
 
 

O-level biology 
 

Temperature regulation 
The body temperature must be kept constant because enzymes work best within narrow 

temperature range. At very low temperature enzymes are inactive whereas at very high 

temperature enzymes are denatured both two condition are harmful life. 

 

There are two types of temperature regulation in higher animals; behavioral and metabolic 

mechanism.  

 

In behavioral mechanism, an animal feeling hot will move to a cooler place and one feeling cold 

will move to hotter place.  

 

In a metabolic mechanism, fall in body temperature leads to increase body metabolism that 

produce heat while a rise in body temperature cause low metabolism producing less heat and also 

institute mechanisms that increase heat loss. 

 

Animals whose body temperature varies with environmental temperatures are called cold 

blooded, ectotherm or poikilothermic.  

 

Animals that maintain constant body temperature irrespective of environmental temperature are 

known as warm blooded or hoiothermic or endotherm.  

The figure below shows the relationship between body temperature and environmental 

temperature for a cat (endothermal) and a lizard (ectothermal). 

 

The figure below shows the relationship between body temperature and environmental 

temperature for a cat (endothermal) and a lizard (ectotherm). 
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Advantages of being endothermic animals 

1. Survives in a wide ranges of environmental temperatures. 
2. Metabolic reactions in the body are always carried out effectively no matter variations 

in surrounding temperature. 
3. The response of the organism to stimuli are always quick 
4. High metabolic activities 

 

Disadvantages of endotherms 

1. High food consumption to obtain energy 
2. High demand for insulation in cold condition 

 

Advantage of ectotherms 

1. Low food consumption since it is not used to maintain body temperature. 
2. Bodies are less affected by wide environmental temperature variation 

 

Disadvantage of ectotherm 

1. Low Basal metabolic rates 
2. Slow response to stimuli 
3. Limited ecological niches since they cannot survive in extreme temperature changes. 

 

Regulation of body temperature by cold-blooded animals 

Cold blooded animals regulate their body temperature entirely by behavioral means such as 
(i) Basking in the sun to gain heat in reptiles 

(ii) Moving into shade to cool the body when it is hot 

(iii) Burrowing of most animals when it is cold 

(iv) Salivating over the neck and legs in tortoise when hot; evaporation of saliva cools the body. 

(v) Thermal gaping in large reptile i.e. crocodiles open their mouth to allow evaporation of 

water leading to heat loss. 

(vi) Going into hibernation (a state of long sleep) to conserve energy 

Regulation of body temperature by warm-blooded animals such man 

 

Warm blooded animals regulate their body temperature by both behavioral and metabolic 

mechanism. 

 

The principal organ for temperature in man is the skin 

 



           
 

 

Response to cold 
1. Rector pili muscle contract raising the hair. Air gets trapped in the spaces between the hairs and 

insulates the body 

2. The arterioles leading to the superficial capillaries contract. As a result, the blood flow is 

diverted from the surface cutting down the heat loss. 

3. Metabolic rate increases, heating up the body. 

Behavioral response to cold 
- Engaging in exercises (making a lot of noise in some organism) 
- Taking hot drink or bath 
- Wearing heavy clothes 
- Burrowing 
- Hibernation 

 

 

Responses to hot conditions 
1. The hair is lowers by relaxation of the erector pili muscle and removing air insulation  

2. The arterioles leading to superficial capillaries dilate and as a result of blood flow to the surface 

is increases leading increased heat loss 

3. Sweating (panting in dogs) occurs and evaporation of water cools the body 

4. Metabolic rate decreases reducing heat production. 

Behavioral response to hot conditions 
- Moving to cold places 
- bathing 

 

 

Adaptation animals to cold climate such temperate regions 
1. Animals are bigger in size to reduce surface area to volume ratio. 

2. Animals have smaller extremities such ears short legs to reduce surface area to heat loss. 



3. Migration: animal move to warm areas. 

4. Hibernation: during hibernations animals are in a state of long sleep, their metabolism and body 

temperature fall to save on energy requirement 

5. Their arteries and veins to the extremities are very close to ensure the blood return in the vein 

to the heart from the extremities is warmed first minimizing heat loss. 

6. Heavy insulation of thick hair and subcutaneous fats. 

Adaptation of animals to hot environment such as desert 
1. Larger extremities such as big ears. 

2. Low insulations such as lack of too much fats and hair. 

3. Are small to increase the surface areas to volume for higher rates of heat loss 

 

Other  functions of the human skin  

- Provides a protective barrier against mechanical, thermal and physical injury and 
hazardous substances.  

- Prevents loss of moisture.  
- Reduces harmful effects of UV radiation.  
- Acts as a sensory organ (touch, detects temperature 
 

 

Exercise 
 

Objective type question 

1. The difference between endotherms and ectotherms is that ectotherms 

A. Are more active than endotherms 

B. Cannot regulate their body temperature 

C. Gain less heat than endotherms 

D. Eat more food than endotherms 

2. Which one of the following occurs in mammal which is in cold environment? 

A. More blood flows to the skin. 

B. Metabolic rate decrease 

C. Vasoconstriction of the skin occurs. 

D. Erector pili muscle relax 

3.  An advantage that a lizard has over a cat is that it 

A. Has a constant metabolic rate 

B. Has a lower food consumption per unit body mass 

C. Can live in any environment 

D. Is active throughout the day 

4. Vasodilatation is likely to occur together with 

A. Vasoconstriction 

B. Shivering 



C. Sweating 

D. Increased metabolism 

5. Which of the following responses of the body occur at the same time due to over heating? 

A. Vasodilatation and reduction in metabolic rate 

B. Vasoconstriction and raising of the air 

C. Vasoconstriction and shivering 

D. Raising of the hair and shivering 

6.Fig. Shows changes in the body temperature with environmental temperature in an 

animals 

 

           
 

 

 

 

 

Which one of the following could be the animal represented? 
A. Bird 

B. Dog 

C. Human 

D. Frog   

6. The following are responses to cold conditions in mammal 

(1) Vasoconstriction 

(2) Hair standing up 

(3) Shivering 

(4) Increase in metabolic rate 

Which of these, both reduce heat loss? 
A. 1 and 2 

B. 1 and 4 

C. 2 and 3 

D. 3 and 4 

7. Which one of the following pairs of activities consist of correct responses to cold in a mammal? 

A. Vasoconstriction, hair standing 

B. Increased metabolism, hair lying flat 

C. Increased sweating, hair standing 

D. Increased blood flow to the skin surface, hair lying flat 



8. The main value of sweating in man is that during the process 

A. Excess water is lost 

B. Excess salt is got rid of 

C. The body is cooled 

D. Excess nitrogenous waste is got rid of 

9. Which one of the following is a reaction to over-cooling by mammalian body? 

A. Dilation of blood vessel 

B. Sweating 

C. Decrease in metabolic rate 

D. Shivering 

10 . The main value of panting in dog is that 
A. Excess water is removed from the body 

B. Latent heat of vaporization cools the body 

C. Excess mineral salts are removed from the body 

D. The dog relaxes from exhaustion 

  



11. The graph below shows the body temperature of a frog varies with that of air over a 24hour 

period 

 
 

Which one of the following is correct about the temperature control in a frog 
A. The frog keep temperature constant irrespective of time of the day 

B. The frog’s body temperature increases as the air temperature increases 

C. The frog’ temperature is highest at noon 

D. The difference in the body temperature of the frog and the surrounding is constant throughout. 

12. Where in mammalian skin is melanin pigment found? 
A. Malphighian layer 

B. Granular layer 

C. Cornified layer  

D. subcutaneous layer 

13. The following are body responses to change in temperature in mammal 
(i) Shivering 

(ii) Decreased blood supply to the skin 

(iii) Decrease in sweat production 

(iv) Relaxation of erector pilI muscle 

Which two of the following are responses to fall in temperature 
(a) (i) and (ii) 

(b) (ii) and (ii) 

(c) (iii) and (ii) 

(d) (i) and (iii) 

14. In body temperature regulation, vasoconstriction 
A. Allow less blood to enter the skin capillary network 

B. Allow less urine to be secreted onto the bladder 

C. Allow more sweat to be secreted by sweat gland 

D. Increases heat loss by radiation 

 

 



15. Which one of the following processes helps lower body temperature to animals? 
A. Vasodilatation 

B. Vasoconstriction 

C. Shivering 

D. Raising of hair on the skin 

16. Which one of the following does not cause an increase in body temperature 
A. Constriction of peripheral blood vessels 

B. Shivering of muscle 

C. Increased metabolic rate 

D. Dilation of deep lying blood vessel 

17. Which one of the following body activities occurs during cold weather? 
A. Sweat production increases 

B. Blood capillaries dilate 

C. Spasmodic contraction of muscles occurs 

D. More blood flow to the surface of the skin 

18. Which one of the following is a longterm adaptation to low environmental temperatures? 
A. Deposition of fat under the skin 

B. Increased metabolic rate 

C. Raising hair 

D. Reduction in subcutaneous fats 

Structured Questions 

19.    Figure below shows a longitudinal section of human skin 

 

 

 

 

 

 

 

 

 

 

 

 

 
(a) (i) Name the parts A to F 

A …………………………………………………………………………………………………………………. 

     B…………………………………………………………………………………………………………………. 

     C ………………………………………………………………………………………………………………… 

     D ………………………………………………………………………………………………………………… 

     E ………………………………………………………………………………………………………………… 

A 

B 
C 

D 

E 



(b) State the function of each of the parts labeled A, B, D and E 

     A …………………………………………………………………………………………………………………. 

     B…………………………………………………………………………………………………………………. 

     C ………………………………………………………………………………………………………………… 

     D ………………………………………………………………………………………………………………… 

     E ………………………………………………………………………………………………………………… 

(c) Using ant one observable feature on the diagram, suggest the type of temperature condition the skin 

is responding to. State the observable feature as a reason for your answer 

Temperature condition ………………………………………………………………………………… 

Observable features:  

 

20. The graph below shows the relationship between body temperature and external temperature 

in a human being and a lizard 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(a) What happens to the temperature of each organism as the external temperature increase? 

Human ……………………………………………………………………………………………….. 

……………………………………………………………………………………………………………. 

Lizard ………………………………………………………………………………………………… 

………………………………………………………………………………………………………….. 

(b) (i) What is the difference between warm-blooded and cold blooded animals 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

(ii)   Human are sometimes described as warm-blooded (homoeothermic. State the advantage of 

this condition? …………………………………………………………………..……………………………………………… 

…………………………………………………………………………………………………………………. 

(c) Suggest how a lizard in the desert conditions might avoid overheating if external temperature rose 

above 400C:  



 

……………………………………………………………………………………. 

21. a)(i) give the main difference between cold blooded (ectothermic) and warm blooded 

(endothermic) animals 

………………………………………………………………………………. 

………………………………………………………………………………. 

 (ii) Give one advantage that an endothermic animals has over an ectothermic animals 

……………………………………………………………………………… 

……………………………………………………………………………. 

 (iii)  Why are ectothermic animals said to be cold blooded. 

……………………………………………………………………………….. 

(iv) Give four ways in which an ectotherm reacts to the lowering of external temperature 

 

22. Explain how each of the following featured in a mammal affects body temperature. 

(a) Size of the animal  (02mark) 

(b) Hair/fur on the skin (02mark) 

(c) Fat under the skin (02mark) 

(d) Why is it important to maintain constant body temperature? 

 

Assay questions 

23. (a) State four ways by which mammalian loses 

(i) Heat 

(ii) Water 

-  

(b) How does the mammalian body maintain a constant body temperature? 

 

24. (a) Explain the advantages of ectotherm and endothermy (09marks) 

      (b) A shrew is the smallest mammal in Africa. It eats a lot of food which is mainly insects, 

rich in fats. Explain why the shrew eats  

(i) a lot of food 

(ii) mainly insects rich in fats 

25. Table 1 shows the body surface area and volume of two land mammal A and B. Table 2 

shows the rate of metabolism in arbitrary units, of the two animals at varying environmental 

temperature 

Table 1 

Mammal  Surface area (m
2
) Volume (m

3
) 

A 1.2 0.92 

B 0.6 0.18 

 



Table 2 

Environmental 

temperature(
0
C) 

Metabolic rate (arbitrary units) 

Mammal A Mammal B 

16 10.5 12.9 

18 8.9 10.9 

20 7.5 9.2 

22 6.4 7.8 

24 5.6 6.7 

26 5.0 5.8 

(a) From Table 1 

(i) Work out the surface area: volume ratio of each mammal 

(ii) State the structural difference between mammal A and B 

(b) Using the space provided, plot on the same graph the metabolic rate of the two animals against 

environmental temperature. (07 marks) 



 
(c) From your graph, determine the metabolic rate of each animal at environmental temperature of 

250C (02marks) 

(d) (i) How does environmental temperature affects the metabolic rate of the mammal? (02marks) 

(ii) Explain why variation of temperature affects the metabolic rate of the mammals as stated in 

(d)(i)? (02marks) 

 

(e) From the information provided explain why at any environmental temperature, the metabolic 

rate of mammal B is higher than that of mammal A. (03 marks) 

 

 

 

 



Answers 
1. B  6. D  11. B   16. D 

2. C  7. A  12. A  17. C 

3. C  8. A  13. A  18. A 

4. B  9. C  14. A 

5. A  10. B  15. B 

 

Structured questions 

 

19(a)  A – Sweat gland 

 B - sweat pore  

 C – blood capillaries 

D – hair 

E – erector pili muscle 

(b)     A – sweat gland produces sweat 
B – sweat pore produces sweat 

D – hair insulates the body 

E – Erector pili muscle regulates the status of the hair 

 (c)    Temperature condition: hot 

 Observation:  blood capillaries dilated 

   Hair lies flat on the skin 

 

20. (a) Human: body temperature remains constant 

 Lizard: body temperature increases with external temperature 

      (b) (i) Endotherms maintain constant body temperature irrespective of that of surrounding 

temperature using metabolic means while ectotherms their body temperature varies 

with environmental temperature. 

           (ii) To Provide enzymes with constant optimum temperature all the time irrespective of 

external environment temperature. 

   

      (c) move to cool place 

21 (a)(i)  Warm-blooded animals maintain constant body temperature irrespective of that of the 

surrounding while cold-blooded animals don’t. 

          (ii) Maintain constant body temperature optimum for their enzymes 

          (iii) Their body temperature fluctuates with that of the environment  

          (iv)  Move to hot area 

            hibernate 

           burrow 

             sleep in a heap to generate heat 

 

22 (a)  Size of animal: Big animals have small surface area to volume ratio which reduces the 

rate of heat loss from the body. 

 

     (b) Hairs insulate the body. 

  



  (c) Fat under the skin: insulate the body against heat loss. Respiratory breakdown of fat 

produces heat that maintains body temperature. 

  

  (d)  Enzymes work best at optimum temperature. 

    Assay questions 
(i) 23 (a)(i)  By releasing hot breath. 

By releasing hot urine 

By releasing hot feces 

Radiation from the skin 

Sweating  

(ii) Through breathing 

Through urination 

Through sweating 

Through faeces (especially diarrhea) 

Through vomiting 

Spitting 

 

(b) When a mammal is subjected to the cold environment, it responds as follows to maintain high 

body temperature 
- Metabolic rate increases, heating inside the body 

- The arterioles leading to superficial capillaries constrict. As a result blood flow to the surface of the 

skin is reduced, there by cutting down the loss of heat to the surrounding 

- The hair is raised to a more vertical position by contraction of the erector pili muscles. Air gets 

trapped in the space between the hairs and being a poor conductor of heat, it insulates the body 

against heat loss. 

Responses to hot conditions 
- The hair is lowers by relaxation of the erector pili muscle and removing air insulation  

- The arterioles leading to superficial capillaries dilate and  as a result of blood flow to the surface 

is increases leading increased heat loss 

- Sweating (panting in dogs) occurs and evaporation of water cools the body 

- Metabolic rate decreases reducing heat production. 

 

24. (a) Advantages of being endothermic animals 

(i) Survives in a wide ranges of environmental temperatures. 
(ii) Metabolic reactions in the body are always carried out effectively no matter 

variations in surrounding temperature. 
(iii) The response of the organism to stimuli are always quick 
(iv) High metabolic activities 

         Advantage of ectotherms 

(i) Low food consumption since it is not used to maintain body temperature. 
   (b) Shrew have big surface area to volume ratio leading to high rate of heat loss, thus 

          (i) eat a lot of food to provide energy to maintain body temperature 



       (ii) eat fatty insects because oxidation of fats provides large amount of heat per unit mass 

compared to other food values 

 

25. (a)(i) 
                 

           
  

   

    
        

 

    
                 

           
  

   

    
        

 (ii) B is smaller than A 

       B is flatenned while A is not 

     (b) 

 

 
(c)  A. 5.3 arbitrary units 

      B. 6.2 arbitrary units 

(d)(i) metabolic rate increases as temperature decreases 

    (ii) When the temperature decreases, the rate of heat loss increases, thus metabolic rate 

increases to compensate for heat loss. 

(e) Animal B has a big surface area to volume ratio than animal A, thus, animal B has a higher 

rate of heat loss 


