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Question 4 
 
In many ways, all organisms in a food web can be said to be solar-powered. The producer level of the food 
web is responsible for the transformation of the solar energy into a form that can be used by other living 
organisms. 
 
(a)  Discuss the role of green plants in transforming the Sun’s energy into a form that can ultimately be 

used by heterotrophs. (6 points maximum) 
Required (Student cannot earn the maximum of 6 points without earning these 3 points) 

• Energy transformation (photosynthesis -> chemical energy/glucose/G3P/ 
PGAL/starch/carbohydrate/chemical bonds) 

• Chlorophyll or chloroplast required (“green pigment” not credited) 
• Function of chlorophyll—light/energy capture concept 

Parts of photosynthesis (in context or with explanation) (3 points maximum) 
• Photolysis (splitting of water)—oxygen and/or electrons released  
• Chemiosmosis (or explanation) 
• ATP production 
• NADPH production/reduction 
• Photosystems II and I in correct order  
• Calvin Cycle 
• CO2 fixation 
• Products of light-dependent reactions used in light-independent (dark) reactions 

 
(b)  Discuss the flow of energy from producers through top carnivores in a food web in terms of the laws of 

thermodynamics. (6 points maximum) 
Required (Student cannot earn the maximum of 6 points without earning these 2 points) 

• Statement/definition of 1st Law of Thermodynamics 
• Statement/definition of 2nd Law of Thermodynamics 

(definitions must be correct, but students are not penalized for misnumbering the laws) 
Concepts of energy flow (in context or with explanation) (4 points maximum) 

• 10 percent rule/Not all energy transferred to next level/Very little energy transferred to next 
level/energy lost at each level 

• Explanation of energy loss (e.g., used in metabolism, locomotion, etc.) 
• Lost energy as heat/entropy/2nd law illustrated as heat loss or inefficiency 
• Energy pyramid (explained) 
• More energy at producer level than at consumer levels 
• Scarcity of energy at higher trophic levels 
• Limited number of consumer levels 
• Very few top carnivores 
• 1st law illustrated as conversion of solar energy to chemical energy or as conversion of chemical 

energy to chemical energy (e.g., Glucose to ATP) 
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Question 4 
 
Sample: 4A 
Score: 10 
 
The response earned the maximum of 6 points in part (a). The 3 required points were earned for 
mentioning the conversion of light energy to chemical energy, the presence of chlorophyll, and the 
function of chlorophyll. Points were also earned for photolysis, photosystem II/I, and ATP production. 
Additional points could have been earned for the Calvin cycle and CO2 fixation if the maximum for part (a) 
had not already been reached. In part (b) the response earned a point for a description of the first law, a 
point for the 10 percent rule, a point for the loss of energy as heat, and a point for the description of the 
second law. 
 
Sample: 4B 
Score: 6 
 
The first sentence restates the question and did not earn points. In part (a) the response earned a point for 
the presence of chlorophyll, and a point for its function. The response also earned the photosystem II/I 
point, the Calvin cycle point, and the CO2 fixation point. In part (b) the response mentions the laws but 
does not describe them. A point was earned for explaining that less energy is available for organisms at 
higher trophic levels.  
 
Sample: 4C 
Score: 4 
 
In part (a) the response earned a point for the conversion of light energy into chemical energy, and a point for 
the participation of chloroplasts in this process. No points were earned for the mention of the Calvin cycle, 
since it is confused with chemiosmosis. In part (b) the response earned a point for the loss of usable energy in 
metabolism, and a point for the 10 percent rule. 
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