
Evolution 

• Evolution Exists 
– Mosquitoes and DDT 
– Bacteria and Antibiotics 

 

• Theory Applies to Mechanism 



Evolution Exists 



Evolution:  Charles Darwin 



The Voyage of the Beagle 



Charles Lyell (1797 – 1875) 

Wrote: Principles of Geology 
 
•The earth changes by gradual processes 
 
•  The Earth is Very Old – Geologic Time 



Charles Lyell – A Geologist 
The Earth is Very Old 

• Literal translation of the bible 
– Archbishop James Ussher 

• The Earth Originated 4004 B.C. 

 
• Lyell, in his book Principles of Geology, gave 

Darwin the time frame to explain changes he 
observed in the fossil record. 



The Grand Canyon 

Relatively young rock layers 
 
 
Older rock layers 
 
 
 
Very old rock layers 
 
 
The Grand Canyon was  
created by the Colorado 
River 



Geologic Time Table 



The Voyage of  
the Beagle 

Rich fossil beds in South America 



In January, 1834, Darwin 
finds many species 
of extinct Pleistocene 
mammals in Patagonia. 
All appeared to be giant 
varieties of present day 
mammals in in the same 
area. 



Glyptodont: Extinct 2,000 kilogram South American armadillo  
Modern armadillo:  4.5 kilograms 









The Galapagos Islands 

• Darwin collected 14 species of 
   finches, some of which were 
   only found on a single island.  
 
 
• Were the islands colonized by  
  animals that strayed from the  
  mainland and then diversified  
  on different islands? 



Woodpecker Finch 



A Woodpecker Finch Uses a Cactus Spine to 
Pick Grub from a Tree 



Galapagos Finches: Ground Finches 

The cactus finch 
is one of the species 
of ground finches 
that is found on the  
Galapagos Islands 



 
 

• The vampire finch is a 
type of ground finch 
 

• In times of drought it 
punctures the tail or 
wings of nesting 
seabirds to drink their 
blood when food and 
moisture are scarce 



Common Ancestor 

This family tree was constructed 
by comparing DNA of the 14  
species of finches. It suggests  
that warbler finches were the 
first to evolve on the Galapagos 



Thomas Malthus:  “J-Shaped Curve” 

How many offspring? 
– Populations are capable of of exponential growth 

• Populations produce more offspring than the environment 
   can support. 

 

 

Population 
Density 

Time 



Populations produce 
more offspring than 
will survive and 
reproduce. Less than 
10% of these baby 
sea turtles will survive 
to reproduce. 



Most Populations in Nature Stabilize Around Some Mean 
Population Density Since Resources Are Limited 

Population  
Density 

Time 

•Organisms are capable of 
  exponential growth. 
 
• Carrying Capacity:  The  
  number of individuals the 
   environment can support. 

Sigmoid Curve 



Variation Exists in Populations 
Individual Differences are Inherited 

Capuchine Common Rock Dove 



Variation Exists in Populations 
Individual Differences are Inherited 

Helmet 
Fantail 



Variation Exists in Populations 
Individual Differences are Inherited 

English Trumpeter 

 
 

Cropper 



Natural Selection 
• There members of a population have heritable variation. 

(Variation that can be passed to offspring) – Animal breeders 
• More individuals are born each generation than will survive and 

reproduce - Thomas Malthus (“J”-Shaped vs. Sigmoid Curves) 

• The more adapted individuals survive and reproduce to a greater 
extent than those that lack the adaptations – Galapagos Finches 

• Across generations a larger proportion of the population 
becomes adapted to the environment - Charles Lyell gives a time 
frame for this to happen 



Alfred Russel Wallace – Sent an essay to Darwin from Malaysia – 
Summarized a theory of evolution by natural selection 



Evolution 
A change in genetically 
based phenotypes in a 
population over 
successive 
generations. 
 
Phenotype 

A physical 
characteristic (what 
you see) of an 
organism 

Phenotypes are 
controlled by one or 
many genes 

1. The original population 
     started in the north and  
     migrated southward. 

2. The population split to the 
    east and west of the 
    Central Valley. Then two 
    populations began to 
    evolve independently. 

3. Evolution of 
    eastern population. 

5. The east and west populations 
    came back together in Southern 
    California, but could no longer 
    interbreed (or produced infertile 
    hybrid offspring). 

4. Evolution of 
    western population. 



Alleles 
• A distinct version of a gene that creates a distinct 

phenotype 
 

• The alleles that an individual organism possesses 
makes up the organisms genotype. 
 

• The alleles of the organisms population make up the 
gene pool for that population. 
 

• Population: All the members of a species that live in 
a defined geographical region at a given time. 



Microevolution vs. Macroevolution 
• Macroevolution: evolution that leads to new species. 
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Microevolution  
 

Changes in Gene 
(Allele) Frequencies 
over time 
 



How Do Changes in Gene Frequencies Occur? 
• Mutation 

 
• Gene Flow 

 
• Genetic Drift 

 
•  Selection 

 
 
 

Gene Flow 

Genetic Drift 



Mom Dad 
Hb Hb Normal Hemoglobin 
  Selected against since these 
                          individuals are susceptible 
                          to malaria (Malaria kills many 
                          people in Africa) 
 
Hb Hbs Mild Sickle Cell  Anemia and  
  resistance to malaria 
 
Hbs Hbs Severe Sickle Cell Anemia 
              Individuals dies early 

Sickle Cell Anemia and Malaria 

Mutation 



Proteins:  The Primary Structure 

Mom Dad 
Hb Hb Normal Hemoglobin 
 
Hb Hbs Mild Sickle Cell  Anemia and  
  resistance to malaria 
 
Hbs Hbs Severe Sickle Cell Anemia 

A mutation 



Gene Flow 



Genetic Drift 
• The Chance Loss of Alleles from Small 

Populations 
 

• Two Types of Genetic Drift 
– The Founder Effect 

• Islands 

– The Bottleneck Effect 
• Disease 
• Natural disasters 



Genetic Drift I in 10 or 10% of the  
Population carries  
the red allele 



The Founder Effect: The Marine Iguana of the 
Galapagos Islands is Related to the Common 

Green Iguana of South America 



Species reduced 
to low numbers 

     Loss of  
Genetic Variation 

 Original 
Population 
    Size 

Population Size 
Increases After 
  Bottleneck 

Genetic Drift:   
The Bottleneck Effect 



Northern Elephant Seals 

• Population off California 
was reduced to less than 
100 individuals. 

• Now the population size is 
greater than 100,000. 

• Does today’s population 
have much genetic 
variability? 



Population Bottleneck 
Northern Elephant Seals 



In 1910 there were less than 100 elephant seals off the coast of California 



Bottlenecks Result in Loss of Heterozgosity (Loss 
of Genetic Diversity) 



Types of Speciation 

• Allopatric Speciation 
– Populations are separated 

…… 

…. .. 

• Phase 1:  Geographic Isolation 
 

• Phase 2:  Genetic Divergence 
 

•Phase 3:  Populations can no 
                longer interbreed 



Allopatric Speciation 

Continental Drift- Flightless Birds 
• South America 
 Rheas 
• Africa 
 Ostriches 
• Australia 
     Emus and Cassowaries 

Populations are separated by geologic or 
climatic events 



The emu of South America 



Ostriches 



 TheEmu and  
Cassowary 

Cassowary Emu 



The two populations 
of squirrels were 
separated about 
10,000 years ago. 

Allopatric 
Speciation 



Rio Jurua in western Brazil 
isolates populations of  
saddle-back tamarins. 

A corridor to promote 
genetic exchange  
between primates 
in Borneo. 

Genetic exchange does not 
occur where the river is the 
widest. 





Drying of Pleistocene 
lakes isolated different 
populations of pupfish. 
 
Populations isolated in 
different regions had to 
adapt to different habitats. 





Owens River 



Sierra Nevada 

Owens Lake 

Coso Mountains 

Panamint Valley 
Death Valley 

Basin and Range Province 



Panamint Mountains Death Valley 



Floor of Death Valley 



Isolated Pupfish Populations 



Amargosa Pupfish: Cyprinodon nevadesnsis 

The section of the river where it flows perennially is in the 
Amargosa Canyon along the southeast end of the Amargosa 
Range near the town of Shoshone, California. Along a 20 mi (32 
km) stretch in the Amargosa Canyon it sustains a small margin 
of riparian wetlands in the surrounding desert. The water, as the 
name suggests, is non-potable by humans but is a critical 
source of water for the area wildlife in this section. 

 

http://www.answers.com/topic/shoshone-california�
http://www.answers.com/topic/wetland�


Saratoga Springs 

The Saratoga Springs Pupfish is only found in Saratoga Springs in the south east 
corner of Death Valley National Park. The habitat has a spring that has a relatively 
 constant temperature (26.6  - 29oC) and its overflow forms a series of marshes and 
shallow lakes. This species, Cyprinodon nevadensis nevadensis is a subspecies of 
the Amargosa Pupfish, Cyprinodon nevadensis. 
 



Salt Creek Pupfish 

This pupfish lives only in salt creek on  
the floor of Death Valley.  



The Devils Hole Pupfish 



Devils Hole 



Isolated Pupfish Populations 



Adaptive Radiation 

• Rapid evolution of mammals in the early 
Cenozoic 
– Empty niches left by extinction of dinosaurs 

 

• Galapagos finches 
– Empty niches on newly formed volcanic islands 



The evolution of whales is well 
documented in the fossil record. 

Evidence for Evolution 



Archaeopteryx 



Homologous Structures 



Characteristics  
of Chordates  

 Notochord 
 Precursor to your backbone 
   (vertebral column) 
 

 Dorsal nerve chord 
 Anterior end becomes enlarged to form brain 

 

 Pharyngeal gill slits 
 Evolved as filter feeding apparatus 

 

 Postanal tail 
 Locomotion 

 



Kingdom Animalia 
 Phylum Chordata 
  Subphylum Vertebrata 
   Class Reptilia - Reptiles 
   Class Aves – Birds 
   Class Mammalia – Mammals 







The Five Kingdoms 



What is a 
Biological Species? 





The Three Domains of Life 

Fungi    Protista  Animalia  Plantae Bacteria      Archaea 



Mass Extinctions: Permian Triassic 

• Permian Triassic (225 –250mya) 
 
   Boundary between Paleozoic 
    and Mesozoic 
 
    Followed by adaptive radiation of 
    reptiles 
 
 
• Adaptive Radiation:  Rapid evolution 
   of species from a common ancestral 
   stock 



Mass Extinctions: Cretaceous-Tertiary 

•Cretaceous - Tertiary Extinction 
 

  65 Million years ago 
 
  Extinction of the dinosaurs 
 
• Followed by adaptive radaition 
   of mammals 





Mutation 

• The ultimate source of genetic variation 

Some green genes randomly mutated to brown genes. Note  
that since any particular mutation is rare, this process alone  
cannot account for a big change in allele frequency over one 
generation. 



Natural Selection 

Beetles with brown genes escaped predation and survived to  
reproduce more frequently than beetles with green genes, 
so that more brown genes got into the next generation. 



Natural Selection – results in a change in 
gene frequencies 

Beetles with brown genes escaped predation and survived to  
reproduce more frequently than beetles with green genes, 
so that more brown genes got into the next generation. 



Natural Selection –  

• More individuals are born  in each generation than 
will survive and reproduce 

Population 
Density 

Time 



Natural Selection 

• The more adapted individuals survive and 
reproduce 
 
 
 
 

• Across generations a larger proportion of 
the population becomes adapted to the 
environment 

Population  
Density 

Time 



Gene Flow (Migration) 

 
Some beetles with brown genes immigrated from another 
population, or some beetles carrying green genes emigrated. 
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