SBI – 4U:  Evolution Notes

Fossils
The study of fossils is called “Paleontology” and it began, as a science, in the 1600’s.  
Fossils are formed when the hard remains (bone/teeth) become trapped in sediment that forms at the bottom of a lake or river.  The sediment hardens into rock which eventually becomes exposed to the environment. (dried up rivers and lakes are the primary sources of fossils)

Initial work showed that most fossils come from extinct species and that the fossils found in the deepest sediments were much less complex that those fossils found near the surface of the sediment.

While much controversy was caused by the examination of fossils, the development of radio-carbon dating eliminated most arguments that tried to claim that fossils were not of ancient organisms.

The most prized fossil which is touted to show evolution is the “archaeopteryx” which has a dinosaur-like head, body and tail but it also had feathers, wings and a beak.  Scientists have used this to claim that dinosaurs evolved into birds (chickens might be a lot more dangerous that we could ever have imagined).

Early Ideas About Evolution
1) Plato (around 400 B.C.) – believed in Essentialism – that there is a perfect copy of every organism and that variety in organisms is merely an error in the copying process.

2) DaVinci: (1500 A.D.) and Hooke (1600’s) – examined fossils from all over the earth and concluded that the shape of the earth’s surface had changed considerably over time.

3) Cuvier (1700’s) – believed is “Catastrophism” – a series of catastrophes had made many organisms extinct and others had taken over for them.
4) Hutton (1800’s) – believed in the theory of “Actualism” which says that the surface of the earth has and is changing slowly.

5) Lyell (1830) – believed in uniformitarianism which stated that any change in the earth was slow and would always be slow.  

6) Lamarck (1830’s) – believed in spontaneous generation – that life could be formed directly from non-living matter and then would be improved upon over time by evolution because this ability to adapt was essential for survival.

Charles Darwin – Birth of the Theory of Evolution
· was a naturalist (a person who studied animals in their natural environment)
· in 1831, he sailed on H.M.S. Beagle for a 5 year voyage to South America during which time he kept notes and took samples of the different types of organisms that he found during his time there (including some areas in the immediate aftermath of earthquakes).

· After the voyage, he examined his fossils and samples with the help of the paleontologist Richard Owen and made the following points:

1) Homologous Features – refers to structures in different organisms that have similar structures but different functions. (ex:  front leg of a horse and the forearm of a human.
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2) Analogous Features – refers to parts that have a similar functions but completely different structures (ex:  wings in bats and butterflies).

3) Vestigial Features – those anatomical parts that appear to have no function.  Ex:  thumbs on dog paws or hip bones in a whale or snake & bats having eyes
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Hipbones are used to transfer body
weight to the hind legs. The exis-
tence of these bones in whales is
compelling evidence that these
mammals evolved from ancestors
that possessed hind legs.
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4) In the embryo stage, many organisms have anatomical features that are similar to other organisms but these disappear before birth.( tail bones and gill arches in humans)
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· He concluded that organisms with homologous features share a more common evolutionary pathway than those with analogous features
Darwin’s Theory of Natural Selection

· borrowed this idea for evolution from a practice carries out by farmers:

· essentially, farmers breed the best of their stock in the hopes that many of the offspring will carry the most desirable traits possessed by their parents.  So, he reasoned that if humans could do this, so could nature.
· He concluded that most species produce far more offspring that could survive, so the offspring had to compete against each other in order to survive.  So if one or more offspring had a variation of a trait that was advantageous to their survival, they would survive to maturity and pass on these variations to the next generation.  Similarly, those traits that worked against an organism’s survival would result in it dying and taking the variation with him/her.

· Therefore, the appearance of an organism could be altered significantly over time as these different traits came / left the population
Modern Synthesis

· is as a result of our trying to incorporate our understanding of genetics  into Darwin’s work and it says:

· 1)  Most organisms have 2 genes controlling a trait, therefore they may be homozygous or heterozygous for that trait. As a result, there are many possible variations of a trait depending on the number of genes to choose from and how they are inherited (dominant/recessive or co-dominant or gender linked)
· 2)  Random chance allows for the development of new versions of existing traits.
· 3)  The expression of these genes determines the person’s phenotype.  Natural selection acts upon the phenotype so that the best survive which, in turn affects the gene pool of the population.

Hardy – Weinberg Equilibrium

      -    rarely does mass evolution occur in a population, more so it occurs as changes in   

            single traits 
· In order to determine if evolution is occurring in these traits, you must determine the frequency of the various forms (alleles) of these traits in the population.  The comparison of these frequencies over a period of time allows a scientist to determine if evolution is occurring in a population
· makes use of 2 equations:

                                   p + q = 1 (gene frequency) 

                                   p2 + 2pq + q2 = 1 (phenotype frequency)

            Ex 1:  If you know the frequency of one of the alleles of a trait
                      If the gene for brown hair is present in 70% of the population, determine 
                      the frequency of the blond hair gene as well as how many people are homo
                      and hetero for this trait.

                       70% = 0.7, so p = 0.7


p2 + 2pq + q2 = 1

                       p + q = 1



(0.7)2 + 2(.7)(.3) + (0.3)2 = 1

                       0.7 + q = 1



.49 + .42 + .09 = 1

                       Therefore q = 0.3

                      So, 30% of the population is homo-dominant,  42% is hetero-dominant. and 
                      9% is homo-recessive.

           Ex 2:  If you know the frequency of the appearance of one of the traits
                     If the population of a town has 40% of it’s members purebred for Roman 
                     Honker Noses, determine the frequency for homo - regular noses and            

                     hetero– honkers
                     - begin with:   p2 + 2pq + q2 =1 
                      If  p2 =0.40, the p = √.40 = 0.63     

                      Therefore, q = 1 – p = 1 – 0.63 = 0.37

2pq = 2(.63)(.37) = .46


          So, q2  = 0.14

                     Finally, 14% of the population has a normal nose (purebred) and 46% is 
                     heterozygous.
Here are 2 sample problems to try:
1) If the population of a region has 32% of its members being purebred for the recessive trait of attached earlobes (dangling earlobes is dominant), determine the frequency of the homo- and heterozygous danglers as well as the frequency of the individual genes (p & q) in the population.
2) If the gene for migraine headaches (recessive) is present in 25% of the population, determine the frequency of the normal (non-migraine) gene as well as the frequency of those who are homo-dominant, hetero-dominant and homo-recessive.

Random Change in DNA
According to Hardy-Weinberg, no change in frequency (no evolution) will occur if the following criteria are met:
1) The population is large – in smaller populations, big changes can occur in allele frequency if someone dies.  An example of this is seen in “Bottleneck Effect” with populations that are driven nearly to extinction and then recover.  The new offspring show little diversity among themselves.  Ex:  Leopards

2) Mating is random – otherwise preferred mates pass along their DNA in greater amounts than non-preferred mates.

3) No immigration or emigration occur – otherwise, unique alleles could enter or leave a population.  

4) No natural selection occurs (or mutations) – this can introduce new alleles to the population which may be preferred thereby shifting the gene frequencies.  Mutations are the sole source of new DNA for an organism (at this point).  They are rare in individuals but are more numerous in large populations over a period of time.

Genetic Drift

· describes changes to the frequency of certain alleles as a result of chance

· these changes occur much more often and with greater effect in small populations

· example:  Presume only 2 individuals in a population of 60 individuals have a certain gene for a unique type of hair colour.  If 50% of the population dies suddenly, then there are good odds of either both individuals living (in which case the gene frequency doubles) or dying (in which case, the gene is eliminated from the population)
· Bottleneck Effect – is an example of genetic drift and occurs when a catastrophic event drastically reduces the numbers of a population.  The few survivors may lack many of the genes in the original population which may significantly alter the traits in the next generation.  This has been shown to have occurred in Northern Elephant Seals and Cheetahs which are over 99% identical to the others in their groups.

· another example of genetic drift is Founder Effect which occurs when a small number of individuals breaks off from a larger group to start a new population.  This has been shown in small human populations like the Amish in Pennsylvania and in plants capable of self-pollination.
Gene Flow

· occurs when some members of a species move from one population to another or may mate with members of a neighbouring population without actually leaving their population group.

Mutations 

· are the only source of new DNA in a living individual

· may be beneficial, harmful or neutral

· may affect single bases (point mutations) which cause changes in protein structure 

· may affect many bases or whole chromosomes (insertion or deletion of DNA or translocation of large chromosome pieces)

· can also cause gene duplication which makes additional copies of a gene (the effect of which we are not completely certain)
Selection:

· natural selection favours traits that are an advantage to the organism (helps them find food or attract mates)

· the environment determines what is or is not advantageous

4 Patterns of Selection:
1)  Sexual Selection:  2 possibilities

      a)  Size of the male vs. female – in many species the female is much   

          larger than and hostile towards the male.  

      b) Attractive patterns – the male may have 1 claw that is much larger or 
          brighter than the other and this is used to attract mates.

2)  Stabilizing Selection:

     - occurs when the environment favours the “middle of the road” version of a trait.  For  

       example – humming birds may have short, medium or long beaks for extracting 
       nectar from flowers of varying depth.  In this case, the flowers would support 
       medium length beaks.

3)  Directional Selection

     - the environment encourages a shift from the middle to ONE of the extremes for the trait.  Ex:  a competitive plant kills off the medium depth flowers that the humming birds fed off of.  The new flowers that grow are very deep which favours the long beaked humming birds – this either forces the medium beaked birds to emigrate of die of starvation.

4)  Disruptive Selection

     - the environment encourages a shift to both of the extremes (ex:  both long and short beaked hummingbirds)

Formation of a Species:

· a species is a group of reproductively compatible individuals that have offspring which are also capable of having offspring.  They are reproductively isolated from other groups and evolve independently
· To form a new species, an isolating mechanism must be present which physically stops the organisms from remaining together.  Some of these are based on behavior (like a mating dance) and some are based on geography (ex:  mountain or an island)

· As a result, over time, the environment will cause these organisms to become so different that they will be unable to breed together successfully.

Origins of Life: A Brief History of the Earth

- 4.6 billion years ago, the earth formed

- 3.8 billion years ago, the surface cooled enough so that pools of water could form on the surface.  Early atmosphere contained N2, CO, CO2, H2S .

- earliest life was believed to have formed after this when C, H, O, N from the atmosphere were combined to form amino acids due to lightning passing through the air.

-  these organic molecules likely came together to form thermal proteinoids which are polypeptides that form when amino acids are assembled on hot surfaces (like earth at that time) and form small cell like structures in water

- liposomes have been shown to form spontaneously in water from fat molecules – these would form the early cell membranes 
- 2.5 – 3 billion years ago, the first photosynthetic prokaryotic cells appeared and oxygen began to accumulate in the atmosphere

- 0.75 – 1 billion years ago, the first eukaryotic cells appeared which were believed to have formed by a process called Endosymbiosis – that is; when one prokaryotic cell engulfed another and then they set up a beneficial relationship. (chloroplasts and mitochondria are believed to have come into our cells this way)

- 500 million years ago – the “Cambrium Explosion” occurred – this was a vast increase in the number of fossils in the ground – a sign of the rapid development of many species.(mostly aquatic and a few land dwellers)

- over time, there have been a total of 5 mass extinctions of species on this planet – these events resulted in significant changes to populations and allowed for the evolution of many new species.
Evolution of Humans

- 60 million years ago, the primates appeared – they had snouts, eyes on the side of their heads, dwelled in trees)

- the primates evolved into the anthropoids which were separated into 4 different groups: 

the gorillas, the chimps, the orangutans and the australopithicus.

Australopithicus – means “southern continent dweller” had several interesting mutations including binocular vision (eyes to the front), opposable thumbs (made grasping easier) and were “knuckle walkers” – were more upright than previous species).  There were 6 different versions of them – each was slightly different from the previous one.

The next version of the Australopithicus was so different that it became it’s own “genus” known as “Homo…”

These walked completely upright, had reduced body fur and enlargement of the brain case in the skull had begun along with a reduction in the size of the jaw and its supporting muscles.

Evolution of the Genus Homo

Primates ( Anthropoids

                    ↓----------------↓------------------↓-------------------↓----

               Gorillas        Chimps         Orangutans         Australopithicus      

                                                                                                ↓        

                                ↓-------------------------------------------------

                        Homo-Habilis ( Homo-Erectus ( Homo-Neanderthals

                                                                 ↓

                                                     Homo-Sapiens

(Primates had offset eyes, snouts and tended to be knuckle walkers)

Homo-Habilis – had an enlarged brain case and were the first primate descendant to use stone tools.  Fossils found primarily in Africa

Homo-Erectus – walked completely upright and used tools and FIRE for the first time - emigrated to Europe, Asia

Homo-Neanderthalis – about 600,000 years ago were an offshoot of homo-erectus

· they had thick bone structure and greater muscle mass, 

· they practiced complex speech and funeral rituals

Homo-Sapiens – brain case enlargement complete, smaller teeth, forward looking eyes – modern humans.  (130,000 years ago)

Remember – 

1) Chance alone cannot account for the evolution of complex features.  Natural selection (the opposite of chance) favours particular phenotypes.

2) Complex features arise through the accumulation of many small changes over long periods of time.  These occur as a result of mutations and provide an advantage to the individual that selection prefers.

3) Evolution is driven by the need for competitive advantage – if there is no need, then major change will not happen.

Genetic Variation

· all individuals in a population possess a common genome (a complete set of chromosomes with all associated DNA)

· each individual will have a different genotype based on the possible number of alleles for each gene

· the different genotypes and influences from the environment will produce different phenotypes in each person.

· These are then acted upon by natural selection and result in evolution

· Genetic diversity within a population increases dramatically with sexual reproduction

SBI – 4U:  EVOLUTION LESSON SEQUENCE

	Lesson    

     #
	Topics
	Homework

	      1
	Fossils

Early Ideas on Evolution
	Read pgs 511 – 516 and do #1 – 4,6 on 516
Read pgs 517 – 518 and do #2,3,4 on 518

	      2
	Charles Darwin

Natural Selection and Modern Synthesis
	Read pgs 519 – 528 and do #1,2,4-8,10 on 528

Read pgs 529 – 533 and do # 1,4,6,7 on 533

	      3
	Genetic Variation

Hardy – Weinburg Eqbm
	Read pgs 544 – 546 and do # 1,3,4 on  546

Read pgs 547 – 549 and do # 1,2 on 549

	      4
	Random Change in DNA

Selection (Patterns of)
	Read pgs 550 – 554 and do # 1,2,3 on 555

Read pgs 556 – 562 and do # 1,2,4 on 562

	      5
	Species Formation

Origins of Life
	Read pgs 571 – 575 and do #1 on 576

Read pgs 591 – 601 and do # 1, 2 on 601

	      6
	Human Evolution
	Read pgs 615 – 621 and do # 1,3,4,5b on 621/622


Evolution Assignment – the Origin of Whales and the Power of Independent Evidence
Your assignment is to read the attached article on Whale Evolution and to answer the following questions.  These questions will form the basis of part of your test in this unit.

1.  List 3 features that indicate that whales are mammals.

2.  Complete a chart similar to the following one on unique whale features:

	Feature
	Description

	Body Shape


	

	Horizontal Flukes


	

	Neck


	

	Flippers


	

	Ribs


	

	Skull


	

	
	

	Differences between mammals and whales
	


3.  Define the term “Paleontology” and explain what is meant by paleontological evidence?

4.  What is an ungulate?  

5.  Complete a chart similar to the following that shows the links between ungulates and modern 

     whales through fossil evidence.

	Ancestor Name
	Age of Fossils
	Characteristics Similar to Whales
	Importance of this ancestor?

	Sinonyx


	
	
	

	Pakicetus


	
	
	

	Ambulocetus


	
	
	

	Rodhocetus


	
	
	

	Basilosaurus


	
	
	

	Dorudon


	
	
	


6.  Explain the term “morphology”  

7.  Describe 2 lines of morphological evidence that supports the concept of whale evolution.

8.  What does molecular biology involve the investigation of?  How does this topic have a 

     bearing on those organisms with a common ancestral past versus those that do not share a 

     common path?  What are some of the traits that were examined to determine whale ancestry?

9.  Define the term “vestigial”.

10. Describe the vestigial bone features and organ features found in whales.

11.  What is meant by “embryology”?  List 5 ways that whale embryology shows that evolution   

       has occurred in whales.

12.  Explain what geochemical evidence in whale fossils indicates about their ancestors.\

13.  Complete the following concerning the Paleoenvironmental and the Paleobiogeographic   

       evidence concerning the fossils of whale evidence:

	
	Sinonyx
	Pakicetus
	Ambulocetus
	Rodhocetus

	Location of Fossils
	
	
	
	

	Other fossils present
	
	
	
	

	Implications of other fossils present
	
	
	
	

	Geographical Location of fossils
	
	
	
	

	Implications of Locations
	
	
	
	


14.  How does the timeline for whale evolution interact with the occurrences of events on the  

      earth at that time?
