
AP® Environmental Science 2023 Free-Response Questions 

2. The diagram shows the movement of one adult manatee over a 12-hour period across an active shipping 
channel during the winter. Manatees are large, aquatic, herbivorous mammals that primarily eat seagrass. 
Manatees can travel several miles to graze. Manatees mature slowly, have low biotic potential, and inhabit 
warm coastal waters. They cannot survive in water below 20°C for extended periods of time. 

Satellite Track and Water Temperature Log of the Movement of One Adult 
Manatee Over a 12-Hour Period 

(a) Based on the information in the diagram, identify the temperature range of the water through which the 
majority of the adult manatee’s daily movement occurs. 

(b) Large groups of manatees are often observed in shallow waters near the waste water released by the 
electrical power plant during the winter. Based on the information in the diagram, identify a characteristic 
of the power plant waste water that would attract the manatees. 

(c) Based on the information in the diagram, describe a potential negative impact of the waste water released 
by the power plant on other aquatic species. 

(d) Seagrass beds have declined significantly over the last several years. In 2021 manatee mortality was three 
times higher than the previous five-year average. 

(i) Describe a characteristic of the manatees that increases their vulnerability to the recent decline of 
seagrasses. 

(ii) Describe the change in energy flow through the trophic levels that occurs when there is a significant 
loss of seagrasses. 

© 2023 College Board. 
Visit College Board on the web: collegeboard.org. 

GO ON TO THE NEXT PAGE. 4 



__________________________________________________________ 

AP® Environmental Science 2023 Free-Response Questions 

(e) Research has shown increased nutrient and sediment runoff can cause seagrass beds to decline. 

(i) Propose a solution to reduce nutrient or sediment pollution in an estuary that is surrounded by urban 
development. 

(ii) Justify the solution proposed in part (e)(i) by providing an additional advantage of reduced nutrients 
in an estuary, other than one related to manatees. 

Urban areas have a heavy dependence on automobiles and often experience photochemical smog. 

(f) Describe how summertime weather conditions can increase the frequency of photochemical smog. 

(g) Identify one ecological problem that results from exposure to photochemical smog. 

A potential solution to reduce photochemical smog in urban areas with high automobile traffic is to replace 
gasoline-powered cars with cars powered by hydrogen fuel cells. 

(h) Describe a potential disadvantage of using hydrogen fuel cells to power automobiles. 

Begin your response to this question at the top of a new page in the separate Free Response booklet 
and fill in the appropriate circle at the top of each page to indicate the question number. 
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Question 2: Analyze an Environmental Problem and Propose a Solution        10 points 
 
(a)  Based on the information in the diagram, identify the temperature range of the water 

through which the majority of the adult manatee’s daily movement occurs. 

• 13–19˚C  

1 point 
 

(b) Large groups of manatees are often observed in shallow waters near the waste water 
released by the electrical power plant during the winter. Based on the information in the 
diagram, identify a characteristic of the power plant waste water that would attract  
the manatees. 

Accept one of the following: 

• The waste water/It is warm. 
• The waste water/It is between 24–26˚C. 

1 point 
 

(c) Based on the information in the diagram, describe a potential negative impact of the 
waste water released by the power plant on other aquatic species. 

Accept one of the following: 

• Warming of the water near where the waste water/it is released reduces the 
amount of dissolved oxygen available for aquatic organisms to use/breathe. 

• Warming of the water near where the waste water/it is released could impact the 
survival/health of species with a range of tolerance for the original/lower water 
temperatures. 

• Warming of the water near where the waste water/it is released could alter/affect 
the timing of reproductive cycles for aquatic species. 

1 point 

(d) (i) Describe a characteristic of the manatees that increases their vulnerability to the recent 
decline of seagrasses. 

Accept one of the following: 

• They eat seagrass/are herbivores, so they would have less food/starve. 
• They require a lot of energy to survive, so they would have less food/starve. 
• They inhabit warm water, so they would need to travel to colder waters/further to 

find food/seagrass. 
• They have a low reproductive/maturation rate, so they would take longer to recover 

from loss of food source. 

1 point 
 

 

(d)   (ii) Describe the change in energy flow through the trophic levels that occurs when there is 
a significant loss of seagrasses. 

Accept one of the following: 

• Less energy will flow/is available to organisms in higher trophic levels. 
• Less energy from the Sun is stored by producers. 

1 point 

 Total for part (d) 2 points 
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(h) Describe a potential disadvantage of using hydrogen fuel cells to power automobiles. 

Accept one of the following: 

• High cost to manufacture automobiles that use hydrogen fuel cells. 
• Obtaining hydrogen requires a lot of energy/may consume more energy than the 

hydrogen fuel can produce. 
• Hydrogen is explosive/flammable (may catch fire). 
• Lack of infrastructure (such as fueling stations) for hydrogen fuel. 
• Obtaining hydrogen often uses fossil fuels. 
• Hydrogen must be obtained by separating it from natural gas or water. 

1 point 

 Total for question 2 10 points 

 


