
 
Name(s)_____________________________________________________________ 
School______________________________________________________________ 
 
Michigan State Science Olympiad  
Ecology Test 
 
Instructions: Students, in teams of up to two, will complete questions in 50 minutes using 
nothing other than a non-programmable calculator, writing utensil, and their own knowledge. 
Please read the questions carefully and follow directions. Congratulations on getting this far! 
Good Luck!  

 

1.  A starfish is the top predator in a tidal estuary in the Pacific Northwest.  Within the tidal 
community you will also find: mollusks, barnacles and many invertebrates.  When the starfish 
was removed from the community, the mussel and barnacle populations grew and outcompeted 
many other species.  What happened to species diversity?  (circle only one) 

Increase Decrease Stay the Same  Impossible to tell 

The starfish’s presence exhibited strong control over the ecosystem and is given a special title.  
What do we call these types of species?       

________________________________________ 

 
2.  In most species, the sex ratio (M:F) is generally 1:1, meaning that males and females in a 
population are generally equal in number.  In China, however, there is a strong preference for 
males, and according to the 2000 census, the sex ratio of newborns is 117:100 (males:females).  
Based on these data, there have been projections that there will be about 50 million more men 
than women in the population.  Discuss how this skewed sex ratio might affect the population 
growth rate in China, and explain your reasoning.   
 

Increase Decrease Stay the Same  Impossible to tell 

Why:  
 
  
 
 
 
 
 
 



 

3. An ecological footprint is a concept based on how much land and water area a human 
population needs to produce the resources required to sustain itself and to absorb its wastes, 
given prevailing technology. The term, coined by Canadian ecologist William Rees and Mathis 
Wackernagel, is used as a resource management and community planning tool. 
  a) If just the present world population of 5.8 billion people were to live at current North  
 American ecological standards (say 4.5 ha/person), what would the total productive land  
 requirement be in hectares (ha)?  __________ ha 
 
 b) On the face of the globe, there are roughly 13 billion ha of land, and of that, 8.8 billion  
 are productive.  Using those numbers, how many hectares should each person be  
 able to use?   ____________ ha 
 
 c) If we continue to live at the rate of 4.5 ha/person, how many planets would we need to  
 sustain our North American ecological standards? _________ earths 
 
 d) What if the population of humans eventually stabilized around 10.5 billion.  How  

many earths would we need to sustain life, assuming that the standard of living (4.5 
ha/person) and prevailing technology remains the same?  

 ______________ earths 
 
4.  In what populations does exponential growth tend to occur? 
 a. in populations that colonize new habitats 
 b. in populations that experience intense competition 
 c. in populations that experience high rates of predation 
 d. in metapopulations 
 
 
5.  Which of the following is not a reason why population growth declines as population size 
approaches carrying capacity? 
 a. Climate becomes unfavorable 
 b. Competition for resources increases 
 c.  Predation rates increase 

d. Disease rates decrease 
 

 
6. For each pair, circle which species is more likely to go extinct: 

1.a. A species that can live only in wetlands in Michigan 
1.b. A species that can live anywhere in the Lower Peninsula in Michigan 

 
2.a. A species with a population size of 1,000 individuals 
2.b. A species with a population size of 100 individuals 

 
3.a. A species of plant whose flowers can be pollinated by many species of insects 
3.b. A species of plant whose flowers can be pollinated by only one species of insect 

 
 



 

7. This graph represents the equilibrium model of island biogeography, proposed by MacArthur 
and Wilson (1963), which explains patterns of species diversity on islands.  This model predicts 
that when a new island is formed, organisms from the mainland will populate the island until the 
number of species living on the island eventually reaches a stable equilibrium.  Use the graph to 
answer the following questions. 
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a. T/F Extinction rate increases as the number of species present on the island 

increases because there is a larger pool of species that can go extinct. 
 

b. T/F The immigration of new species from the mainland to the island decreases as 
the number of species present on the island decreases.  

 
c. T/F The number of species present on the island depends only on the rate of 

immigration of new species to that island. 
 
 

d. How many species will be present on this island at equilibrium? 
__________________ species 

 
e. Which of the following statements is correct? 

1. At equilibrium, no new species will immigrate and no species currently 
present on the island will go extinct. 
2. Once equilibrium is reached, the number of species present on the island 
will not change unless the system is disturbed (i.e., a volcano erupts and 
buries all of the organisms living on the island). 
3. At equilibrium, the number of species that go extinct will be balanced by 

the number of new species immigrating from the mainland. 
4. 1 and 2 
5. 2 and 3 
6. none of the above 



 

8. Heritability is the proportion of the phenotypic variation in a trait that is due to genetic 
variance (the rest of the proportion is accounted for by environmental variance).  Heritability is 
measured by plotting the values of a trait for the parents and their offspring on a graph and 
finding the slope of the line that best fits the data.  The steeper the slope, the more heritable the 
trait is. 
Below is a graph of the length of lizard bodies for one population of lizards.  The equation on the 
graph is the equation for the best-fit line through the data. 

y = 0.74x + 1.65
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a. What is the heritability of the body length trait for this population of lizards? ___________ 
b. Suppose that birds prefer to eat larger lizards because they are more easily seen and 
provide more food.  How will the length of lizards change over time?  

Increase Decrease Stay the Same  Impossible to tell 

 
 Why? 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
Next, here is a graph of the heritability of body length for a different population of lizards. 

y = 0.00x + 13.98
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c. What is the heritability of the body length trait for this population of lizards? 
d. If the birds where these lizards live also prefer to eat larger lizards, how will the length of 
these lizards change over time?  

Increase Decrease Stay the Same  Impossible to tell 

 Why? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

9. Antibiotics are drugs that are used to kill bacteria that cause diseases in humans.  The use of 
antibiotics means that fewer people die or suffer complications from bacterial diseases, but 
antibiotics also select for bacteria that are more difficult to kill with common antibiotics.  The 
graph below shows that bacteria vary in their amount of resistance to antibiotics.  The amount of 
resistance increases from left to right across the x-axis.  Most of the bacteria have an 
intermediate level of resistance – higher doses of antibiotics are required to kill them than are 
required for susceptible bacteria, but they are not completely resistant to antibiotics. 
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a. On the graph, indicate with the letter A the approximate resistance level of the 

bacteria that are easily killed by antibiotics. 
b. On the graph, indicate with the letter B the approximate resistance level of the 

bacteria that are completely resistant to antibiotics. 
c. Which group of bacteria (A or B) will not live to pass their genes on to the next 

generation if they are exposed to antibiotics? 
d. On the graph, draw a curve that indicates the amount of resistance that the 

bacterial population will have after a few generations, assuming that at least some 
of the variation in resistance is genetic. 

e. What are the long-term consequences of doctors imposing this level of selection 
on the bacteria that cause diseases?  Resistance will:  

Increase Decrease Stay the Same  Impossible to tell 

f. What are ways that doctors and scientists could lessen the impact of changes in 
resistance? (circle the best choices) 

  
a. kill all bacteria 
b. perscribe antibiotics less often (allow immune responses to fight the diseases) 
c. develop new drugs to fight resistant strains 
d. prescribe even higher dosages of the same antibiotics 
e. have patients take their antibiotics until they consume the entire prescription 



 

 
 
 
Question 10. On the right is data describing the duration of ice cover over a series of three lakes in Madison, 
Wisconson. Each measurement of ice duration is an average of ten years of data.  

a. Please graph the data on the graph paper above, being sure to label your axes.  
b. Please interpret your graph, explaining to the citizens of Madison what this might mean for the length 

of their ice fishing season. The length of their season will:                   

                   Increase  Decrease Stay the Same  Impossible to tell 

             
 

 c. Does your data provide support for global change? 
                                            

                     Yes      No     Impossible to tell 

 

 

. 

 
 
 
 
 
 
 

Decade 
Ice Duration 
(in days) 

 1860 118.833333

1870 119.4

1880 118.7

1890 109.1

1900 106

1910 100.7

1920 101.6

1930 106.4

1940 99

1950 103.4

1960 103.1

1970 104.7

1980 105

1990 90.7

2000 83



 

11. Nutient cycling  

a. While the aqueous forms of nitrogen, phosphorus, and carbon are all fairly 
similar, how is the gaseous form of phosphorus different from that of carbon and 
nitrogen? 

 

b. How might that have repercussions on how quickly phosphorus cycles in the 
biosphere? 

Slower than N and C Faster than N and C  Same as N and C 

c. On the next page is a basic carbon cycle picture in part a of the figure. Please 
circle the three parts of the carbon cycle that humans influence the most.  

1. fossil fuel burning 
2. land plant storage 
3. storge in shallow and ocean waters 
4. storage in marine sediments and sedimentary rocks 
5. soil storage 

 

d. On the next page, in part b of the carbon cycle figure, there is a cyclic diagram of 
the flows of carbon. Of the three stocks (boxes), the CO2 in the atmosphere is 
increasing. Where does this increase come from?   

1. fossil fuel burning 
2. plowing previously unplowed fields 
3. decreased ocean storage 
4. all of the above 
5. only 1 and 2 
6. only 1 and 3 



 

 

 

 

 

 

 

 

 

 



 

e. The figure below shows the global nitrogen cycle. If 80% of the nitrogen in the 
biosphere is atmospheric nitrogen, and is in the air surrounding plants, why are 
many plants still nitrogen limited? 

 

 

 

 



 

12. Energy flow and food webs –Below you will find a sample estuarian food web. You will 
notice that each organism is labeled with their name. Arrows indicate biomass transfers, and 
each arrow is labeled with the percent of biomass that is transferred between each level. You 
are given the amount initially produced by the algae. Please fill in the remaining blanks based 
on the percent transfers.  

 

 

 

 

 

 

 

 

 

a. Please label each organism with their role within the food web.  

Word bank: Producers; terpenes, primary, secondary, and tertiary consumers; 
synergist, decomposers, ephemerals 

 Daphnia_____________________________ 
 Fish________________________________ 
 Algae_______________________________ 

Frog________________________________ 
 

b. If the hunter needs 100kg of C to survive each year, how much algae is necessary 
to feed that hunter.  

 
 

c. You will notice that when one organism uses another for food, that only 10-20% 
of the energy (in the form of stored carbon) is transferred between levels. Where 
does the other 80-90% of this energy go? 

1. lost as heat energy 
2. lost as maintenance energy 
3. lost as energy used in processing the organism used for food 
4. two of the answers above 
5. three of the answers above 



 

 

13. Adaptation to and limiting factors of an ecosystem. Below is a graph of corn and sorghum 
yields as a function of the amount of nitrogen and phosphorus that was being applied.  

A. based on the graph 
below, which nutrient 
would you say was 
more limiting, and 
why?  

  N    P   Same    Impossible to tell 

Why: 

 

 

 

  

 

d. Like agricultural systems, many natural systems are limited by certain limiting 
factors, including water, temperature, N, P, and other nutrients. Below are graphs 
of vegetation vigor (Normalized Difference Vegetation Index (NDVI)) through the year. 
Additionally, there are graphs that include the surface temperature and monthly 
precipitation. Please examine these graphs, and: 

i. circle what these graphs tell you about precipitation, vegetation vigor, and 
surface temperature throughout the year: 

A. this system is warm throughout the year, with steady amounts of rain 
throughout the year and vegetation vigor that is consistant. 

B. this system is warm throughout the year, with a dry season and a less 
vigorous vegetation season. 

C. this system has a cold and warm period, as well as a dry and wet season, 
leading to seasonal vegetation patterns 

D. this system is warm throughout the year, with consistant vegetation vigor and 
a seasonal dry period. 

 



 

ii.) Predict which factor (temperature or precipitation) contributes more to the 
patterns in vegetation vigor. 

     Temperature   Precipitation     Same    Impossible to Tell 
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22.  This storm hydrograph depicts discharge as a f unction of date for two large rivers and 
two small streams, each with and without a dam.  Ho w do the dams affect each type of river 
and how might this “disturbance” affect the communit ies of the river organisms below each 
of the reservoirs?

Large Rivers:

Small Streams: 

  
�

a) Large river dams: 
1. stabilize river flow 
2. make flow more flashy with more pulses throughout the year 
3. do not change river flow 

b) Small river dams: 
1. stabilize river flow 
2. make flow more flashy with more pulses throughout the year 
3. do not change river flow 

      c.) communities of both small and large rivers would be affected by dams because: 
1. organisms in such a community are not adapted to changes in the flood regime 
2. dams make allow other invasive species to come into the community 
3. dams may change the water chemistry of the river 
4. answers 1 and 2 
5. answers 1, 2, and 3 



 

 
15)  The fundamental niche defines the physical conditions under which a species might live, in 
the absence of interactions with other species.  However, interactions such as competition may 
restrict the environments in which a species may live.  These more restricted conditions define 
the realized niche.  Which of the following best describes the fundamental niche of an organism? 
 
a) All the biotic factors that determine where a species can live. 
b) It is smaller than the realized niche. 
c) All the abiotic factors that determine where a species can live. 
d) It is determined by transplant experiments. 
e) All of the above. 
 
 
16)  Name another interaction that may be important in restricting the distribution of a species: 
 
_______________________________ 
 
17)  Ecological succession is the gradual change in plant and animal communities in an area 
following disturbance. What is the relationship between succession and biodiversity? 
 
a)  Biodiversity may be higher in slightly disturbed habitats because secondary succession allows 
early successional species to invade and late successional species to also be present. 
b)  There is no relationship between the two. 
c)  During primary succession, biodiversity is at its highest in very early stages. 
d)  Succession does not occur in communities with high biodiversity because those communities 
are buffered against disturbance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
18)  An aquatic ecologist studying spatial variation in nutrient and particulate concentrations in 
Pyramid Lake, Nevada sampled nitrate and silicate concentrations in surface waters throughout 
the lake. The results are shown below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
How might these nutrient and particulate concentrations affect phytoplankton diversity? 
a)  This environmental complexity in the surface waters will not affect phytoplankton diversity 
because they are found in deeper waters. 
b)  Different parts of the lake offer distinctive growing conditions for phytoplankton.  This 
should allow for high phytoplankton diversity. 

c)  High concentrations at the inflow of the Truckee River will harbor large amounts of diversity, 
while lower concentrations in the north-central region of the lake will have a lower 
phytoplankton diversity. 
d)  Surface water measurements will not affect phytoplankton because these concentrations are 
in solution and will mix and change too quickly to affect phytoplankton diversity. 
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Optimal Foraging Theory in Bluegill
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19)  Some of the most thorough tests of optimal foraging theory have been conducted on bluegill 
sunfish (Lepomis macrochirus).  According to the graph, are bluegills following the optimal 
foraging theory predicted by ecologists?   
 
 a)  Bluegills are not following optimal foraging theory.  They forage for the most 
abundant prey, which are smaller in length than that predicted by optimal foraging theory. 
 
 b)  Bluegills are following optimal foraging theory.  They forage on prey that is a length 
that maximizes their rate of energy intake, regardless of prey abundance. 
 
20)  The peppered moth (Biston betularia) is one of the best known examples of prey success in 
a varying environment.  Predation by birds favors camoflauge among peppered moths.  Birds 
eliminate the more conspicuous members of the peppered moth population leaving the better 
camoflauged.  In this example, birds are acting as agents of what evolutionary force? 
 
 ________________________________  
 
 

�
 
 
 
 
 
 
 
 
 



 

21)  Many plants have evolved adaptations to living in the high salinity conditions of estuaries.  
Match the plant adaptation to the problem: 
1. 
2. 
3. 
 
 
 

�
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.  Salt accumulation: When salt is taken 
up into the plant, it accumulates 
indefinitely. 

2.  Toxicity:  Plants must deal with high 
sodium concentrations in the cell, which 
causes proteins to not be synthesized. 

1.  Osmotic: A plant must maintain turgor 
by drawing water into the plant.  To do 
this, the water must be less concentrated 
in the cell than in the soil water.  Plants 
in estuaries can’t draw water into the cell 
because the salt water is too 
concentrated.    

Problem  

C. To maintain water potential 
sufficiently below that of the soil, this 
plant allows accumulation of of K+ or 
other organic compounds in the cell 
solution. 

B.  This plant has evolved 
biochemical protection for enzymes. 
 

A. This plant fills its top section with 
salt and exhibits “tissue death” where 
it actively drops off parts of its tissue 
that have accumulated high amounts 
of salt.

 

Adaptation 



 

 
Tie Breaker 
Design An Experiment 
You notice while you are walking to this event that the Red Cedar River is quite polluted with 
various student trash from the MSU campus. Concerned about the wildlife in the river, you wish 
to do an experiment to examine the impact of MSU’s campus on the Red Cedar River water 
quality. Design an experiment to assess this problem.  
 
Hypothesis: 
 
 
Experimental Design: 
 
 
 
 
 
Measured Variables: 
 
 
Experimental Location:  
 
 
 
 
Length of Experiment: 


