
Review Activity Module 4: Evolution 

 

Laroche: 

Darwin’s Finches 
The Galapagos Islands are a chain of volcanic islands in the eastern Pacific that straddle the 
equator, some 600 miles off the coast of mainland Ecuador. Large, jagged outcroppings of lava 
alternate with small sandy beaches along the shorelines, while isolated patches of mangroves 
along the shore give way to cacti in the arid lowlands of the islands, then lush cloud forests in the 
moist upper regions; and finally tree ferns and scrubby grasses in the otherwise barren uplands. 

Despite the amazing scenery, it is the astonishing array of animals for which the Galapagos are 
best known. On shore, scores of sea lions lazily sun themselves on the beaches, while masked 
boobies court practically under foot. Among the rocks at the water’s edge lives the black iguana, 
the only marine lizard in the world. In the surrounding seas are stingrays, white-tipped sharks, 
sea turtles, and the Galapagos penguin. Dozens of endemic species are found here and nowhere 
else on earth. 

One of the most intriguing and well-studied groups of animals on these islands are the finches. 
Charles Darwin was the first to make note of the interesting diversity of finches, and in fact these 
animals were instrumental towards helping him formulate his theory of natural selection and 
evolution. More recently, however, the husband and wife team of Peter and Rosemary Grant 
have been trapping, banding, measuring, and tracking all of the finches on several of the islands 
for 4 decades. The results of their intensive, long-term study have been fascinating, and have 
shed a tremendous amount of insight into the overall process and results of evolution. 

Of particular note in the evolution of these finches were two major environmental events. The 
first was a severe drought in 1977. During drought conditions, many of the finch’s food sources 
disappear, and this was particularly stark during the drought in 1977. Furthermore, many of the 
small, soft seeds that some finches eat were not produced, and the average ‘seed hardness’ of 
those that were produced jumped dramatically.  

 



 
 

1. What characteristics of the graphs above show that there was variation in the population? 
How much variation was in the population in 1976? How much variation was in the 
population in 1978? 

The x-axis displays the variation in beak size, indicating that some birds had small 
beaks, some had medium sized beaks, and others had large beaks, all in a continuum. 
There was a great deal more variation in 1976, with both smaller and larger beak depths 
being more common.  

2. What happened to the population size between 1976 and 1978? Based on the data, what is the 
approximate average beak depth of the population in each year? 

The population size plummeted by almost 82% between the two years. The average beak 
depth of the population seems to be around 9.6-9.7 mm in 1976, while it appears to be 
just slightly over 10mm in 1978. 

 

 



3. What do you hypothesize could have caused this change between 1976 and 1978? Describe a 
possible ecological relationship between drought and beak size. 

The drought resulted in a great deal less food for the finches, which led to a large 
proportion of the population dying of starvation. However, proportionally more large 
hard seeds were produced than small soft seeds, and birds with larger beaks were better 
able to crack these open than birds with smaller beaks. Thus, birds with larger beaks 
had a selective advantage, even if a large proportion of these still died. 

4. Based on these limited data, which pattern of selection seems to have operated on the finches? 
What evidence supports this idea? 

Directional selection. The size of the beaks got bigger, i.e., there was a directional 
increase in the average size of the trait. 

5. If the observed changes in beak size were not due to natural selection, but rather to genetic 
drift, then what would you expect to see in future generations? 

We would expect to see random changes in average beak size. Regardless of 
environmental conditions, beak size could increase by a lot or just a little, it could 
decrease by the same amount, or it could stay completely static. Changes in average 
phenotype would be random. 

 

Male finches are, on average, larger than female finches. As a result, they were better able to 
survive the drought conditions in 1977, and the result was a severely skewed sex ratio in 1978, 
with the population consisting of 7 times more male finches than females! Under these 
conditions, and despite the fact that the amount of rain in 1978 was actually slightly higher than 
normal, the average finch beak depth in the population still increased through to 1979. 

6. What do you hypothesize could have caused this change to occur? Hint: Finches form fairly 
stable monogamous pair bonds, meaning once a finch has selected a mate, they don’t tend to 
mate with other birds. 

The skewed sex ratio meant there would be VERY high competition among males for 
mates. This would greatly increase the selective power of female choice, resulting in 
increased sexual selection for female preferred traits. With rains slightly higher than 
average in 1978, it’s likely that large beaks would no longer have been such a strong 
selective advantage in terms of finding food. However, if females preferred larger males 
with larger beaks – potentially as a result of having larger beaks themselves (from the 
drought selection), or maybe even as a learned response from having lived through 
drought conditions – they would have imposed a strong sexual selective force on the 
population for large beak size.   

 



In stark contrast to the drought conditions in 1977, the summer of 1983 saw a record setting El 
Niño event, where the islands received twice as much rain as had ever been recorded in the area. 
After these rains the islands were tremendously lush, and food was everywhere. In particular, 
there were many more small seeds than large ones, because the floods of El Niño had washed 
away many of the large seed-producing cactus trees. 

7. Under these conditions, what size of bird beak do you believe would be favoured? Explain 
your reasoning. While formulating your answer, consider that birds with larger beaks also 
tend to be larger birds. Also, note that these large birds with large beaks can consume small 
seeds just as easily as the small birds. 

Under conditions of abundant food, it’s likely that the selective pressure of finding food 
would have been minimized or even negligible. Thus, there could potentially have 
remained the sexual selective force described above, as long as this wasn’t a learned 
choice from females based solely on drought experience. More importantly, though, is 
the fact that larger birds will simply require more food to meet their metabolic 
requirements. With many larger seeds having been washed away, large birds would 
have needed to survive on smaller seeds. While these were abundant enough such that 
finding food wouldn’t have been an issue, it remains that the larger birds would have 
needed to eat more of these in order to get by, and would have had to spend more time 
and energy foraging (finding food) than smaller birds. This, in and of itself, is a cost, and 
would have selected against the larger birds. However, this selective force probably 
wouldn’t have been very strong, certainly as compared to the selective force of the 
drought from several years previous. 

 

The graph provided above indicates that a wide range of beak size phenotypes exist within the 
finch population. This suggests that the character displays polygenic inheritance, and that the 
ultimate phenotype results from the interactions of multiple gene products. However, one gene in 
particular has been identified as being especially important in determining beak size, as its 
product appears to set an overall framework for the size, which is then adapted somewhat by the 
products of other genes. Here, we’ll label this gene ‘B’, for beak. Gene ‘B’ displays incomplete 
dominance, such that birds with a BB genotype will have larger beaks, birds with a Bb genotype 
will have more average size beaks, and birds with a bb genotype will have smaller beaks. 

Through their intensive research program, the Grants collect genotype samples for every single 
finch on their study islands, and therefore have information on how ‘B’ allele frequencies have 
changed over time. In 1978, the genotype frequencies for the ‘B’ gene were: 

BB Bb bb 

0.45 0.34 0.21 

 



8. Use these data to calculate the allele frequencies of B and b. Show any pertinent work. 

0.45 + 0.34/2 = 0.62 → B allele frequency in the population 

0.21 + 0.34/2 = 0.38 → b allele frequency in the population (or just 1 – 0.68) 

9. Was the finch population in Hardy Weinberg equilibrium for the ‘B’ gene in 1978? If so, what 
lines of evidence point to this most clearly? If not, what evolutionary mechanism is likely 
most responsible for the deviation? Show any work you used to answer this question. 

Expected HW genotype distribution: 

BB = 0.622 = 0.3844 

Bb = 2(0.62)(0.38) = 0.4712 

bb = 0.382 = .1444 

The expected genotype distribution does not match the observed genotype distribution, 
and so the population is not in HW equilibrium. It should be fairly obvious why not: 
natural selection is occurring, where the B allele is favoured over the b allele, leading to 
a change in the allele frequency in the population and genotype frequencies which don’t 
match predicted values. 

 

After the El Niño rains of 1983, and the vast amount of food that resulted, the finch population 
exploded, and there were suddenly almost 2000 finches on only one of the study islands (up from 
a low of 200 after the drought in 1977). The birds were breeding like crazy, and the Grant’s 
documented every instance of it. Below is a table identifying the number of birds in the 
population in early 1984, grouped based on the size of their beaks: 

Big Beaks Medium Beaks Small Beaks 

696 902 352 

 

10. Based on these numbers, do you believe that the finch population was in a Hardy Weinberg 
equilibrium with respect to gene ‘B’ in 1984? 
If so, answer the following questions: 

a. What conditions could have led to the establishment of an equilibrium, seeing as how 
this clearly wasn’t the case in the years leading up to the El Niño? 

b. Is this equilibrium based on the allele frequencies established during and after the 
drought of 1977? If not, why do you think that allele frequencies shifted to those 
observed in 1984? 

If not, answer the following questions: 



a. What evolutionary mechanism is likely most responsible for the deviation? Were the 
same forces acting in 1983 as were obvious in 1977? 

b. Are the allele frequencies in 1984 similar to those from 1977? If not, why do you think 
that allele frequencies shifted to those observed in 1984? 

Show any pertinent work, and justify any answers by providing your reasoning. 

Total birds = 1950 

(2(696) + 902)/2(1950) = 0.59 → B allele frequency in the population 

(2(352) + 902)/2(1950) = 0.41 → b allele frequency in the population 

Expected HW genotype distribution: 

BB = 0.592 = 0.3481 

Bb = 2(0.59)(0.41) = 0.4838 

bb = 0.412 = .1681 

Expected HW numbers: 

0.3481(1950) = 679 

0.4838(1950) = 943 

0.4838(1950) = 328 

The expected HW numbers are close to the observed HW numbers, but far enough away 
that this becomes a difficult decision. A chi square test might help provide some 
statistical insight into the question. At the very least, the allele frequencies are different 
than they were in 1978, which means that the population has not remained in a HW 
equilibrium since then. Likely reasons for the decrease in the large allele and the 
increase in the small allele are that smaller birds were favoured under the conditions 
after the rains of 1983, when larger birds needed to spend more time and energy to eat 
smaller seeds than did small birds. However, the numbers approach an approximate 
HW equilibrium, suggesting that mating in 1983 may have been somewhat random, as 
this would be required to produce the typical p2 + 2pq + q2 = 1 HW distribution. So... 
there’s no perfectly correct answer for this question. Use your best judgement to make a 
decision on whether you believe the population is in HW equilibrium or not. 

 

Up until now, we’ve only been discussing the fate of one particular finch species. However, the 
Grants have actually been studying numerous finch species on several islands, in an effort to 
identify evolutionary trends within and between these groups.  



 
 

The image above displays the best understanding of finch phylogeny in the Galapagos Islands, 
with all finches presumably having descended from a common ancestral pair (or maybe even just 
one female that had already mated) that blew over from the mainland about two million years 
ago.  

11. What is the scientific term for the scenario described above, where finches moved from the 
mainland to the Galapagos? What is the evolutionary significance of this type of event? 

This is an example of a founder event, where a small group of individuals separate from a 
large population to ‘found’ or create a new population. Founder events have important 
evolutionary significance. For one, the initial small populations that are created are subject 
to genetic drift, which can have significant effects on the distributions of alleles. What’s 
also important, though, is that the new founding populations almost always have less 
genetic diversity than the original populations, and often have different allele distributions 
as compared to their parent population as well. So, just by separating, these new 
populations are ‘evolving’; more importantly, they are much more likely to evolve in their 
own separate ways, and maybe to become their own separate species. 



When the Grants initially began tracking the finches in 1973, all of the species appeared to be 
fairly well resolved, with very little hybridization occurring. The Galapagos is a group of 18 
islands, with almost 40 other small islets, and most of these only support one or two species of 
finch. Thus, it appears that the majority of these finch species arose over time as individual 
finches blew onto new islands and established their own reproductively isolated populations.  

12. What’s the name for this type of speciation? 

Allopatric speciation 

While all of the finch species initially appeared to be well-resolved, the Grants recorded 
something very interesting after the El Niño rains of 1983: a great deal of hybridization began to 
occur. On some islands which supported several finch species, researchers began identifying 
numerous individuals that were clearly hybrids of two closely related species. This was 
particularly the case on one island, which supported two sister species, the large ground finch 
(Geospiza magnirostris) and the medium ground finch (Geospiza fortis).  

13. Provide a hypothesis for why hybridization became prevalent after the large rain event. 

Many pre-zygotic reproductive barriers are predicated on a fitness cost associated with 
hybridization. In other words, in this example, most finches would not mate with birds 
from other species, and those that did would produce offspring that were not as 
reproductively successful. With finches in the Galapagos, it’s entirely possible that food 
restrictions could impose these costs, as different species may have become specialized to 
find and consume particular sources of food, while hybrids may not have been as 
successful at eating either option as the distinct species. However, in times of abundant 
food, such as after the El Niño rains, any food costs or restrictions would have been 
eased, if not entirely removed, which would have eliminated the cost associated with 
making a mistake and mating with a separate species. Instead, under such 
circumstances it would be adaptive to not be selective and mate with any bird you could, 
and as many times as possible, as the offspring you produced would be equally as viable. 
Ultimately, then, it’s possible that abundant food reduced or removed some of the 
selective pressure reinforcing the pre-zygotic barriers that prevented species from 
mating, and led to numerous instances of hybridization. Of course, whether these 
hybrids and their descendants would survive over time, and through environmental 
conditions that returned to normal, is a different question. 

14. Based on this information, would you still consider G. magnirostris and G. fortis to be two 
separate species? 

There’s no perfectly correct answer for this. It is sometimes very difficult to define clear 
cut biological species, and instances such as this are a prime example of why. The two 
groups would most likely still be considered two species, if only because the 
hybridizations were the result of a rare environmental event, and thus because the 
barriers which appeared to prevent these two groups from mating in the first place 



would probably be re-established relatively quickly. However, if per chance the hybrids 
were either able to fully re-integrate and reproduce with equal fitness to non-hybrids, 
or, better yet, if the hybrids were able to carve out their own niche somehow, the fusion 
of two species back into one or the emergence of a brand new species could be observed. 
This was latter point was actually observed, as described in the question below. 

One particularly interesting event was recorded by the Grants after 1984. A large finch that was a 
hybrid between a ground finch and a cactus finch arrived on one of the more well-studied 
Galapagos islets called Daphne Major. This islet supported two reasonably sized and well 
resolved populations of ground finches and cactus finches. While this hybrid was quite distinct 
from the local birds – it was noticeably larger, with an extra wide beak and an unusual song – it 
did manage to pair with a female ground finch, who just happened to carry some cactus finch 
genes herself. Of the descendants from these birds, all but two died during another weather 
related event, but the two remaining descendants mated with each other. The result of this mating 
appears to have been the creation of an entirely new species, complete with large bodies, large 
beaks, and an unusual song very similar to the initial hybrid, as all of the descendants of these 
two birds have only ever mated with each other (as reported in Grant and Grant, 2009). 

15. What kind of mechanisms could potentially have resulted in these descendant birds 
becoming reproductively isolated from the cactus and ground finches that surrounded them? 

In this example, the new species likely stemmed from the quick emergence of fairly 
strong pre-zygotic barriers. In particular, the unique song sung by the males (that learn 
it from their fathers) and identifiably different physical traits likely led females of this 
group to only select similar males as mates. There’s no perfectly correct answer for this 
question either, though; many different pre-zygotic mechanisms could theoretically have 
played a role (at least based on the meagre information presented in this paragraph). 
It’s less likely that post-zygotic mechanisms were at play, though, as these would 
probably take longer to evolve, but also, more importantly, wouldn’t actually prevent 
the birds from pairing up and mating in the first place, which the Grants did not 
observe. Finally, it’s important to note that this new species would likely suffer from 
very little genetic diversity, as it was founded by only two directly related individuals. 
This lack of genetic diversity could theoretically prove problematic for the new species 
in the future, for example if they are subjected to some form of lethal pathogen. 

 

Reference: 

Grant, P. R., and Grant, B. R. (2009). The secondary contact phase of allopatric speciation in 
Darwin's finches. Proceedings of the National Academy of Sciences. 106(48): 20141-20148.)



Awad: 
1. In an environment in which members of a population compete with each other for resources, a 
change occurs that selects against individuals that exhibit a particular dominant trait (this trait is caused 
by a gene that exhibits complete dominance over its recessive form). Draw a graph that depicts the 
trends in the genotype frequencies that would be expected to occur over time in this population. Label 
your graph appropriately. (2 pts)  
 

 
 

or, more correctly 
 

 
 
 
 
 
 



2. You are a microbiologist and you isolate 5 different strains (A - E) of bacteria. To put the 5 strains on a 
phylogenetic tree you isolate DNA from each strain and sequence part of a gene that codes for a type of 
RNA known as 16S rRNA (a type of RNA found in ribosomes). A comparison of the DNA sequence is 
shown below. Matches (identity) to sequence A are indicated by a dash (̶ ). (Assume that there is no back 
mutation.)  
 

Strain DNA sequence 
A  A T G G C T C G T T T A G T C C G A T C C C G A  
B  A T G G C T C G T T T A C T C C C A T C C C G A   
C  A T C G C T C G G T T A C T C C C A T C C C A A   
D  A T C G C A C G G T T A C T C C C T A C C C A A   
E  A T G G G T C G T T T A C T C C C A T C C C G A   
 

 
a- Construct a cladogram using the sequence similarities shown above.  

 



You perform a small-scale microbial evolution experiment by mixing equal numbers of cells from 
bacterial strains A-E. You grow these cells by continuously replacing the medium with fresh medium. 
You find that the population consists of the following fixed percentage of bacterial cells.  

A: 20%  
B: 20%  
C: 20%  
D: 20%  
E: 20%  

In an experiment performed twice, each time beginning with the above population, you expose the 
bacteria to high doses of UV radiation to kill 99.99% of the bacteria. The remaining cells are supplied 
with fresh medium and allowed to grow. You find the populations are now composed of the following 
percentages of bacterial cells:  

 
 
Trial 1   trial 2  

A: 45%   A: 45.5%  
B: 2.5%   B: 5%  
C: 5%   C: 17%  
D: 42.5%   D: 23%  
E: 5%   E: 9.5%  
 

b- What evolutionary mechanisms (agents of change) are responsible for the observed changes in 
the bacterial populations? Explain how these occurred. 
The evolutionary mechanism is almost certainly natural (or, in this case, artificial) selection. For 
whatever reason, cells from strain A seem slightly better at withstanding the effects of UV 
radiation, as do cells from strain D, and less so C. For both trials, this resulted in strains A and D 
become more prevalent, suggesting a pattern of directional selection towards these strains. 
Genetic Drift can be eliminated as an option because the patterns of frequency change are 
repeated. If drift was the major factor, the patterns of change in frequency would have been 
random, and thus likely different between the two trials. 
 
3. In the gene pool of a population with 350 individuals, what is the frequency of a fixed allele? 

1 

4. In a large plant population, the frequencies of the alleles H and h are 0.7 and 0.3 respectively. 
After many generations of random mating, with no evolution occurring, the population goes 
through one cycle of self-fertilization. What is the expected frequency of heterozygotes among 
the offspring of the self-fertilized plants? 

0.21 Before the cycle of self-fertilization, the HW equilibrium genotype frequencies were HH: 
0.49, Hh: 0.42, hh: 0.09. During self-fertilization, the homozygotes will only produce 
homozygotes, but the heterozygotes will produce both hetero and homozygotes. Thus, the 
frequency of homozygotes will increase, and the frequency of heterozygotes will decrease. A 
quick Punnet square shows that when Hh self-fertilizes, only ½ the expected offspring will be 
heterozygous. Thus, the answer is ½ of 0.42. 



5. Within a particular Hardy-Weinberg population there is an autosomal recessive disease whose 
prevalence of affected individuals is one to every 10,000 unaffected individuals. In this case, 
what is the frequency of unaffected individuals that are carriers of the recessive allele? 

0.198 Th question provides you with q2, or 1/10000. From this you get q (0.01), then p (0.99), 
then 2pq, which is what the question is asking for. 

 

6. Which of the following statements is CORRECT? 

a) Natural selection results from the interactions between populations and their environments. 

b) As disruptive selection occurs, one allele in the gene pool gradually replaces another. 

c) Only one type of selection may operate in a population at any one time. 

d) Studies of sexual selection in birds have revealed that females are usually the more colorful 
sex. 

e) Natural selection results from the interactions between individual organisms and their 
environments. 

 

7. Red hair (autosomal recessive) is found in approximately 4 percent of the people in Norway. If 
we assume that the Norwegian population is in Hardy-Weinberg equilibrium with respect to hair 
color, what are the frequencies of heterozygoes for this gene in the population? 

0.32 Exactly the same process as question 5. Start with q2 (0.04). Note that this question is a 
little vague, in that it doesn’t state the assumption that hair colour is coded for by one gene with 
only two alleles. You can feel comfortable making that assumption for our class, but the reality is 
that hair colour inheritance is much more complicated than this. 

 

8. Approximately 1 in every 10,000 individuals in the United States has PKU. Assuming Hardy-
Weinberg equilibrium, what percentage of the population is homozygous dominant for the gene 
implicated in PKU? 

0.9801  Once again, same question as #5, just now you are looking for p2. Note that you 
need to be able to rationalize from the question that the PKU allele is autosomal recessive, which 
seems likely, in that it is unlikely that 1/10000 individuals would include both p2 and 2pq, which 
would need to be the case is PKU was a dominant trait. 

 

 

 

 

 



9. The longer two species have been evolving on their own: 

a) the greater the genetic differences there are likely to be between them. 
b) the more different they will look. (this is not correct, because both groups could experience 
stabilizing selection and remain fairly morphologically constant) 
c) the more likely they will be to share a common embryology. 
d) the more likely their hemoglobin will be composed of the same sequence of amino acids. 
e) Both a) and b) are true. 
 

10. You have several hives of honey bees, Apis mellifera , that you keep in your backyard. Some 
bees uncap and remove dead larvae from cells, while others leave dead larvae in the cells; this 
difference is genetically determined. After a particularly hot summer in which many bees die 
from disease, you notice that the only hives remaining are the ones in which bees uncap and 
remove dead larvae. You have witnessed: 

a) evolution has not occurred, only bad weather. 
b) a population-level change in the frequency of a behavioral trait. 
c) a population-level change in allele frequency. 
d) Only b) and c) are correct. 
e) a), b), and c) are all correct. 
 

11. In a fish population in a shallow stream, the genotypic frequency of yellowish-brown fish 
and greenish-brown fish changed significantly after a flash-flood randomly swept away 
individuals from that stream. This change in genotypic frequency is most likely attributable to: 

a) gene flow. 
b) disruptive selection. 
c) directional selection. 
d) genetic drift. 
e) stabilizing selection. 
 

12. Brassica oleracea was a European wild plant. Early farmers were able to use artificial 
selection on this plant to produce cabbage, brussels sprouts, kohlrabi, kale, broccoli, and 
cauliflower. This diversification through selection was possible because: 

a) the species contained large amounts of genetic variation. 
b) artificial selection is always possible, whereas natural selection requires much larger 
population sizes. 
c) artificial selection is only done on plants that are used for food, naturals selection is used on 
all other plants. 
d) exotic species are always more adaptable than the native species in an area. 
e) artificial selection does not require differential reproductive success, whereas natural selection 
does. 



Roffey: 
Assume all populations are in Hardy-Weinberg equilibrium (i.e., allele and genotype frequencies 
are not changing over generations; observed frequencies will match expected frequencies). 

1. If the frequency of the allele for albinism is 0.6 in the Saint Laurent squirrel population, 
what is the frequency of the allele for normal pigmentation? 

0.4 p+q=1 Note: we assume only two alleles for this gene in the population 

 

2. The dominant allele (A) frequency in a population is 0.70 and the recessive allele (a) 
frequency is 0.30.  What are the frequencies of each genotype? 

AA: 0.49, Aa: 0.42, aa: 0.09  This is just p2+2pq+q2=1 

 

3. In a flock of chickens, 4% of the population has white feathers and 96% have black 
feathers.  If white feathers is a recessive trait, what percent of this population is 
heterozygous for feather color? 

0.32 q2=0.04, q=0.2, p=0.8, 2pq=0.32 

What percent is homozygous for black feathers? 
0.64  p2 

 

4. If the frequency of the recessive allele in a population is 0.20, what percent of the 
individuals in the next generation would be expected to show the dominant trait? 

0.96 q=0.2, p=0.8, p2=0.64, 2pq=0.32, dominant trait will include p2 and 2pq. 

 

5. Widow’s peak hairlines are dominant over straight hairlines.  If 30% of Vanier students 
have a straight hairline, what percent of students are homozygous dominant for a widow’s 
peak hairline? 

20.46 % q2=0.3, q=0.548, p=0.452, p2=0.205 

 

6. If the frequency of allele A in a population is 0.70, what is the expected frequency of the 
Aa genotype? 

0.42 

You quantify the number of heterozygotes in your population and determine that 74% of 
your individuals are heterozygous for that gene.  Is your population in Hardy-Weinberg 
equilibrium? Why or why not?  Explain what may be happening in your population. 

No, because the actual frequency of heterzygotes is WAY higher than the expected frequency. 
This indicates that an evolutionary mechanism is changing allele frequencies in the population. 
Based on this question, pretty much any mechanism could be at play, except mutation. Most 
likely, though, is that heterozygotes simply survive better than other genotypes, and are thus 
selected for. 



Felkai: 
Many crustaceans (e.g., lobsters, shrimp, and crayfish) use their tails to swim, but crabs have 
reduced tails that curl under their shells and are not used in swimming. This is an example of: 

A) the law of succession 
B) a vestigial trait 
C) convergent evolution 
D) an extinction 
E) artificial selection 
 

A small number of birds arrive on an island from a neighboring larger island. This small 
population begins to adapt to the new food plants available on the island, and their beaks 
begin to change. About twice a year, one or two more birds from the neighboring island 
arrive. What effect do these new arrivals have? 

A) Their arrival tends to retard adaptation to the new food plants. 
B) Their arrival speeds the process of speciation. 
C) Their arrival represents a colonizing event. 
D) Their arrival tends to promote adaptation to the new food plants 
 

How can Darwinian fitness be estimated? 

A) Count the number of offspring produced by different individuals in a population. 
B) Determine which individuals are strongest. 
C) Document how long different individuals in a population survive. 
D) Determine which phenotype is the most common one in a given population. 
 

Which of the following is the best modern definition of evolution? 

A) inheritance of acquired characters 
B) survival of the fittest 
C) descent without modification 
D) change in allele frequencies in a population over time 
 

 

 

 

 



Male reproductive success is found for two closely related beetle species and graphed below. 
Which of these statements would you expect to be true of sexual dimorphism in the two 
species? 

 
A) Species A and B should have about equal amounts of sexual dimorphism. 
B) Species B should have greater sexual dimorphism than species A. 
C) Neither species should show any sexual dimorphism. 
D) Species A should have greater sexual dimorphism than species B. 
 

Which of the following does not tend to promote speciation? 

A) natural selection 
B) polyploidy 
C) gene flow 
D) the founder effect 
  

What does it mean when an allele reaches "fixation"? 

A) It is eliminated from the population. 
B) It is adaptively advantageous. 
C) It is dominant to all other alleles. 
D) It has a frequency of 1.0. 
 

Why are homologous traits similar? 

A) They are derived from a common ancestor. 
B) They are derived from different ancestors. 
C) They result from genetic and developmental similarities. 
D) They result from convergent evolution. 
 

 



An earthquake decimates a ground-squirrel population. The surviving population happens to 
have broader stripes on average than the initial population. If broadness of stripes is 
genetically determined, what effect has the ground squirrel population experienced during the 
earthquake? 

A) a founder event 
B) a genetic bottleneck 
C) gene flow 
D) disruptive selection  
E) directional selection 
 

Cystic fibrosis is a genetic disorder in homozygous recessives (ff) that causes death during 
the teenage years. Over time, we would expect genetic variation to________ for this trait. 

A) increase 
B) decrease 
C) remain the same 
D) fluctuate 
 

Suppose 64% of a remote mountain village can taste phenylthiocarbamide (PTC) and must 
therefore have at least one copy of the dominant PTC taster allele. If this population 
conforms to Hardy-Weinberg expectations for this gene, what percentage of the population 
must be heterozygous for this trait? Show your calculations. 

0.48 If 64% display the dominant trait, this must mean that 36% display the recessive trait. 
Thus, q2=0.36, q=0.6, p=0.4, 2pq=0.48 

What is the difference between traits that are similar through homology and traits that are 
similar through analogy? 

Common ancestral heritage for homology, no ancestral heritage but similar solution to 
common evolutionary problem for analogy. 

Simply stated, a species is defined as an evolutionarily independent population or groups of 
populations. In practice, identifying evolutionary independent populations is difficult. Name 
the three concepts that guide scientists in identifying species.  

i. Biological species concept 

ii. Morphological species concept 

iii. Phylogenetic species concept (also ecological species concept, and others) 

 

 



Calculate the allele frequencies from the following population data.  

a. p = ____0.5_____, q = ____0.5_____ (show your work) 

p = (2(AA)+Aa)/2(Total) = (2(80)+320)/2(480) = 0.5 

 

 

 

b. complete the table from the values you calculated from p and q. 

 

Genotype Number Expected Genotype 
Frequencies 

Expected Numbers 

AA 80 0.25 120 

Aa 320 0.5 240 

aa 80 0.5 120 

Total 480 1 480 

 

c. Are evolutionary forces acting. Justify your answer. 

Yes, it appears that they are. There is a significant deviation in observed numbers from the 
HW expected genotype frequencies based on the calculated allele frequencies, suggesting 
that there are more heterozygotes in the population than expected. 

Matching Terms 

1. __f___ genetic drift 

2. __o___ female mate choice 

3. __a___ polyploidy 

4. __n___ temporal isolation 

5. __k___ hybrid sterility 

6. __d___ gene flow 

7. __l___ founder effect 

8. __e___ polygenetic inheritance 

9. __h___ genetic bottleneck 

10. __c___ genetic homology 

11. __b___ pleiotropy 

12. __j___ structural homology 

13. __m___ transitional forms 

14. __i___ linkage: two genes on the 
same chromosome 

15. __g___ mutation 



 

 

 a. Results in the formation of a new species in a single generation 
b. One gene has many effects, like in Marfan’s syndrome 
c. Similarities in DNA sequences due to inheritance from a common ancestor 
d. The movement of alleles between populations 
e. Many genes involved in specifying traits such as height or skin colour 
f. Change in allele frequencies that may cause the fixation of one allele 
g. The only source of new alleles. Restores genetic diversity. 
h. A reduction in allelic diversity caused by an extreme reduction in population 

numbers followed a reestablishment of the population numbers by a few surviving 
individuals 

i. F2 ratios from a dihybrid cross cannot be predicted by the law of independent 
assortment 

j. Similarities in limbs due to inheritance from a common ancestor 
k. A post-zygotic mechanism 
l. The establishment of a new population from a few individuals 
m. A fossil species with intermediate traits between older and younger species 
n. A pre-zygotic mechanism 
o. Results in sexually dimorphic species 


