BIOL 1108   LAB 1. EVOLUTION 

A. INTRODUCTION TO EVOLUTION

A.1. PRE-DARWINIAN NOTIONS OF EVOLUTION
While the ideal of evolution is generally associated with Charles Darwin, it is important to note that evolution, descent with modification, is a fairly old idea, originating in ancient Greece.  The critical import of evolution is not so much the change that occurs in organisms, but is the mechanism (or cause) of that change.

Jean-Baptiste Lamarck was the first of modern scientists to propose a mechanistic explanation for evolution.  Published in 1809, Lamarck’s idea (commonly identified as “Lamarckian Evolution”) asserted that characteristics acquired during an individual organism’s lifetime, could then be passed on to that organism’s offspring.  Lamarckian Evolution does not present any legitimacy as an explanation for evolutionary change, as the mechanism for change and the change itself occurs at the level of the individual, not the population.


A.2. CHARLES DARWIN AND DARWINIAN EVOLUTION
Only some 22 years after Lamarck’s publication, Charles Darwin boarded the HMS Beagle for a 5 year voyage around the world.  Darwin left an education in medicine to become the ship’s naturalist.  This was the Age of Exploration, and England was spending large amounts of money and effort in an on-going attempt to completely map and describe the world.  Before you think that this was done in the name of advancing science and knowledge . . . think again.  There were huge economic benefits to be gained as England could discover new places, identify resources that could be exploited, and colonize these areas that would guarantee English monopolization of these resources.

During this voyage, the 22 year old Darwin was exposed to the tremendous variety of living organisms, and was able to note how they seemed to be well-matched to their environment.  Upon his return to England, Darwin wrote a memoir of his experience (The Voyage of the Beagle, published in 1839).  Subsequent reflection on his experiences led Darwin to several important ideas:
1. Organisms exhibit variation.
2. Organisms struggle to exist.
3. Variation improves an organism’s ability to survive and reproduce.
4. The offspring of successful individuals inherit and pass these variations on to their own offspring.

  After years of considering his experiences, Darwin completed and published his book  On the Origin of Species by Means of Natural Selection in 1859.  It appears that Darwin’s publication of the book was prompted by a series of letters sent to him by Alfred Russell Wallace, a younger scientist who, in years of his own travels and study, had come up with the same ideas.  For this reason, Wallace is often mentioned as a co-originator of the concept of evolution by natural selection.

It should be noted that the theory of evolution by natural selection was not Darwin’s only contribution to science.  In the years prior to the publication of The Origin of Species, Darwin published books on coral reefs, volcanic islands, and the biology of barnacles.  Afterwards, he published works on the domestication of animals and plants, the descent of man, and the expression of emotion in humans and animals.

Darwin’s concept of evolution, commonly referred to as “Darwinian Evolution” established natural selection as the mechanism of evolution.  Variations that contributed to species success were “adaptations”.  The ability to survive and reproduce was “fitness”.  While survival and reproduction are exercised at the level of individual, the notion of “acquisition” (as proposed by Lamarck) was not part of Darwin’s concept.  Additionally, Darwin’s idea envisioned the process of evolutionary change occurring at the level of the population, not the individual.


A.3. CURRENT EVOLUTIONARY THEORY
One of the limitations of Darwin’s theory was the absence of a biological explanation of how traits were encoded or inherited.  Genetics (the study of the inheritance of traits as pioneered by Mendel in the 1850s), became the critical mechanistic platform for Darwinian evolution with the rediscovery and posthumous publication of Mendel’s work in the early 1900s.  Population genetics (the study of genes at the level of the population), as a subdiscipline of biology, got its start in the 1920s, and very quickly resulted in information that also augmented Darwin’s original concept.  

Darwin’s original thesis was that the change engendered in evolution was a consequence of natural selection.  For Darwin, natural selection was the only agent of change.  While one might accuse Darwin of being simplistic, we must remember that he had no concept of genes (sequences of DNA that code for proteins) or their connection to traits.  For Darwin, evolution was simply change in appearance over time.  In short order, the contributions of geneticists and population ecologists added several additional evolutionary mechanisms:






	MECHANISM
	ACTION
	RESULTS

	mutation
	A change in gene sequence can result in new alleles, leading to new proteins, resulting in new adaptations.
	A potential change in allele frequencies over time if those alleles are selected for.

	gene flow
	The flow of genes into and out of a population through immigration and emigration.
	A potential change in allele frequencies over time if those alleles are selected for.

	genetic drift
	The effects of random chance events on gene frequencies in a population.
	A potential change in allele frequencies over time if those alleles are selected for.

	nonrandom mating
	The influence of choice in selecting a mate on gene frequencies in a population.
	A potential change in allele frequencies over time if those alleles are selected for.





Scientists began to realize that there was more to inheritance and evolution than morphology (characteristics of form and appearance).  It quickly became obvious that evolution could be changes in appearance, but could be change in physiology (characteristics of metabolism and biochemistry), or change in behavior (characteristics of how an individual acts).  Evolution did not have be evidenced in appearance…it could be a change in anything encoded by genes, but the “change” that results will not become a characteristic feature of a species unless it is selected for by natural selection.  In other words, natural selection remains the primary and most important mechanism of evolutionary change.










B. ACTIVITIES

In the following activities, M&Ms will represent a fictitious species of plant, Plantus ridiculosa, (commonly known as the ridiculous plant).  We are going to assume that individuals of the ridiculous plant can produce flowers of a variety of colors . The colors of M&Ms will be the colors of these flowers…red, blue, green, orange, yellow, and brown.

B.1.  NATURAL SELECTION
In this activity, we will document the action of natural selection on a population of the fictitious plant Plantus ridiculosa (commonly known as the ridiculous plant).  

1. Count out a random sample of 100 M&Ms. This is your population of the ridiculous plant for Year 0 (time at present).  Determine the phenotypic frequency of flower color in your population of Plantus ridiculosa and summarize in the chart below. This will be the same data recorded for year 0 in the data tables that follow.  Frequency is the percentage of the population that is represented by a particular color (example:  8 red individuals in a population of 100 = 8/100 = 0.08).  You will note that frequency is expressed as a decimal.  Be sure that your frequency values are expressed as decimals.

	color
	number
	frequency (decimal)

	red
	
	

	blue
	
	

	green
	
	

	orange
	
	

	brown
	
	

	yellow
	
	

	TOTAL
	100 (total)
	1.0 (total)







2. Let’s assume that all flower colors have the same fitness (ability to survive and reproduce).  We will simulate this over a period of 4 years.  Every individual will reproduce to make one new plant (of the same color) each year.  You will use the bag of M&Ms to add new individuals as each year goes by.  After you add new individuals, be sure to keep track of how many are in your population as each year goes by.  You will record this data in the chart below (each box in the chart will contain a number representing the number of individuals of any given color.



	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	





Now convert these numbers into frequencies (the proportion of the total population size for that year) and enter into the table below. Remember that these frequencies will be recorded as decimals.

	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	



Let’s graph this information to see how the phenotypic frequency changes over time.  Note the identification of the different axes in the graph.  Use colored pencils or pens to indicate the different lines on your graph (each representing a different type of M&M).
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Is your population of Plantus ridiculosa evolving?  Why or why not?
If so…in what way?




3. Let’s assume that the blue-flowered Plantus ridiculosa plants have better fitness (ability to survive and reproduce) than all other phenotypes. We will simulate this over a period of 4 years.  Every individual of the non-blue colors will continue to reproduce to make one new plant each year.  However, blue plants will be able to add three individuals each year.  You will use the bag of M&Ms to add new individuals as each year goes by.  After you add new individuals, be sure to keep track of how many are in your population as each year goes by.  You will record this data in the chart below.  Before you begin, hypothesize what you think is going to happen over this period of four years.

	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	



Now convert these numbers into frequencies (decimals) and enter into the table below.

	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	










Let’s graph this information to see how the phenotypic frequency changes over time.  
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Is your population of Plantus ridiculosa evolving?  
Why or why not?
If so…in what way? 
What changes would you foresee in this population after 100 years?











4. Let’s assume that the blue-flowered Plantus ridiculosa plants continue to have better fitness (ability to survive and reproduce) than all other phenotypes.  But this time, let’s assume that the red-flowered plants have less fitness than all other phenotypes.  We will simulate this over a period of 4 years.  Every individual of the non-blue and non-red colors will continue to reproduce to make one new plant each year.  Blue plants will be able to add three individuals each year.   Red plants will only add one individual during year 1 and year 3.  You will use the bag of M&Ms to add new individuals as each year goes by.  After you add new individuals, be sure to keep track of how many are in your population as each year goes by.  You will record this data in the chart below. Before you begin, hypothesize what you think is going to happen over this period of four years.

	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	



Now convert these numbers into frequencies (decimals) and enter into the table below.

	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	



Let’s graph this information to see how the phenotypic frequency changes over time.  

100
 90
 80
 70%

 60
 50
 40
 30
 20
 10
  0
		0			1			2			3
generation





Is your population of Plantus ridiculosa evolving?  Why or why not?
If so…in what way? What changes would you foresee in this population after 100 years?


B.2.  GENE FLOW

Populations in nature are described as “open populations”, as opposed to “closed populations” where there is no immigration or emigration of individuals.  Over the years, population geneticists have determined that the import and export of genes (through the immigration and emigration of individuals) can have a significant influence on the genetic trajectory of a population.  It should be noted that gene flow will have no ultimate influence on the genetic trajectory of a population unless those genes are acted upon by natural selection.  Let’s take a look at how gene flow might affect our population of Plantus ridiculosa.

1. Count out a random sample of 100 M&Ms. This is your population of the ridiculous plant for Year 0 (time at present).  Determine the phenotypic frequency of flower color in your population of Plantus ridiculosa and summarize in the chart below. This will be the same data recorded for year 0 in the data tables that follow.  Remember that frequency will be expressed as a decimal.

	color
	number
	frequency

	red
	
	

	blue
	
	

	green
	
	

	orange
	
	

	brown
	
	

	yellow
	
	







2. Let’s assume that the blue-flowered Plantus ridiculosa plants have better fitness (ability to survive and reproduce) than all other phenotypes. We will simulate this over a period of 4 years (you might remember that we did this in our first exercise on natural selection).  Every individual of the non-blue colors will continue to reproduce to make one new plant each year.  Blue plants will be able to add three individuals each year.  You will use the bag of M&Ms to add new individuals as each year goes by.  But we are going to add one more task to the mix.  Let’s suppose that a neighboring population of Plantus ridiculosa is a source of immigrating individuals for our population.  Every year, our population adds two red individuals and three green individuals.  Be sure that you add these individuals BEFORE you begin adding individuals generated by reproduction.  After you add new individuals, be sure to keep track of how many are in your population as each year goes by.  You will record this data in the chart below.  Before you begin, hypothesize what you think is going to happen over this period of four years.

	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	



Now convert these numbers into frequencies (decimals) and enter into the table below.

	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	




Let’s graph this information to see how the phenotypic frequency changes over time.  
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Is your population of Plantus ridiculosa evolving?  
Why or why not?
If so…in what way? What changes would you foresee in this population after 100 years?

3. One more thing!  Let’s suppose that the blue phenotype is particularly sensitive to increasing population density and are likely to emigrate. We will begin by using the same dynamics as before (Population of 100 random M&Ms, blue-flowered plants reproduce by producing three new individuals each year, non-blue plants add one individual per year, two red and three green individuals immigrate to the population each year.  This time, we will experience an emigration rate of 4 blue individuals per year. Be sure that you add/subtract the immigrating/emigrating individuals BEFORE adding individuals generated by reproduction.  After you add and subtract new individuals, be sure to keep track of how many are in your population as each year goes by.  You will record this data in the chart below.  Before you begin, hypothesize what you think is going to happen over this period of four years.

	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	



Now convert these numbers into percentages (percent of the total population size for that year) and enter into the table below.

	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	













Let’s graph this information to see how the phenotypic frequency changes over time.  
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Is your population of Plantus ridiculosa evolving?  
Why or why not?
If so…in what way? What changes would you foresee in this population after 100 years?







B.3.  GENETIC DRIFT

Random chance events can have an effect on the genetic trajectory of a population.  Catastrophic events, such as storms, earthquakes, volcanic eruptions, or outbreaks of disease, or unpredictable events of predation or hunting can have an influence on the current genetic composition of a population, which can, in turn, have an effect on the future genetic composition of the population.  Random chance events will have a greater impact on smaller populations.  One can imagine that a catastrophic storm that kills 1000 individuals will have a much greater impact on a population of 100,000 individuals versus a population of 1,000,000 individuals.  Genetic drift is the effect of random chance events on a population.  Given the random nature of these events, there is really no way to predict the ultimate outcome.  We are going to simulate a catastrophic event three different times with the same population.  We are ultimately going to see three different results.


1. Count out a random sample of 100 M&Ms. This is your population of the ridiculous plant for Year 0 (time at present).  Determine the phenotypic frequency of flower color in your population of Plantus ridiculosa and summarize in the chart below. This will be the same data recorded for year 0 in the data tables that follow.


	color
	number
	frequency 

	red
	
	

	blue
	
	

	green
	
	

	orange
	
	

	brown
	
	

	yellow
	
	




2. Let’s assume that all flower colors have the same fitness (ability to survive and reproduce).  We will simulate this over a period of 4 years.  Every individual will reproduce to make one new plant (of the same color) each year.  You will use the bag of M&Ms to add new individuals as each year goes by.  After you add new individuals, be sure to keep track of how many are in your population as each year goes by.  You will record this data in the chart below.  EXCEPT…we will experience a catastrophic event that will wipe out roughly 50% of your plant population at the end of year 0.  How are we going to do this?  After you have added your newly reproduced individuals to your population, gather your M&Ms into one big mass on your table top.  Use the flat edge of a ruler to arbitrarily bisect your mass of M&Ms into two equal groups.  Remove one of the two groups and use the remaining group to model the events of reproduction through year 4.

	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	









Now convert these numbers into frequencies (decimals) and enter into the table below.

	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	



Let’s graph this information to see how the phenotypic frequency changes over time.  Note the identification of the different axes in the graph.  Use colored pencils or pens to indicate the different lines on your graph (each representing a different type of M&M).
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Is your population of Plantus ridiculosa evolving?  Why or why not?
If so…in what way?









2. Do it again.  Make sure that you assemble the exact same population that you had at the beginning of the last exercise.  After adding reproduced individuals at the end of year 0, initiate another catastrophic event in which 50% of the individuals are wiped out.  What happens over the next three years?  Do you think that your phenotypic frequencies are going to be the same as the previous catastrophic event, or different?  Why?








	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	





Now convert these numbers into frequencies (decimals) and enter into the table below.

	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	










Let’s graph this information to see how the phenotypic frequency changes over time.  Note the identification of the different axes in the graph.  Use colored pencils or pens to indicate the different lines on your graph (each representing a different type of M&M).
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Is your population of Plantus ridiculosa evolving?  Why or why not?
If so…in what way?



3. Do it again…yes, a third time!  Make sure that you assemble the exact same population that you had at the beginning of the last exercise.  After adding reproduced individuals at the end of year 0, initiate a third catastrophic event in which 50% of the individuals are wiped out.  What happens over the next three years?

	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	






Now convert these numbers into percentages (percent of the total population size for that year) and enter into the table below.

	color/ year
	0
	1
	2
	3
	4

	red
	
	
	
	
	

	blue
	
	
	
	
	

	green
	
	
	
	
	

	orange
	
	
	
	
	

	brown
	
	
	
	
	

	yellow
	
	
	
	
	

	TOTAL
	
	
	
	
	




Let’s graph this information to see how the phenotypic frequency changes over time.  Note the identification of the different axes in the graph.  Use colored pencils or pens to indicate the different lines on your graph (each representing a different type of M&M).
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Is your population of Plantus ridiculosa evolving?  Why or why not?
If so…in what way?




Hopefully, you can see that, because a random chance event is “random”, there is no guarantee as to the outcome…particularly after an extended amount of time.
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