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Unit 1 Notes, Part 3 – Macroevolution and the History of Life
AP Biology, 2018-2019
A. Can evolution occurring over long time periods result in new species?
1. There are two types of evolution based on the amount of time for evolution to occur and the level of change that is occurring.  Microevolution refers to change in the genetic makeup of a population from generation to generation.  It refers to adaptations that are confined to a single gene pool (within one species).  Macroevolution refers to evolutionary change above the species level, or in other words, change across a long period of time that can create new species.
2. The creation of new species is called speciation.  This occurs when two populations of the same species become so different through evolution that they cannot or will not interbreed (mate with one another).  These two populations are now considered two different species.  

3. Biologists define a species as a group of organisms that can interbreed with one another and produce viable, fertile offspring. This idea of reproduction capabilities defining a species is known as the “Biological Species Concept.” Note: Viable means the offspring can live a normal lifespan and fertile means that they can mate and have their own offspring.
B. What could cause populations to become so different that speciation occurs?
4. Reproductive isolation occurs when there are barriers that prevent members of populations from producing viable, fertile offspring.  These reproductive barriers are non-geographic. 
Note: Another way to say “barrier” in this context is “isolating mechanism.” 
5. We classify reproductive barriers based on whether they occur prior to the mating process (i.e. before the egg meets the sperm during fertilization) or after the mating process (i.e. after the egg meets the sperm during fertilization).  We call barriers that occur before fertilization pre-zygotic barriers (meaning: pre = before, zygote = fertilized egg).  We call barriers that occur after fertilization post-zygotic barriers (meaning: post = after, zygote = fertilized egg).  Examples of both pre-zygotic and post-zygotic barriers are given below. 

6. Pre-zygotic Barrier Examples:

· Habitat Isolation: two species can live in the same geographic area but not in the same habitat.
· Behavioral Isolation: Some species use certain signals or types of behavior to attract mates, and these signals are unique to their species.  Members of other species do not respond to the signals so mating does not occur (ex: different mating dances or bird calls/songs)
· Temporal Isolation: Species may breed at different times of day, different seasons, or different years, and this can prevent them from mating.
· Mechanical Isolation: Species may be anatomically incompatible.  In other words, the sperm delivery structure on the male may not fit the sperm receiving structure on the female.  (DOES IT FIT?!)
· Gametic Isolation: Even if the gametes (eggs and sperm) of two species do meet, they may be unable to fuse to form a zygote. (ex: the sperm head may not possess the correct enzymes to break down/penetrate the egg’s outer layers) 
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7. Post-zygotic Barrier Examples:

· Reduced Hybrid Viability: When a zygote is formed, genetic incompatibility may prevent the fertilized egg from developing properly.
· Reduced Hybrid Fertility: The offspring of two species is viable but infertile (i.e. cannot mate and produce offspring successfully) (ex: Donkeys and horses can mate to produce a hybrid called a mule.  Though the mule is viable, it is infertile.  Therefore, we still consider donkeys and horses reproductively isolated and consider them to be two different species.)
· Hybrid Breakdown: Sometimes two species mate and produce viable, fertile hybrids; however, when the hybrids mate, their offspring are weak or sterile.  In other words, later hybrid generations become weaker and weaker.
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Speciation that results from reproductive isolation alone is called sympatric speciation. For example, the midas and arrow cichlid fishes (yes it is “fishes” if you are talking about separate species!) that live in a lake in Nicaragua occupy two different habitats in the lake.  The midas cichlid originally colonized the rocky habitat along the coast of the lake.  The arrow cichlid evolved from a population of the midas cichlid that adapted to live and eat in the open water (i.e. the deeper water in the middle of the lake).  These arrow cichlid evolved to have a different body size, jaw shape, and tooth size and shape from the midas cichlid as a result of their different habitats.  They either cannot or will not mate in nature and produce viable, fertile offspring, so they are considered separate species.  We would say that these species of fish went through sympatric speciation as a result of habitat isolation. 

8. Geographic isolation occurs when two populations are separated by a physical, geographic barrier like a river or mountain range.  This can prevent populations from interbreeding and mixing their gene pools.  Eventually, this may result in populations that are so different (due to the differing effects of natural selection, sexual selection, genetic drift, and mutation on the two isolated populations) that a reproductive barrier forms between them.  Once the reproductive barrier forms, they are considered separate species because even if the reproductive barrier was removed, they either could not or would not breed and create viable, fertile offspring.  Speciation that initially results from geographic isolation is called allopatric speciation.

Speciation resulting from geographic isolation followed by natural selection and a reproductive barrier (i.e. temporal isolation) is described in the paragraph below.  

For example, let’s say that a population of monkeys is separated by a river.  The monkeys may face different selection pressures on the two sides of the river (i.e. factors in the environment that cause the evolution of particular traits), so they will evolve to be very different due to natural selection.  Let’s say that the monkeys on the north side of the river evolve to mate during the day to avoid panthers that hunt at night.  In contrast, the monkeys on the south side of the river evolve to mate at night to avoid snakes that hunt during the day.  Now, even if the geographic barrier (i.e. the river) is removed, the populations still will not mate with each other because they are now separated by a temporal barrier (i.e. a type of reproductive barrier).  In other words, they do not mate at the same time!  Because they will not mate and produce viable, fertile offspring, they are now considered separate species.  Even though a reproductive barrier finishes the process of speciation, we still say that allopatric speciation takes place because the geographic isolation of the two populations caused the reproductive barrier to form.  
Speciation resulting from geographic isolation followed by genetic drift and a reproductive barrier (i.e. behavioral isolation) is described in the paragraph below.

When a large population is separated into two smaller populations by geographic isolation, the smaller populations are more susceptible to genetic drift (i.e. random changes in gene frequencies).  Genetic drift often causes the loss of alleles (i.e. gene forms) from a population’s gene pool and the fixation of a particular allele due to random chance alone.  If the allele that becomes fixed is different between the two populations (ex: the long tail allele vs. the short tail allele in monkeys), the two populations have become genetically different from one another.  If genetic drift causes the fixation of different traits in the two populations, a reproductive barrier may form which will prevent the populations from successfully mating and producing viable fertile offspring.  For example, if genetic drift results in the fixation of an allele for a mating “howl” in one population of monkeys and the fixation of an allele for a mating “honk” in the other population of monkeys (i.e. two different mating calls), behavioral isolation may occur.  If the populations have different mating calls, they will be unwilling to mate with one another. Because they will not mate and produce viable, fertile offspring, they are now considered separate species.  Again, even though a reproductive barrier finishes the process of speciation, we still say that allopatric speciation takes place because the geographic isolation of the two populations caused the reproductive barrier to form. 
C. What patterns do we see in macroevolution and speciation?
9. Pattern #1: Divergent Evolution – this occurs when closely related species become more different in response to changes in environment (ex: Darwin’s finches went through divergent evolution when they spread out to the different Galapagos islands, encountered different food sources, and evolved differently shaped/sized beaks)

When divergent evolution occurs very quickly and to an extreme extent (many new species branching off of one parent species), we call this adaptive radiation.
10. Pattern #2: Convergent Evolution – this occurs when unrelated species becoming more alike because they live in same type of environment (ex: whales (mammals), penguins (birds), and sharks (fish) all have streamlined bodies because they live in the water)

11. Pattern #3: Coevolution – this occurs when two species that live in a close relationship evolve in response to one another (ex: crabs evolve stronger claws to break mollusk shells and eat the organisms inside, mollusks evolve stronger shells to prevent crabs from breaking through) (ex: flowers evolve to be more colorful to attract insect pollinators and insect pollinators evolve a stronger preference for more colorful flowers so that they will be able to recognize flowers that need to be pollinated, and therefore produce nectar) 
12. In the image to the right, the passage of time is on the Y axis and the degree of difference and similarity between two species represented by the distance between these two species on the X axis.  Image A shows divergent evolution, Image B shows convergent evolution, and Image C shows coevolution.   

D. At what rate do macroevolution and speciation occur?
13. There is some debate among modern biologists as to the rate of macroevolution and speciation.  There are two theories that these scientists waver between.  These theories are given below.

-Gradualism: This theory was proposed by Charles Darwin and states that evolution proceeds slowly at a constant rate and that many small differences accumulate over time to produce new species at a constant rate.  This typically occurs when there are gradual changes in environmental conditions.  Transitional species in the fossil record show evidence that gradualism does occur to gradually produce new species that are different from ancestor species (ex: Tik taalik represents the transition of an ancestral aquatic species to species that live on land) 
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-Punctuated Equilibrium: This theory was proposed by Niles Eldredge and Stephen Jay Gould and states that evolution proceeds and new species are produced in spurts of rapid change (punctuation) separated by long periods without change (equilibrium).  These spurts of rapid change are due to sudden changes in environmental conditions.  Periods of major extinction and adaptive radiation appear in the fossil record and show evidence that these spurts of rapid change do occur.  (For example, at the end of the Cretaceous period, we stop seeing dinosaur fossils and begin to see many new species of fossilized mammals that went through adaptive radiations to fill the niches left by the mass extinction of the dinosaurs.  We see this trend during and after each of the five mass extinctions throughout Earth’s history). Periods of equilibrium are also called stasis, and they occur when the environment does not change or changes very little over a period of time.  

To learn more about the five mass extinctions, go here: http://www.bbc.co.uk/nature/extinction_events
To learn more about some scientists’ claim that we are currently in a sixth mass extinction, click the following link: http://www.washingtonpost.com/news/morning-mix/wp/2015/06/22/the-earth-is-on-the-brink-of-a-sixth-mass-extinction-scientists-say-and-its-humans-fault/
-Because there is evidence to support both theories, many scientists believe that the correct model of the rate of evolution is a mixture of gradualism and punctuated equilibrium!

-There are two types of charts/graphs we can use to compare the two theories.  Below: the image on the left shows two phylogenetic trees where the amount of evolutionary change from the ancestral species is shown on the X axis and time is shown proceeding upwards on the Y axis.  The image on the right shows two graphs where time proceeds to the left on the X axis and the amount of evolutionary change (the creation of new species) is shown on the Y axis).  In both types of chart/graph, the gradualism model is shown on the left and the punctuated equilibrium model is shown on the right.
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D. What were conditions like on early Earth?

14. Earth was formed about 4.6 billion years ago but was too hostile for life until around 3.9 billion years ago. 

15. Early Earth's atmosphere differed from the current atmosphere.  It contained water vapor, nitrogen gas (N2), carbon dioxide (CO2), and small amounts of the following substances: methane (CH4), ammonia (NH3), hydrogen sulfide (H2S), and carbon monoxide (CO). 

Note: there was almost no atmospheric oxygen (O2) on early Earth 

16. Additionally, early Earth was very hot due to constant volcanic eruptions and it was constantly bombarded by asteroids
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E. When did the first living organisms arise?
17. The earliest fossilized organisms can be dated to around 3.5 billion years ago, indicating that life arose around 3.5 billion years ago… For example, scientists have dated stromatolites to around 3.5 billion years ago; stromatolites (pictured to the right) are fossilized layers of sediment thought to have been produced by ancient bacteria

18. Scientists believe that small organic molecules were created first, followed by large molecules and finally cells
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Note: organic molecules are molecules that contain high amounts of carbon (not carbon dioxide or carbon monoxide) and are found in living organisms 

19. Theories about how the first organic molecules were created…

-Alexander Oparin hypothesized that the molecules found in early Earth’s atmosphere + lightning and UV radiation (from sunlight) ( organic compounds such as amino acids (the building blocks of proteins) 

-Stanley Miller and Harold Urey tested Oparin’s hypothesis with the apparatus shown to the right and were able to synthesize simple organic molecules by mixing gases found in early Earth’s atmosphere in glass tubing and running a spark through this mixture to simulate the lightning storms that occurred on early earth.  The spark provided the energy necessary to break bonds in the gas molecules and build bonds to create new molecules.  Cold water was run around the glass tubing surrounding the new mixture of molecules to convert the mixture from a gas to a liquid.  They collected the condensed liquid in a flask (see bottom of the image), and they found simple organic molecules like amino acids.  
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20. Steps involved in the creation of the first living organisms (single celled): 
· Small organic molecules (ex: amino acids, the building blocks for proteins) were synthesized
· These small molecules joined into macromolecules (i.e. large molecules like proteins) through a process called polymerization
· These molecules were packaged in protocells (membrane-surrounded droplets containing proteins) 
· Self-replicating molecules emerged that made inheritance possible.  These first inheritance molecules were probably ribozymes, RNA molecules with the ability to copy themselves without the assistance of helper molecules called enzymes, which evolved later in the history of life. Remember, our DNA must be copied before cell division to provide a full set of genetic material to new cells.  The idea that RNA was the first genetic material (as opposed to DNA) is called the RNA World Hypothesis.

Note #1: inheritance is the passing of genetic material and thus traits from parents to offspring

Note #2: the structure of DNA vs. RNA is shown in the image to the right

21. The first organic molecules could have been washed by rainfall into the ocean.  There, they may have accumulated and created a thick, warm organic soup, which made polymerization and the creation of the first cells more likely.  This idea is called the “primordial soup theory” or “organic soup theory.”
Alternately, a scientist named Gunter Wachtershauser suggested that thermal vents (i.e. underwater volcanoes that produce hot springs deep in the ocean) provided all the building blocks necessary for creating the first organic molecules.  He called his hypothesis the “iron-sulfur world hypothesis / theory.”  This hypothesis suggested that these thermal vents released hot, pressurized water containing gases like carbon monoxide (CO), ammonia (NH3), and hydrogen sulfide (H2S), which would come in contact with the iron and nickel sulfide minerals that were found in the rocks around the vents.  These metals/minerals served as “catalysts” (i.e. substances that speed up chemical reactions) for the series of reactions required to create the first organic molecules from dissolved gases present in the water.  

To describe the difference between the organic soup theory and the iron-sulfur world theory, the College Board AP Biology curriculum states that the reactions necessary to create the first organic molecules could have occurred in solution (i.e. in the warm “soupy” ocean) or on solid reactive surfaces (i.e. the iron and nickel sulfide minerals found on rocks around thermal vents). 
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Some scientists have also proposed that the first organic molecules were not created on Earth at all and instead traveled to earth on meteorites.  This idea could potentially be called the “extraterrestrial origins hypothesis / theory.” They have even discovered a meteorite from Mars that landed on earth around 13,000 years ago and contained tiny rods similar in shape to fossilized bacteria.  So not only could meteorites have brought organic molecules to Earth but potentially fully formed, living cells (i.e. bacteria-like organisms) as well.   

F. How do scientists study organisms from early Earth?

22. By investigating the fossil record, we can explore the history of living organisms on Earth

23. Scientists can “date” fossils (determine how old they are) using two different methods

-Relative Dating: this gives a basic age estimate for fossilized organisms based on their position in rock layers (strata); lower strata contain older fossils and higher strata contain younger fossils (see image to the right).
-Absolute Dating: this gives an exact age for fossilized organisms using the method given below

a) Absolute dating relies on radioactive dating to determine the actual age of fossils.


b) Radioactive isotopes (unstable forms of an atom) have a half-life, the time it takes for half of a radioactive isotope to change into a stable element.


c) Carbon 14 (14C) is a radioactive isotope contained within fossils, along with the normal, nonradioactive isotope carbon 12 (12C)

· Half of the carbon 14 (14C) will change to nitrogen 14 (14N) every 5,730 years.

· Comparing the amount of 14C with the amount of stable isotope 12C will allow you to determine how long ago a fossilized organism died

-A young fossil will have a high ratio of 14C compared to 12C

-An old fossil will have lost much of its 14C through radioactive decay, so it will have a low ratio of 14C compared to 12C

· After 50,000 years, the 14C radioactivity is so low it cannot be used to measure age accurately.  (Thus, carbon 14 dating can only be used to date relatively young fossils)… other radioactive isotopes with longer half-lives must be used to date older fossils 

G. How did life evolve from the first living organisms?

24. First cells = protocells (no nucleus or organelles)

25. 2.7 billion years ago (bya) = oxygen accumulates in Earth’s early atmosphere due to photosynthesis in bacteria

26. 2.1 bya = eukaryotic cells appeared as a result of endosymbiosis

Note: Endosymbiosis was a theory proposed by Lynn Margulis that gave a possible explanation for the creation of the first eukaryotic cells with organelles such as mitochondria and chloroplasts.  She proposed that an ancestral prokaryotic cell (with no nucleus or membrane-bound organelles) “swallowed” a smaller prokaryotic cell.  The inner cell gradually lost its ability to function outside its host cell and adopted a particular job for that cell.  For example, mitochondria are prior prokaryotic cells that evolved to perform the process of cellular respiration to create ATP for the host cell.  The process of endosymbiosis to create mitochondria and chloroplasts is shown in the image below.  According to the image, the creation of a nucleus occurred through in-folding of the cell membrane to surround the DNA of the cell, not endosymbiosis.  
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27. 1.2 bya = multicellular eukaryotes appear with specialized cells to perform a particular function for the organism (ex: our red blood cells carry oxygen through our bodies) 

28. 500 million years ago = colonization of land with plants, fungi, and animals appeared; up until this point, most life (both unicellular and multicellular) was aquatic (water-dwelling)

Notes Questions
Vocabulary: Define each term below in your own words. Look it up from a second source if it doesn’t make sense to you in the reading.
Macroevolution:

Speciation:

Reproductive Isolation:

Sympatric Speciation:

Geographic Isolation:

Allopatric Speciation:

Endosymbiosis:

Practice Questions: Answer the following questions thoroughly and accurately in complete sentences.

1. Explain how geographic isolation can eventually result in a reproductive barrier forming between two populations. (Hint: You can use the example of the two populations of monkey separated by a river if you’d like!)  Which type of speciation (sympatric or allopatric) does this represent?
2. Identify each of the following “isolating mechanisms” as pre-zygotic or post-zygotic and provide a brief, one-phrase description of each.  I have given an example of a “catch phrase” for one of the isolating mechanisms given below. 

	Isolating Mechanism
	Pre-zygotic or post-zygotic?  (write “Pre” or “Post”)
	Description

	Reduced Hybrid Fertility
	
	

	Gametic Isolation
	
	

	Mechanical Isolation
	
	“It” doesn’t fit!



	Reduced Hybrid Viability
	
	

	Behavioral Isolation
	
	

	Hybrid Breakdown 
	
	

	Temporal Isolation
	
	

	Habitat Isolation


	
	


3. Describe the differences between divergent evolution, convergent evolution, and coevolution. 

4. When is adaptive radiation more likely to occur… when there are many new niches (roles in the environment that species can fill) or when the number of niches is reduced?  Explain your answer. 

5. Describe one piece of evidence scientists have to indicate that evolution has proceeded according to the “gradualism” model at various points in the history of life.

6. Describe one piece of evidence scientists have to indicate that evolution has proceeded according to the “punctuated equilibrium” model at various points in the history of life. 

7. Describe conditions present on early Earth and the composition of early Earth’s atmosphere.
8. Describe the methods and results of the Miller-Urey experiment. 
9. Why do scientists argue that RNA was probably the first genetic molecule in cells?
10. Briefly (in three sentences or less) describe the difference between the three hypotheses for the origin of organic molecules described in the notes—the organic soup hypothesis, the iron-sulfur world hypothesis, and the extraterrestrial origins hypothesis. 
11. What evidence suggests that chloroplasts and mitochondria evolved by endosymbiosis?
12. Place the events in the history of life given below in the correct order.  
I. Eukaryotic cells are formed through endosymbiosis

II. Macromolecules (ex: proteins) form through polymerization. 

III. The first simple molecules are created from the combination of gases in early Earth’s atmosphere

IV. The first simple cells (aka protocells) are created with a cell membrane surrounding organic molecules suspended in fluid.

V. Multicellular organisms form with specialized cells. 

Self-Quiz – select questions from Campbell’s Biology textbook. Use this resource as you see fit.

1. The biological species concept (referred to at the beginning of this note set) is not useful for organisms known only from fossils because
a. fossils are rarely preserved well enough to distinguish species based on morphology.

b. it is not possible to test reproductive isolation of fossil forms.

c. it is not possible to infer the types of habitats occupied by the fossil forms before their extinction.

d. in examining fossil organisms, it is not possible to distinguish males from females.

2. Bird guides once listed the myrtle warbler and Audubon’s warbler as distinct species. Recently, these birds have been classified as eastern and western forms of a single species, the yellow-rumped warbler. Which of the following pieces of evidence, if true, would be cause for this reclassification?

a. The two forms are observed to interbreed successfully where their habitats overlap.

b. The two forms live in similar habitats.

c. The two forms have many genes in common.

d. The two forms have similar food requirements.

e. The two forms are very similar in coloration.

3. When a certain rock formed, it contained 12 mg of potassium-40. The rock now contains 3 mg of potassium-40. The half-life of potassium-40 is 1.3 billion years. How old is the rock?

a. 0.4 billion years.

b. 1.3 billion years

c. 2.6 billion years

d. 5.2 billion years

4. Males of different species of the fruit fly Drosophila that live in the same parts of the Hawaiian islands have different elaborate courtship rituals that involve fighting other males and stylized movements that attract females. What type of reproductive isolation does this represent?
a. habitat isolation 

b. temporal isolation 

c. behavioral isolation

d. gametic isolation

e. postzygotic isolation

5. Which of the following factors would not contribute to allopatric speciation?

a. A population becomes geographically isolated from the parent population.

b. The separated population is small, and genetic drift occurs.

c. The isolation population is exposed to different selection pressures than the ancestral population.

d. Different mutations begin to distinguish the gene pools of the separated populations.

e. Gene flow between the two populations is extensive.

6. Mimulus lewisii and M. cardinalis are plants that do not hybridize in nature but can be readily crossed in the laboratory to produce fertile offspring. Which of the following is least likely to keep the gene pools of these two plants separate in nature?

a. gametic incompatibility

b. different attractiveness to pollinators

c. different ecological niches

d. different geographic ranges

e. seasonal differences in flowering

7. According to the punctuated equilibrium model,

a. natural selection is unimportant as a mechanism of evolution

b. given enough time, most existing species will branch gradually into new species

c. most new species accumulate their unique features as they come into existence, then change little for the rest of their duration as a species

d. most evolution is goal oriented

e. speciation is usually due to a single mutation

8. One current view of the origin of life proposes that, rather than forming in the atmosphere, the first organic compounds on Earth may have formed

a. on dry land

b. near deep-sea vents

c. from viruses

d. in northern Africa

e. when chunks that broke off from the moon bombarded Earth

9. Which statement does not support the hypothesis that RNA functioned as the first genetic material of early proto-cells?

a. Short RNA sequences can add limited numbers of complementary bases in the presence of nucleotide monomers.

b. Catalytic activity has been demonstrated for RNA in living cells.

c. Variations in base sequences produce molecules with variable stabilities in difference environments.

d. Present-day cells synthesize proteins using an RNA template.

e. In present-day cells, RNA provides the template on which DNA nucleotides are assembled.\

10. A fire devastates all trees in a wide swath of forest. Populations of a species of tree-dwelling frog on either side of the burned area diverge to become separate species. This is an example of _______.

a. allopatric speciation

b. parapatric speciation

c. sympatric speciation

d. adaptive radiation
