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3. Sand lances of the genus Ammodytes are small fish that function as keystone organisms in several coastal 
ecosystems. These sand lances are prey fish that support organisms at higher trophic levels. Scientists 
performed experiments to examine how sand lance populations are likely to be affected by the rising 
temperatures and CO2 levels associated with climate change. 

Sand lance embryos typically develop and mature into adult fish at low temperatures (approximately 5°C) and 
stable, low CO2 levels (approximately 400 μatm). Over the course of two years, the scientists measured the 
survival rate of sand lance embryos allowed to develop and mature in a laboratory at three different 
temperatures, 5°C, 7°C, and 10°C, with the level of CO2 maintained at 400 μatm , 1,000 μatm, and 
2,100 μatm  for each temperature. 

(a) Describe the effect of increased biodiversity on the resilience of an ecosystem in a changing environment. 

(b) Justify the scientists’ selecting 5°C as the lowest temperature and 400 μatm  as the lowest CO2 level in 
their study of sand lance embryo survival. 

(c) State a null hypothesis for the experiment. 

(d) The scientists claim that a reduction in the population size of the Ammodytes sand lances will affect the 
stability of the entire coastal ecosystem. Provide reasoning to support the scientists’ claim. 

Write your responses to this question only on the designated pages in the separate Free Response booklet. 
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7. Smell perception in mammals involves the interactions of airborne odorant molecules from the environment with
receptor proteins on the olfactory neurons in the nasal cavity. The binding of odorant molecules to the receptor
proteins triggers action potentials in the olfactory neurons and results in transmission of information to the brain.
Mammalian genomes typically have approximately 1,000 functional odorant-receptor genes, each encoding a
unique odorant receptor.

(a) Describe how the signal is transmitted across the synapse from an activated olfactory sensory neuron to the
interneuron that transmits the information to the brain. 

(b) Explain how the expression of a limited number of odorant receptor genes can lead to the perception of 
thousands of odors. Use the evidence about the number of odorant receptor genes to support your answer. 

8. An individual has lost the ability to activate B cells and mount a humoral immune response.

(a) Propose ONE direct consequence of the loss of B-cell activity on the individual’s humoral immune response
to the initial exposure to a bacterial pathogen. 

(b) Propose ONE direct consequence of the loss of B-cell activity on the speed of the individual’s humoral 
immune response to a second exposure to the bacterial pathogen. 

(c) Describe ONE characteristic of the individual’s immune response to the bacterial pathogen that is not 
affected by the loss of B cells. 

STOP 

END OF EXAM 

1


