  Test your hypothesis:  Now, 
using Handout 2b. 
!  Lets go through them together! 



Key to Wegener’s Puzzling Evidence - 
Fossils 
!  Continental Shelf – the 

continents are surrounded by the 
continental shelf, which extends 
beyond the continent until there 
is a large change in slope. 
!  Speckled pattern - UNCOLORED 

!  European flora – about 300 
million years ago, a unique 
community of plants evolved.  
Fossils of these plants are found 
in Europe and other areas.   
!  Color the area with these fossils 

YELLOW. 





Key to Wegener’s Puzzling Evidence - 
Fossils 

!  Glossopteris  (tongue leaf)  was 
a woody seed-bearing shrub or 
tree, some reached 30 m tall.   
!  Grew in wet soil 
!  Leaves  

"  ranged from 2-30 cm in length 
"  Broad lance or tongue shaped  
"  Morphologically simple – making it 

hard to differentiate species. 
!  Seeds 

"  Borne in clusters at the tips of slender 
stalks 

"  To large to be wind borne  
!  Tree rings reveal they grew steadily 

each spring-summer and stopped 
for winter. 



Glossopteris 

!  These observations led 
Austrian geologist, 
Eduard Suess, to deduce 
that there had once been 
a land bridge between 
the areas where 
Glossopteris was located.  
He named the large land 
mass Gondwanaland, 
after a district in India 
where the plant 
Glossopteris was found.  
!  Also supported Wegener’s 

Continental drift theory 
!  Color the area with 

Glossopteris fossils GREEN. 



Key to Wegener’s Puzzling Evidence - 
Fossils 

!  Mesosaurus –half meter long fresh or brackish water 
reptile.   
! Flourished in the early Mesozoic Era, ~240 m.y.a. 
! Had limbs for swimming, but could also walk on land, 

35cm to 2m in length 



Mesosaurus 

!  The same genus in the same rock formations is found in both southern Africa 
and South America.  Both of the formations that the fossils are found to be in 
were shallow seas with conditions that aided perfect preservation of the 
fossil. 

!  Other fossil evidence found in rocks along with mesosaurs indicate that they 
lived in lakes and coastal bays or estuaries 

!  Color the area with the Mesosaurus fossils BLUE. 





Key to Wegener’s Puzzling Evidence - 
Fossils 
!  Cynognathus – a land reptile approximately 3m long that 

lived during the Early Mesozoic Era ~230m.y.a.  
!  Weak swimmer 
!  Means “dog jaw”:  very large head with tremendous bite power. 
!  Color the areas with Cynognathus fossils ORANGE.   



Cynognathus 



Key to Wegener’s Puzzling Evidence - 
Fossils 

!  Lystrosaurus – land dwelling reptiles 
! Late Permian Early Triassic Period, ~250m.y.a  in what 

is now Antarctica, India, and South Africa 
! Reproduced by laying eggs on land.   
! Tusk like canines 
! About the size of a pig 



Lystrosaurus 

! Very common terrestrial vertebrate 
"  Made up 95% of total individuals found in a fossil bed 
"  Anatomical features that may have been better adapted to the 

high CO2 of the Permian – Triassic Extinction event. 
! Anatomy suggests they were poor swimmers 
! Color the area with these fossils BROWN. 





Reconstruct Pangaea 

!  Cut out the Fossil Evidence continents and again try 
to reconstruct Pangaea 
! This time, consider the color coded fossil locations! 



Gondwana Reconstruction Questions 
ANSWERS ONLY  

!  1.  Examine the map of THE WORLD TODAY and consider the distribution 
of fossils shown in Handout 2 and your final reconstruction.  Using your 
second hypothesis, mark the fossil locations on the modern map using the 
provided colored pencils. 

!  2.   Examine both of your Gondwana reconstructions.   
!  Did the fossil evidence shown in handout 2 support your initial hypothesized 

reconstruction?  Why or Why not? 
!  3.  Consider the patterns of fossil locations on both the modern map and 

your reconstructed Gondwana map.  Which of the following 2 options 
seems more plausible.  Justify your response. 
"  Option 1.  The position of the continents is fixed (the continents don’t move 

through time) and the pattern of fossil distribution is as it always was. 
"  Option 2.  The pattern of fossil distribution is more plausible in the 

reconstructed Gondwana reconfiguration. 
!  4. Scientists have evidence that Glossopteris was found in what is now 

India, Antarctica, Australia, and Madagascar.   
!  What does this tell you about Glossopteris? 
!   What does it tell you about the climate and environment of Gondwanaland? 



Continental Drift and Macroevolution 

!  Continental drift: motion of 
continents about Earth's 
surface on plates of crust 
floating on the hot mantle 
!  Landmasses on different plates 

change position relative to each 
other  
"  North America and Europe, for 

example, are presently drifting 
apart at a rate of about 2 
centimeters per year 

!  It is the solution to many 
puzzles! 



Continental Drift and Macroevolution 

!  Paleontologists have discovered 
matching Mesozoic fossils in 
West Africa and Brazil.  
!  separated by 3,000 kilometers 

of ocean 
! home to the same organisms  
! The evidence makes sense if 

these two regions were part of 
one landmass in the early 
Mesozoic Era.  



Continental Drift and Macroevolution 

!  Continental drift explains 
why the plants and 
animals of Australia are 
so different from those in 
the rest of the world  
!  isolated landmass 
!  the organisms evolved 

independently of those 
living on other continents. 





Continental Drift and Macroevolution 

!  Two major events in the history of 
continental drift had an especially 
strong influence on life on Earth 
! 1. 250 million years ago- end of 

Paleozoic Era 
" Plates brought landmasses together in 

super continent- Pangaea 
"  Shoreline reduced- shallow water 

organisms died 
"  Less coast line 
"  Drier interior 
"  Increase competition of organisms 

brought together for the first time 



Continental Drift and Macroevolution 

!  2. 180 million years ago -  
Pangaea breaks up 
! continents drifted apart 
! each became an isolated 

and separate evolutionary 
arena 

!  species diverged in their 
evolution 

! adapt to each continents 



Continental Drift Video 

!  Bill Nye's Greatest Discoveries - Continental Drift 



Warm-up 5/25 

!  30.  Where can you find 
the Earth’s oldest fossil 
evidence of life? 

!  31.  Where is it 
hypothesized that life 
originated? 



Test Questions/Topics to cover 

!  Age of the Earth 
!  Artificial Selection 
!  Gene pool 
!  Hardy-Weinberg Equilibrium 
!  Macroevolution vs. Microevolution 
!  Continental drift 



Half Life Quiz 

!  1.  What fraction of a sample 
of 3H will be left after 61.55 
years?  

!  HONORS: 
!  2.   If the half-life of X is 2,000 

years and I have 25% of X 
remaining in a sample: 
"  How many half-lives have 

elapsed? 
"  How old is the sample? 



Warm up 5/26 

!  32. What are the taxonomic classifications in order 
from largest to smallest. (should be 8 total) 

!  33. How would you write the scientific name 
GOPHERUS POLYPHEMUS in correct scientific form? 

!   34. Is the theory of evolution well supported?   



Modern taxonomy reflects evolutionary history. 

Taxonomy 



Taxonomy 

Taxonomy 
involves the 
identification, 
naming, and 
classification 
of species 



The Problem with Common Names 

!  Assigning scientific names to species is an 
important part of studying the history of 
life.  

!  Common names- monkey, fruit fly, and pine 
generally  
!  Can cause confusion  
!  May refer to many different species 
!  Different common names in different 

languages 
!  can refer to very different organisms 

"  tortoise called a gopher in Florida, in Kansas, 
"gopher" refers to ground squirrel or a pocket 
gopher 

!  Don’t accurately reflect the organism 
"  catfish, crayfish, and silverfish—the first is a 

fish, the second is a small freshwater lobster, 
and the third is an insect 



The Linnaean System of Classification 

!  Swedish botanist Carolus 
Linnaeus (1707–1778) 

!  The system of 
classification most widely 
used in biology  
! The system has 2 main 

characteristics:  
" 1. Binomial Nomenclature - 

two-part Latin name for 
each species  

2. A hierarchy (ordering) of 
species into broader and 
broader groups.  



Binomial Nomenclature 

!  Two-name naming system 
! The two words together identify a unique species.  
! Always italicized  

"  first name is the Genus (plural: genera) 
"  Capitalized  

"  second name is the species  
"  Lower case 

! Example: Homo sapien 
" Homo = man 
"  sapien = wise 



Binomial Nomenclature 

!  Panthera is a genus of the family 
Felidae (the cats), which contains 
four well-known living species: 
!  Panthera pardus, the scientific name of the 

leopard 

!  Panthera leo (Lion) 

!  Panthera onca (Jaguar) 

!  Panthera tigris (Tiger) 



Classifications…Taxonomy 

!  The system also groups 
species into broader 
categories,  
! Closely related species 

are grouped into the 
same genus.  

!  Similar genera grouped 
into the same family 

!  Similar families are 
placed into orders.  

! Orders into classes 
! Classes into phyla 
!  Phyla are grouped into 

kingdoms.  



6.   

5.  

3. 

4.  

2. 

1. 

7. 
***8. Domain 



Classification and Evolution 

!  Darwin viewed Linnaeus's 
system of classification in 
the context of evolution.  

!  Ever since we’ve attempt to 
make classification 
represent the evolutionary 
relationships among species.  

!  Phylogenic Tree – branching 
diagram that reflects 
hypotheses of evolutionary 
relationships 



Phylogenetic Tree 

!  Each branch point 
represents a common 
ancestor of the 
species above that 
point.  



Homologous Structures and Taxonomy 

!  Homologous structures are one of the best clues to assess 
how closely organisms are related. 
!  The greater the number of homologous structures two species 

have, the more closely the species are thought to be related 



Classification Pitfalls: Convergent Evolution 

!  Convergent evolution: process in which unrelated 
species from similar environments have adaptations 
that seem very similar 
! NO COMMON ANCESTOR- NOT RELATED! 





Convergent Evolution: Analogous Structures 

!  Similar adaptations that result from convergent 
evolution are called analogous structures.  
!   Ex: the wings of insects and those of birds  

" Analogous, not homologous, flight equipment 
" They evolved independently 
" Built from entirely different structures  
" There is no evidence that insects and birds shared a common 

winged ancestor 







Molecular Data as a Taxonomic Tool 

!  Relatedness of species can be measured by comparing 
their genes and gene products (proteins).  

!  The more the sequences match up, the more closely the 
species are probably related.  

!  Researchers are now sequencing the genomes of species 
at a rapid rate.  



Molecular Data, Evolution, Taxonomy, Oh My! 

!  Molecular comparisons 
provide a new way to 
test hypotheses about 
evolutionary history.  

!  Strongest support for 
hypothesis is when 
molecular data agrees 
with evidence from 
other sources, such as 
anatomy (body 
structure).  
!  Ex. fossil data has 

indicated that whales 
are closely related to 
the group of 
mammals that 
includes hippos, cows, 
deer, and pigs.  
"  Molecular data has 

backed up this 
hypothesis. 



Identifying Clades  

!  Clade 
! each evolutionary branch in a 

phylogenetic tree  
! Clades can nest within larger clades 



Cladogram Example 

!  Example 
"  cat group represents a clade within a larger 

clade that also includes the dog group.  
"  Each item in a clade may be an individual 

species, a genus, a family, or some other 
taxonomic group.  

"  However, every clade consists of an 
ancestral species and all of its descendants.  

"  Look at the phylogenetic tree. Species B 
through H are members of a clade (yellow).  

"  So are species I through K (orange).  
"  But these two groups only become part of a 

larger clade (blue) when you include species 
A.  

"  Species A is an ancestral species to all of the 
others in this larger clade.  



Cladistics 

!  Method for determining the sequence of branching 
in a phylogenetic tree 

!   The key rule in cladistics is that all of the organisms 
of a particular clade must share homologous 
structures that do not occur outside the clade.  
! These unique features that unite the organisms as a 

clade are called derived characters. 



Cladogram 

!  Cladogram 
!  a phylogenetic diagram that specifies the derived characters (unique 

features) of clades (branches on the tree). 

Derived 
Characters 



Comparing Classification Schemes 

!  Phylogenetic trees and classifications represent 
hypotheses about evolutionary history. 
! Can be revised to correspond with the discovery of new 

evidence 
" *analysis of molecular data 



Two- and Three-Kingdom Schemes 

!  2-Kingdom 
! Oldest system- 1756  
! Vegetable or Animal 
! Where do protists fit? 

!  3-Kingdom 
! Plant, Animal, or Protist 
!  failed to fit new evidence about the biology and 

evolutionary history of certain forms of life 
" Fungi? 



A Five-Kingdom Scheme 

!  1969, American ecologist 
Robert H. Whittaker 
!  1. Animalia (Eukaryotic) -animals 
!  2. Plantae (Eukaryotic) - plants 
!  3. Protista (Eukaryotic) - protists  

"  contains all eukaryotes that do not 
fit the definitions of plant, fungus, 
or animal  

"  Protista has become a 
miscellaneous kingdom$ 

!  4. Fungi (Eukaryotic) -fungus 
!  5. Monera (Prokaryotic) – 

bacteria 



Three Domain System 

!  Three-domain system- 
alternative to the five-
kingdom system 

!  Domain- taxonomic 
category above the 
kingdom level.  

!  recognizes 3 basic groups:  
!  2 domains of prokaryotes— 

"  Bacteria  
"  Archaea 

!  1Domain of eukaryotes  
!  Eukarya 

"  Kingdoms Protista, Fungi, 
Plantae, Animalia are in this 
domain. 



Relationships Among Eukaryotes 

!  Researchers have not yet reached agreement for a 
complete classification scheme for protists.  

!  Nucleic acid sequence analysis suggests that some 
protists are more closely related to certain 
! plants 
! animals 
!  fungi  

"  than they are to other protists. 



Relationships Among Eukaryotes 

This 
hypothetical 
phylogenetic 
tree reflects 
recent trends 
in taxonomy 
based on 
molecular 
comparisons. 
Some protists, 
such as 
amoebas, are 
not listed here 
because it is 
still uncertain 
where they fit. 



New Evidence Reshapes the Tree 

!  New evidence makes a single kingdom of protists 
impossible. 
!  split into several kingdoms, each a major evolutionary 

branch, or clade.  
! New hypothesized domain Eukarya - plant, fungal, and 

animal kingdoms, plus several protist kingdoms.  
! uncertain what the names and boundaries of these 

kingdoms should be.  
!  The classification of life, like all scientific inquiries, is 

a work in progress. 



Let’s make our own Cladogram!   

!  Materials: 
! Sheet of butcher paper – per group 
! A Copy of the Directions and Analysis and Conclusion 

Questions  - 1 per person 
! 3 sheets of vertebrate cladogram trait cards – per 

group 
! 3 sheets of vertebrate picture cards. – per group 
! Yard stick – per group 
! Pencil….go over with marker later! 



Endosymbiotic Theory 



The Origin of Eukaryotes 

!  Most widely accepted theory: 
!  Eukaryotic cells evolved through a combination of two processes 

"  Infolding  
"  Endosymbiosis 



Infolding 

!  Infolding: Internal membranes such as the endoplasmic 
reticulum, Golgi apparatus, and nuclear envelope 
evolved from inward folds of the plasma membrane of 
ancestral prokaryotic cells.  
!  Such internal membranes would allow the cell to carry out 

more complex chemical reactions in separate compartments. 



Endosymbiosis 

!  A second, very different process led to the existence of 
the cellular organelles mitochondria and chloroplasts.  

!  Endosymbiosis:  chloroplasts and mitochondria evolved 
from small symbiotic prokaryotes that lived within other, 
larger host cells.  
!  Symbiosis is a relationship between two organisms of 

different species that live in close contact with one another. 



Mitochondra 

!  Ancestors of mitochondria may have been aerobic 
bacteria able to use oxygen in cellular respiration.  

!  Ancestral host  
!  ingested some of these aerobic cells for food  
! Not digested- some bacterial cells might have remained 

alive and continued to perform respiration within the 
host cell.  



Chloroplast 

!  Ancestors of chloroplasts- photosynthetic bacteria 
that lived inside a larger host cell.  

!  Since almost all eukaryotes have mitochondria but 
only some have chloroplasts, it is likely that 
mitochondria evolved first. 





Support for Endosymbiont Theory 

!  The endosymbiosis theory is supported by a variety of 
evidence.  
!  Present-day mitochondria and chloroplasts are similar to 

prokaryotic cells in a number of ways.  
"  Both types of organelles contain  

"  DNA 
"  RNA 
"  Ribosomes - all of which resemble their counterparts in prokaryotes 

more than those in eukaryotes.  
! Mitochondria and chloroplasts  

"  copy their OWN DNA  
"  reproduce within the host cell by a process resembling the binary 

fission of prokaryotes 



Warm-up 5/10 

!  Please select two different color highlighters and color code 
the warm-up questions and answers for unit 9.  Identify any 
missing warm-ups and make them up tonight.   
!  Composition notebook check tomorrow!  

"  1-30 Warm-up Questions and Answers 
"  Gondwanaland hypothesis 1 and hypothesis 2 
"  Gondwananland analysis answers 2-4 
"  Homologous forelimbs coloring sheet 
"  Big idea notes with score on the 2-3 sentence summary 
"  15 pages of fill in the blank notes…all filled in 
"  Half life problems #1-7 with a score for the homework problems. 


