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Part 1: General Principles of Ecology (35 points total)

1. (4 points total) The following figure shows the age distribution of North
American river otters in Ohio in a certain year.

Donofrio, Joana. 2009. Demographics of Ohio’s River Otter Population. The Ohio State University

a. Based on the figure, would you predict that in the next few years, the Ohio river
otter population will decrease, increase, or remain constant? Explain your
answer. (2 points)
b. If female river otters can produce young between the ages of 2 and 7 years, and
each female has one litter per year, estimate the number of young produced by
this population if the average litter size is 2.5 pups. (2 points)
2. (6 points total) The house mouse, Mus musculus, is a frequently-sighted resident
of Yale’s dorms and common spaces. Consider a population of house mice in Branford
residential College that numbered 197 individuals at the beginning of September 2016.
During the first semester (4 months), a total of 20 individuals died, 50 were born, 14
migrated from Saybrook to join the Branford population, 9 snuck across to Branford
from Jonathan Edwards, and 23 mice left Branford to nest elsewhere on campus.
Calculate the following over the course of the semester (show your work).
a. The % birth rate of the Branford mouse population (2 points)
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b. The % death rate of the Branford mouse population (2 points)
c. The % growth rate of the Branford mouse population (2 points)
3. (5 points total) If the % growth rate of the mouse population in Branford remains
constant over the next several semesters, sketch a rough graph of the mouse
population growth in Branford during this period (1 point). How long will it take for
the mouse population to double in size at this rate of growth? (1 points) How many
individuals will live in Branford at the beginning of January 2018? (2 points)
4. (2 points total) To reduce the numbers of mice in the Branford common room,
college staff put out traps. After a while, the mouse population falls. If it were not for
the traps, Branford could support many more mice than currently live there. What is
this phenomenon called? (1 point) Give another example of this phenomenon. (1
point)
5. (6 points total) Below is a table of survivorship data over 26 years for a cohort of
animals of a species.
Age in years
0
2
4
6
8
10
12
14
16
18
20
22
24
26

# individuals alive
234
232
230
227
225
218
214
205
190
161
132
100
31
0

a. Using the data provided, draw a survivorship curve for this cohort. Be sure to
include all necessary labels on your graph (2 points). What type of survivorship
curve is this? (1 point)
b. define the term “cohort” (1 point)
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c. Give an example of a species that might exhibit this type of survivorship curve.
(1 point) Would the life strategy of this species be best described as r-selected
or K-selected? Explain. (1 point)
6. (2 points total) Pikas are small lagomorphs (cousins of rabbits) that live on
mountain slopes and shelter in rock crevices. They eat grasses and other plant matter,
and during the warmer months, they gather food to store for the winter. Name one
density-independent and one density-dependent factor that could act to limit the pika
population in a given area. (1 point for each factor)
7. (6 points total) For each scenario, list the type of symbiosis (mutualism,
commensalism, predation, or parasitism) exhibited by the organisms involved. (1
point each)
a. An Osprey flies down and catches a trout in its talons
b. I contract Lyme disease after being bitten by a deer tick
c. A Cattle Egret walks through a pasture, eating insects stirred up by the
movement of cows across the grass
d. A Cattle Egret perches on a cow’s back and eats flies and ticks off of it
e. A deer eats low-hanging willow branches
f. A bee collects nectar from a series of flowers and flies away covered with pollen
8. (4 points total) Name two biotic and two abiotic factors involved in the nitrogen
cycle, and explain the role of each.
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Part 2: Terrestrial Ecosystems (40 points total)

1. (11 points total) Below is an example of a food web for an alpine tundra
ecosystem such as that found at high altitudes in the Rocky Mountains of the
U.S.

1. What trophic level do the following organisms occupy? Multiple answers may
apply (1 point each)
1. Bighorn sheep
2. Bobcat
3. Great Horned Owl
4. Willow
5. Tiger salamander
b. If 234 kJ of energy is available to a pika in the form of alpine blue grass, how
much energy will be transferred to a bobcat if it eats a pine marten that has
eaten a pika? (2 points)
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c. How does the amount of energy you calculated in part b compare to the
amount of energy transferred to the bobcat if it eats the pika directly? Explain
and show your work. (2 points)
d. Using principles of energy transfer within a food web, explain why bobcats are
not a mountain lion’s primary prey. (2 points)
2. Give two characteristics that distinguish alpine tundra from arctic tundra. (2 points)
3. (2 points total)

Identify each biome, A, B, and C, as tundra, taiga, or deciduous forest. (2 points)
A_____________________
B_____________________
C_____________________
4. (6 points total) Choose the biome (tundra, taiga, or deciduous forest) that best fits
the following characteristics. (1 point each)
a.
Permafrost________________
b.
Very low evaporation rates____________________
c.
Vertical stratification of the plant community__________________
d.
Presence of fire-dependent (pyriscent) organisms__________________
e.
Acidic topsoil___________________
f.
Mild winters____________________
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5. (9 points total) Below is a table showing species and their numbers in a sample
taiga community.
Tamarack Larch

13

Northern Leopard Frog

5

Black-backed Woodpecker

2

Balsam Fir

27

Dark-eyed Junco

18

Timber Rattlesnake

2

Taiga Alpine Butterfly

15

Red Squirrel

6

Black Bear

1

Northern Goshawk

1

Bay-breasted Warbler

5

Bunchberry Flower

178

Quaking Aspen

32

1. Calculate the species richness (S) for this community. Show your work. (2
points)
b. Calculate the Simpson’s Diversity Index for this community. Show your work.
(3 points)
c. What effect would decreasing the number of bunchberry flowers to 100 have on
the diversity index? What effect would it have on the species richness? Explain.
(4 points).
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6. (2 points total) The following graph shows the interaction between a predator
species and a prey species.

Image from: https://sites.google.com/site/infinitystat/ap-statistics/graphical-displays/line-graphs

Identify which line represents the predator and which represents the prey. Explain
your choices. (2 points)
7. (8 points total) Identify the biome that each of the following species inhabits, and
describe an adaptation that it has that makes it well suited to life in that biome.
1. Gray Squirrel (2 points)

b. Black Spruce (2 points)

8

YUSO 2017 Ecology Examination

9

c. North American Brown Lemming (2 points)

d. Red-backed Salamander (2 points)

Image credits: http://www.naturenorth.com/winter/blspruce/Fblsprce_3.html (Black Spruce),
http://www.caudata.org/cc/species/Plethodon/P_cinereus.shtml (Red-backed Salamander),
http://www.protopage.com/3allisydneywhitney (North American Brown Lemming),
https://en.wikipedia.org/wiki/Eastern_gray_squirrel (Gray Squirrel)

Part 3: Human Impact on Ecosystems
1. (2 points) During the process of forest succession, canopy gaps or bare areas
are filled first by opportunistic, short-lived, sun-loving species that are
gradually replaced by longer-lived, hardier plants. In this context, explain why
invasive plant species tend to be successful in disturbed areas.
2. (4 points) Identify and explain two positive and two negative impacts on
terrestrial ecosystems of building more wind energy infrastructure.
3. (2 points) Some scientists believe that at least in the short term, climate change
could be having a positive impact on forests. Explain why this might be the
case.
4. (2 points) Explain why pikas (discussed in Part 1, question 6), as well as other
species that live in the alpine tundra, are particularly vulnerable to the effects of
climate change.
5. (6 points total) Describe the effect that each of the following processes might
have on an organism living in a patch of temperate forest. For each, give a
specific example of an organism and how it could be affected.
a. Habitat fragmentation (2 points)
b. Habitat loss (2 points)
c. Habitat degradation (2 points)
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6. (4 points total)

Image from https://www.climate.gov/sites/default/files/lakeerie_amo_2011282_lrg.jpg

Consider the bluish- and greenish-colored (lighter colored) regions of the Great
Lakes, pictured above. What is the source of this coloration? (1 point) Explain how
human-related factors are exacerbating this phenomenon. (3 points)
7. (9 points total) The California Condor, a large vulture native to the American West,
became extinct in the wild in 1987. However, successful breeding and reintroduction
programs have brought its wild population numbers back up to over 200 birds today.
a. From an evolutionary standpoint, what is one potential problem that could
arise from re-establishing a population from a very small number of
individuals? Explain. (2 points)
b. One major threat that condors currently face is lead poisoning from lead
ammunition hunters use: for example, if a condor feeds on the remains of a
dead deer killed with lead shot, lead may accumulate in its system. Propose one
strategy that could be implemented to help mitigate this problem. What are two
“interest groups” (of humans) that would be affected by your proposal, and
how would they be affected? How would you take the needs of these groups
into account? (7 points)

