

These questions are designed in the Edexcel A-level Biology (Salters-Nuffield) style, covering a range of topics including metabolism, genetics, homeostasis, evolution, and experimental techniques. They also include a mix of short answer, data analysis, extended response, and practical-based questions 

Question 1: Transport of Substances in the Blood (Short Answer, 3 marks)
The article discusses how hibernating mammals, such as ground squirrels, recycle key nutrients during torpor.
(a) Explain how the circulatory system transports urea in the blood and how the body removes it. (3 marks)
Question 2: Enzyme Activity and Metabolism (Data Analysis, 5 marks)
The article states that hibernating mammals lower their metabolic rate during torpor. Scientists measured the enzyme activity of a metabolic enzyme in the Arctic ground squirrel and found the following:
	Temperature (0C)
	Enzyme Activity (arbitrary units)

	37
	8.5

	30
	6.2

	25
	4.0

	15
	1.5


(a) Describe the trend shown in the data. (2 marks)
(b) Explain how temperature affects enzyme activity and how this relates to metabolic rate in hibernating animals. (3 marks)
Question 3: Genetics and Comparative Genomics (Extended Answer, 6 marks)
The article mentions that scientists are using comparative genomics to identify genes responsible for hibernation.
(a) Explain how comparative genomics can help identify genes associated with hibernation. (3 marks)
(b) Discuss how gene expression studies could be used to determine which genes are active during hibernation. (3 marks)
Question 4: Homeostasis and Thermoregulation (Application, 4 marks)
The article states that some hibernating animals, like black bears, suppress their metabolism without significantly lowering their body temperature.
(a) Explain why mammals usually maintain a stable body temperature and describe one physiological mechanism they use to do so. (2 marks)
(b) Suggest a possible advantage for black bears maintaining a relatively high body temperature during hibernation. (2 marks)
Question 5: Space Exploration and Biology (Essay, 8 marks)
The article discusses how hibernation research could help astronauts survive long-duration space missions.
Discuss how an induced state of torpor could benefit astronauts during space travel, linking your answer to biological principles.
Question 6: Experimental Design (Practical-Based, 6 marks)
Scientists want to investigate the effect of torpor on heart rate in hibernating and non-hibernating mammals.
(a) State a suitable hypothesis for this investigation. (1 mark)
(b) Describe an experimental method to test this hypothesis, including key variables. (4 marks)
(c) Suggest one ethical consideration when using mammals in this experiment. (1 mark)
Question 7: Cellular Respiration (Short Answer, 3 marks)
During hibernation, some animals shift from glucose metabolism to increased fat metabolism.
(a) Explain why fats provide a more efficient long-term energy store than carbohydrates. (3 marks)
Question 8: Evolution and Adaptation (Essay, 6 marks)
The article suggests that early human ancestors may have had the ability to hibernate.
Discuss how natural selection could have played a role in the evolution of hibernation in mammals. (6 marks)
Question 9: Cardiovascular System (Data Analysis, 5 marks)
The heart rates of different mammals were measured before and during hibernation:
	Species
	Resting Heart Rate (beats per minute)
	Hibernating Heart Rate (beats per minute)

	Black bear
	40
	10

	Arctic ground squirrel
	200
	10

	Hedgehog
	190
	5


(a) Calculate the percentage decrease in heart rate for the hedgehog. (2 marks)
(b) Suggest why reducing heart rate benefits hibernating animals. (3 marks)
Question 10: The Role of Adenosine in Hibernation (Application, 4 marks)
The article describes how the neurotransmitter adenosine is linked to torpor.
(a) Explain how neurotransmitters function in the nervous system. (2 marks)
(b) Suggest how adenosine might be used to induce a state of torpor in medical treatments. (2 marks)
Question 11: Practical Techniques (Experimental Design, 6 marks)
Scientists want to test whether exposure to specific environmental cues, such as lower temperature and reduced daylight, triggers hibernation-related genes.
(a) Describe an experimental method to investigate this. (4 marks)
(b) Suggest a control for this experiment. (2 marks)
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