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Chapters 10 and 11 Handout

     Chapter 10:  Biological evolution is BROADLY defined as "change through time."  A SPECIFIC definition however, is "the change in gene (or allele) frequencies in a population."  As can be seen, two factors are at work in the process of evolution.  One factor is genetics and the other is population biology.  
     In order for the gene frequency to change in a population (evolution), four things are required:

1.  Genetic variation in individuals (different alleles, migrations, MUTATIONS).


2.  Overproduction of offspring and limited resources - more offspring are 



produced than can survive on the available resources such as food, water, 



etc.


3.  Competition among individuals for available resources - Individuals compete



with each other for food, water, shelter, mates, etc.  If one individual has



an advantage in gaining resources over another individual, the individual



with the advantage will live longer and leave more offspring......thus


4.  Differential survival and reproduction - The individuals with advantages in 


gaining resources will leave more offspring who will have the genetic 



traits that benefited the parent.  This does NOT include advantages gained



throughout the parent's lifetime (i.e. just because you have large muscles 



from lifting weights, that doesn't mean your children will be born with 



large muscles.  They will be born with the ability to gain muscle 



themselves, but they must work for it throughout their life.).

These all lead to:


5.  Changes in the gene (allele) frequencies through time - In the next generation, 



more individuals will be born and survive with the advantages of their



parents.  Over time, disadvantages will be lost due to NATURAL 



SELECTION.  Natural selection is the process by which poorly suited 


features, on average, fare less well in a particular environment and tend to



perish, thereby leaving (preserving) those individuals with more favorable



adaptations; survival of the fittest.

     Note that in order for evolution to happen, points 1-4 HAVE to be present.  Otherwise the allele frequencies in a population remain the same.  However, there is almost always a pressure on a population which leads to natural selection whenever advantageous or disadvantageous traits come into the population.  
When evolution doesn't happen, mathematics can be brought into use to describe what is happening.  This is a very rare event though.  

HARDY-WEINBERG EQUILIBRIUM:  Treat dominant alleles as p and recessive alleles as q and then use the equations p + q = 1   and    p2 + 2pq + q2 = 1.

Notice that  p and q are less than 1 because they represent the total percentage of alleles within a population.  Let's say that we know the percentage of the alleles (p = 0.5 and q = 0.5).  What is the percentage of heterozygotes?

0.52 + 2pq + 0.52 = 1 -->   0.25 + 2pq + 0.25 =1    -->   2pq = 0.5  --> pq = 0.25

Who cares?  How is this useful to us now?  When doctors prescribe antibiotics for bacterial infections, they tell you to take all of the antibiotic.....why?  If you don't, not all the bacteria is killed and it can produce offspring that are not able to be killed by the antibiotic.  As a result, stronger bacteria is out there and will go from person to person doing damage.  

     Another example of how evolutionary biology is important to you deals with a situation in the future.  If you have a child, they will hopefully be happy and healthy.  Sometimes though, problems occur, and the child could be born with more than five digits on the hand or foot.  Or, the child could have cystic fibrosis.  These genetic diseases will leave your child more susceptible to natural selection (even though we are now able to limit or eliminate the influence of natural selection in this area).
     A final example is global extinctions.  If people are part of nature, we may be responsible for large amounts of extinction.  The animals and plants that don't become extinct and can survive in the changing world which includes more people with greater life-spans will be the new flora and fauna in the future (which might be much sooner than you think).  

     The last reason I will give is that evolution still raises points of controversy because of statements which seem to have ethical bearings on such areas as behavior, religion, society, education, and medicine.  Knowing how it works will allow you to be able to make an informed decision if you have a discussion or vote on a particular ballot which deals with evolution.  Remember, I'm not selling you this idea like a used car, nor am I saying you need to believe everything I say, but you have to KNOW IT!

History of Evolutionary Thought: 
ACT 1:  Antiquity - Middle Ages (500 A.D.)

-Ancient Greeks thought that there was no change in the current universe, hence no evolution.
-Plato thought that there were ideal forms which were not in the natural world.  Natural objects were poor mirror images of these ideal forms.  As a result of ideal forms, Plato did not accept evolution.
-Aristotle (384-322 B.C.) believed that all organisms were part of the "Scala Naturae" (Great Chain of Being) which said that organisms were hierarchical and fixed (humans don't change their form and are superior to beetles which are also fixed in form).
-Lucretius (1st cent. B.C.) believed that all of nature was all that we see.  There was no supernaturalism in the setup of nature and hence evolution was necessary to produce the animals and plants we see.
ACT 2:  Middle Ages (500-1500 A.D.)

-Scholars at the time accepted much of what Aristotle thought about how nature works.  They believed in the Great Chain of Being and attributed much of natural workings to divine action.

ACT 3:  Scientific Revolution (1500 A.D. - 1850 A.D.)

-Carl Linnaeus (early 1700s) developed our modern form of taxonomy (binomial nomenclature) and attempted to determine the original created kind (SPECIES).  He did not accept evolution (which was called "transmutation" before Darwin).

-James Hutton and Charles Lyell publish in the field of geology and argued for long amounts of time (millions of years) and gradual natural processes acting just as we see them today (uniformitarianism).  They were countered by men like Cuvier (who developed the idea of extinction) who thought that the world was continually destroyed by water and recreated by divine action (catastrophism).  In the end, the uniformitarians won.
-Erasmus Darwin (Charles Darwin's grandfather) published the Zoonomia which is a poetic work which espouses his view on how evolution happened.

ACT 4:  Darwin

-Darwin and Alfred Russel Wallace discover natural selection at the same time.  Darwin publishes "On the Origin of Species by Natural Selection" in 1859.

-Some religious and scientific disputes become fevered.  Key debates occur (as shown in the Darwin's Dangerous Idea DVD, the Huxley-Wilberforce debate).
Evidence for Evolution:  Evidence for biological evolution comes from many sources.


1.  The same genetic code in ALL life - All organisms use DNA to code for 



proteins.  The code uses a sequence of three RNA bases called codons



which make the same amino acids in all organisms.


2.  Comparative Anatomy - Similar physical structures in animals provide



evidence.  For example:  All vertebrates except fish have four limbs and



are thus "tetrapods."  


3.  Similar protein structures - Organisms which share more recent common 



ancestry (more closely related) have very similar protein shapes and



amino acid order.  This also means that the closer organisms are to 


each other (related), the more similar their whole genomes.


4.  Embryology - Animals look similar at certain stages of development.  Many


of you will probably see Haekel's drawings at some point, but know that



embryos are not identical as he shows early in development, but do share



similarities throughout development.


5.  Biogeography - Animals with known origins on islands hop around and 


change forms even though climate might be similar.  Another type would 




be if whole populations or individuals move into different climates and are



cut off from the parent population.


6.  Fossils - Fossils are the petrified remains of animals, plants, and their 



behaviors.  While fossils are rare in the grand scheme of time, they



show concrete (pardon the pun) evidence of both the reality of evolution,



but also the story of evolution (which chapter 11 shows).
Chapter 11:  There are two types of evolution:  microevolution and macroevolution.  Microevolution was examined in the last chapter.  It was the change in gene frequencies of populations through time.  When enough changes happen, the population will eventually become a new species in the process called "speciation."  A biological species is considered new when it cannot mate and produce a non-sterile offspring with the older species.  Example:  A small group of horses leave the parent population and become donkeys over time.  When both populations get back together, the horses and donkeys can mate but they produce sterile mules and are hence, two different species.
     Macroevolution is large-scale evolutionary changes (sometimes speciation is considered macroevolution but for our purposes it is microevolution).  This chapter will discuss the evolution of all life on Earth (thus we are talking about macroevolution).  We are considering macroevolution as the continual buildup of microevolutionary events.
Patterns of Evolution:  The overall pattern of evolution has been debated between paleontologists and evolutionary biologists for decades.  Many evolutionary biologists see the gradualism in change that Darwin himself saw.  However, paleontologists are convinced of another process called "punctuated equilibrium" which says that populations are in stasis as far as evolutionary changes go (there is some change, but it is minimal).  Then, every once in a while a selective pressure becomes so intense that large changes occur very quickly geologically speaking.  An example would be the evolution of whales.  They changed very rapidly (~10million years), but are now in a point of stasis where they haven't changed since their initial evolution.  Punctuated Equilibrium was developed in the 1970s by two paleontologists, Niles Eldridge and Stephen J. Gould.
Rocks:  Sedimentary rocks (those formed from earlier, preexisting rocks) are the main storehouses of fossils.  Sedimentary rocks are also formed in layers, much like the layer of mildew that might be in the grout tile of a bathroom.  One of the chief principles we will use is called the principle of SUPERPOSITION, which says that rock layers that are on top are younger than what is under them. Hence, as you go down in the rock layers, you go back in time.  

     If you remember from earlier, geologists used a form of thought called uniformitarianism which says "the present is the key to the past."  However, modern geologists use a principle called ACTUALISM instead, which is similar to uniformitarianism, but it admits that rates of natural processes can change, and that some geologic activities are catastrophic (Mount Saint Helens and the meteorite that caused Meteor Crater in Arizona didn't happen slowly).

     In the sedimentary layers, fossils might be found which represent an animal or plant that was alive at the time the layer was put down.  Fossils also show us that when we move up in time, they change, and this change is the story of evolution of life on earth.
Geologic Time:  Geologic time is broken up into Eras, Eons, Periods, and Epochs.  The names for the different periods of time revolve primarily around animal evolution, but some are named for localities where the rocks of one age are primarily found.  
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Earth History:  The following is what most scientists agree upon about the history of the earth and life on it.  Some debates will be discussed, others will not be.  Remember, the continents are always moving, so I will be referring to continents you are not familiar with.

Hadean Eon (4.53 Gya-3.8 Gya):  -Earth forms from interstellar nebula.

-No rocks are from this period.

-Named Hadean after the Greek underworld Hades because of the supposed heat which made rocks molten. 

-No life.

Archean Eon (3.8 Gya-2.5 Gya):  -Proto-Continents form.

-First signs of life.  Oldest fossils are roughly 3.7 Gya.

Proterozoic Eon (2.5 Gya-540 Mya):  -Fully formed continents, supercontinent called Rodinia forms.

-First fossilized faunas.  Some soft bodied fossils called Ediacaran fauna which are mostly jellyfish and sponge ancestors.

Paleozoic Eon (540 Mya-250 Mya):  Easily remember the periods by COSDMPP

CAMBRIAN - Begin breakup of Rodinia supercontinent.


-Most if not all modern Phyla form


-"Explosion" of animal diversity (famous Burgess Shale fossils)


-Evolution of chordates (of which vertebrates are part of)

ORDOVICIAN - Fishes diversify.  Have jawless fish


-First insects

SILURIAN - Primitive land plants evolve


-Spiders, scorpions, insects, etc. begin to move to land

DEVONIAN - Earliest land vertebrates (amphibians)


-Diversification of placoderms (bony scaled fish)


-Ferns evolve by the late Devonian

MISSISSIPPIAN - Adaptive radiation of sharks


-Forests of seed ferns grow


-Amphibians abundant


-Land snails evolve

PENNSYLVANIAN - Bony fish evolve


-Coal forests grow


-First reptiles evolve

PERMIAN - Reptiles continue to diversify


-Extinction of trilobites and placoderms


-Largest mass extinction, killing ~90-95% of all life


-Pangaea forms by end of Permian, possibly leading to the mass extinction

Mesozoic Era (250 Mya - 65 Mya): 

TRIASSIC - First Plesiosaurs and icthyosaurs 


-Adaptive radiation of reptiles


-First dinosaurs

JURASSIC - Plesiosaurs and icthyosaurs abundant


-Dinosaurs abundant.  Undergo adaptive radiation.


-Pangaea begins to break apart into Laurentia (N. America, Asia) and Gondwana


(Antarctica, Africa, S. America)


-Archaeopteryx is present (first birds)


-First mammals evolved

CRETACEOUS - Africa and S. America begin to break apart.  N. America and Eurasia 


still attached.


-Evolution of angiosperms


-Dinosaurs go extinct with pterosaurs


-plesiosaurs and icthyosaurs go extinct


-First modern birds and bony fish


-Large mass extinction at the end of the period.

Cenozoic Era (65 Mya - Present): 

PALEOGENE (formerly early Tertiary) - Adaptive radiation of birds and mammals


-Modern forms evolve


-Continents continue to drift apart

NEOGENE (formerly late Tertiary and all Quaternary) - Ice age causes some extinctions 


late in the period.


-First monkeys


-Humans evolve and take over


-Continents move to present locations
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