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1. Rhizobia are bacteria that live in the root nodules of leguminous plants and can fix
atmospheric nitrogen in nitrogenous compounds. The plants can use these compounds in
their metabolism, while the bacteria use glucose produced by the plants. What is the term
that best describes the relationship between Rhizobium and the plant? [2]
A. Parasitic
B. Mutualistic
C. Competitive
2. Fish A is a large fish that feeds primarily on Fish B and Fish C. Fish B lives on phototrophic
plankton. Fish C lives on zooplankton (which consume phototrophic plankton) and on Fish D,
which is an herbivore.
i.

Draw the food web for this situation. [5]

ii.

Which labels can be ascribed to Fish A in this situation? [2]
A. Producer and consumer
B. Primary and secondary consumer
C. Secondary, tertiary, and quaternary consumer
D. Secondary and tertiary consumer

3. A canal had a large population of various kinds of fish. After farmers in the area started
using nitrogenous fertilizers on their fields, rainwater washed excess fertilizer into the canal.
After a few days, the number of algae in the pond increased greatly, while the local fish
population decreased dramatically.
i.

What is the term for the process described above whereby an increase in the
availability of nutrients resulted in an increase in algae? [1]

ii.

Why might the fish population have decreased? Name the main TWO factors
that could have this led to this decrease and explain the effect these factors
would have on the fish population. [3]

iii.

The presence of algae is a biotic factor influencing the fish population. Name
ONE more biotic and TWO abiotic factors that can influence the fish population.
[3]

4. A plant is growing in a marshy area. The plant cannot grow on dry land because it needs a
great deal of water to survive. However, it cannot grow in deep water. Suggest TWO main
reasons why the plant may be able to grow only in shallow water. [4]
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Questions 5-9 deal with the following hypothetical ecological scenario:
A population of deer is suddenly separated when a highway is built that splits the population’s
habitat in two. The two groups can no longer reproduce with one another. Vision in these deer
is determined by alleles in a single gene, with Q being the dominant allele. Poor vision in these
deer is due to homozygosity for the recessive allele q.
5. What kind of reproductive barrier is represented in this scenario? [2]
A. Geographic isolation
B. Temporal isolation
C. Behavioral isolation
6. Most deer keep to their new habitats; however, some individuals with poor vision attempt
to cross the highway. Most of these deer die due to oncoming traffic. What evolutionary
process does this demonstrate? What specific type of this process is taking place? [4]
7. If the prevalence of allele Q in the total population is 63% and the population is in HardyWeinberg equilibrium, what percentage of the population possesses the genotype Qq?
What is the phenotype for deer with this genotype? [3]
8. Due to the deaths of many deer with the genotype qq, the prevalence of allele Q in the
population increases. If the prevalence of allele q is 77% of what it was originally (in the
situation described in question 5c), what percentage of deer now have good eyesight?
(Assume that the only factor influencing eyesight is the Q gene and that this population is in
Hardy-Weinberg equilibrium.) [3]
9. After many years, the highway is abandoned and the two populations are reunited.
However, individuals are now unable to breed across the different populations. They can
only breed with individuals from their own group. What process has taken place? [2]
A. Speciation
B. Artificial selection
C. Geographic reproductive barrier
D. Alienation
10. Certain fish species have become endangered due to overfishing. It has been made illegal
to fish for some of these species. Still, their populations continue to decline. Suggest two
possible reasons that the fishing industry is still causing a decline in the populations of these
fish species, even if they are not being fished for. (Write one sentence for each reason.) [4]
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11. This chart shows the relative population numbers of three species of bacteria in two
different colonies. Only types B and C were introduced to colony X, with an initial ratio of 1:1
(the initial relative populations were 50 for both species). All three bacterial species were
introduced to Colony Y in a 1:1:1 ratio (i.e. initial relative populations were 33 for all species).
Population

Bacterium A

Bacterium B

Bacterium C

X

0

49

51

Y

97

2

1

Based on the above data, what type of interaction is taking place between bacterial species A, B,
and C? Two answers are correct. [4]
A. B and C are both predators towards A
B. B and C are both competitors of A
C. A is a predator of both B and C
D. B and C have a mutualistic relationship
E. A and B have a mutualistic relationship and are predators of C
F. B and C compete with each other
Tiebreaker Question
12. Suggest as many observations as you can that you would see in an area where ecological
succession is taking place. [5]
Tiebreaker Question
13. Name the two biogeochemical cycles shown. For each of these cycles, state the global
human activity that most impacts it and how the activity contributes to climate change. [6]
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Questions 14-19 deal with the following biome map below:

14. What types of leaf shapes are often found on trees in the biome that is colored blue? [2]
A. Obovate
B. Lance-shaped
C. Needleleaf, conical
15. In the biome that is colored dark purple near the top, what is the primary challenge faced
by vegetation that limits the maximum height to which they can grow? [2]
A. Lack of sunlight for about half the year
B. Low fertile soil content due to permafrost
C. Thick layers of snow cover in winter
16. Name three physical adaptations that mammals in the blue-colored biome usually possess
for survival in the winter season. [3]
17. Animals in the purple-colored biome often exhibit two behavioral adaptations that help
them survive winter conditions in their environment. Name these two behaviors. [2]
18. The biome shown in bright red is a type of forest that is unique from other forest biomes
due to one adaptation shared by its trees. Name that one adaptation. [1]
19. How does this one adaptation, shared by most plants in the biome shown in red, contribute
to the high species richness of the biome? [2]
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20. Due to the extreme conditions of low temperature and precipitation in taiga ecosystems,
the soil can take on unique properties, forming a special organic substance that is found all
around the taiga. What is this special matter called? [2]
A. Permafrost
B. Green manure
C. Muskeg
D. Compost
21. Which of the choices lists two adaptations that allow vegetation in boreal forests to endure
the harsh climate of the taiga ecosystem? [2]
A. Perennial plant growth; seasonal leaf changes
B. Dark color of leaves; yearlong retention of foliage
C. C4 photosynthesis pathway; bushy growth close to the ground
D. Antifreeze proteins; large, thin leaves for sunlight absorption
22. Certain plant species in the taiga biome like the dominant white spruce and balsam fir only
appear in the ecosystem many years after a major disturbance in the environment occurs,
such as natural disasters. Many of these species are also not resistant to disturbances, being
among the last to colonize a habitat.
i.

What is the term for the type of successional community that many of these plants
would belong to, which occurs at the peak period for an ecological community? [2]
A. Climax community
B. Seral community
C. Primary community
D. Secondary community

ii. Would this ecological state be achieved through primary succession or secondary
succession, or both? [2]
iii. Certain disturbance forces are important for maintaining the diversity of species in
an ecosystem. Which natural force is particularly useful for plant thinning? [1]
23. The tundra is known for being a harsh biome with little vegetative matter and notable for
the lack of trees due to its harsh environmental extremes. Which of the following is a trait that
is exclusively distinguishing of the tundra? [2]
A. Vegetation that only grows close to the ground
B. Low temperatures and precipitation due to cold air and high latitudes
C. Uneven distribution of sunlight that deprives plants of energy
D. Short summers and long winters

5 OF 13

Team Number ____ Page 6
SCIENCE OLYMPIAD ECOLOGY
PRINCETON INVITATIONAL 2017
24. A fisheries biologist wishes to optimize her yield by maintaining a population of trout at
exactly 1000 individuals. Predict the initial instantaneous growth rate if the population is
stocked with an additional 700 fish. Assume r is 0.008 individuals/(individual*day). [2]
A. -2.04 individuals per day
B. 3.72 individuals per day
C. 2.04 individuals per day
D. -1.28 individuals per day
25. Suppose that a population of alligators is growing according to the logistic curve equation. If
the carrying capacity is 260 alligators and r = 0.05 individuals/(individual*month), what is
the maximum possible growth rate for this specific population? [2]
A. 3.25 individuals per month
B. 3.01 individuals per month
C. 1.04 individuals per month
D. 1.76 individuals per month
Questions 26-28 refer to the group of survivorship curves below:

Answer each question with Type I, Type II, or Type III as the answer. [2 points per question]
26. Which of the survivorship curves in the graph is typically observed in some lizard species?
27. Characteristic of species that exhibit r-selection strategy in production of offspring
28. Typical for relatively large species that produce few offspring but care for them well in
intimate parental relationships
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29. As a rather unforgiving location for life to develop, the tundra has forced the few plants that
can survive its harsh conditions to take on various adaptations.
i.

Which of the following is a proper adaptation that contributes to a plant’s yearlong
survival in the tundra biome? [2]
A. Conical leaf shapes
B. Shade tolerance to cope with low light levels
C. Brightly colored foliage with seasonal variations
D. Perennial plant growth

ii. Many native types of tundra vegetation are chamaephytes, which means that they
__________ to the ground in order to avoid high ________. [4]
30. What does the term “deciduous” mean, and how does it relate to describing the overall
climate patterns of the deciduous forest biome? [2]
A. To fall off or shed; suggests mild seasonal weather patterns leading to predictable
changes in both temperature and precipitation
B. Refers to plants that lose leaves seasonally; suggests two long seasons: wet and dry
C. Dominated by grasses; suggests mild climate patterns that occur in cycles
D. Possesses buds that hibernate in winter; suggests high precipitation at constant
levels through the seasons and retention of foliage year-round
31. In a typical deciduous forest biome, how many distinct seasons are observed throughout
the course of a typical year? [2]
A. Two seasons
B. Four seasons
C. One season
D. Three seasons
32. Deciduous forests have a more abundant assemblage of life in their ecosystems ranging
from many species of forest wildlife like deer, raccoons, and birds to many kinds of plants
from shrubs and undergrowth to hardwood trees. From the following factors, choose the
TWO that are MOST responsible for this diversity of species and their distribution. [4]
A. Low temperatures below freezing
B. Successive changing of the seasons on a defined cycle
C. Moderate amounts of precipitation throughout the year
D. Availability of abundant food from standing trees
E. Seasonal appearance and disappearance of the forest canopy
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33. Biodiversity of land species, especially in the tropics, has been threatened for years by
human activities of deforestation and industrialized agriculture. Despite efforts to cut back
on such destructive activities, many species remain threatened. What are two other areas
of human impact that may contribute to the continued decline of global biodiversity? [2]
A. Overgrazing by livestock; global cooling through volcanoes
B. Emission of greenhouse gases; replanting trees in new growth forests
C. Introduction of invasive species; use of chemical fertilizers and pesticides
D. Recycling of used materials; recreational hunting of endangered species
34. Winds in the tundra often reach speeds of up to ______ mph. [2]
A. 10-20
B. 50-80
C. 10-30
D. 30-60
E. None of the above
35. Loss of protective vegetation poses serious risks for the health of the ecosystems that they
were formerly located in, such as soil erosion, a process that can lead to the deterioration of
soil quality in an environment and its ecological well-being over years.
i.

What are two factors that explain how vegetation cover occupies an important role
in preventing excessive soil erosion? Choose the best TWO. [4]
A. Slowing down of surface runoff from rainstorms
B. Attractiveness to large animals for shelter
C. High competition among species for sunlight
D. Roots holding down soil to prevent it from washing away
E. Storage of sugars and starches in tubers

ii. Which of the following major human activities disrupts the health of vulnerable
natural environments through the stripping of vegetation? [2]
A. Construction of dams along major rivers
B. Strip mining for precious metals and minerals
C. Deforestation through slash-and-burn agriculture
D. Emission of greenhouse gasses from burning of fossil fuels
36. In spite of the growing risk of soil erosion in habitats and environments around the world
with increasing human activity, there are concrete methods that have been developed in recent
years to combat soil erosion and minimize its damage. Name TWO such practices. [4]
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Questions 37-43 refer to the following exponential and logistic growth curves below. Answer
each question with the letter referring to the part of the graph that best fits each description.
[2 points per question]

C
D

B

A

37. Phase where the instantaneous growth for a population that follows a pattern of logistic
growth reaches its maximum value
38. Point where populations that are subject to density-dependent growth factors reach the
limits at which their environments can adequately support all individuals
39. Stage at which the rate of growth begins to decrease in magnitude as the finite amount of
resources of an ecosystem are exhausted by a growing population
40. Initial stage during which populations start to expand from a few select individuals as they
take time to develop prior to reproduction
41. Point at which intraspecific competition occurs, leading to natural selection as individuals
who have different adaptations to their environment compete with each other for survival
42. Constantly expanding growth rate that is characteristic of an exponential growth pattern
starts from this phase with few individuals growing slowly despite abundance of resources
43. Divergences between exponential and logistic growth curves become prominent from this
phase, allowing the development of characteristic S-shape curve
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44. The primary stages of the nitrogen cycle are (starting with atmospheric N2): [2]
A. ammonification, denitrification, nitrogen fixation, nitrification, assimilation
B. nitrogen fixation, ammonification, assimilation, nitrification, phosphorylation
C. respiration, decarboxylation, quantification, nitrification, assimilation
D. nitrogen fixation, nitrification, assimilation, respiration, ammonification
E. nitrogen fixation, nitrification, assimilation, ammonification, denitrification
45. Septic water systems are often contaminated with bacteria from animal waste. Suppose
that a water tank is infested with a colony of 80,000 E. coli bacteria. If the number of
bacteria present in the tank after 10 days is 190,000, determine the doubling time. [2]
46. Which of the following best describes a relationship in which two species both mutually
benefit from each other’s behaviors? [2]
A. Symbiosis
B. Competition
C. Parasitism
D. Commensalism
E. Mutualism
47. When resources are abundant and the environment is stable, which reproductive strategy
would be most effective for species survival? [2]
A. Asexual reproduction through budding
B. Sexual reproduction, with minimal parental care and rapid development to maturity
C. Sexual reproduction, with intimate parental care and slow development to maturity
D. All of the above
E. None of the above
48. A healthy population of Douglas fir, a perennial evergreen tree, increases by 13% per year.
Calculate the doubling time for this population. Include units. [2]
49. About how much energy is lost between each successive trophic level of a typical energy
pyramid for a developed ecosystem? [2]
A. 10%
B. 50%
C. 90%
D. 99%
E. none of the above
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50. The total amount of energy contained at the first trophic level that is available to the first
level of consumers in any ecosystem is called: [2]
A. energy transfer
B. net primary production
C. gross primary production
D. carbon fixation
E. energy input
51. Changes in the seasons throughout the year are primarily caused by: [2]
A. periodic buildup of heat energy at the equator.
B. an annual cycle of variations in the sun’s total energy output.
C. the tilt of the Earth's axis toward or away from the sun.
D. variations in cycles of temperature change and rainfall.
E. changes in the distance between Earth and the sun.
52. A researcher on population dynamics of monarch butterflies estimates that the size of one
population is 7,000. Over a month, you record 980 births and 120 deaths in that population.
Estimate r and calculate what the population size is predicted to be in 9 months. [5]

53. What is the primary reason that frequent forest fires are beneficial for the taiga? [2]
A. Fires help clear away older trees, allowing younger trees to take their place
B. Removal of invasive vegetation that compete with coniferous trees
C. They allow germination of seeds that only open at high temperatures
D. Burning of organic matter in forest soils, making them more nutrient-rich

54. Deciduous forests around the world harbor many important species in temperate zones of
climate. Which of the following is an important ecosystem service that forests provide? [2]
A. Release of carbon dioxide that make temperatures milder for animals
B. Providing of shelter in trees that are more resistant to unusually high winds
C. Distribution of nutrients from frequent fires due to dry vegetation
D. Protection of freshwater supplies for animals and plants
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55. A sample of single celled marine algae isolated from Chesapeake Bay provided an estimate
of 230,000 cells on the initial sampling date. Ten days later, population size was estimated
to be 980,000 cells. Calculate the population’s intrinsic rate of increase. Include units. [3]
56. Bat populations around the world are threatened by white nose syndrome (WNS), a fungal
disease that has caused these populations to become very small. What is ONE other threat
besides disease that threatens the survival of bats if their numbers remain small? [2]
A. Competition from other species with similar niche for limited resources
B. Lack of genetic diversity due to small gene pool and bottleneck effect
C. Increased probability of becoming prey for predators without group size advantage
D. All of the above
E. None of the above
57. Biogeochemical cycles involve the changing distributions of chemical elements between
different parts of the Earth, from living to non-living, and from atmosphere to land and sea.
Human activities have accelerated these cycles in recent decades, causing dramatic shifts in
the fluxes of these elements and where they end up.
i. Deforestation has devastated the balance of carbon on the planet, being the second
leading cause of rising atmospheric CO2 levels behind fossil fuel combustion. Given
this information, what MAJOR role do forests play in the carbon cycle? [2]
ii. The nitrogen cycle alone is responsible for atmospheric concentrations of the three
most important human-caused greenhouse gases. Name these gases. [6]
iii. Excessive nitrate levels are often found in the groundwater of areas with intensive
agriculture. Which is an agricultural practice that can cause such levels? [2]
A. Improper construction or maintenance of animal waste lagoons
B. Use of ammonia in disinfection of meat products
C. Application of pesticides on fields before harvesting
D. Planting monocultures of GMO legume plants for crops
58. Fossil fuel combustion has been shown to increase the total concentration of carbon in the
atmosphere. From the following human activities choose the TWO that also increase the
amount of carbon that is in the atmosphere. [4]
A. Manufacturing and processing of chemical fertilizers and pesticides
B. Raising cows and/or ruminant animals as livestock
C. Pumping of groundwater from aquifers for fracking
D. Transportation with private cars and motorized vehicles into city centers
E. Construction and use of landfills that produce carbon by-products
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Tiebreaker Question
59. Populated areas with high degrees of urbanization serve as a case example of how human
activities can profoundly impact the environment. Name THREE environmental problems
(besides runoff pollution and untreated sewage) associated with extensive paved areas. [6]
Tiebreaker Question
60. As one of the most important biogeochemical cycles on the planet, the phosphorus cycle is
responsible for the distribution of elemental phosphorus in living organisms. Without the
presence of phosphorus in the environment, many organisms cannot survive.
i.

ii.

One way in which the phosphorus cycle differs significantly from the carbon cycle
is in terms of accessibility of nutrients. As a result, the phosphorus cycle is much
slower than the carbon cycle. Why is it much more difficult for living organisms to
access elemental phosphorus? [2]
Phosphorus as mentioned above is a necessary element required for the proper
survival and development of most living organisms, regardless of environment.
Identify TWO reasons why phosphorus is so crucial to many organisms. [2]
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