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The following information applies to parts A, B, C, D, and E.

Climate change can affect both terrestrial and marine organisms. Researchers studying the 
effect of climate change on bird distribution mapped elevation zones at which five bird species 
lived within a tropical mountain range. Birds are distributed in part according to climate-
related adaptations. Researchers modeled where the birds would most likely live in the future 
based on climate change predictions.
The results of this study are shown in the following diagram. Each unique shape in the diagram 
represents a different bird species, labeled A through E. Current distribution is shown on the 
left side of the figure, and predicted future distribution is shown on the right.

Bird Species Distribution

The following information applies to parts F, G, and H.

Some organisms such as birds can move in response to environmental changes, while other 
organisms such as corals cannot. Researchers studying the effect of climate change on marine 
organisms conducted two experiments involving photosynthetic algae that have a symbiotic 
relationship with corals.
In Experiment 1, the researchers placed photosynthetic algal colonies living in corals in three 
different saltwater tanks. The temperature of Tank 1 was set to C27c , the average temperature 
at which most corals live. Water circulation in each tank mimicked natural ocean currents. 
After 30 days, the researchers counted the number of bleached corals. The tank setups are 
shown in the following list.

•	 Tank 1: C27c  and no sediment
•	 Tank 2: 3 C2c  and no sediment
•	 Tank 3: 3 C7c  and no sediment
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In Experiment 2, the researchers used the same photosynthetic algae living in corals but 
modified the conditions of the tanks as shown in the following list. Water circulation kept 
the sediment in the tanks suspended. After 30 days, the researchers counted the number of 
bleached corals.

•	 Tank 1: C27c  and no sediment
•	 Tank 2: C27c  and moderate sediment
•	 Tank 3: C27c  and high sediment

1.	Respond to parts A, B, C, D, E, F, G, H, I, and J.

Part A
Based on the information in the diagram, identify the elevation zone that has the highest 
species richness for the current distribution.

Part B
Describe a climate condition at high elevations that is different than it is at low elevations.

Part C
A predator at low elevations currently feeds on Species C and D. Based on the information in the 
diagram, describe what could happen to the predator species in the future in response to the 
predicted changes in the prey community.

Part D
Species C is considered a generalist, while Species E is considered a specialist. Explain why 
Species C and E are predicted to respond differently to climate change.

Part E
Based on the information in the diagram, explain why the bird community at low elevations 
in the future would be less likely to recover from natural disruptions than the current low-
elevation bird community.

Part F
Identify the independent variable in Experiment 1.

Part G
Identify a likely scientific question for Experiment 1.

Part H
In Experiment 2 the temperature of the tanks was held constant, while the amount of sediment 
was varied. Explain how this modification could affect the results of this experiment.

Part I
Changes in climate also affect Arctic ecosystems. One impact of climate change is the loss of ice 
and snow in polar regions. Describe a positive feedback loop that results from the loss of ice 
and snow in polar regions.
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Part J
Describe one problem that Arctic species, such as polar bears or ringed seals, face because of 
warming in polar regions.
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Chickadees are a K-selected species of bird that eat insects and spiders. Spiders consume insects, 
and many insects consume plants as shown in the following food chain.

Plants →  Insects →  Spiders

Chickadee habitat includes forests and residential yards. Residential yards often contain 
nonnative plants, which do not naturally exist in an area, but were introduced by humans.
Scientists measured the average number of insects and spiders as related to the percentage of 
nonnative plants (Figure 1). The scientists also measured the chickadees’ average population 
growth rate (Figure 2) to determine the impact of nonnative plants on chickadee populations.

Figure 1. Percentage of Nonnative Plants and Average Number of Individual  
Spiders and Insects
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Figure 2. Chickadee Population Average Growth Rate and Percentage of Nonnative
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1.	Respond to parts A, B, C, D, E, F, G, and H, and all subparts.
A.	Describe one reproductive strategy used by a K-selected species such as the chickadee.
B.	 Based on the information provided, explain how a decrease in spider populations could 

affect a lower trophic level.
C.	 Based on the data in Figure 1, identify the number of spiders per sample at 25% nonnative 

plants.
D.	Based on the data in Figure 1, describe the trend in the number of insects per sample in 

relation to the percentage of nonnative plants.
E.	 Scientists hypothesized that the population of chickadees would be stable or growing with 

fewer than 25% nonnative plants. Describe one way that the data in Figure 2 support this 
hypothesis.

F.	 Insect biodiversity is important to maintain ecosystem health. A group of students was 
interested in learning about factors that affect ant biodiversity. They located two study sites 
near their school: a frequently mowed urban park and an unmowed grassland. The students 
used traps designed to collect ants. They loaded 10 of these traps with the same food and 
placed them randomly at different locations within each site. Students collected the traps 
after 24 hours and counted the number of different ant species in each trap to determine 
species richness.

i.	 Identify a likely scientific question for the students’ investigation of ant diversity.
ii.	 Identify the dependent variable in the students’ investigation.

G.	The data from the student investigation of ant diversity are shown in the following table. An 
“X” in the table indicates that the species was present at that site.

Ant Species Present in an Urban Park and Unmowed Grassland

Site Species A Species B Species C Species D Species E Species F

Urban park X X X

Grassland X X X X X

i.	 Explain why the ant community of the unmowed grassland would be more likely to 
recover from a disturbance, such as a flood or fire, than the ant community in the 
mowed urban park would.

ii.	 Explain how the results of the investigation could have been altered if students had 
measured ant biodiversity at a paved playground rather than in the grassland.

H.	Habitat fragmentation has impacts on a variety of species. Paved roads can lead to habitat 
fragmentation.
Describe one effect that a paved road in a forest can have on animal species such as deer or 
bears.
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There is a natural climate phenomenon that occurs in the equatorial Pacific Ocean because of 
periodic fluctuations in sea surface conditions and atmospheric circulation. This phenomenon 
happens every few years, resulting in shifts in temperature and precipitation in many parts of 
the world.
Figure 1 shows temperature and precipitation patterns associated with one phase of this 
phenomenon in the equatorial Pacific Ocean. Figure 2 shows the associated temperature and 
precipitation patterns that occur over North America.

Figure 1. Effects of Changes in Sea Surface Conditions in Equatorial Pacific Ocean
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Figure 2. Polar Jet Stream and Climate Conditions in North America

7



AP Environmental Science: 2014Name: 2014 AP® ENVIRONMENTAL SCIENCE FREE-RESPONSE QUESTIONS 
 

 
© 2014 The College Board. 

Visit the College Board on the Web: www.collegeboard.org. 
 

  GO ON TO THE NEXT PAGE. 
-4- 

 

 3. Plate-tectonic theory states that the Earth’s lithosphere is broken into very slowly moving pieces or plates.  
Plate movements over vast stretches of time have led to the current orientation of our continents and oceans. 
Individual events along plate boundaries, such as earthquakes and volcanic eruptions, pose periodic threats to 
human activity and ecosystems. The “Ring of Fire” is a term that describes the location of increased seismic and 
volcanic activity around the margins of the Pacific Ocean basin. On the map above, each dot represents a 
volcano or an earthquake. 

(a) Japan, Indonesia, and the Philippines are examples of volcanic island chains that have formed along 
subduction zones between plates in the western Pacific.  

 (i) Describe what happens when two tectonic plates collide along a subduction zone.   

 (ii) Explain how subduction leads to volcanic activity.  

(b) Although the landscape following a volcanic eruption may appear unable to support ecological communities, 
over time the area can be transformed through succession. 

 (i) What is primary succession? 

 (ii) Explain how primary succession can lead to soil formation on a newly formed volcanic landscape.  

(c) In addition to volcanic activity, highly destructive tsunamis are generated along Pacific Plate subduction 
zones.  

 (i) Explain how a tsunami is generated along a subduction zone.  

 (ii) Describe one negative ecological impact that tsunamis have on coastal environments.  

(d) Southern California experiences periodic devastating earthquakes along the San Andreas Fault, which is a 
transform boundary located along the eastern edge of the Pacific Plate. 

 (i) Describe what happens to the tectonic plates along a transform boundary at the moment when an 
earthquake occurs.  

 (ii) Describe what happens to the tectonic plates along a transform boundary during the time between 
earthquakes. 
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