Big Idea 1 Free Response Practice
Table to Show the Number of Families of Trilobites Estimated to Exist from 550 to 250mya
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1. Trilobites are an extinct organism resembling our modern day horseshoe crab.  Their evolutionary pattern is shown in the table above.  Data has been provided for 550mya to 417mya.  Data after this point has purposely been omitted.

a. Describe the types of physical evidence that have most likely been used to estimate the number of families and to distinguish between organisms that represent different families?  Justify your response.

b. Predict the likely pattern of evolution for trilobites after 417mya.  Draw the appropriate bars on the table to indicate your response.  Justify your response.

c. Trilobites had diverse forms of eye structure, examples of which are shown below.  Describe how the evolution of different types of eyes may have led to the evolutionary success of trilobites in the Cambrian period.
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d. Using scientific theory, describe a likely scenario that would have resulted in trilobites becoming extinct.

Answer Key

1a. Fossil evidence provides physical specimens.  The anatomy of the organisms is then compared to find similarities and differences.  Geographical distribution may be used to distinguish between families.  Molecular evidence may not be used because of the age and type of the remains of the organism.

1b. Steady pattern of decrease through each subsequent period is indicated.  However, an abrupt decrease is also appropriate.  Justification is that evolution of all species has followed similar patterns of rise and extinction.  An increase in number is unlikely based on the pattern observed over millions of years.

1c. Eyes better adapted to a particular environment may have given populations of trilobites a survival advantage over competitors (both inter and intra species) through better food and shelter location, evasion of predators, and/or less susceptibility to damage of the organ.

1d. Gradual environmental change, global warming for example, may have led to extinction due to inability of trilobite populations to adapt quickly enough.  Catastrophic environmental event, such as meteorite impact, may have had a similar, though quicker effect.  Evolution of a better adapted organism may have out-competed the trilobites.
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2. The type of newt shown in the picture below has enough toxin in its skin to kill 10-20 human adults and several thousands of mice.  Living in the same area of the Pacific Northwest are found garter snakes which are highly resistant to the TTX toxin that the newt secretes.  The newts are actually the prey of the garter snake, the only animal that can eat it and survive.  However, despite being able to eat a newt without dying, the snake that does so is substantially slowed down for a while after its meal.
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a. Referring to the process of natural selection in your answer, discuss what might have occurred that led to the newt becoming so highly toxic and the snake becoming resistant to such large quantities of poison.
b. At a molecular level, describe a process by which a newt might develop more toxicity.

c. Predict what would happen to the population of newt’s toxin level if toxin resistant garter snakes were removed from the environment.  Justify your response.
Answer Key:

2a. The newt and snake are in an escalating evolutionary race, pushing each other to adapt.  Random mutation or recombination of genes during reproduction may have produced a newt with a skin toxin.  These offspring survived preferentially over the non-toxic newts that were readily consumed by predatory garter snakes.  Snakes consuming poisonous newts were slowed down by the poison making them more susceptible to predators themselves.  As the non-toxic newts became scarcer through predation, the snake with an adaptation to handle the toxin without serious harm, was able to tap this, thus far, underutilized food source.  In time, however, the newt with the adaptation of additional toxin was able to withstand the resistant garter snake and pass on genes to its progeny.  Garter snakes with more resistance were then favored.  This positive feedback loop continued to the present day where both resistance and toxicity are exorbitantly high.

2b.  Mutation – change in DNA sequence causing change in protein structure of toxin.  Recombination of genetic material during reproduction – similar change in protein structure.  Shift in protein structure allows better binding to site of action on cells of poison victim.

Toxin gene may not change but may be switched on more frequently or suppressed less frequently producing a higher concentration of toxin.

2c.  The level would decrease over generations.  The production of a toxin is an energy sink requiring the newt to make a trade of some type.  With the removal of the predator, newts making high levels of toxin no longer survive preferentially.  In fact they may be less successful because of the energy loss demanded by toxin production.  Newts committing less energy to toxin production are thus favored, and survive to have more offspring.  Over time, this effect is magnified resulting in the evolution of a non-toxic newt population, assuming toxicity is not an advantage for survival against another predator.
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3. The evolutionary relationship between organisms can be determined in many ways.  When different lines of evidence converge, evolutionary theory is strengthened.  Table 1 shows a cross section of animals that have particular anatomical traits.  Table 2 shows amino acid differences for cytochrome c for the organisms compared to humans.  

a. Based on the information in table 1, complete the cladogram outline provided below.  Label the black nodes with the particular trait and insert the name of the species at the top of the arrows.

Table to Show Anatomical Differences and Similarities in a Range of Species

	        Anatomy
	Lamprey
	Human
	Leopard Frog
	Wallaby
	Turtle
	Chimpanzee
	Shark
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Key: 










Table 1
( - not present

( - present











Number of Amino Acid Differences in Cytochrome c
Between Humans and Other Animals

	Animal
	Amino Acid Differences in Cyctochrome c

	Lamprey
	-

	Leopard Frog
	18

	Wallaby
	10

	Turtle
	15

	Chimpanzee
	0

	Shark
	21













Table 2

 Cladogram Outline
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b. Using the data from table 2, determine whether the molecular data converges with the anatomical data.  Be specific in your analysis and conclusions by drawing on data from both tables to support your answer.

c. There is no data for lampreys in table 2.  Predict what the amino acid difference would be for cytochrome c for this animal.  Justify your response.

d. Using the data provided, hypothesize about which two organisms are most closely related in evolutionary terms.

Answer Key:

3a.

[image: image1.png]Leopard

Turtle Wallaby ~Chimpanzee Human

frog

Lamprey Shark





3b. Based on the data for the 5 organisms where numbers are provided, the molecular and anatomical data seem to converge.  The ordering of animals as shown in the cladogram is determined by those anatomical features that are present or not present.  The more features present, the higher in the cladogram the animal is placed.  This relationship is supported by the molecular data but in reverse, i.e. the higher up the cladogram, the fewer the differences in amino acid structure.  This makes sense because the fewer the differences in molecular structure indicates less divergence in the organisms and can be correlated with similar anatomical features.  The greater the similarity between anatomy and molecular data, the closer is evolutionary relationship between the animals shown and humans.  For example, the chimp has the same cytochrome c (no differences) and almost identical anatomical traits, the only difference being in the bipedal locomotion.  At the other end, the shark has a 21 amino acid difference and only two traits in common with humans, lacking an amnion, paired legs, mammary glands, placenta and bipedal locomotion.  

3c.  The pattern described in 1b should be reinforced by the lamprey’s molecular data.  Having only the notochord in common with the other organisms in the table, it is likely to have a greater number of amino acid differences, i.e. more than 21, although the actual difference is difficult to determine based on the data provided.

3d.  It is likely that chimps and humans are most closely related.  Their anatomy is almost identical, the only difference being the lack of bipedal locomotion in chimps. (although chimps can walk on two legs, this is not there normal form of walking.)  There is no difference in cytochrome c between the two animals indicating a common ancestor was relatively recent, recent enough for cytochrome c to be conserved in chimps and humans.
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4. A study of the molecular nature of cells in a range of species has produced the models represented below.  The systems and structures represented can be found in identical forms in organisms that superficially seem dissimilar, e.g. amoeba and human.  

	A
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	B
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	C
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	D
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Credits

A - http://science.halleyhosting.com/sci/ibbio/cells/notes/ch6/activeT.htm
D - http://mrsec.wisc.edu
a. Identify what each of the models represents. Briefly describe the nature and properties of these systems or structures and how each is crucial for the existence of the life so far discovered on earth.

b. Provide a reasonable scientific hypothesis that would account for such widespread presence of these systems and molecules in the living world? Provide evidence to support the reasonableness of the hypothesis.

c. Describe another ubiquitous biological feature that supports your hypothesis.

d. What sort of evidence could be found on earth, or in our exploration of Mars, that would require a modification of your hypothesis as stated in (b).

Key:

4a.  A - Sodium/potassium pump found in cell membranes of most animals.  Its function is to maintain a resting potential for nerve transmission, maintain cell volume, and facilitate the transport of other materials across the cell membrane.  Nerve communication, cell homeostasis and transport would all be compromised without this pump, making life impossible.

B – DNA and RNA carry code in all organisms.  The structure of both is identical in all life although base sequence may change.  Base pairing is consistent in all life.  This property allows for replication and cell division, accurate transmission of code from one generation to the next and effective translation of code into protein tools and structures.

C- The phospholipid bilayer encloses every cell.  The amphipathic nature of the phospholipids allows the creation of this bilayer.  The resulting enclosure allows isolation of chemical reactions which can be regulated and made more efficient accordingly.  No life would be possible without these reactions.

D – The ATP synthase is found in all eukaryotic life forms within mitochondria.  It’s structure is highly conserved and allows the creation of ATP through the flow of protons across the membrane.  This machine allows the efficient production of ATP, enabling more complex cells and multicellular organisms to exist.

4b. The fact that all of these structures and molecules are found in almost all living things and where they are found, are identical or almost identical, even in very distantly related organisms, indicates that all life arose from a common ancestor.  That these molecules and mechanisms arose multiple times independent of each other is 102860 less likely than arising from one common ancestor. The odds are overwhelmingly in favor of LUCA.
4c. There are 22 amino acids found in all organisms that comprise the structure of all proteins made.  They are all, with very few exceptions found in bacterial envelopes, oriented in the same L-isomeric formation.  This chemical specific consistency across all life indicates a common origin, rather than the same building block system arising multiple times.

4d. Scientists must find significant exceptions to the molecular evidence presented above; a different mechanism to maintain nerve potentials, a new molecule that can make ATP, amino acids with different functional groups, a different code carrier, or a different way to create a bilayer.
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5. Drosophila has one of the most widely studied and best known genetic systems.  The European populations of Drosophila subobscura, a species of fruit fly native to that continent, have about 80 different chromosomal inversions.  However, the populations of D. obscura in North and South America have only a subset of 20 of these inversions.  (see fig. 1)   In addition, the population of these flies in the Americas has a lower allelic diversity for certain enzyme producing genes.
























fig. 1

a. Describe a possible scenario that could have led to this arrangement of genetic diversity in D. subobscura.

b. Using principles of the Hardy-Weinberg equilibrium, explain why the genetic diversity of the fly populations in the Americas might never match that of the European populations.

c. Describe a type of change would be required to balance genetic diversity between the three continents?  How would this affect Hardy-Weinberg equilibrium?

d. Imagine that a severe climatic event occurs in British Columbia where 95% of the population of D. subobscura is killed off by early hard frosts.  Predict what the genetic diversity of the Canadian fruit fly over the next few years would look like compared to that in California.  Justify your response.

Key:

a. This is likely to be a result of the founder effect.  If the fly is native to Europe, as stated, then the populations in the Americas are likely to be the result of migration.  In this scenario, a few flies with certain chromosomal inversions, but not all 80, were transported inadvertently to the New World, probably by boat or plane.  This initial population then spread on both continents but with only the 20 inversions that came with the initial migrants.  The fact that they are found in both North and South America and that these hold similar genetic diversity indicates that transport of the initial founder population occurred quickly to both land masses from a similar original source; maybe a boat dropping cargo at two ports on the same trip.

b. Hardy-Weinberg equilibrium holds that allelic diversity will remain unchanged under certain conditions; those of random mating, infinite population size, no gene flow, no mutation, and lack of differential survival of different genotypes.  While these are theoretical conditions, populations tend to stay reasonably consistent without major shifts in conditions.  For the allelic diversity to increase to the level of that in Europe, the conditions for equilibrium must be shifted a great deal over a great deal of time.  While possible, this is unlikely.

c. Possibly the quickest change may occur with migration of genetically dissimilar flies from Europe.  This would introduce new genes/chromosomes into the gene pool that by definition would be then more diverse.

d. This type of event is likely to lead to a population bottleneck, another cause of genetic drift.  Only certain genetic types of flies would survive.  With such a large percentage killed off, the probability that there would be a member of each of the genetic sub species in the 5% is small.  This new and less diverse population would produce the next generations of flies.  These flies would have fewer chromosomal and allelic differences than their cousins south of the border who did not have such a selective event happen to them.


6. Complex molecules are crucial for life processes.  How these molecules came to be on earth is subject to ongoing speculation and research.  Below are several fabricated or real pieces of evidence that may or may not support certain hypotheses regarding the creation of complex molecules on early earth.  Place each piece of evidence in the correct column in the table below.  State whether the evidence is real or fabricated.  Provide a justification for your decision based on current scientific thinking.

Evidence (fabricated or real)
A) The earth was 30 million miles more distant from the sun in the early solar system.

B) The early atmosphere was oxygen rich.

C) Complex organic molecules have been discovered in meteorites on the earth.

D) The early atmosphere contained simple molecules such as methane, carbon dioxide, ammonia and water.

	Evidence

	Supports creation of complex molecules on early earth
	Does not support creation of complex molecules on early earth

	Evidence


	Evidence



	Justification


	Justification

	Evidence


	Evidence



	Justification


	Justification

	Evidence


	Evidence



	Justification


	Justification


Key:

	Evidence

	Supports creation of complex molecules on early earth
	Does not support creation of complex molecules on early earth

	Evidence

C
	Evidence

A

	Justification

This is true with prime examples being the Murchison meteorite and ALH84001, both of which contained complex organic molecules.   From this information it can be hypothesized that complex molecules may have been brought from space in great amounts to the early earth.  It is they that formed the basis of the first cells.


	Justification

The earth has never been this far away from the sun and so the information is fabricated.

This situation would have made it more difficult for complex molecules to arise as it is believed that high energy was required to cause the reactions necessary to make them.  The proximity of the sun to the earth made high levels of radiation from the young sun available for these reactions.  Increasing this distance by a third would have reduced the available energy

	Evidence

D
	Evidence

B

	Justification

Data suggests that this is correct and that complex molecules could have formed from these simple ones.  Miller and Urey used this information for their experiment where they combined these chemicals in a flask, added an electrical spark and collected the resultant purines, prymidines and amino acids.


	Justification

This is not true as early atmosphere contained very low concentrations of oxygen.  Levels rose only with the advent of photosynthetic organisms 2.4B years ago and then at a slow rate.

Free oxygen in the atmosphere would have quickly oxidized any complex molecules making their life short and organization into cells highly improbable.  Stability of these molecules over great spans of time was required for this process.



7. The mice in the fig 1 are a sample of a single species collected from a natural wooded environment.  The coat colors of these mice are shown in the key.  In their environment, yellow and light brown fallen leaves cover the forest floor year round, apart from short periods in winter when snow covers the ground.  The field biologist studying these mice set traps throughout the forest and tallied the number of mice by coat color that she caught.  (fig. 2)   The biologist revisited the habitat many times over a period of several years, making a note of the habitat and sampling the mouse population. 










Fig. 1





 
  Fig. 2

Key:

BL – Black

DB – Dark Brown

LB – Light Brown

Y - Yellow

a. A year after her first visit to this habitat, the biologist notes that many of the deciduous trees that were standing the year before have succumbed to a disease that has caused the leaves in the fall to wither and turn dark brown, rather than yellow and light brown.  These leaves are now the predominant ground cover.  Predict what her sampling data shows in this year.  Complete the chart in the space below and justify your prediction.


b.  Five years after her first visit, the biologist is surprised to find a very changed habitat.  She samples the mice as before and plots her data. (fig 3)  What kind of habitat change could have caused this shift in population? Explain your reasoning.












Fig. 3

c. Disruptive natural selection is a mechanism that shifts phenotype frequency in populations.  Describe what this would look like in a population of mice living in and on the margins of a wheat field.   Provide a reasonable explanation that would explain this shift in the population.

Key:

a. The coat color provides camouflage against predators.  The change in ground cover will favor mice with a darker coat color, such as dark brown. These mice will survive preferentially, passing on their genes to their offspring and causing a shift in frequency of coat color. This type of shift is an example of directional natural selection.

b. This is an example of a more dramatic type of directional selection in which the black are strongly favored.  Changes in the environmental colors are likely to have spurred this change.  This could be due to transforming the forest to agricultural land in which fields are often filled with dark soils.  This shift could account for the decrease in the general population of mice found in the area also.  The forested environment may have been more beneficial for the mice population in general.

c. See graph.  Both the light colored mouse and the black mouse are favored by conditions that might be prevalent at different times of the year.  For example,   yellow mice may be favored while crops are in the field, being well camouflaged in the yellow stalks.  Once the crop has been removed in winter and land cleared, the black mouse may be more favored as its coat more closely matches that of the soil.
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Millions of Years Ago (mya)





Essential knowledge 1.A.4: Biological evolution is supported by scientific 


evidence from many disciplines, including mathematics.





Essential knowledge 1.C.1: Speciation and extinction have occurred 


throughout the Earth’s history.





LO 1.9 The student is able to evaluate evidence provided by data 


from many scientific disciplines that support biological evolution. 


[See SP 5.3]





LO 1.22 The student is able to use data from a real or simulated 


population(s), based on graphs or models of types of selection, to 


predict what will happen to the population in the future. [See SP 6.4]





LO 1.20 The student is able to analyze data related to questions of 


speciation and extinction throughout the Earth’s history. [See SP 5.1]





Source: � HYPERLINK "http://palaeo.gly.bris.ac.uk/palaeofiles/fossilgroups/trilobites/page7.htm" �http://palaeo.gly.bris.ac.uk/palaeofiles/fossilgroups/trilobites/page7.htm�
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Highly toxic newt (Taricha granulosa) in the Pacific Northwest. (Credit: Edmund Brodie III)





Essential knowledge 1.A.1: Natural selection is a major mechanism  


of evolution.





LO 1.2 The student is able to evaluate evidence provided by data 


to qualitatively and quantitatively investigate the role of natural 


selection in evolution. [See SP 2.2, 5.3]





Essential knowledge 1.A.2: Natural selection acts on phenotypic 


variations in populations.





LO 1.5 The student is able to connect evolutionary changes in a 


population over time to a change in the environment.[See SP 7.1]








Essential knowledge 1.B.1: Organisms share many conserved core 


processes and features that evolved and are widely distributed among 


organisms today.





LO 1.16 The student is able to justify the scientific claim that 


organisms share many conserved core processes and features that 


evolved and are widely distributed among organisms today. [See 


SP 6.1]





Essential knowledge 1.B.2: Phylogenetic trees and cladograms are graphical 


representations (models) of evolutionary history that can be tested.





LO 1.18 The student is able to evaluate evidence provided by a data 


set in conjunction with a phylogenetic tree or a simple cladogram 


to determine evolutionary history and speciation. [See SP 5.3]





LO 1.19 The student is able create a phylogenetic tree or simple 


cladogram that correctly represents evolutionary history and 


speciation from a provided data set. [See SP 1.1]





Essential knowledge 1.D.2: Scientific evidence from many different 


disciplines supports models of the origin of life.


b. Molecular and genetic evidence from extant and extinct organisms 


indicates that all organisms on Earth share a common ancestral 


origin of life





SP1.2 The student can describe representations and models of natural or 


man-made phenomena and systems in the domain.


SP5.3 The student can evaluate the evidence provided by data sets in relation 


to a particular scientific question.


SP6.1 The student can justify claims with evidence.





Essential knowledge 1.C.3: Populations of organisms continue to evolve.





LO 1.25 The student is able to describe a model that represents 


evolution within a population. [See SP 1.2]


LO 1.26 The student is able to evaluate given data sets that 


illustrate evolution as an ongoing process. [See SP 5.3]





20 inversions





80


inversions





Essential knowledge 1.D.1: There are several hypotheses about the natural 


origin of life on Earth, each with supporting scientific evidence.





LO 1.27 The student is able to describe a scientific hypothesis 


about the origin of life on Earth. [See SP 1.2]


LO 1.31 The student is able to evaluate the accuracy and 


legitimacy of data to answer scientific questions about the origin 


of life on Earth. [See SP 4.4]
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Essential knowledge 1.A.2: Natural selection acts on phenotypic 


variations in populations.





LO 1.4 The student is able to evaluate data-based evidence 


that describes evolutionary changes in the genetic makeup of a 


population over time. [See SP 5.3]


LO 1.5 The student is able to connect evolutionary changes in a 


population over time to a change in the environment.[See SP 7.1]








