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CELL BIOLOGY 

1. Researchers in Mbale District compared lung tissue samples from long-term smokers and 

non-smokers to understand why smokers often experience shortness of breath, fatigue, and 
persistent coughing. Some samples were obtained from individuals who had been working in 

poorly ventilated areas and had diets low in antioxidants. 

 

Observation Non-smoker Smoker 

Elastic fiber content (%) 95 40 

Collagenase enzyme activity (%) 100 180 

Alveolar wall thickness (µm) 2 5 

Number of alveoli per mm² 120 70 

Vital capacity (L) 4.8 2.9 

Task: 

(a) Explain how enzyme activity and connective tissue changes contribute to reduced lung 
efficiency. 

(b) Evaluate physiologically supported strategies to prevent or reverse such damage. 
 

(a) Explain how enzyme activity and connective tissue changes contribute to reduced lung 

efficiency. 

• Smoking and low antioxidant intake increased collagenase and elastase activity, causing 

excessive breakdown of elastic fibres in alveolar walls; reduced elasticity lowered lung 

recoil during expiration, causing air trapping, reduced ventilation, low vital capacity, 

breathlessness, and fatigue. 

• Chronic smoke exposure triggered inflammation involving macrophages and neutrophils, 

causing excess collagen deposition and thickening of alveolar walls; the increased diffusion 

distance slowed movement of oxygen and carbon dioxide, reducing gaseous exchange 

efficiency and causing fatigue and persistent coughing. 

• Destruction and rupture of alveolar connective tissue by proteolytic enzymes reduced the 

number of alveoli and respiratory surface area; reduced surface area lowered oxygen 

uptake and ATP production during aerobic respiration, leading to reduced lung efficiency 
and shortness of breath. 

• Low antioxidant levels failed to neutralise reactive oxygen species ROS from cigarette 

smoke, causing oxidative damage to alveolar membranes and connective tissues; this 

further activated inflammatory enzymes, worsening alveolar destruction and impaired 

gaseous exchange. 

 

(b) Evaluate physiologically supported strategies to prevent or reverse such damage. 

• Smoking cessation and avoiding polluted poorly ventilated environments remove smoke 
oxidants and inflammatory stimulants that activate collagenase and elastase; reduced 

inflammation prevents further destruction of elastic fibres, improving lung recoil, gaseous 

exchange, and vital capacity. 
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• Antioxidant-rich nutrition and vitamin C or vitamin E supplementation neutralise excess 

reactive oxygen species ROS, protecting alveolar membranes, elastin, and capillary walls 

from oxidative damage; this reduces inflammatory enzyme activity and slows alveolar 

destruction. 

• Pulmonary rehabilitation and breathing exercises strengthen respiratory muscles such as 

the diaphragm, improving ventilation and alveolar oxygen uptake; improved oxygen supply 
increases ATP production, reducing fatigue and breathlessness. 

• Anti-inflammatory therapy and enzyme-inhibiting treatment suppress inflammatory 

cells and excessive collagenase and elastase activity, reducing connective tissue 
destruction, mucus accumulation, and airway obstruction, thereby improving airflow and 

reducing persistent coughing. 

2. Medical students at Mulago Hospital examined epithelial samples from residents living 

near Kampala’s Northern Bypass, where traffic pollution is heavy. Residents reported 

frequent coughing and throat irritation. The polluted zone had visibly darker dust deposits 

and frequent temperature inversions at night, reducing air movement. 

Parameter Control (Suburban Area) Polluted Zone 

Ciliated epithelial cell density (cells/mm²) 320 110 

Mucus viscosity (Pa·s) 0.8 2.3 

Lysozyme enzyme activity (%) 100 40 

Alveolar macrophage count 1200 600 

Bacterial colonies per sample 5 25 

Task: 

(a) Analyse how structural and enzymatic changes in the respiratory epithelium impair its 
function. 

(b) Evaluate community and biological strategies to reduce damage and restore respiratory 

health. 

 

(a) Analyse how structural and enzymatic changes in the respiratory epithelium 

impair its function. 

• Traffic pollution and dust deposits damaged ciliated epithelial cells, reducing their 

density from 320 to 110 cells/mm²; fewer cilia lowered mucociliary movement, so 

trapped dust, microbes, and mucus were not swept towards the pharynx, causing 

accumulation of irritants, throat irritation, persistent coughing, and increased infection 

risk. 

• Pollutants increased mucus viscosity from 0.8 to 2.3 Pa·s, making mucus thicker and 

harder to move; thick mucus reduced ciliary beating efficiency, blocked air passages, 

trapped bacteria for longer, and increased coughing as the body attempted to clear the 

respiratory tract. 

• Pollution reduced lysozyme activity from 100% to 40%, weakening enzymatic 

destruction of bacterial cell walls made of peptidoglycan; bacteria survived and 

multiplied, increasing colonies from 5 to 25 per sample, causing inflammation, 

irritation, and respiratory infections. 
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• Pollutants reduced alveolar macrophages from 1200 to 600, weakening phagocytosis 

of dust particles, dead cells, and bacteria; reduced phagocytic activity allowed 

microbes and particles to persist in airways, increasing inflammation, coughing, and 

impaired respiratory defence. 

(b) Evaluate community and biological strategies to reduce damage and restore 

respiratory health. 

• Traffic emission control reduces release of smoke, soot, nitrogen oxides, and 

particulate matter from vehicles; lowering pollutant exposure protects ciliated 

epithelium, reduces irritation and mucus thickening, improves mucociliary clearance, 

and prevents further airway damage. 

• Improved ventilation and urban greening increase air movement and trap dust 

particles on plant surfaces; reduced pollutant concentration lowers epithelial injury, 

decreases mucus viscosity, improves cilia function, and reduces coughing and throat 

irritation. 

• Hydration and steam inhalation reduce mucus thickness by increasing water 

content in airway secretions; less viscous mucus is moved more easily by cilia, 

improving clearance of dust and microbes, reducing airway blockage and persistent 

coughing. 

• Early treatment of respiratory infections and immune support restores biological 

defence by controlling bacterial growth and supporting lysozyme action and 

macrophage phagocytosis; reduced microbial load lowers inflammation, protects 

epithelial tissue, and improves respiratory health. 

 

3. Two muscle samples were examined following exercise-related injuries. One belonged to a 
patient consuming high protein and vitamin-rich meals, while the other came from a patient 

with low dietary protein intake and chronic inflammation. 

 

Sample Myofibril 
alignment 

Nuclei/fiber Collagen 
deposition 

CK Enzyme Activity 
(U/L) 

Normal Regular 5 Low 120 

Injured Disorganized 10 High 400 

Task: 

(a) Analyse how these changes show structure function relationships and muscle repair 
mechanisms. 

(b) Evaluate strategies to promote healthy muscle regeneration and prevent fibrosis. 

 

(a) Analyse how these changes show structure-function relationships and muscle 

repair mechanisms. 

• Exercise injury caused disorganised myofibril alignment, disrupting the regular 

arrangement of actin and myosin filaments; poor sarcomere organisation reduced 

coordinated sliding filament contraction, lowering force production and causing muscle 

weakness, pain, and reduced movement. 
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• Muscle damage increased nuclei per fibre from 5 to 10 because satellite cells were 

activated, divided by mitosis, and fused with damaged fibres; the extra nuclei 

increased protein synthesis for actin, myosin, and repair enzymes, showing active 

regeneration after injury. 

• Injury and chronic inflammation increased collagen deposition, causing replacement 

of functional muscle tissue with fibrous scar tissue; excess collagen reduced elasticity 

and blocked normal myofibril arrangement, leading to stiffness, weak contraction, and 

fibrosis. 

• Raised CK enzyme activity from 120 to 400 U/L showed leakage of creatine kinase 

from damaged muscle cell membranes; membrane rupture allowed CK to enter blood, 

indicating muscle fibre injury and impaired structural integrity. 

(b) Evaluate strategies to promote healthy muscle regeneration and prevent 

fibrosis. 

• Adequate protein intake supplies amino acids needed to rebuild actin, myosin, 

enzymes, and connective tissue proteins; this supports satellite cell repair, restores 

myofibril alignment, improves contraction strength, and prevents weak regeneration. 

• Vitamin-rich antioxidant nutrition supplies vitamins C and E that reduce reactive 

oxygen species and inflammation; vitamin C supports controlled collagen synthesis, 

while antioxidants protect muscle cell membranes, reducing further fibre damage and 

promoting healthy repair. 

• Controlled physiotherapy and gradual exercise stimulate proper alignment of 

regenerating myofibrils along lines of tension; this improves sarcomere organisation, 

restores muscle strength, prevents stiffness, and reduces excessive scar formation. 

• Anti-inflammatory management reduces chronic inflammatory signalling that 

stimulates fibroblasts to deposit excess collagen; controlled inflammation allows 

satellite cells to regenerate muscle instead of forming fibrotic scar tissue, preventing 

fibrosis and restoring function. 

4. A clinic investigated how smoking and chemical exposure affect respiratory health. 

Samples from a smoker and a healthy non-smoker were analysed. The smoker also reported 
frequent dehydration and poor dietary habits. 

 

Tissue 

Type 

Cilia Density 

(per mm²) 

Goblet Cells 

(per mm²) 

Mucus Thickness 

(µm) 

Oxygen Uptake Rate 

(mL/min) 

Healthy 280 80 5 200 

Smoker 100 200 15 90 

Task: 

(a) Analyse how structural changes in epithelial tissue impair its function. 

(b) Evaluate public-health or lifestyle strategies to reduce tissue damage and promote 
recovery. 
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(a) Analyse how structural changes in epithelial tissue impair its function. 

• Smoking and chemical exposure reduced cilia density from 280 to 100 per mm²; 

fewer cilia weakened mucociliary clearance, so dust, microbes, and mucus remained in 

the airway, causing irritation, coughing, infection risk, and reduced epithelial 

protection. 

• Smoke irritation increased goblet cells from 80 to 200 per mm², causing excess mucus 

secretion; the thick mucus layer blocked air passages, reduced airflow, trapped 

pathogens, and forced frequent coughing to clear the respiratory tract. 

• Dehydration and poor diet increased mucus thickness from 5 to 15 µm because 

airway secretions had less water and poorer epithelial maintenance; thick mucus 

slowed ciliary beating, blocked diffusion and ventilation, and reduced oxygen uptake 

from 200 to 90 mL/min. 

• Reduced oxygen uptake lowered oxygen delivery to tissues, limiting aerobic 

respiration and ATP production; this caused fatigue, breathlessness, poor tissue 

repair, and reduced respiratory efficiency. 

(b) Evaluate public-health or lifestyle strategies to reduce tissue damage and 

promote recovery. 

• Smoking cessation removes toxic chemicals, tar, and irritants that destroy cilia and 

stimulate goblet cell enlargement; this allows epithelial repair, restores mucociliary 

clearance, reduces mucus overproduction, and improves oxygen uptake. 

• Avoiding chemical exposure and improving air quality reduces inhaled pollutants 

that inflame respiratory epithelium; lower irritation protects ciliated cells, reduces 

goblet cell stimulation, improves airflow, and prevents further tissue damage. 

• Adequate hydration increases water content of mucus, reducing its thickness; thinner 

mucus is moved more effectively by cilia, clearing microbes and dust, reducing airway 

blockage, coughing, and infection risk. 

• Balanced antioxidant-rich diet supplies proteins, vitamins A, C, and E needed for 

epithelial repair and protection against reactive oxygen species; improved nutrition 

supports cell replacement, restores epithelial barrier function, and promotes recovery of 

respiratory efficiency. 

5. A medical investigation explored why diabetic patients experience delayed wound healing 

after skin burns. Samples were collected from two patients one with controlled glucose levels 
and another with poorly managed diabetes. The diabetic patient also had reduced physical 

activity and poor hydration habits. 

 

Observation Normal Skin Diabetic Burn Skin 

Epidermal cell division rate (cells/day) 240 80 

Collagenase activity (%) 100 40 

Fibroblast density (per mm²) 1200 700 

Capillary density Normal Sparse 

Blood glucose (mmol/L) 4.8 10.5 
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Task: 
(a) Analyse how enzyme activity and tissue organisation influence wound repair. 

(b) Evaluate measures to improve recovery in diabetic patients. 

 

(a) Analyse how enzyme activity and tissue organisation influence wound repair. 

• Poor glucose control raised blood glucose from 4.8 to 10.5 mmol/L, damaging small 

blood vessels and reducing capillary density; sparse capillaries lowered delivery of 

oxygen, glucose, amino acids, and immune cells to the burn site, reducing aerobic 

respiration, ATP production, defence, and tissue repair. 

• Diabetes reduced epidermal cell division from 240 to 80 cells/day because poor oxygen 

and nutrient supply slowed mitosis in basal epidermal cells; fewer new epithelial cells 

delayed wound covering, leaving the burn exposed to dehydration, infection, and slow 

healing. 

• Reduced fibroblast density from 1200 to 700 per mm² lowered synthesis of collagen, 

elastin, and extracellular matrix; weak matrix formation reduced wound strength, 

slowed tissue organisation, and delayed closure of damaged skin. 

• Low collagenase activity from 100% to 40% impaired controlled breakdown and 

remodelling of old collagen; poorly remodelled scar tissue remained disorganised, 

reducing flexibility, delaying proper wound maturation, and weakening repaired skin. 

(b) Evaluate measures to improve recovery in diabetic patients. 

• Strict blood glucose control improves capillary function and reduces vascular 

damage caused by excess glucose; better blood flow delivers oxygen, nutrients, and 

immune cells to the wound, increasing ATP production, infection control, and tissue 

repair. 

• Adequate hydration maintains blood volume and tissue fluid balance; improved 

circulation supports nutrient transport, waste removal, and moist wound conditions, 

allowing faster epithelial mitosis and safer wound closure. 

• Protein-rich balanced diet supplies amino acids, vitamins C and A, and minerals 

needed for fibroblast activity, collagen synthesis, epithelial regeneration, and 

immune defence; this strengthens new tissue and speeds burn healing. 

• Controlled physical activity improves blood circulation and capillary perfusion; 

increased oxygen delivery supports aerobic respiration, collagen organisation, and 

epidermal regeneration, reducing delayed healing in diabetic wounds. 

6. A team of students at Gulu University investigated why some individuals experience 
bloating and fatigue after heavy meals. They compared intestinal enzyme activity and tissue 

features in two groups: one consuming a balanced diet rich in fruits and fiber, and another 

eating mostly fatty, processed foods. 

 

Parameter Balanced Diet Group High-Fat Diet Group 

Lipase activity (%) 100 50 

Villi height (µm) 500 250 

Goblet cell count (per mm²) 60 120 
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Absorption rate (mg/min) 150 70 

Intestinal mucus thickness (µm) 5 15 

Task: 
(a) Analyse how differences in enzyme activity and tissue structure affect digestion and 

absorption. 

(b) Evaluate dietary and physiological strategies to maintain healthy intestinal function. 
 

(a) Analyse how differences in enzyme activity and tissue structure affect digestion 

and absorption. 

• High-fat processed foods reduced lipase activity from 100% to 50%, so triglycerides 

were slowly hydrolysed into fatty acids and glycerol; undigested fats remained longer 

in the intestine, delaying gastric emptying, causing bloating, poor energy release, and 

fatigue. 

• High-fat processed foods reduced villi height from 500 to 250 µm, decreasing 

intestinal surface area for absorption; fewer epithelial absorption surfaces reduced 

uptake of glucose, amino acids, fatty acids, vitamins, and minerals, lowering 

absorption rate from 150 to 70 mg/min and causing fatigue. 

• Processed foods increased goblet cell count from 60 to 120 per mm², causing excess 

mucus secretion; increased mucus thickness from 5 to 15 µm formed a thicker barrier 

between digested food and absorptive epithelium, slowing diffusion and absorption of 

nutrients. 

• Low fibre intake reduced normal intestinal movement and microbiota balance; slow 

peristalsis allowed food residues and undigested fats to remain longer, increasing 

fermentation, gas formation, bloating, and discomfort. 

 

(b) Evaluate dietary and physiological strategies to maintain healthy intestinal 

function. 

• Balanced low-fat diet reduces excessive fat load, allowing available lipase to digest 

triglycerides efficiently into fatty acids and glycerol; this reduces undigested fat 

retention, bloating, delayed digestion, and fatigue. 

• High-fibre fruit and vegetable intake improves peristalsis and supports beneficial 

gut microbiota; faster movement and healthier fermentation reduce gas build-up, 

maintain villi health, and improve nutrient absorption. 

• Adequate hydration keeps intestinal contents soft and supports mucus fluidity; 

thinner mucus allows better contact between digested food and absorptive villi, 

improving nutrient uptake and reducing constipation-related bloating. 

• Regular physical activity stimulates intestinal motility and blood flow to the gut; 

improved peristalsis reduces food stagnation, while better circulation supports 

epithelial repair, villi maintenance, and efficient absorption. 
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7. In a rural health study, medical interns investigated why some farmers exposed to 
pesticide residues developed fatigue and yellowish eyes. Liver tissue samples were analysed 

for enzyme activity and structure. Many farmers lacked protective gear and drank untreated 

water from nearby irrigation canals. 

 

Parameter Control (Unexposed) Exposed Farmers 

Catalase activity (%) 100 45 

ALT enzyme level (U/L) 30 95 

Liver cell density (cells/mm²) 500 280 

Mitochondrial density Normal Reduced 

Blood bilirubin (mg/dL) 0.8 2.5 

 
Task: 

(a) Explain how pesticide exposure affects enzyme function and tissue structure in the liver. 

(b) Evaluate biologically sound strategies to prevent or reverse such damage in farming 
communities. 

(a) Explain how pesticide exposure affects enzyme function and tissue structure in 

the liver. 

• Pesticide exposure reduced catalase activity from 100% to 45%, lowering breakdown 

of toxic hydrogen peroxide into water and oxygen; accumulation of reactive oxygen 

species caused oxidative damage to liver cell membranes, proteins, and enzymes, 

impairing detoxification and causing fatigue. 

• Toxic chemicals damaged hepatocyte membranes, increasing leakage of ALT enzyme 

from 30 to 95 U/L into blood; elevated alanine aminotransferase ALT indicated liver 

cell injury and loss of membrane integrity due to pesticide toxicity. 

• Chronic exposure reduced liver cell density from 500 to 280 cells/mm² because toxins 

triggered hepatocyte degeneration and death; fewer functional liver cells reduced 

detoxification, protein synthesis, glycogen storage, and bile formation, impairing liver 

function. 

• Pesticides reduced mitochondrial density, lowering sites for aerobic respiration and 

ATP production; reduced cellular energy limited active transport, detoxification, and 

repair processes, causing fatigue and weakened liver activity. 

• Liver damage impaired processing and excretion of bilirubin, increasing blood 

bilirubin from 0.8 to 2.5 mg/dL; accumulation of bilirubin in tissues caused yellowish 

eyes and indicated reduced liver detoxification and bile secretion. 

(b) Evaluate biologically sound strategies to prevent or reverse such damage in 

farming communities. 

• Use of protective gear during pesticide application reduces absorption and 

inhalation of toxic chemicals; reduced exposure protects hepatocytes, preserves 

catalase activity, prevents oxidative damage, and maintains normal liver structure 

and function. 
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• Safe water treatment and clean water access reduce ingestion of pesticide-

contaminated water from irrigation canals; lower toxin intake decreases liver overload, 

protects hepatocyte membranes, and reduces chronic liver injury. 

• Antioxidant-rich balanced diet supplies vitamins C and E and other antioxidants 

that neutralise reactive oxygen species; reduced oxidative stress protects 

mitochondria, liver enzymes, and cell membranes, improving detoxification and tissue 

repair. 

• Regulation and proper handling of pesticides reduce environmental contamination 

and repeated toxic exposure; controlled pesticide use lowers accumulation of toxins in 

the body, preserving liver cell density, mitochondrial function, and normal bilirubin 

metabolism. 
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TRANSPORT 
 

8. Three Ugandan athletes trained under different environmental conditions and participated 

in a national cross-country competition. Doctors assessed their blood and immune indicators 
before and after the race. One athlete trained at high altitude, another at sea level, and a third 

in a humid, polluted city. 

Parameter High Altitude 

(Kapchorwa, 2200 m) 

Sea Level 

(Entebbe, 1135 m) 

Polluted 

Lowland (Jinja) 

Haemoglobin (g/dL) 17.8 15.0 14.2 

Blood oxygen 

saturation (%) 

93 98 90 

White blood cell count 

(cells/µL) 

7,000 6,200 5,000 

Pulse rate after race 

(beats/min) 

120 145 160 

Recovery time (min) 3 7 10 

 

Task: 
(a) Explain how differences in oxygen transport and immune cell activity influence 

performance and recovery. 

(b) Evaluate physiological and immunological strategies to strengthen endurance, immunity, 
and recovery in different training environments. 

 

(a) Explain how differences in oxygen transport and immune cell activity influence 

performance and recovery. 

• Training at high altitude stimulated increased secretion of erythropoietin EPO due to 

low oxygen pressure, increasing haemoglobin concentration from enhanced red blood 

cell production; more haemoglobin increased oxygen transport to muscles for aerobic 

respiration and ATP production, lowering fatigue, pulse rate, and shortening recovery 

time after the race. 

• The sea-level athlete had higher blood oxygen saturation because oxygen pressure was 

greater, allowing efficient loading of oxyhaemoglobin in lungs; however, lower 

haemoglobin concentration reduced total oxygen-carrying capacity compared to the 

altitude-trained athlete, causing moderate fatigue and slower recovery. 

• The polluted lowland athlete had reduced oxygen saturation and lower haemoglobin 

because polluted air impaired gaseous exchange and oxygen diffusion in alveoli; 

reduced oxygen supply limited aerobic respiration, increased dependence on 

anaerobic respiration, caused lactic acid accumulation, higher pulse rate, fatigue, 

and delayed recovery. 

• The polluted environment reduced white blood cell count from exposure to pollutants 

and physiological stress, weakening immune defence; reduced phagocytosis and 
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immune surveillance increased inflammation and tissue stress after exercise, slowing 

muscle repair and prolonging recovery time. 

(b) Evaluate physiological and immunological strategies to strengthen endurance, 

immunity, and recovery in different training environments. 

• Altitude training with controlled acclimatisation stimulates release of 

erythropoietin EPO, increasing red blood cell and haemoglobin production; improved 

oxygen transport enhances aerobic respiration, endurance performance, and faster 

recovery during competition. 

• Training in clean, well-ventilated environments reduces inhalation of pollutants 

that impair alveolar function and immune cells; improved gaseous exchange increases 

oxygen saturation, protects respiratory tissues, and maintains efficient endurance 

performance. 

• Balanced antioxidant-rich nutrition and hydration support immune cell activity 

and reduce reactive oxygen species produced during strenuous exercise; antioxidants 

protect muscle and respiratory tissues, while hydration maintains blood volume and 

efficient circulation for oxygen transport and recovery. 

• Adequate rest and recovery programmes allow repair of muscle fibres and 

restoration of immune function after exercise; sufficient recovery lowers chronic stress 

hormone levels, maintains healthy white blood cell activity, reduces inflammation, 

and improves long-term endurance and resistance to infection. 

 

 
9. Residents living near charcoal-burning sites in Fort Portal often complain of fatigue and 

recurrent chest infections. Health workers investigated possible links between carbon 

monoxide (CO) exposure, blood oxygen transport, and immune performance. 
 

Parameter Control Group Exposed Residents 

Oxyhaemoglobin (%) 96 78 

Carboxyhaemoglobin (%) 0.5 15 

White blood cell count (cells/µL) 6,800 4,500 

Respiration rate (breaths/min) 16 24 

CO concentration (ppm) 0 120 

Task: 

(a) Analyse how carbon monoxide affects oxygen transport and weakens immune protection. 

(b) Evaluate biological and public-health strategies to prevent and manage such exposure 

while maintaining respiratory and immune health. 

(a) Analyse how carbon monoxide affects oxygen transport and weakens immune 

protection. 

• Carbon monoxide exposure increased carboxyhaemoglobin from 0.5% to 15% 

because CO binds haemoglobin more strongly than oxygen; this reduced 

oxyhaemoglobin from 96% to 78%, lowering oxygen delivery to tissues, reducing 

aerobic respiration and ATP production, causing fatigue. 
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• Reduced oxygen transport caused tissue hypoxia, stimulating faster breathing from 16 

to 24 breaths/min; the body increased ventilation to compensate for low oxygen 

delivery, but CO-bound haemoglobin could not carry oxygen effectively, so 

breathlessness and fatigue persisted. 

• Carbon monoxide and smoke particles irritated respiratory surfaces, damaging 

ciliated epithelium and reducing mucus clearance; trapped microbes and particles 

remained in airways, increasing inflammation, coughing, and recurrent chest 

infections. 

• CO-related hypoxia and smoke stress reduced white blood cell count from 6,800 to 

4,500 cells/µL; fewer immune cells lowered phagocytosis and pathogen destruction, 

weakening respiratory defence and increasing infection risk. 

(b) Evaluate biological and public-health strategies to prevent and manage such 

exposure while maintaining respiratory and immune health. 

• Improved ventilation at charcoal-burning sites disperses carbon monoxide and 

smoke particles, lowering inhaled CO concentration; reduced CO exposure prevents 

carboxyhaemoglobin formation, restores oxyhaemoglobin, improves oxygen 

transport, and reduces fatigue. 

• Relocation of charcoal-burning activities away from homes reduces chronic 

exposure of residents to CO and smoke; lower exposure protects respiratory epithelium, 

maintains mucociliary clearance, and reduces recurrent chest infections. 

• Use of cleaner energy sources and improved kilns reduces incomplete combustion 

that produces carbon monoxide; less CO in the environment lowers haemoglobin 

competition, improves tissue oxygenation, and protects respiratory and immune health. 

• Medical oxygen therapy and health screening for exposed residents increases 

available oxygen, helping displace CO from haemoglobin and restore oxygen delivery; 

screening detects high carboxyhaemoglobin, low white blood cell count, and 

respiratory infections early, allowing treatment before severe hypoxia or immune 

weakness develops. 

10. At Mbarara Regional Hospital, a 25-year-old Rhesus-negative woman (Gravida 2) 

presented with jaundice and fatigue. She received no Rh prophylaxis after her first delivery. 
Ultrasound shows her baby has liver enlargement and anaemia. 

 

Parameter Mother (Rh–) Baby (Rh+) Normal Range 

Haemoglobin (g/dL) 8.5 10.0 12–16 / 14–24 

Anti-D antibody titre High (1:128) Detected Negative 

Bilirubin (mg/dL) 1.5 18.0 <1.2 / <10 

Reticulocyte count (%) 3 15 0.5–2.0 / 3–7 

 

Task: 

(a) Explain how the immune response from the first pregnancy led to anti-D antibody 
formation and how this now interferes with fetal oxygen transport. 
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(b) Evaluate integrated strategies to prevent Rh-related immune attacks, including screening, 
immunoglobulin therapy, education, and record-keeping. 

(a) Explain how the immune response from the first pregnancy led to anti-D 

antibody formation and how this now interferes with fetal oxygen transport. 

• During the first pregnancy, small amounts of fetal Rh-positive red blood cells 

entered the circulation of the Rh-negative mother during delivery; the maternal 

immune system recognised fetal D antigens as foreign, activating B-lymphocytes to 

produce anti-D antibodies and memory cells, causing sensitisation because no Rh 

prophylaxis was given. 

• In the second pregnancy, maternal memory B-cells rapidly produced large amounts of 

anti-D IgG antibodies shown by the high antibody titre of 1:128; the IgG antibodies 

crossed the placenta and bound to fetal Rh-positive red blood cells, causing 

haemolysis by macrophages in the fetal spleen and liver. 

• Destruction of fetal red blood cells reduced fetal haemoglobin to 10.0 g/dL, lowering 

oxygen transport to tissues; reduced oxygen delivery impaired aerobic respiration 

and ATP production, causing fetal anaemia, tissue hypoxia, liver enlargement, and 

fatigue. 

• Excessive haemolysis released large amounts of bilirubin, increasing fetal bilirubin to 

18.0 mg/dL; the fetus increased reticulocyte production to 15% as bone marrow 

attempted to replace destroyed red blood cells, indicating severe haemolytic anaemia 

and stress on oxygen transport. 

(b) Evaluate integrated strategies to prevent Rh-related immune attacks, including 

screening, immunoglobulin therapy, education, and record-keeping. 

• Routine antenatal blood group and Rh screening identifies Rh-negative mothers 

early in pregnancy; early detection allows monitoring of anti-D antibodies, 

preventing unnoticed sensitisation and enabling rapid medical intervention before 

severe fetal haemolysis develops. 

• Administration of anti-D immunoglobulin prophylaxis after delivery, miscarriage, 

abortion, or bleeding destroys fetal Rh-positive red blood cells before the maternal 

immune system recognises the D antigen; this prevents activation of maternal B-

lymphocytes and formation of memory cells and anti-D antibodies. 

• Maternal education and counselling improve awareness about the importance of Rh 

testing, antenatal attendance, and prophylaxis; informed mothers are more likely to 

seek early medical care, reducing missed prevention opportunities and lowering risk of 

haemolytic disease in future pregnancies. 

• Proper medical record-keeping and follow-up systems ensure Rh status, antibody 

titres, and prophylaxis history are documented for future pregnancies; accurate records 

guide timely administration of anti-D immunoglobulin, monitoring, and prevention 

of repeated immune sensitisation. 

11. During a biology field trip to UWEC, a student with a known peanut allergy developed an 

anaphylactic reaction after sharing snacks. Her breathing became laboured and her blood 

pressure dropped. 
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Parameter Joy (During Reaction) Normal Value 

Blood histamine (ng/mL) 80 < 25 

Heart rate (beats/min) 110 60–100 

Breathing rate (breaths/min) 30 12–20 

Blood pressure (mmHg) 85/50 110/70 

Plasma antibody (IgE IU/mL) 220 < 100 

Task: 

(a) Analyse how the interaction of IgE, histamine, and circulatory changes results in Joy’s 
symptoms. 

(b) Evaluate coordinated immunological and circulatory strategies for school-based allergy 

management. 
 

 

(a) Analyse how the interaction of IgE, histamine, and circulatory changes results 

in Joy’s symptoms. 

• Exposure to peanut allergens activated previously formed IgE antibodies attached to 

mast cells and basophils; allergen-IgE binding triggered rapid degranulation and 

release of large amounts of histamine, increasing blood histamine from below 25 to 

80 ng/mL and initiating an anaphylactic reaction. 

• Released histamine caused dilation of blood vessels and increased capillary 

permeability, allowing plasma fluid to leak into tissues; reduced blood volume lowered 

blood pressure from 110/70 to 85/50 mmHg, reducing tissue perfusion and causing 

circulatory shock symptoms. 

• Histamine stimulated contraction of bronchiolar smooth muscles, narrowing airways 

and increasing mucus secretion; reduced airway diameter increased breathing rate 

from 12–20 to 30 breaths/min as the body attempted to compensate for reduced 

oxygen intake, causing laboured breathing. 

• Low blood pressure reduced oxygen delivery to tissues, stimulating increased heart rate 

from 60–100 to 110 beats/min to maintain circulation; the heart pumped faster to 

compensate for reduced blood volume and maintain oxygen transport during the 

allergic reaction. 

(b) Evaluate coordinated immunological and circulatory strategies for school-

based allergy management. 

• Immediate adrenaline epinephrine administration reverses anaphylaxis by 

causing bronchodilation and vasoconstriction; widened airways improve oxygen 

intake, while constricted blood vessels raise blood pressure and restore circulation, 

rapidly reducing life-threatening shock. 

• Strict allergen avoidance and food screening programmes prevent exposure to 

peanut allergens that activate IgE-mediated mast cell degranulation; avoiding 

allergen contact prevents excessive histamine release and stops anaphylactic 

reactions before they occur. 
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• Emergency allergy education and preparedness training equips teachers and 

students to recognise signs of anaphylaxis such as low blood pressure, breathing 

difficulty, and swelling; rapid recognition allows immediate intervention before 

severe hypoxia or circulatory collapse develops. 

• Availability of emergency medical kits and monitoring systems ensures 

access to adrenaline injectors, antihistamines, and emergency response plans; rapid 

treatment stabilises circulation, reduces airway constriction, limits histamine effects, 

and improves survival during severe allergic reactions. 

 

12. Following a measles outbreak in Lira District, health teams compared blood samples of 
vaccinated and unvaccinated children. Some unvaccinated children were treated with herbal 

“immune boosters.” 

Parameter Vaccinated Unvaccinated 

Measles IgG antibody (IU/mL) 180 10 

Lymphocyte count (cells/µL) 5000 3400 

Haemoglobin (g/dL) 13.8 12.5 

Infection rate (%) 2 45 

Vaccination coverage (%) 85 50 

Task: 

(a) Explain how vaccination strengthens both immunity and the overall health of the 
circulatory system. 

(b) Evaluate strategies to enhance effective vaccination, reduce infection rates, and sustain 

immune protection in the community. 

 

(a) Explain how vaccination strengthens both immunity and the overall health of 

the circulatory system. 

• Vaccination exposed children to weakened or inactive measles antigens, stimulating 

activation of B-lymphocytes and formation of plasma cells and memory cells; this 

increased IgG antibodies from 10 to 180 IU/mL, allowing rapid destruction of measles 

virus before severe infection developed. 

• Vaccinated children maintained higher lymphocyte counts because prior immune 

memory reduced viral destruction of immune cells; stronger immune defence lowered 

infection rate from 45% to 2%, protecting the body from widespread viral damage and 

secondary infections. 

• Reduced infection in vaccinated children protected red blood cells, bone marrow, and 

body tissues from inflammatory stress; maintained haemoglobin levels ensured 

efficient oxygen transport for aerobic respiration and tissue repair, supporting normal 

circulatory function and body strength. 

• High vaccination coverage created herd immunity, reducing transmission of measles 

virus within the community; lower viral spread protected vulnerable individuals, 

reduced immune system overload, and maintained healthier blood and circulatory 

conditions in children. 
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(b) Evaluate strategies to enhance effective vaccination, reduce infection rates, and 

sustain immune protection in the community. 

• Mass immunisation programmes increase exposure of children to measles antigens 

in a controlled way, stimulating formation of memory B-cells and protective IgG 

antibodies; high vaccination coverage reduces infection transmission and strengthens 

community immunity. 

• Health education and community sensitisation improve understanding of vaccine 

safety and effectiveness compared to unreliable herbal “immune boosters”; informed 

communities are more likely to accept vaccination, increasing coverage and lowering 

outbreak risk. 

• Routine booster vaccination and follow-up monitoring maintain high levels of IgG 

antibodies and long-term immune memory; sustained antibody protection prevents 

decline in immunity and reduces future measles outbreaks. 

• Improved nutrition and healthcare access support production of lymphocytes, 

antibodies, and healthy haemoglobin levels; stronger immunity and oxygen transport 

improve resistance to infection, recovery, and effectiveness of vaccination responses. 

 

13. Medical students investigated the cardiovascular and immune responses of three subjects 
during treadmill exercise. 

Parameter Athlete Sedentary Adult Anaemic Individual 

Resting heart rate (beats/min) 58 75 88 

Stroke volume (mL) 120 70 60 

Haemoglobin (g/dL) 17 15 10 

White blood cell count (cells/µL) 7,000 5,000 4,200 

Recovery time (min) 2 8 12 

Task: 

(a) Analyse how circulation and immune response interact during and after exercise. 

(b) Evaluate strategies to improve cardiovascular performance and strengthen immune 
recovery. 

 

(a) Analyse how circulation and immune response interact during and after 

exercise. 

• Regular training strengthened the athlete’s cardiac muscle, giving a low resting heart 

rate of 58 beats/min and high stroke volume of 120 mL; more blood was pumped per 

beat, increasing delivery of oxygen and glucose to muscles for aerobic respiration 

and ATP production, so wastes were removed faster and recovery took only 2 minutes. 

• Sedentary lifestyle reduced cardiovascular efficiency, giving a higher resting heart rate 

of 75 beats/min and lower stroke volume of 70 mL; less blood was pumped per beat, 

so muscles received less oxygen, accumulated more carbon dioxide and lactic acid, 

and required 8 minutes to restore normal conditions. 

• Anaemia reduced haemoglobin to 10 g/dL, lowering oxygen-carrying capacity despite 

increased heart rate of 88 beats/min; poor oxygen supply reduced aerobic 

https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1


 

18 
 

 

Contact us Today 

Get the bestselling A-level biology Text Book 

0703-923-836 

respiration, increased anaerobic respiration and lactic acid build-up, causing fatigue 

and the longest recovery time of 12 minutes. 

• Low white blood cell count in sedentary and anaemic individuals reduced immune 

surveillance and repair after exercise; fewer leucocytes slowed removal of damaged 

cells and control of inflammation, while the athlete’s higher count supported faster 

tissue repair and stronger post-exercise recovery. 

 

(b) Evaluate strategies to improve cardiovascular performance and strengthen 

immune recovery. 

• Regular aerobic training strengthens cardiac muscle, increases stroke volume, and 

lowers resting heart rate; improved circulation delivers more oxygen to muscles, 

supports efficient ATP production, removes wastes faster, and shortens recovery time. 

• Iron-rich balanced diet supports formation of haemoglobin and red blood cells; 

increased oxygen-carrying capacity improves aerobic respiration, reduces lactic acid 

accumulation, prevents fatigue, and improves recovery in anaemic individuals. 

• Adequate rest and recovery restore muscle fibres and immune balance after exercise; 

reduced physical stress maintains healthy white blood cell activity, controls 

inflammation, and prevents delayed recovery caused by immune suppression. 

• Hydration and antioxidant-rich nutrition maintain blood volume and protect cells 

from exercise-induced reactive oxygen species; better circulation and reduced 

oxidative damage support immune function, tissue repair, and cardiovascular 

endurance. 

14. At Kawempe Hospital, patients with dust allergies were treated using antihistamines and 

immunotherapy. Doctors monitored changes in immune markers and blood flow parameters. 
 

Parameter Before 

Treatment 

After 

Antihistamine 

After 

Immunotherapy 

Serum IgE (IU/mL) 320 280 120 

Eosinophil count 
(cells/µL) 

600 550 250 

Capillary dilation 

(relative) 

High Moderate Normal 

Sneezing episodes/day 18 10 2 

Task: 

(a) Analyse how changes in blood vessel dilation and antibody activity relate to the symptoms 

of allergic rhinitis. 

(b) Evaluate comprehensive strategies combining circulatory, immune, and environmental 
management to reduce allergic reactions. 

 

(a) Analyse how changes in blood vessel dilation and antibody activity relate to 

allergic rhinitis symptoms. 
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• Dust allergens stimulated excess IgE production, which attached to mast cells and 

triggered release of histamine; histamine caused high capillary dilation and increased 

permeability in nasal tissues, producing swelling, irritation, watery discharge, and 

frequent sneezing. 

• Before treatment, high IgE of 320 IU/mL caused repeated mast cell activation 

whenever dust was inhaled; this maintained inflammation, increased mucus secretion, 

and caused 18 sneezing episodes per day. 

• High eosinophil count of 600 cells/µL showed allergic inflammation; eosinophils 

released inflammatory chemicals that irritated nasal epithelium, damaged tissues, and 

prolonged sneezing and congestion. 

• Antihistamines reduced capillary dilation from high to moderate by blocking 

histamine receptors, lowering swelling and irritation; immunotherapy reduced IgE to 

120 IU/mL and eosinophils to 250 cells/µL, reducing immune overreaction and 

sneezing to 2 episodes per day. 

(b) Evaluate comprehensive strategies combining circulatory, immune, and 

environmental management. 

• Antihistamine treatment blocks histamine receptors on blood vessels and nasal 

tissues; reduced capillary dilation and permeability decrease swelling, mucus leakage, 

irritation, and sneezing. 

• Allergen immunotherapy gradually exposes the immune system to controlled dust 

allergens, reducing IgE-mediated mast cell activation and eosinophil inflammation; 

this gives long-term tolerance and greatly reduces sneezing episodes. 

• Environmental dust control through cleaning, masks, ventilation, and avoiding dusty 

rooms lowers allergen entry into the nose; reduced allergen exposure prevents IgE 

cross-linking, histamine release, and nasal inflammation. 

• Hydration and nasal saline rinsing keep nasal mucus thin and help remove dust 

particles from the nasal lining; improved clearance reduces epithelial irritation, 

supports mucosal healing, and lowers allergic symptoms. 
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NUTRITION 

15. The “Kampala City Greens” initiative installed vertical hydroponic farms in several urban 
schools to improve student nutrition. Students in a biology club decided to investigate the 

effect of enriching the air with carbon dioxide on their lettuce crop. They set up four growth 
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chambers with different Carbon dioxide levels. After 4 weeks, they harvested the lettuce and 
measured key components. The club president noted that while yields increased initially, the 

growth seemed to “level off” at the highest CO₂ level, even though the plants looked healthy 

and the lights were left on for 12 hours each day. The school's physics teacher also mentioned 

that the fans used for air circulation in the 1000 ppm chamber were not very powerful. 
Table: The Effect of CO₂ Enrichment on Lettuce in a Hydroponic System 

CO2

 Concentration 

(ppm) 

Biomass 

Yield 

(g/plant) 

Glucose 

Content 

(mg/g) 

Stomatal Density 

(stomata/mm²) 

Observation Notes 

400 (Ambient) 28 32 220 Normal, leafy 

appearance 

600 37 39 200 Lush, dark green 

leaves 

800 42 41 185 Very robust growth 

1000 41 39 180 Large leaves, but 

slight yellowing at 

tips 

Task: 
(a) Analyse the data to explain the trend in biomass and glucose content. Using the concept 

of limiting factors, explain why increasing carbon dioxide beyond 800 ppm did not lead to a 

further increase in yield. 
(b) The initiative wants to scale up this project efficiently. Evaluate four scientifically-sound 

strategies to maintain an optimal growth environment and prevent the yield plateau. 

 

(a) Analyse the trend in biomass and glucose content. 

• Increasing carbon dioxide from 400 to 800 ppm increased biomass from 28 to 42 

g/plant because more CO₂ entered leaves through stomata and was fixed by 

RuBisCO in the Calvin cycle; this increased glucose formation from 32 to 41 mg/g, 

providing more substrate for cellulose, proteins, respiration, and growth. 

• At 1000 ppm, biomass slightly fell to 41 g/plant and glucose to 39 mg/g because CO₂ 

was no longer the main limiting factor; another factor such as weak air circulation, 

mineral supply, light intensity, or enzyme capacity limited photosynthesis, so extra CO₂ 

could not increase carbon fixation further. 

• Stomatal density decreased from 220 to 180 stomata/mm² as CO₂ concentration 

increased because leaves needed fewer stomata to obtain enough CO₂; reduced 

stomatal density lowered water loss and supported healthy large leaves, but it also 

reduced maximum gas-exchange capacity when air movement was weak. 

• Weak fans in the 1000 ppm chamber reduced air circulation around leaves, forming a 

still boundary layer; this slowed CO₂ delivery to stomata and reduced removal of 

oxygen and water vapour, so RuBisCO and the Calvin cycle were not supplied 

efficiently despite high chamber CO₂, causing the yield plateau and slight yellowing. 

(b) Evaluate four scientifically sound strategies. 
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• Maintain CO₂ near the optimum level of about 800 ppm because the data show 

maximum biomass and glucose at this concentration; keeping CO₂ at this level 

supports efficient RuBisCO carboxylation and Calvin cycle activity without wasting 

resources on CO₂ levels that no longer increase yield. 

• Improve air circulation using stronger fans to reduce the boundary layer around 

leaves and distribute CO₂ evenly; better airflow increases CO₂ diffusion into stomata, 

removes excess oxygen and water vapour, maintains transpiration, and prevents the 

yield plateau seen in the 1000 ppm chamber. 

• Optimise light intensity and photoperiod so light-dependent reactions supply 

enough ATP and NADPH for the Calvin cycle; adequate light allows enriched CO₂ to 

be converted into glucose efficiently, increasing biomass instead of allowing carbon 

fixation to level off. 

• Monitor and balance hydroponic nutrients such as nitrate, magnesium, potassium, 

and phosphate because rapid growth increases mineral demand; nitrate supports 

amino acid and protein synthesis, magnesium forms chlorophyll, potassium regulates 

stomata, and phosphate supports ATP, preventing yellowing and sustaining high yield. 

 

16. A women's cooperative in Mbarara received funding to build greenhouses for year-round 
crop production. They constructed two different types: a high-tech Greenhouse A with 

transparent, sealed polycarbonate panels, and a low-tech Greenhouse B with a semi-shaded, 

breathable mesh roof. They planted maize (a C4 plant) in both, and beans (a C3 plant) in both. 
After two months, they noticed distinct differences in plant health and water usage. The 

cooperative also found their water bills for Greenhouse A were significantly higher, as they 

had to run a misting system frequently to cool the plants. 
Table: Growth Parameters in Two Different Greenhouse Types 

Parameter Greenhouse A 

(Transparent, Sealed) 

Greenhouse B (Semi-

Shaded, Ventilated) 

Average Noon Temperature (°C) 38 29 

Peak Light Intensity (lux) 110,000 50,000 

Photosynthetic Rate - Maize 
(μmol CO₂/m²/s) 

48 35 

Photosynthetic Rate - Beans 

(μmol CO₂/m²/s) 

22 30 

Leaf Chlorophyll Concentration - 

Beans (mg/g) 

3.5 5.8 

Water Used per Week (Litres/m²) 85 45 

Task: 

(a) i. Explain why maize showed a higher photosynthetic rate in the hotter, brighter 

Greenhouse A, while beans performed better in the cooler, shadier Greenhouse B. Link your 
answer to the photorespiratory adaptations of C3 and C4 plants. 

ii. Explain the inverse relationship between light intensity and chlorophyll concentration 

observed in the bean plants. 
(b) The cooperative wants to design a new, improved greenhouse that maximizes yield for 
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both crop types while conserving resources. Evaluate management strategies, justifying each 
with evidence from the data and biological principles. 

 

(a) i. Explain the different performance of maize and beans. 

• Maize performed better in Greenhouse A because it is a C4 plant with Kranz 

anatomy, where PEP carboxylase first fixes CO₂ in mesophyll cells into 4-carbon 

acids before releasing CO₂ around RuBisCO in bundle sheath cells; this concentrates 

CO₂, suppresses photorespiration, and allows high photosynthesis at 38°C and 

110,000 lux, giving maize a higher rate of 48 μmol CO₂/m²/s. 

• Beans performed worse in Greenhouse A because they are C3 plants whose RuBisCO 

directly fixes CO₂ in mesophyll cells; at high temperature and intense light, stomata 

tend to close to reduce water loss, lowering internal CO₂, while RuBisCO acts more as 

an oxygenase, increasing photorespiration, wasting ATP and reducing sugar 

production, so bean photosynthesis fell to 22 μmol CO₂/m²/s. 

• Beans performed better in Greenhouse B because the cooler temperature of 29°C and 

moderate light of 50,000 lux reduced water stress and stomatal closure; more CO₂ 

remained available for the Calvin cycle, less photorespiration occurred, and bean 

photosynthesis increased to 30 μmol CO₂/m²/s. 

(a) ii. Explain the inverse relationship between light intensity and chlorophyll 

concentration in beans. 

• High light intensity in Greenhouse A reduced bean chlorophyll concentration to 3.5 

mg/g because intense light and heat caused photo-oxidation of chlorophyll and 

reduced the need for large light-harvesting pigments; the plant protected tissues by 

lowering pigment concentration, but this also reduced light capture and photosynthetic 

efficiency. 

• Lower light intensity in Greenhouse B increased bean chlorophyll concentration to 5.8 

mg/g because shaded leaves produced more chlorophyll to capture limited light; 

increased chloroplast pigment content improved light absorption, supporting better 

photosynthesis under moderate shade. 

 

(b) Evaluate management strategies for an improved greenhouse. 

• Use adjustable shading and ventilation to maintain moderate temperature and 

light for beans while still giving maize enough light; this prevents overheating, reduces 

photorespiration in C3 beans, protects chlorophyll, and lowers water use compared 

with the sealed Greenhouse A. 

• Zone crops according to photosynthetic type by placing maize in brighter, warmer 

sections and beans in cooler, ventilated semi-shaded sections; this matches C4 maize 

to high light and heat while protecting C3 beans from excess temperature, maximizing 

yield for both crops. 

• Install controlled irrigation with drip systems instead of frequent misting because 

Greenhouse A used 85 L/m² weekly compared with 45 L/m² in Greenhouse B; drip 
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irrigation delivers water directly to roots, reduces evaporation, maintains stomatal 

function, and conserves water. 

• Use partial CO₂ enrichment with good airflow to support both crops without 

excessive heat; higher CO₂ improves RuBisCO carboxylation in beans, reduces 

photorespiration, and supports the Calvin cycle, while ventilation distributes CO₂ 

and prevents heat build-up. 

• Select heat-tolerant bean varieties and maintain mineral nutrition to reduce 

stress under greenhouse conditions; adequate magnesium supports chlorophyll, 

nitrogen supports enzyme synthesis including RuBisCO, and potassium controls 

stomatal opening, improving photosynthesis and water-use efficiency. 

 

17. In the Nakasongola district, known for its frequent dry spells, a community-based 

organization is teaching farmers about crop water management. They set up a 

demonstration plot comparing maize (a C4 plant) and common beans (a C3 plant). During 

a particularly dry week, they observed that the bean plants wilted severely by midday, 
their leaves curling and turning a pale green, while the maize plants remained relatively 

upright and green. To demonstrate what was happening at the cellular level, they used a 

microscope to show how plant cells lose water under osmotic stress. 
Table: Plant Response to Simulated Drought Conditions (One Week Without Irrigation) 

Parameter Maize (C4 Plant) Beans (C3 Plant) 

Stomatal Conductance (mmol 

H₂O/m²/s) 

125 45 

Leaf Relative Water Content (%) 78% 52% 

Midday Leaf Wilting Score (1=No 
wilt, 5=Severe wilt) 

2 4 

Photosynthetic Rate (μmol 

CO₂/m²/s) 

28 11 

Observation Notes Leaves slightly curled, 
colour dark green 

Leaves severely curled, pale 
green/yellowing 

Task: 

(a) i. Explain the relationship between stomatal conductance, leaf water content, and 

photosynthetic rate as seen in the data. 
ii. Using the concept of osmotic potential, explain why the bean plants lost turgor pressure 

(wilted) more dramatically than the maize plants. 

(b) The farmers need strategies to protect their crops, especially beans, during the dry 

season. Evaluate practical, water-efficient strategies they could adopt, justifying each 
strategy with evidence from the data and the underlying plant biology. 

(a) i. Relationship between stomatal conductance, leaf water content, and 

photosynthetic rate. 

• Maize maintained higher leaf relative water content of 78%, so guard cells remained 

more turgid and kept moderate stomatal conductance of 125 mmol H₂O/m²/s; open 

stomata allowed enough CO₂ to enter for PEP carboxylase and the Calvin cycle, 

maintaining a higher photosynthetic rate of 28 μmol CO₂/m²/s and only slight wilting. 
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• Beans had lower leaf relative water content of 52%, causing guard cells to lose 

turgor and close stomata, reducing stomatal conductance to 45 mmol H₂O/m²/s; 

reduced CO₂ entry limited RuBisCO carboxylation, increased photorespiration, 

lowered photosynthesis to 11 μmol CO₂/m²/s, and caused severe wilting and pale 

leaves. 

(a) ii. Osmotic potential and loss of turgor pressure. 

• During drought, soil water potential became more negative, so water moved out of 

bean root and leaf cells by osmosis from higher water potential in the cells to lower 

water potential outside; the vacuoles lost water, cell sap volume reduced, the plasma 

membrane pulled away from the cell wall, and turgor pressure fell sharply, causing 

severe leaf curling and wilting. 

• Maize wilted less because C4 plants use water more efficiently through PEP 

carboxylase, partial stomatal control, thicker leaves, and better osmotic adjustment; 

maize cells retained more water, maintained higher turgor pressure, kept chlorophyll-

rich green leaves, and continued photosynthesis better than beans. 

(b) Evaluate practical, water-efficient strategies. 

• Mulching around bean plants reduces evaporation from soil and keeps soil water 

potential less negative; more water remains available for root uptake by osmosis, 

maintaining cell turgor, leaf water content, stomatal opening, and photosynthesis 

during dry spells. 

• Drip irrigation or bottle irrigation supplies small amounts of water directly to the 

root zone instead of wetting the whole field; this conserves water, maintains root water 

uptake, prevents severe fall in leaf relative water content, and reduces midday 

wilting in beans. 

• Intercropping beans with maize or using partial shade lowers heat and direct 

radiation on bean leaves; reduced transpiration slows water loss through stomata, 

protects chlorophyll from yellowing, maintains turgor pressure, and improves bean 

photosynthesis. 

• Planting drought-tolerant bean varieties and early-maturing crops improves 

survival under low water because such varieties develop deeper roots, better stomatal 

control, and stronger osmotic adjustment; these traits maintain water potential, 

reduce wilting, and sustain photosynthesis when rainfall is unreliable. 

• Adding organic manure or compost improves soil structure and water-holding 

capacity; retained soil moisture supports root absorption, keeps guard cells turgid, 

reduces stomatal closure, and helps beans maintain higher photosynthetic rates during 

dry weeks. 

 

18. In an agricultural biotechnology project, students tested how temperature affects enzyme 

activity in the photosynthetic process. They compared PEP carboxylase (C4 enzyme) and 

Rubisco (C3 enzyme) at different temperatures. 
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Temperature 

(°C) 

PEP Carboxylase activity (relative 

units) 

Rubisco activity (relative 

units) 

20 75 85 

25 90 100 

30 98 90 

35 100 60 

40 90 30 

At 35°C, maize plants maintained high photosynthetic rates, while wheat plants showed 

reduced growth and curled leaves. 
Task: 

(a) Analyse the data to explain why C4 plants outperform C3 plants at high temperatures. 

(b) Evaluate strategies farmers could apply to sustain food security amid rising global 
temperatures. 

(a) Analyse why C4 plants outperform C3 plants at high temperatures. 

• High temperature increased PEP carboxylase activity from 75 at 20°C to an optimum 

of 100 at 35°C; in C4 maize, PEP carboxylase fixes CO₂ efficiently into 4-carbon 

compounds and concentrates CO₂ around Rubisco in bundle sheath cells, reducing 

photorespiration and maintaining high photosynthesis at 35°C. 

• High temperature reduced Rubisco activity from 100 at 25°C to 60 at 35°C and 30 at 

40°C; in C3 wheat, Rubisco increasingly acts as an oxygenase instead of a carboxylase, 

raising photorespiration, wasting ATP and fixed carbon, reducing glucose formation, 

growth, and leaf turgidity. 

• Heat stress caused wheat stomata to close to reduce water loss, lowering internal CO₂ 

concentration; low CO₂ further increased Rubisco oxygenation, reduced the Calvin 

cycle, decreased sugar production, and caused curled leaves and reduced growth. 

(b) Evaluate strategies to sustain food security amid rising temperatures. 

• Grow heat-tolerant C4 crops such as maize, sorghum, and millet because their PEP 

carboxylase remains highly active at high temperatures; this maintains CO₂ fixation, 

lowers photorespiration, and sustains yield during hot seasons. 

• Breed or select heat-tolerant C3 varieties with improved Rubisco stability and 

better stomatal control; this reduces heat-induced enzyme decline, maintains Calvin 

cycle activity, and improves growth of crops like wheat under warming conditions. 

• Use irrigation and mulching to maintain leaf water content and prevent excessive 

stomatal closure; open stomata allow CO₂ entry, reduce photorespiration, support 

photosynthesis, and prevent leaf curling during heat stress. 

• Adjust planting dates and use agroforestry shade to avoid peak heat during 

sensitive growth stages; lower leaf temperature protects Rubisco, reduces transpiration 

stress, maintains chlorophyll, and improves food production under rising global 

temperature 

19. In a bid to improve urban food security, Kampala City Council is promoting vertical 

farming in stackable units indoors. A community group is growing Nakati (Solanum 

aethiopicum) and Amaranthus (Amaranthus dubius) in these units. They notice that the 
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Nakati plants are not thriving as well as the Amaranthus under the artificial LED lights. They 
measure the light saturation point and find that Nakati saturates at lower light intensities 

than Amaranthus. 

Data Table: Plant Performance in Controlled Indoor Environment 

Parameter Nakati (C3) Amaranthus (C4) 

Light Saturation Point (μmol photons/m²/s) 500 1500+ 

Optimal Temperature for Growth (°C) 20-25 30-40 

Leaf Chlorophyll Content (mg/g) 1.8 2.5 

Biomass produced per unit light (g/mol photons) 0.5 1.1 

Observed Leaf Yellowing Yes No 

The group needs to adjust their farming protocol to ensure both crops grow successfully. 

TASK: 
(a) Relate the concepts of light-dependent and light-independent reactions to the differences 

in the light saturation point and biomass production per unit light between the two types of 

plants. 
(b) Evaluate a modified plan for the vertical farm, including specific adjustments to the 

physical setup and lighting regime, to optimise the growth of both C3 and C4 crops 

simultaneously. 

 

(a) Relate light reactions, Calvin cycle, light saturation, and biomass production. 

• Nakati is a C3 plant with a lower light saturation point of 500 μmol photons/m²/s, so 

its light-dependent reactions reach maximum useful production of ATP and 

NADPH at moderate light; beyond this, the Calvin cycle and RuBisCO cannot use 

extra ATP and NADPH efficiently, causing lower biomass per unit light of 0.5 g/mol 

photons. 

• Amaranthus is a C4 plant with a very high light saturation point of 1500+ μmol 

photons/m²/s because its PEP carboxylase, Kranz anatomy, and CO₂-concentrating 

mechanism allow the Calvin cycle to keep using ATP and NADPH at high light; this 

reduces photorespiration and raises biomass per unit light to 1.1 g/mol photons. 

• Nakati yellowed because unsuitable light or temperature reduced chlorophyll 

maintenance and photosynthetic efficiency; reduced chlorophyll content of 1.8 mg/g 

lowered light absorption, reduced electron flow through photosystem II and 

photosystem I, and limited ATP, NADPH, glucose, and biomass formation. 

• Temperature also separated performance because Nakati grows best at 20–25°C while 

Amaranthus grows best at 30–40°C; if the indoor unit is kept too warm for Nakati, 

RuBisCO oxygenase activity and photorespiration increase, reducing glucose 

formation, while Amaranthus remains efficient under warmer, brighter conditions. 

(b) Evaluate a modified vertical-farm plan. 

• Create separate light zones for C3 and C4 crops by placing Nakati under moderate 

LEDs near 500 μmol photons/m²/s and Amaranthus under stronger LEDs near or 

above 1500 μmol photons/m²/s; this prevents wasting light on Nakati after saturation 
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while giving Amaranthus enough light to drive high ATP, NADPH, and biomass 

production. 

• Create temperature zones or crop-specific shelves by keeping Nakati shelves cooler 

at 20–25°C and Amaranthus shelves warmer at 30–40°C; this reduces 

photorespiration in Nakati, maintains RuBisCO carboxylation, and supports the 

high-temperature C4 metabolism of Amaranthus. 

• Use adjustable LED height, dimmers, and reflective panels to control light 

intensity reaching each crop; accurate light delivery improves chlorophyll use, 

prevents yellowing or light stress in Nakati, and increases photosynthetic efficiency in 

Amaranthus without wasting electricity. 

• Improve nutrient and water management by supplying enough nitrogen, 

magnesium, iron, and water; nitrogen supports RuBisCO and enzyme synthesis, 

magnesium forms chlorophyll, iron supports electron carriers, and water supplies 

electrons for photolysis, maintaining light reactions, carbon fixation, and healthy green 

leaves. 
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RESPIRATION 
20. In Kiruhura District, Friesian cows are producing 30% less milk during the dry season. The 

animals graze in open fields with no shade and limited water access. Farmers report fast 

shallow breathing, dry tongues, and frequent lying down during midday. Blood tests show 

reduced hemoglobin and mitochondrial enzyme activity. In contrast, cows grazing near a 

shaded valley with water troughs maintain normal productivity. 

Parameter Affected Herd (Open 
Field) 

Healthy Herd (Shaded 
Valley) 

Body temperature (°C) 40.2 38.3 

Breathing rate (breaths/min) 90 50 

Blood hemoglobin (g/dL) 7.8 11.5 
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ATP synthase activity (% of 

normal) 

60 100 

Milk yield (L/day) 9 15 

Task 

(a) Analyse how the data show effects of heat on oxygen uptake, mitochondrial activity, and 

milk production. 
(b) Evaluate strategies to restore herd productivity. 

 

(a) Analyse how the data show effects of heat on oxygen uptake, mitochondrial activity, 

and milk production. 

• High environmental temperature in open fields increased body temperature from 38.3°C to 

40.2°C, causing excessive heat stress and rapid shallow breathing at 90 breaths/min; fast 

breathing increased evaporative cooling but reduced efficient alveolar gaseous exchange, 

lowering oxygen uptake into blood and reducing oxygen supply for aerobic respiration, 
leading to fatigue and reduced milk production. 

• Limited water access caused dehydration, reducing blood plasma volume and lowering 

haemoglobin concentration from 11.5 to 7.8 g/dL; reduced haemoglobin lowered oxygen 
transport to tissues and mammary glands, decreasing oxidative phosphorylation, energy 

supply, and milk synthesis. 

• Heat stress and reduced oxygen delivery lowered ATP synthase activity from 100% to 60%; 

reduced activity of the mitochondrial electron transport chain decreased formation of ATP 
from ADP and inorganic phosphate, limiting active transport, lactose synthesis, and 

secretory activity in mammary cells, causing milk yield to fall from 15 to 9 L/day. 

• Excessive heat exposure forced cows to lie down frequently during midday to reduce 

metabolic activity and heat production; reduced grazing time lowered nutrient and glucose 
intake required for cellular respiration and milk formation, worsening low productivity. 

(b) Evaluate strategies to restore herd productivity. 

• Provision of shade structures and tree cover lowers environmental heat absorption and 

body temperature; reduced heat stress decreases excessive breathing, improves gaseous 
exchange and oxygen uptake, maintains normal mitochondrial respiration, and restores 

milk synthesis. 

• Constant access to clean drinking water prevents dehydration and maintains blood 
plasma volume and circulation; improved hydration supports haemoglobin function, 

nutrient transport, temperature regulation, and efficient ATP production needed for milk 

secretion. 

• Nutrient-rich balanced feeding during cooler hours increases intake of glucose, minerals, 
and proteins required for aerobic respiration and mammary gland activity; feeding in early 

morning or evening reduces heat stress while improving energy availability for milk 

production. 

• Improved ventilation and cooling systems such as sprinklers or fans lower body 
temperature and reduce respiratory stress; cooler conditions maintain activity of 

mitochondrial enzymes including ATP synthase, improving oxidative phosphorylation, 

energy production, and herd productivity. 
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21. In Mukono, a farmer fed cassava leaves that had wilted for several hours to his rabbits. 
Within minutes, several rabbits collapsed. The veterinarian recorded bright red venous blood 

and no visible lung obstruction. Laboratory tests indicated NADH accumulation and 

decreased ATP production. Brain and heart tissues were most damaged, while rabbits given 

water mixed with sodium thiosulfate survived. 

Observation Control Rabbits Poisoned Rabbits 

Breathing rate (breaths/min) 45 110 

Venous blood colour Dark red Bright red 

Mitochondrial ATP (µmol/mg protein) 5.5 0.2 

NADH concentration (µmol/g tissue) 0.3 2.1 

Tissue damage severity None High in brain and heart 

Survival rate (%) 100 40 

Task 
(a) Explain how cyanide interferes with respiration and why heart and brain tissues show 

severe damage. 

(b) Evaluate prevention strategies to solve the challenges.  

(a) Explain how cyanide interferes with respiration and why heart and brain 

tissues show severe damage. 

• Wilted cassava leaves released hydrogen cyanide HCN, which diffused rapidly into 

rabbit tissues and bound to cytochrome c oxidase in the mitochondrial electron 

transport chain; blockage of electron transfer to oxygen stopped oxidative 

phosphorylation, preventing formation of ATP from ADP, reducing mitochondrial 

ATP from 5.5 to 0.2 µmol/mg protein and causing rapid collapse. 

• Inhibition of cytochrome c oxidase prevented oxidation of NADH to NAD⁺, causing 

accumulation of NADH from 0.3 to 2.1 µmol/g tissue; lack of NAD⁺ slowed the Krebs 

cycle and aerobic respiration, reducing cellular energy production and forcing tissues 

into ineffective anaerobic metabolism. 

• Blocked oxygen utilisation caused venous blood to remain bright red because oxygen 

was not released effectively from oxyhaemoglobin into tissues; despite rapid 

breathing at 110 breaths/min, cells could not use oxygen for respiration, producing 

severe tissue hypoxia without lung obstruction. 

• Brain and heart tissues showed severe damage because they have very high demand 

for ATP to maintain impulse transmission, ion pumping, and continuous contraction; 

failure of Na⁺/K⁺ pumps, neurotransmission, and cardiac muscle contraction caused 

rapid cellular death and low survival rate of 40%. 

(b) Evaluate prevention strategies to solve the challenges. 

• Proper drying or boiling of cassava leaves before feeding reduces hydrogen 

cyanide HCN because heat and prolonged processing break down cyanogenic 

glycosides and allow cyanide to evaporate; lower cyanide intake prevents inhibition of 

cytochrome c oxidase and protects mitochondrial respiration. 

• Avoid feeding wilted or poorly processed cassava leaves because wilting increases 

enzymatic breakdown of cyanogenic compounds by linamarase, releasing more 
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cyanide; using fresh properly treated feeds prevents acute cyanide poisoning and tissue 

hypoxia. 

• Administration of sodium thiosulfate during poisoning provides sulfur donors that 

convert cyanide into less toxic thiocyanate through liver detoxification enzymes such 

as rhodanese; detoxified cyanide can then be excreted, restoring mitochondrial 

respiration and improving survival. 

• Farmer education and feed safety monitoring improve awareness about cyanide 

toxicity in cassava products; informed farmers are more likely to process feeds 

correctly, recognise poisoning signs early, and seek rapid veterinary treatment before 

severe brain and heart damage occurs. 

 

22. At a national competition, three horses trained in different environments Thunder (lake 

region), Dust (polluted highway), and Flame (indoor stable). During a 1000 m sprint under 30 

°C, they showed distinct performance outcomes. 

 

Horse Training Site Resting Pulse 
(beats/min) 

Pulse 
After 

Race 

Blood 
O₂ (%) 

Muscle ATP 
(% normal) 

Recovery 
Time (min) 

Thunder Lakeside 
(fresh air) 

38 110 96 100 3 

Dust Highway 

(polluted 

air) 

42 160 82 60 11 

Flame Indoor 
stable 

40 130 89 78 6 

Task 

(a) Analyse the data to explain how oxygen uptake and ATP production affect recovery time in 

the horses. 
(b) Evaluate strategies to improve Dust’s respiratory efficiency and performance. 

 

 

(a) Analyse how oxygen uptake and ATP production affect recovery time. 

• Fresh lakeside air enabled Thunder to maintain high blood oxygen of 96%, allowing 

efficient oxygen delivery to muscles for aerobic respiration and oxidative 

phosphorylation; normal muscle ATP production at 100% supported strong 

contraction, rapid waste removal, lower post-race pulse of 110 beats/min, and fast 

recovery within 3 minutes. 

• Polluted highway air reduced Dust’s blood oxygen to 82% because smoke and 

particulates impaired respiratory surfaces and oxygen uptake; low oxygen reduced 

electron transport chain activity, lowered ATP synthase function and muscle ATP to 

60%, increased anaerobic respiration and lactic acid accumulation, causing high pulse 

of 160 beats/min and delayed recovery of 11 minutes. 
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• Indoor stable air moderately reduced Flame’s blood oxygen to 89% because poor 

ventilation limited fresh oxygen supply and increased respiratory stress; reduced 

oxygen availability lowered aerobic ATP production to 78%, causing moderate 

fatigue, pulse rise to 130 beats/min, and recovery time of 6 minutes. 

(b) Evaluate strategies to improve Dust’s respiratory efficiency and performance. 

• Relocate training away from polluted highways to clean open fields or lakeside 

environments because reduced inhalation of smoke and particulates protects alveoli 

and airways; improved gaseous exchange raises blood oxygen, supports oxidative 

phosphorylation, restores muscle ATP, and shortens recovery time. 

• Improve respiratory health through veterinary screening and treatment to detect 

airway inflammation or infection caused by pollution; treating inflammation restores 

airway diameter, improves oxygen uptake, reduces breathing effort, and increases 

aerobic performance. 

• Gradual aerobic conditioning in clean air strengthens cardiac and respiratory 

efficiency; improved stroke volume, capillary supply, and mitochondrial enzyme activity 

increase oxygen delivery and ATP production, reducing post-race pulse and fatigue. 

Provide antioxidant-rich balanced feed and adequate hydration to reduce oxidative 

damage from pollutants and maintain blood volume; protected respiratory tissues and 

better circulation improve oxygen transport, muscle metabolism, and recovery after 

sprinting. 

 

23. Three students Amos (footballer), Joan (inactive), and Peter (swimmer), performed a 10-
minute cycling test. Joan was seen breathing mainly through her mouth, ate sugary snacks 

before the test, and drank little water. 

Student Activity Level Resting Heart Rate 

(beats/min) 

Pulse After 

Test 

Blood O₂ 

(%) 

Recovery Time 

(min) 

Amos Regular 

football 

68 120 96 2 

Joan Rarely 

exercises 

75 160 83 9 

Peter Swimmer 65 125 94 3 

Task 

(a) Explain how the physiological differences influenced oxygen use and energy output. 

(b) Evaluate lifestyle strategies to improve Joan’s respiratory efficiency and recovery. 

 

(a) Explain how the physiological differences influenced oxygen use and energy 

output. 

• Regular football training in Amos strengthened cardiac muscle and improved lung 

efficiency, giving a lower resting heart rate of 68 beats/min and high blood oxygen of 

96%; efficient oxygen delivery increased aerobic respiration, oxidative 

phosphorylation, and ATP production in muscles, reducing fatigue and allowing 

rapid recovery within 2 minutes. 
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• Swimming training in Peter increased lung capacity, respiratory muscle strength, and 

cardiovascular efficiency, maintaining blood oxygen at 94%; efficient gaseous 

exchange and circulation supported sustained ATP production through aerobic 

metabolism, resulting in moderate pulse rise and quick recovery within 3 minutes. 

• Joan’s inactive lifestyle weakened cardiovascular and respiratory efficiency, causing 

low blood oxygen of 83% and high pulse of 160 beats/min after exercise; reduced 

oxygen delivery limited aerobic respiration, increased anaerobic respiration and 

lactic acid accumulation, reducing energy efficiency and prolonging recovery to 9 

minutes. 

• Mouth breathing, sugary snacks, and poor hydration worsened Joan’s condition 

because mouth breathing reduced filtration and humidification of inhaled air, sugary 

snacks caused rapid glucose fluctuations, and dehydration reduced blood plasma 

volume; reduced circulation and oxygen transport impaired ATP production and 

increased fatigue during exercise. 

 

(b) Evaluate lifestyle strategies to improve Joan’s respiratory efficiency and 

recovery. 

• Regular aerobic exercise training such as jogging, cycling, or swimming strengthens 

cardiac muscle and respiratory muscles, increasing stroke volume and lung efficiency; 

improved oxygen uptake and circulation support efficient aerobic respiration, reduce 

pulse rise during exercise, and shorten recovery time. 

• Proper hydration before and after exercise maintains blood plasma volume and 

efficient circulation; improved transport of oxygen, glucose, and ions to muscles 

supports mitochondrial ATP production and reduces fatigue and delayed recovery. 

• Balanced meals instead of sugary snacks before exercise provide steady glucose 

release for respiration; stable blood glucose improves sustained ATP generation and 

prevents rapid energy crashes associated with excess simple sugars. 

• Nasal breathing and respiratory conditioning improve warming, filtration, and 

humidification of inhaled air; cleaner and moister air protects respiratory surfaces, 

improves alveolar gaseous exchange, increases blood oxygen levels, and enhances 

exercise recovery 

24.  A Senior Five interschool marathon was held on a hot afternoon. Three students, Aisha, 

Paul, and Ivan, were tested before and after the race. 

Parameter Aisha (trained) Paul (untrained) Ivan (anaemic) 

Resting pulse (bpm) 60 72 85 

ATP level in muscle (µmol/g) after race 4.5 2.2 1.5 

Lactic acid (mmol/L) 2.0 6.3 5.5 

Recovery time (min) 2 10 12 

Task: 

(a) Analyse how differences in oxygen supply, training, and haemoglobin content affected 
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ATP production and recovery in the three athletes. 
(b) Evaluate strategies for improving endurance and recovery among students, using 

evidence from the data. 

 

(a) Analyse how differences in oxygen supply, training, and haemoglobin content 

affected ATP production and recovery. 

• Regular endurance training in Aisha strengthened cardiac muscle, improved stroke 

volume, capillary supply, and mitochondrial density, giving a low resting pulse of 60 

bpm; efficient oxygen delivery supported high rates of aerobic respiration and 

oxidative phosphorylation, maintaining high muscle ATP of 4.5 µmol/g and low 

lactic acid of 2.0 mmol/L, resulting in rapid recovery within 2 minutes. 

• Paul’s untrained condition reduced cardiovascular efficiency and oxygen delivery 

during the marathon; limited oxygen supply lowered electron transport chain activity 

and ATP production to 2.2 µmol/g, increasing dependence on anaerobic respiration 

and lactic acid accumulation to 6.3 mmol/L, causing muscle fatigue and delayed 

recovery of 10 minutes. 

• Ivan’s anaemia reduced haemoglobin concentration and oxygen-carrying capacity of 

blood, severely limiting oxygen delivery to muscles despite increased pulse rate; 

reduced oxygen availability impaired oxidative phosphorylation, lowered ATP to 1.5 

µmol/g, increased anaerobic respiration and lactic acid to 5.5 mmol/L, causing 

prolonged fatigue and the slowest recovery of 12 minutes. 

(b) Evaluate strategies for improving endurance and recovery among students. 

• Regular aerobic endurance training improves stroke volume, capillary supply, and 

mitochondrial enzyme activity; enhanced oxygen delivery and ATP production reduce 

lactic acid accumulation and shorten recovery time, as shown by Aisha’s rapid recovery 

and high ATP levels. 

• Iron-rich balanced diet increases formation of haemoglobin and red blood cells; 

improved oxygen transport supports efficient aerobic respiration, prevents excessive 

fatigue, and improves endurance in anaemic students like Ivan. 

• Adequate hydration and electrolyte replacement maintain blood volume and 

efficient circulation during exercise; improved transport of oxygen and nutrients 

supports mitochondrial respiration and faster removal of lactic acid after the race. 

• Proper warm-up, pacing, and recovery programmes reduce sudden oxygen debt 

and excessive anaerobic respiration; controlled exercise intensity lowers lactic acid 

accumulation, protects muscle metabolism, and improves post-race recovery among 

untrained students like Paul. 
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HOMEOSTASIS 

25. A student participating in a long-distance race on a hot, humid day suddenly collapses. 

She is disoriented, her skin is hot and dry, and her body temperature is measured at 41°C. Her 

teammate, who finished the race, is also hot but is profusely sweating and has a body 

temperature of 38.5°C. The collapsed student had been taking an over-the-counter 
antihistamine for allergies in the days leading up to the race. A first-aid responder notes that 

her water bottle is still full; she had avoided drinking to prevent getting a “stitch.” 
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Physiological Data at Time of Collapse: 

Parameter Collapsed Student Sweating Student 

Core Temperature (°C) 41.0 38.5 

Skin Condition Hot, Dry Cool, Clammy 

Heart Rate (bpm) 130 105 

State of Consciousness Disoriented Alert 

Task: 

(a) (i) Explain the homeostatic mechanisms the body uses to regulate temperature during 
exercise and why the collapsed student's system failed. 

(ii) Analyse the role of the hypothalamus, skin, and behavioural responses in this scenario. 

(b) Evaluate a set of safety guidelines for athletes training in hot conditions to prevent such 

incidents, justifying each guideline based on the principles of thermoregulation. 

(a) (i) Explain thermoregulation during exercise and failure of the collapsed 

student’s system. 

• Exercise increased metabolic activity and ATP hydrolysis in skeletal muscles, 

producing excess heat; the hypothalamus detected rising blood temperature and 

stimulated vasodilation of skin arterioles and activation of sweat glands so heat could 

be lost through radiation, convection, and evaporation, allowing the sweating student 

to maintain a lower body temperature of 38.5°C. 

• The collapsed student developed heat stroke because dehydration and antihistamine 

use impaired sweating and evaporative cooling; reduced sweating caused hot dry skin, 

while low body water reduced plasma volume and skin blood flow, preventing effective 

heat loss despite a core temperature of 41°C, leading to hyperthermia, rapid pulse of 

130 bpm, and collapse. 

• High humidity reduced evaporation of sweat from the skin surface because 

surrounding air already contained high water vapour; reduced evaporative cooling 

caused accumulation of body heat, increasing cardiovascular stress and worsening 

thermoregulatory failure. 

• Reduced water intake prevented replacement of fluid lost through sweating, causing 

dehydration and reduced blood circulation; poor circulation lowered heat transfer from 

body core to skin, impaired cooling, reduced oxygen delivery to the brain, and caused 

disorientation. 

(a) (ii) Analyse the role of the hypothalamus, skin, and behavioural responses. 

• The hypothalamus acted as the thermoregulatory control centre by detecting 

increased blood temperature and sending nerve impulses to sweat glands and skin 

arterioles; failure of adequate sweating and cooling caused body temperature to 

continue rising beyond safe limits. 

• The skin functioned as the main heat exchange surface through vasodilation and 

sweating; the sweating student had cool clammy skin because evaporation removed 
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heat effectively, while the collapsed student’s dry skin showed failure of sweat gland 

activity and poor heat dissipation. 

• Poor behavioural responses worsened the collapsed student’s condition because she 

avoided drinking water and continued running despite heat stress; lack of hydration 

prevented maintenance of blood volume and sweating, increasing the risk of heat 

stroke and circulatory collapse. 

(b) Evaluate safety guidelines for athletes training in hot conditions. 

• Adequate hydration before, during, and after exercise maintains blood plasma 

volume and supports sweat production; efficient sweating and circulation improve 

evaporative cooling, prevent dehydration, and reduce risk of heat stroke. 

• Avoidance of antihistamines or heat-impairing drugs before strenuous activity 

prevents suppression of sweat gland activity and excessive drying of body surfaces; 

maintained sweating allows proper thermoregulation and prevents dangerous rise in 

core temperature. 

• Training during cooler hours and allowing rest breaks reduces environmental heat 

gain and metabolic heat accumulation; lower heat stress decreases cardiovascular 

strain, improves heat dissipation, and prevents hyperthermia during endurance 

exercise. 

• Wearing light breathable clothing improves evaporation and heat transfer from 

skin surfaces; efficient heat loss supports stable body temperature and reduces risk of 

overheating in humid environments. 

• Early recognition of heat illness symptoms and rapid cooling measures such as 

shade, cold water, or ice packs lower core temperature quickly; rapid intervention 

prevents damage to the brain, enzymes, and cardiovascular system during heat stroke. 

26. During a geography field trip in Karamoja, students camped in semi-desert grasslands. 

Temperatures reached 39°C at noon and dropped to 15°C at night. One group forgot their 

shade tent and drinking water. By the second day, two students showed: 

• Increased breathing and dry lips 

• Dizziness and low urine output 

• Hot skin but reduced sweating 

Another student, who had been taking energy drinks with caffeine, remained alert but 

later developed muscle cramps. 
The school nurse measured the following: 

 

Student Body Temp 
(°C) 

Urine Volume 
(mL/hr) 

Pulse 
(beats/min) 

Plasma ADH Level 
(pg/mL) 

A (no shade, no 

water) 

39.8 8 120 20 

B (same as A) 39.2 10 118 22 

C (with caffeine) 37.5 40 85 6 
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D (in shade, 

hydrated) 

36.8 60 75 5 

Task: 
(a) Analyse how the physiological responses observed in the students demonstrate 

temperature regulation and water balance mechanisms in humans. 

(b) Evaluate scientifically sound strategies to prevent dehydration and overheating during 
future field trips.  

(a) Analyse how the physiological responses demonstrate temperature regulation 

and water balance mechanisms. 

• Lack of shade and drinking water exposed Students A and B to excessive environmental 

heat, increasing body temperatures to 39.8°C and 39.2°C; the hypothalamus 

stimulated rapid breathing and vasodilation to increase heat loss, but dehydration 

reduced sweat production and plasma volume, causing hot skin, reduced sweating, 

dizziness, and rapid pulse rates above 118 beats/min as the heart compensated for 

reduced circulation. 

• Severe dehydration in Students A and B reduced blood water potential and stimulated 

the posterior pituitary to release high levels of antidiuretic hormone ADH of 20–22 

pg/mL; ADH increased permeability of kidney collecting ducts by inserting 

aquaporins, causing greater water reabsorption, very low urine output of 8–10 mL/hr, 

and concentrated body fluids to conserve water. 

• Caffeine intake in Student C inhibited normal ADH release, lowering plasma ADH to 6 

pg/mL; reduced water reabsorption increased urine output to 40 mL/hr, causing 

greater water and ion loss, while caffeine stimulation temporarily maintained alertness 

but loss of Na⁺, K⁺, and water contributed to muscle cramps. 

• Student D remained in shade and hydrated, maintaining normal body temperature of 

36.8°C, pulse of 75 beats/min, low ADH of 5 pg/mL, and urine output of 60 mL/hr; 

adequate hydration maintained blood volume, sweating, circulation, and efficient 

thermoregulation without triggering water conservation mechanisms. 

(b) Evaluate scientifically sound strategies to prevent dehydration and overheating 

during future field trips. 

• Provision of adequate drinking water and scheduled hydration breaks maintains 

blood plasma volume and supports sweating for evaporative cooling; proper hydration 

reduces excessive ADH release, maintains urine production, prevents dizziness, and 

protects against heat stroke. 

• Use of shade tents and avoidance of prolonged midday exposure reduces 

environmental heat absorption and lowers body temperature; reduced heat stress 

decreases hypothalamic stimulation, limits excessive sweating and dehydration, and 

prevents circulatory overload. 

• Avoidance of caffeine-containing energy drinks during hot conditions prevents 

excessive urine production caused by reduced ADH activity; maintaining normal 

kidney water reabsorption preserves electrolyte balance and reduces risk of 

dehydration and muscle cramps. 
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• Use of electrolyte replacement solutions restores lost Na⁺, K⁺, and chloride ions lost 

through sweating; balanced ions maintain nerve impulse transmission, muscle 

contraction, osmotic balance, and prevent heat-related muscle cramps. 

• Heat-awareness training and early symptom monitoring improve rapid 

recognition of dehydration and hyperthermia signs such as dizziness, low urine output, 

and reduced sweating; early intervention with cooling and rehydration prevents severe 

heat illness and circulatory collapse. 

 

27. During a marathon in a hot, humid climate, a runner, Sarah, collapsed. She was 
disoriented, had a rapid, weak pulse, and her skin was hot and dry. Bystanders reported 

she had been drinking large amounts of pure water throughout the race but had not 

consumed any electrolytes. Medical tests at the event revealed the following data. 

Data: 
Parameter Sarah's Reading Normal Range 

Core Body Temperature 40.1 °C 36.5 - 37.5 °C 

Blood Sodium Concentration 125 mmol/L 135 - 145 mmol/L 

Plasma ADH (Vasopressin) Level Low High (in dehydration) 

Skin Moisture Dry Moist (from sweating) 

Task: 

(a) Analyse Sarah’s homeostatic imbalance. Explain the failure of the negative feedback 

mechanisms for temperature regulation and water balance, linking her symptoms to the data 
provided. 

(b) Evaluate a revised hydration strategy for marathon runners to prevent this condition, 

justifying it based on the principles of osmoregulation and thermoregulation. 

 

(a) Analyse Sarah’s homeostatic imbalance. 

• Excessive heat and prolonged exercise increased metabolic heat production, raising 

Sarah’s core temperature to 40.1°C; the hypothalamus stimulated sweating and 

vasodilation for evaporative cooling, but severe fluid and electrolyte imbalance 

impaired sweat gland function, causing hot dry skin and failure of heat loss 

mechanisms, leading to heat stroke and disorientation. 

• Excessive intake of pure water without electrolytes diluted blood sodium ions Na⁺, 

lowering blood sodium concentration to 125 mmol/L; reduced plasma osmotic pressure 

caused water movement into body cells by osmosis, including brain cells, causing 

cerebral swelling, confusion, weakness, and collapse. 

• Low blood sodium suppressed release of antidiuretic hormone ADH vasopressin, 

giving low plasma ADH levels despite heavy sweating; reduced ADH lowered water 

reabsorption in kidney collecting ducts, worsening electrolyte imbalance and disrupting 

normal osmoregulation. 

• Severe heat stress and reduced effective blood volume caused a rapid weak pulse 

because the heart attempted to maintain circulation and oxygen delivery despite poor 
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plasma ion balance and dehydration; reduced circulation impaired heat transfer from 

body core to skin, worsening hyperthermia. 

(b) Evaluate a revised hydration strategy for marathon runners. 

• Use of electrolyte-containing rehydration fluids instead of pure water replaces 

lost Na⁺, K⁺, and chloride ions lost in sweat; maintained plasma osmotic pressure 

supports normal ADH regulation, prevents cellular swelling, and maintains nerve and 

muscle function during endurance exercise. 

• Controlled drinking based on fluid loss and thirst monitoring prevents excessive 

dilution of blood electrolytes; balanced fluid intake maintains blood volume without 

causing hyponatraemia, supporting efficient circulation and thermoregulation. 

• Pre-race and during-race electrolyte assessment and supplementation maintain 

stable ion concentrations needed for nerve impulse transmission, muscle contraction, 

and water balance; proper electrolyte levels reduce risk of cramps, confusion, and 

circulatory collapse. 

• Cooling strategies such as shaded rest points, water sprays, and breathable 

clothing improve heat loss through evaporation and convection; reduced body 

temperature lowers hypothalamic stress, maintains sweat gland activity, and prevents 

failure of negative feedback control during hot humid races. 

• Education on symptoms of heat illness and hyponatraemia improves early 

recognition of dizziness, confusion, dry skin, and weakness; rapid intervention with 

electrolyte correction and cooling prevents progression to severe heat stroke and 

neurological damage. 

28. A research team studied the behavioural and physiological adaptations of the Camel (a 

desert endotherm) to maintain thermal and water balance (homeostasis) in an arid 
environment with ambient temperatures reaching 45∘C. The camel can tolerate a core body 

temperature fluctuation of up to 6∘C to conserve water. During the day, the camel relies on 

preferential heat loss from its ears and seeking shade under acacias to maintain a stable 
internal temperature. When water is scarce, the camel produces highly concentrated urine 

and reduces its sweating rate. The animal's ability to allow its body temperature to rise 

during the hottest part of the day acts as a physiological adaptation. 

Table: Physiological Responses of a Camel over a 24-Hour Cycle 

Time of Day Core Body 

Temperature (∘C) 

Sweat Rate 

(mL/m2/hr) 

Urine Concentration 

(Osmolality, mOsm/kg) 

06:00 

(Coolest) 

36.0 5 1500 

15:00 
(Hottest) 

41.5 12 1500 

20:00 

(Cooling) 

38.0 8 1500 

Task: 
(a) Explain how the camel's ability to tolerate a rising core body temperature during the day 

acts as an adaptive mechanism for maintaining water balance in the desert. 
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(b)Evaluate strategies that collectively enable the camel to survive in its extreme 
environment, integrating both its physiological and behavioural adaptations. 

 

(a) Explain how tolerance of rising body temperature maintains water balance. 

• Extreme desert heat of 45°C caused the camel’s core body temperature to rise from 

36.0°C in the morning to 41.5°C during the hottest part of the day; instead of 

immediately activating excessive sweating, the camel allowed temporary heat storage 

within body tissues, reducing the temperature gradient between the body and 

environment and lowering heat gain from surroundings. 

• Reduced sweating conserved body water because evaporation from the skin was 

minimized despite high environmental temperature; by avoiding excessive sweat loss, 

the camel maintained blood plasma volume, osmotic balance, and circulation during 

prolonged water scarcity. 

• Water shortage stimulated strong release of antidiuretic hormone ADH, increasing 

permeability of kidney collecting ducts through insertion of aquaporins; greater water 

reabsorption produced highly concentrated urine with constant osmolality of 1500 

mOsm/kg, conserving body water while removing wastes. 

• As evening temperatures cooled, stored body heat was gradually lost through radiation 

and convection without requiring large water loss through sweating; this controlled 

fluctuation in core temperature reduced dehydration risk and maintained long-term 

homeostasis in arid conditions. 

(b) Evaluate survival strategies integrating physiological and behavioural 

adaptations. 

• Tolerance of fluctuating body temperature is a major physiological adaptation 

because storing heat during the day reduces dependence on evaporative cooling; 

reduced sweating conserves water, maintains plasma volume, and prevents severe 

dehydration during desert heat. 

• Production of highly concentrated urine through increased ADH activity conserves 

water by maximizing kidney water reabsorption; maintaining urine osmolality at 1500 

mOsm/kg minimizes water loss while sustaining osmotic balance and blood pressure. 

• Preferential heat loss through the ears increases heat dissipation because ear 

surfaces contain many blood vessels close to the skin; increased blood flow to ears 

allows heat transfer to the environment without requiring large sweat losses. 

• Behavioural shade-seeking under acacia trees reduces direct solar radiation and 

environmental heat gain; lower heat absorption decreases the need for sweating and 

reduces metabolic stress during the hottest hours. 

• Reduced daytime activity and sweating rate conserve both energy and water; lower 

muscular activity reduces metabolic heat production and limits evaporative water loss, 

supporting survival during prolonged drought conditions. 

 

29. The Water Lily (Nymphaea alba) is an obligate hydrophyte (aquatic plant). It has adapted 

to its water-logged environment where the roots are often in an anoxic (oxygen-depleted) 
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substrate. A student studied the stem and root cross-sections of the water lily, comparing 
them to a typical mesophyte (bean plant). The main challenge for the water lily is not water 

stress, but rather oxygen deficiency in the roots and the need to transport oxygen to its 

submerged parts. The water lily has a large proportion of a specialized tissue called 

aerenchyma in its petioles and roots, forming continuous air channels. The student also 
noted that the stomata are only present on the upper surface of the floating leaves. The leaf 

cuticle is thin, and the root is poorly developed compared to the mesophyte. 

Table: Structural Characteristics of Water Lily (Hydrophyte) and Bean Plant (Mesophyte) 

Structural Characteristic Water Lily 
(Hydrophyte) 

Bean Plant 
(Mesophyte) 

Percentage of Aerenchyma in 

Root/Petiole 

60% <5% 

Stomata Location Upper Leaf Surface 

Only 

Both Surfaces 

Root Mass (% of Total Biomass) 10% 35% 

Cuticle Thickness Thin Thick 

Task: 

(a) Analyse the structural data and scenario to explain how the presence of aerenchyma and 
the stomata location are key osmoregulatory and structural adaptations that facilitate the 

survival of the hydrophyte in its habitat.  

(b) Evaluate strategies used by the water lily to manage its internal environment in the face of 
anoxic conditions. 

(a) Analyse how aerenchyma and stomatal location adapt the water lily to its 

habitat. 

• Water-logged anoxic soil stimulated development of extensive aerenchyma occupying 

60% of root and petiole tissues; interconnected air spaces allowed diffusion of oxygen 

from aerial leaves to submerged roots, maintaining limited aerobic respiration, ATP 

production, and survival of root cells despite oxygen-deficient mud. 

• Floating leaves exposed only the upper surface to air, causing stomata to occur only on 

the upper epidermis; upper-surface stomata allowed efficient gaseous exchange of 

oxygen and carbon dioxide without blockage by water, supporting photosynthesis 

and oxygen supply to internal tissues through the aerenchyma system. 

• Constant water availability reduced the need for extensive root systems, so root mass 

remained only 10% of total biomass; reduced roots minimized energy use for water 

absorption while more biomass was allocated to floating leaves and air-channel tissues 

that improve buoyancy and gas transport. 

• Abundant surrounding water reduced risk of dehydration, so the hydrophyte developed 

a thin cuticle; reduced cuticle thickness increased diffusion of gases and supported 

easier water and mineral exchange with the aquatic environment, unlike the thick 

cuticle of mesophytes that prevents water loss. 

(b) Evaluate strategies used by the water lily to manage its internal environment 

under anoxic conditions. 
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• Development of extensive aerenchyma tissues is the major adaptation because 

continuous air channels transport atmospheric oxygen from leaves to submerged 

roots; improved internal aeration maintains root aerobic respiration, ATP production, 

and survival in oxygen-poor mud. 

• Upper-surface stomatal distribution ensures stomata remain exposed to air rather 

than submerged water; this allows continuous uptake of carbon dioxide for 

photosynthesis and entry of oxygen needed for internal diffusion through aerenchyma. 

• Reduction of root biomass conserves energy and oxygen demand in submerged 

tissues; smaller roots require less ATP for maintenance respiration, improving survival 

where oxygen availability is limited. 

• Thin cuticle and floating leaf arrangement support efficient gaseous exchange and 

buoyancy; floating leaves remain exposed to light and air, maximizing photosynthesis, 

oxygen generation, and transport to submerged tissues. 

• Partial use of anaerobic respiration in root tissues allows temporary ATP 

generation when oxygen becomes extremely limited; although less efficient and 

producing ethanol or lactate, this maintains short-term cell survival until oxygen 

availability improves. 
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COORDINATION 

30. The Ugandan Ministry of Health is launching a public awareness campaign on substance 

abuse. To demonstrate the effects on the nervous system, a physiology lab used a frog nerve-
muscle preparation to simulate synaptic transmission. They tested substances commonly 

misused in local communities. During the demonstration, they noted that the effect of the 
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anaesthetic was reversible after washing the preparation with a saline solution, but the 
alcohol's effect persisted longer. They also observed that the caffeine-treated muscle 

twitched spontaneously even without stimulation after a while. 
Table: Effects of Different Substances on Synaptic Transmission in a Frog Nerve-Muscle 

Preparation 
Treatment Neurotransmitter 

Released (%) 
Postsynaptic Potential 
Amplitude (mV) 

Muscle Contraction 
Strength 

Control (Normal 

saline) 

100 50 Strong and 

coordinated 

Local Anaesthetic 
(Lidocaine) 

25 12 Very weak, delayed 

Caffeine 130 65 Strong, but with 

subsequent spasms 

Alcohol (Ethanol) 45 20 Weak and 

uncoordinated 

 

Task: 
(a) i. Explain how the local anaesthetic and alcohol disrupt the process of impulse 

transmission at the synapse. 

ii. Explain how caffeine enhances synaptic transmission and why it led to muscle spasms. 
(b) The awareness campaign needs practical strategies. Evaluate targeted public health 

strategies to mitigate the negative effects of such substances on human nervous coordination 

and behaviour.  

(a) i. Explain how local anaesthetic and alcohol disrupt impulse transmission. 

• Lidocaine blocked voltage-gated Na⁺ channels in presynaptic neurones, preventing 

depolarisation and propagation of the action potential to the synaptic terminal; 

reduced opening of Ca²⁺ channels lowered exocytosis of acetylcholine, reducing 

neurotransmitter release to 25%, lowering postsynaptic potential amplitude to 12 mV, 

and causing weak delayed muscle contraction. Washing with saline removed lidocaine 

from channel proteins, allowing normal Na⁺ influx, restoration of depolarisation, and 

recovery of synaptic transmission. 

• Alcohol disrupted synaptic transmission by depressing neuronal membrane activity 

and altering function of neurotransmitter receptors and ion channels; reduced 

presynaptic Ca²⁺ entry lowered acetylcholine release to 45%, decreasing postsynaptic 

depolarisation to 20 mV and causing weak uncoordinated contractions. Alcohol also 

disturbed membrane fluidity and inhibitory neurotransmission, so its effects persisted 

longer even after removal from the preparation. 

(a) ii. Explain how caffeine enhances synaptic transmission and causes spasms. 

• Caffeine stimulated the nervous system by increasing release of Ca²⁺ from intracellular 

stores and enhancing neurotransmitter release above normal to 130%; increased 

acetylcholine release generated larger postsynaptic potentials of 65 mV, producing 

strong muscle contractions. 
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• Excessive stimulation by caffeine caused repeated depolarisation of muscle fibres and 

motor neurones; continuous Ca²⁺ availability prolonged interaction of actin and 

myosin, causing uncontrolled repetitive contractions and spontaneous muscle spasms 

even without external stimulation. 

(b) Evaluate targeted public health strategies. 

• Community education on nervous system effects of substance abuse improves 

awareness that alcohol, stimulants, and anaesthetics alter synaptic transmission, 

coordination, judgement, and muscle control; informed individuals are more likely to 

avoid misuse and reduce neurological harm. 

• Regulation and controlled access to drugs and alcohol reduces availability of 

substances that impair neurotransmission; limiting misuse lowers risk of addiction, 

poor coordination, accidents, and long-term nervous system damage. 

• School-based counselling and rehabilitation programmes provide early 

behavioural intervention and support for affected individuals; counselling reduces 

dependence, restores healthy behaviour, and improves nervous system recovery 

through reduced exposure to harmful substances. 

• Promotion of healthy lifestyles including exercise, sleep, and balanced nutrition 

supports normal synthesis of neurotransmitters and efficient nerve function; proper 

neuronal metabolism improves coordination, cognitive function, and resistance to 

substance-related neurological impairment. 

 

 
 

31. “Bloom Uganda,” a horticultural company in Mukono, specializes in growing roses (a 

long-day plant), chrysanthemums (a short-day plant), and tomatoes (day-neutral but 
sensitive to ethylene) for export. The new farm manager is reviewing data from last season. 

She notes that while auxin application promoted stem elongation in roses, it also inhibited 

lateral bud growth, increasing the need for pruning. The use of ethylene gas in the tomato 

greenhouse successfully ripened fruits uniformly for a large order, but it also caused 
premature yellowing and abscission of older leaves. Workers have suggested installing 

energy-efficient LED lights that can be programmed to emit specific red and far-red 

wavelengths. 
Table 2: Growth Parameters and Hormonal Application in Controlled Environments 

Crop Photoperiod 

(Hours Light) 

Hormone 

Application 

Resulting Effect Commercial Issue 

Rose 14 Auxin Spray Taller stems, 

delayed lateral 

flowering 

High pruning costs, 

uneven flower 

batches 

Chrysanthemum 9 Cytokinin 

Spray 

Multiple flower 

buds, bushier 

growth 

Some buds too 

small for market 

Tomato 12 Ethylene Gas Uniform fruit 

ripening 

Leaf yellowing and 

drop 
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Task: 

(a) i. Analyse the role of photoperiodism in triggering flowering in the rose and 

chrysanthemum. 

ii. Explain the opposing effects of auxin and cytokinins on plant growth, as demonstrated in 
the data. 

iii. Explain the dual role of ethylene in the tomato greenhouse as both a ripening hormone 

and a stress hormone. 
(b) Evaluate integrated strategies for the farm manager.  

 

(a) i. Analyse the role of photoperiodism in flowering. 

• Long-day conditions of 14 hours of light stimulated flowering in roses because roses 

are long-day plants that require short nights for activation of phytochrome-

mediated flowering pathways; red light converted inactive Pr to active Pfr, 

stimulating production of florigen in leaves and promoting stem elongation and 

flowering. 

• Short-day conditions of 9 hours of light stimulated flowering in chrysanthemums 

because chrysanthemums are short-day plants requiring long uninterrupted nights; 

prolonged darkness allowed reduction of active Pfr, triggering florigen synthesis and 

formation of multiple flower buds under cytokinin treatment. 

ii. Explain opposing effects of auxin and cytokinins. 

• Auxin spray in roses increased stem elongation because auxins stimulated cell 

elongation through activation of H⁺ pumps, loosening cell walls by expansins and 

increasing apical dominance; suppression of lateral buds reduced side branching and 

delayed lateral flowering, causing uneven flower batches and high pruning costs. 

• Cytokinin spray in chrysanthemums stimulated rapid cell division and lateral bud 

growth because cytokinins promote mitosis and overcome apical dominance; 

increased branching produced bushier plants with many flower buds, but competition 

for nutrients caused some buds to remain too small for market standards. 

(a) iii. Explain the dual role of ethylene. 

• Ethylene gas stimulated uniform tomato fruit ripening by activating genes for 

amylase, pectinase, and pigment synthesis; starch was converted into sugars, 

chlorophyll degraded, and carotenoids accumulated, producing evenly ripened fruits 

suitable for export. 

• Excess ethylene also acted as a stress hormone by stimulating abscission layer 

formation and chlorophyll breakdown in older leaves; increased activity of cellulase 

and pectinase weakened cell connections, causing premature yellowing and leaf drop 

in the tomato greenhouse. 

(b) Evaluate integrated strategies for the farm manager. 

• Use programmable red and far-red LED lighting to control phytochrome activity 

and manipulate flowering cycles; extended red-light exposure can maintain flowering 
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in roses, while controlled dark periods improve synchronized chrysanthemum flowering 

without excessive energy costs. 

• Combine moderate auxin use with strategic pruning or cytokinin balancing to 

reduce excessive apical dominance in roses; controlled hormone balance promotes tall 

export-quality stems while allowing enough lateral flowering for uniform flower 

batches. 

• Apply cytokinins in regulated concentrations to prevent excessive competition 

among chrysanthemum buds; controlled cell division improves flower size uniformity 

and reduces production of undersized market flowers. 

• Use controlled ethylene exposure only during ripening periods and improve 

greenhouse ventilation afterwards; limiting exposure duration allows uniform fruit 

ripening while reducing leaf senescence, chlorophyll loss, and premature abscission. 

• Improve nutrient and environmental management through balanced fertilisation, 

spacing, and irrigation; adequate nitrogen, potassium, and light support strong flower 

and fruit development, reduce stress-induced ethylene production, and improve export 

quality. 

 

 
 

32. During the inter-house athletics championship at St. Mary's College in Soroti, the sports 

medicine team investigated factors affecting athletes' reaction times. They tested the 
runners' reaction times to a starter's pistol sound under different conditions. They found that 

athletes who performed a proper warm-up had faster reactions. One sprinter, David, had a 

minor injury and applied a topical local anaesthetic cream to his thigh; his reaction time was 
significantly slower in his race. Another athlete, who had been resting on a cold bench before 

her event, also showed a delayed start. 

Table: Athlete Reaction Time Under Different Pre-Race Conditions 
Condition Average Reaction Time 

(milliseconds) 

Core Body 

Temperature (°C) 

Athlete Feedback 

Resting at 25°C 320 36.5 Normal 

After Warm-up 280 37.8 Alert and ready 

After Cold Pack 

Application 

400 35.0 Felt "sluggish" 

With Local 

Anaesthetic Cream 

450 36.5 Numbness at 

application site 

 

Task: 

(a) i. Explain the effect of increased body temperature (from warm-up) on the speed of nerve 
impulse transmission. 

ii. Explain how the local anaesthetic cream works at the molecular level to slow down David's 

reaction time. 
(b) Evaluate evidence-based recommendations for athletes to optimize their nervous system 

function and prevent injuries related to slow reaction times.  
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(a) i. Explain the effect of increased body temperature on impulse transmission. 

• Warm-up increased core body temperature from 36.5°C to 37.8°C, increasing kinetic 

energy of molecules and activity of metabolic enzymes involved in neurone and muscle 

function; faster activity of Na⁺/K⁺ pumps, quicker opening of voltage-gated Na⁺ and 

K⁺ channels, and faster release of neurotransmitters at synapses increased the speed 

of depolarisation and synaptic transmission, reducing reaction time from 320 ms to 

280 ms. 

• Cold exposure lowered core temperature to 35.0°C, reducing enzyme activity, 

membrane fluidity, and ion diffusion across neurone membranes; slower movement of 

Na⁺ and K⁺ ions delayed depolarisation and repolarisation, slowing action potential 

conduction and synaptic transmission, causing sluggishness and delayed reaction time 

of 400 ms. 

(a) ii. Explain how local anaesthetic slowed David’s reaction time. 

• Local anaesthetic cream blocked voltage-gated Na⁺ channels in sensory and motor 

neurones at the application site; prevention of Na⁺ influx stopped depolarisation and 

slowed propagation of action potentials along neurones, reducing transmission of 

sensory and motor impulses. 

• Reduced impulse conduction delayed communication between receptors, the central 

nervous system, and muscles; impaired activation of motor neurones slowed muscle 

contraction and increased David’s reaction time to 450 ms while causing numbness. 

(b) Evaluate evidence-based recommendations. 

• Proper warm-up before competition raises body temperature and increases 

efficiency of neurones, synapses, and muscles; faster ion movement and 

neurotransmitter release improve reaction time, coordination, and readiness for rapid 

movement. 

• Avoid prolonged cold exposure before events because low temperature slows 

enzyme activity and impulse transmission; maintaining normal muscle and nerve 

temperature preserves rapid depolarisation and fast reflex responses. 

• Avoid unnecessary use of local anaesthetic creams before races because blocking 

Na⁺ channels interferes with normal action potential conduction; preserved nerve 

signalling ensures rapid sensory processing and muscle activation during competition. 

• Maintain adequate hydration and balanced nutrition to support normal nerve and 

muscle function; proper levels of Na⁺, K⁺, calcium, and glucose maintain membrane 

potentials, neurotransmitter release, and efficient muscle contraction. 

• Regular neuromuscular training and injury prevention programmes improve 

coordination between sensory receptors, neurones, and muscles; repeated practice 

strengthens reflex pathways, improves synaptic efficiency, and lowers risk of injury 

caused by delayed reactions. 

 
 

33. A student biology club at Makerere University is studying vision adaptation. They 
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recruited volunteers, including Sarah, who struggles to see clearly in dim light (nyctalopia), 
and John, who finds bright light painful and often wears sunglasses (photophobia). Using an 

ophthalmoscope, they observed that Sarah's retina appeared normal, but John's had fewer 

pigmented cells in the macula lutea. They tested visual acuity and light adaptation times 

under different lighting conditions. 
Table: Visual Function Tests Under Different Light Intensities 

Light 

Condition 

Pupil 

Diameter 

(mm) 

Time to Read 

Chart (s) - Rod 

Vision 

Time to Read 

Chart (s) - Cone 

Vision 

Colour Perception 

Accuracy (%) 

Dim Light (10 
lux) 

7.5 4.5 (Sarah: 12.0) N/A N/A 

Normal Room 

(500 lux) 

4.0 2.0 1.8 98 

Bright Light 

(2000 lux) 

2.5 N/A 1.5 (John: 3.5) 99 

Task: 

(a) i. Explain the roles of rods and cones in the retina, linking their function to the data in the 
table. 

ii. Using the data, analyse the likely causes of Sarah's nyctalopia and John's photophobia. 

iii. Describe the reflex arc involved in pupil constriction under bright light and its protective 
function. 

(b) Evaluate practical strategies that the students can recommend to improve visual comfort 

and safety for people with similar conditions to Sarah and John, or for the general public in 

different light environments.  

 

 

 

 

(a) i. Explain the roles of rods and cones. 

• Dim light of 10 lux stimulated mainly rod cells, which contain the pigment rhodopsin 

and are highly sensitive to low light; rods generate black-and-white vision and enable 

night vision, explaining why rod vision was tested under dim conditions and why Sarah 

required 12.0 s instead of 4.5 s to read the chart. 

• Bright light of 2000 lux stimulated mainly cone cells, concentrated in the macula 

lutea and containing pigments iodopsins for colour vision and high visual acuity; 

cones function best under strong illumination, explaining high colour perception 

accuracy of 99% and rapid chart reading under bright conditions. 

• Normal room light allowed both rods and cones to function together, giving balanced 

vision, rapid reading times, and accurate colour perception; proper interaction between 

photoreceptors supported efficient adaptation and visual clarity. 

(a) ii. Analyse causes of Sarah’s nyctalopia and John’s photophobia. 

• Sarah’s prolonged rod-vision reading time of 12.0 s in dim light indicates reduced rod 

sensitivity despite a normal retinal appearance; impaired regeneration or function of 
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rhodopsin, possibly due to vitamin A deficiency or defective rod phototransduction, 

reduced ability to detect low light, causing nyctalopia. 

• John’s delayed cone-vision reading time of 3.5 s under bright light and fewer 

pigmented cells in the macula lutea indicate reduced retinal pigment protection; 

reduced melanin and macular pigments allowed excessive light scattering and 

overstimulation of cone cells, causing photophobia and discomfort in bright light. 

(a) iii. Describe the reflex arc in pupil constriction. 

• Bright light stimulated photoreceptors in the retina, generating nerve impulses along 

the optic nerve to the midbrain reflex centre; interneurones activated motor neurones 

in the oculomotor nerve, which stimulated circular muscles of the iris to contract 

while radial muscles relaxed, reducing pupil diameter from 4.0 mm to 2.5 mm. 

• Pupil constriction reduced the amount of light entering the eye, protecting retinal 

photoreceptors and preventing excessive bleaching of visual pigments such as 

rhodopsin and cone pigments; this protected retinal cells from damage and improved 

visual clarity in strong light. 

(b) Evaluate practical strategies. 

• Vitamin A-rich balanced diet supports synthesis and regeneration of rhodopsin in 

rod cells; improved rod pigment availability enhances dim-light vision and reduces 

nyctalopia in individuals like Sarah. 

• Use of protective sunglasses and tinted lenses reduces excessive light intensity 

reaching the retina in individuals with photophobia; reduced retinal overstimulation 

protects cone cells and improves comfort for people like John. 

• Gradual adaptation between dark and bright environments allows regeneration 

and controlled bleaching of visual pigments; proper adaptation reduces retinal stress 

and improves visual performance during sudden light changes. 

• Adequate lighting in roads, classrooms, and workplaces improves visibility and 

reduces dependence on extreme rod adaptation; safer lighting conditions lower eye 

strain, improve reaction time, and reduce accidents in dim environments. 

• Regular eye examinations and retinal screening allow early detection of retinal 

pigment disorders, vitamin deficiencies, or macular damage; early intervention 

preserves photoreceptor function and long-term visual safety. 

 

 

34. Rangers in Bwindi Impenetrable National Park are monitoring chimpanzee populations. 

They have observed distinct behavioural patterns in two neighbouring troops, the 

“Mubwindi” and “Rushaga” groups, in response to seasonal fruit scarcity and the presence of 

tourists. The Mubwindi group, which is habituated to tourists, has started using sticks to 
extract honey from hives, a behaviour not seen before. The Rushaga group, deeper in the 

forest, remains wary of humans but is more efficient at cracking hard nuts using stones. 

Rangers note that the Mubwindi group's new tool-use behaviour is being copied by younger 
chimps. 

Table: Observed Chimpanzee Behaviours and Context 
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Troop Dominant 

Behaviour 

Stimulus/Context Observed Outcome Type of Behaviour 

(Innate/Learned) 

Mubwindi Stick tool 

use 

Tourist presence, 

honey availability 

New food source 

accessed, learned 
by juveniles 

Learned 

Rushaga Stone tool 

use 

Natural nut 

abundance, no human 

contact 

Consistent, efficient 

feeding 

Innate (Instinct) 

Both Loud alarm 

calls 

Sight of a leopard Group flees to trees Innate (Fixed Action 

Pattern) 

Both Grooming After feeding, during 

rest 

Strengthened social 

bonds 

Learned 

(Habituation?) 

Task: 

(a) i. Distinguish between innate and learned behaviour, giving one example of each from the 

data. 
ii. Explain the adaptive significance of the loud alarm calls for the chimpanzees' survival. 

iii. Analyse how the “stick tool use” behaviour in the Mubwindi troop demonstrates social 

learning and its potential advantage. 

(b) Evaluate management strategies for the park that consider the impact of tourism, protect 
natural habitats, and ensure the transmission of these adaptive behaviours to future 

generations. 

 

(a) i. Distinguish between innate and learned behaviour. 

• Presence of predators such as leopards triggered loud alarm calls in both chimpanzee 

troops; this behaviour occurred automatically without prior teaching because sensory 

stimuli activated inherited neural pathways, producing a fixed action response that 

caused rapid escape to trees, showing an innate behaviour essential for survival. 

• Tourist exposure and honey availability stimulated stick tool use in the Mubwindi 

troop; juveniles copied adults through observation and repeated practice, forming new 

neural connections associated with problem-solving and feeding success, showing a 

learned behaviour acquired through social learning rather than inheritance. 

(a) ii. Explain adaptive significance of alarm calls. 

• Sight of a leopard stimulated auditory alarm calling, rapidly transmitting danger 

signals through the troop; the calls activated escape responses in other chimpanzees, 

increasing vigilance, coordination, and rapid climbing into trees, reducing predation 

risk and improving group survival. 

• Alarm calls also protected vulnerable juveniles because warning signals spread quickly 

before direct predator contact; coordinated group escape reduced individual isolation 

and increased reproductive success and long-term troop stability. 

(a) iii. Analyse stick tool use and social learning. 

• Seasonal fruit scarcity and tourist habituation increased exploration of alternative food 

sources, leading Mubwindi chimpanzees to use sticks to extract honey; manipulation of 

tools improved access to energy-rich food, increasing feeding efficiency during scarcity. 
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• Juveniles learned stick use by observing and imitating experienced adults, 

demonstrating social learning and cultural transmission; repeated copying preserved 

the behaviour within the troop, improving adaptability, dietary diversity, and survival 

under changing environmental conditions. 

(b) Evaluate management strategies. 

• Controlled ecotourism with regulated visitor distance and group size reduces 

excessive behavioural disturbance while maintaining gradual habituation; reduced 

stress protects natural feeding and social behaviours while still allowing observation 

and transmission of adaptive learned skills. 

• Protection of natural forest habitats and food resources preserves fruit trees, 

nesting sites, and ecological balance needed for normal chimpanzee behaviour; stable 

habitats reduce extreme food scarcity and maintain natural behavioural diversity and 

survival. 

• Long-term behavioural monitoring and research programmes help identify 

changes in tool use, feeding, and predator responses; early detection of harmful 

tourism effects allows conservation measures that preserve both innate and learned 

adaptive behaviours. 

• Limiting direct human interference and feeding prevents dependency on humans 

and preserves natural problem-solving behaviours; maintaining natural selective 

pressures encourages continued development and transfer of adaptive survival skills 

between generations. 

• Conservation education for tourists and local communities improves awareness 

about chimpanzee behaviour and habitat protection; informed communities are more 

likely to support sustainable tourism and conservation practices that protect future 

chimpanzee populations. 
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INHERITANCE AND EVOLUTION 
35. In Kampala’s industrial zone, several factories have been operating for more than 15 

years, releasing untreated smoke and wastewater into the surrounding community. 
Residents often complain of constant coughs, eye irritation, and unusual skin growths. The 

local health centre reports that many factory workers have been diagnosed with lung cancer 

or other abnormal cell growths. Doctors suspect that exposure to carcinogenic chemicals is 

damaging the workers’ DNA. 
A molecular biology lab analysed blood samples from factory workers and a nearby village 

with no factories. 
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Table: Genetic and Cellular Data 

Group Mutation frequency in 

cell cycle control 

genes (%) 

DNA repair 

enzyme activity 

(% of normal) 

Rate of 

abnormal cell 

division (%) 

Average life 

expectancy (yrs) 

Control 1 95 2 70 

Exposed 20 40 25 55 

Task: 
(a) (i)Analyse how increased mutations and reduced DNA repair activity can lead to abnormal 

cell division and cancer. 

(ii)Explain the relationship between environmental exposure and reduced life expectancy. 
(b) Evaluate sustainable strategies to reduce cancer risk in such communities. 

 

(a) (i) Analyse how increased mutations and reduced DNA repair activity lead to 

cancer. 

• Long-term exposure to carcinogenic smoke and industrial chemicals increased 

mutation frequency in cell cycle control genes from 1% to 20%; mutations altered 

genes regulating the cell cycle such as proto-oncogenes and tumour suppressor 

genes, disrupting checkpoints controlled by proteins like p53, causing uncontrolled 

mitosis and abnormal cell division rate of 25%. 

• Carcinogens damaged DNA through formation of DNA adducts and oxidative stress 

caused by reactive oxygen species ROS; reduced DNA repair enzyme activity from 

95% to 40% impaired excision repair and correction of replication errors, allowing 

mutations to accumulate and abnormal cells to survive instead of undergoing 

apoptosis. 

• Accumulation of mutated cells caused continuous uncontrolled proliferation, forming 

tumours and cancers such as lung cancer; rapidly dividing abnormal cells competed 

with normal tissues for nutrients and oxygen, damaging organs and disrupting normal 

physiological functions. 

(a) (ii) Explain the relationship between environmental exposure and reduced life 

expectancy. 

• Continuous exposure to polluted smoke and wastewater increased chronic 

inflammation, respiratory disease, and cancer risk; repeated cellular damage 

overwhelmed repair systems, increasing disease burden and reducing average life 

expectancy from 70 to 55 years. 

• Inhaled toxic particles damaged lung tissues and reduced gaseous exchange efficiency, 

lowering oxygen delivery for aerobic respiration and tissue repair; long-term organ 

damage, immune suppression, and malignant growths increased mortality and 

shortened lifespan. 

(b) Evaluate sustainable strategies to reduce cancer risk. 

• Installation of industrial waste-treatment and smoke filtration systems reduces 

release of carcinogens into air and water; lower exposure decreases DNA damage, 

mutation rates, and abnormal cell proliferation in surrounding communities. 
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• Strict environmental regulations and regular factory monitoring enforce safe 

disposal of industrial wastes and emission limits; reduced environmental 

contamination protects cellular DNA and lowers long-term cancer incidence. 

• Provision of protective gear and occupational health screening reduces direct 

inhalation and skin exposure to carcinogenic chemicals; early detection of abnormal 

cell changes improves treatment outcomes and prevents progression to severe cancers. 

• Community health education and lifestyle improvement programmes increase 

awareness about pollution risks, smoking avoidance, balanced nutrition, and regular 

screening; antioxidants from healthy diets help neutralise reactive oxygen species 

ROS, reducing DNA damage and supporting repair mechanisms. 

• Afforestation and green buffer zones around factories trap airborne pollutants 

and improve air quality; reduced particulate exposure lowers chronic inflammation, 

respiratory disease, and mutation-inducing oxidative stress. 

 

 
36. In response to prolonged droughts in eastern Uganda, a local biotechnology startup 

partnered with Makerere University to develop drought-resistant maize using recombinant 

DNA technology. Farmers who tested the new variety reported higher yields even with less 
rainfall. However, environmental activists and some community members raised concerns 

about the impact of the maize on human health, pollinators, and biodiversity. Some families 

reported mild allergic reactions after eating the new maize flour. 
Data from experimental farms 

Trait Traditional 

maize 

GM drought-resistant 

maize 

Average yield (tons/ha) 2.5 4.2 

Water requirement (litres/plant) 18 10 

Pollinator visits (per flower/day) 20 12 

Reports of allergic reactions in consumers 
(%) 

0 3 

Task: 

(a)(i) Assess how recombinant DNA technology contributed to the traits of the new maize. 
(ii)Explain the ethical, social, and environmental implications of adopting this GM maize. 

(b) Evaluate strategies to balance high yields with environmental sustainability and public 

health.  

 
 

(a) (i) Assess how recombinant DNA technology contributed to the traits of the new 

maize. 

• Insertion of drought-resistance genes through recombinant DNA technology altered 

expression of proteins involved in water conservation and stress tolerance; introduced 

genes increased synthesis of protective osmotic compounds, stress-response proteins, 

and efficient root-growth regulators, reducing water requirement from 18 to 10 litres 

per plant while maintaining cellular turgor and enzyme activity during drought. 
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• Genetic modification improved physiological efficiency of photosynthesis and growth 

under water stress, increasing average yield from 2.5 to 4.2 tons/ha; enhanced 

regulation of stomatal closure, water-use efficiency, and stress-related gene 

expression maintained glucose production, ATP synthesis, and grain filling despite low 

rainfall. 

• Foreign gene insertion may also have altered production of some proteins in maize 

grains, causing mild allergic reactions in 3% of consumers; newly expressed proteins 

may have acted as allergens, stimulating immune responses involving IgE antibodies 

and histamine release in sensitive individuals. 

• Reduced pollinator visits from 20 to 12 per flower per day suggest that genetic 

modification or associated farming practices altered flower traits, pollen composition, 

or ecosystem interactions; reduced insect visitation may affect pollination dynamics 

and biodiversity within surrounding ecosystems. 

(a) (ii) Explain ethical, social, and environmental implications. 

• Improved drought resistance and higher yield provide social and economic benefits by 

increasing food security and farmer income during prolonged droughts; stable maize 

production reduces hunger and dependence on food imports in vulnerable 

communities. 

• Concerns about allergic reactions raise ethical and public-health issues because 

consumers may be exposed to unfamiliar proteins without full understanding of long-

term effects; communities may demand transparency, food labelling, and safety testing 

before widespread adoption. 

• Reduced pollinator activity creates environmental concerns because pollinators are 

important for ecosystem balance and reproduction of many crops and wild plants; 

disruption of insect populations may reduce biodiversity and ecological stability. 

• Dependence on genetically modified seed technology may create social inequality if 

farmers must repeatedly purchase expensive patented seeds; loss of traditional seed 

varieties may reduce local genetic diversity and farmer independence. 

(b) Evaluate strategies to balance high yields with sustainability and public health. 

• Comprehensive biosafety testing and allergen screening should be conducted 

before large-scale distribution; testing for immune reactions and long-term toxicity 

identifies harmful proteins early, protecting public health while maintaining benefits of 

high-yield crops. 

• Integrated farming systems with pollinator conservation measures such as flower 

strips and reduced pesticide use help restore insect populations; maintaining 

pollinators supports biodiversity and ecological balance while allowing continued GM 

maize production. 

• Controlled coexistence of GM and traditional maize varieties preserves local 

genetic diversity and farmer choice; maintaining seed banks and buffer zones reduces 

genetic contamination and protects indigenous crop varieties. 

https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1


 

59 
 

 

Contact us Today 

Get the bestselling A-level biology Text Book 

0703-923-836 

• Transparent public education and food labelling programmes improve 

community understanding of recombinant DNA technology, benefits, and risks; 

informed consumers and farmers make safer decisions and reduce misinformation-

related conflict. 

• Sustainable water and soil management practices such as mulching, drip 

irrigation, and crop rotation complement drought-resistant maize; combining 

biotechnology with conservation agriculture improves yield while protecting 

ecosystems and long-term soil fertility. 

 

 
37. A farmer in Kamuli District runs a rabbit project to increase family income. He began with 

two white rabbits that he assumed would only produce white offspring. However, when the 

rabbits reproduced, some of the young turned out black. Thinking that food or environmental 
conditions had caused the change, he adjusted the rabbits’ diet and shelter. Despite these 

changes, the colour differences persisted in future generations. The farmer grew puzzled 

when the following results were recorded: 
Offspring counts over generations 

Cross White kits Black kits Total kits 

1st generation 22 18 40 

2nd generation 60 20 80 

The farmer’s neighbour suggested he consult an agricultural extension worker, who hinted 

that coat colour was genetically controlled rather than caused by feeding or the environment. 
Task: 

(a) (i)Use Mendelian principles to explain how white parents can produce black offspring. 

(ii) Analyse the ratios to determine the likely genotypes of the parents. 
(b) Evaluate  strategies to help the farmer understand and apply genetics correctly for better 

breeding. 

 
 

(a) Explain and analyse the inheritance pattern. 

• White parents produced black offspring because coat colour is controlled by alleles, 

not feeding or shelter; if white is dominant, two white rabbits may both be 

heterozygous carriers carrying one dominant white allele and one recessive black 

allele, so the recessive black trait appears only when an offspring inherits two recessive 

alleles. 

• The 1st generation ratio of 22 white:18 black is close to 1:1, suggesting one parent 

may have been heterozygous white and the other genetically black or carrying a 

strong recessive contribution; this indicates black colour was already present in the 

parental gene pool and was not produced by environmental change. 

• The 2nd generation ratio of 60 white:20 black gives 3:1, which supports a cross 

between two heterozygous white rabbits; using W for white and w for black, Ww × 
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Ww produces WW, Ww, Ww, and ww, giving three white offspring to one black 

offspring. 

• The persistence of coat colours across generations confirms genetic inheritance 

because alleles are passed through gametes during meiosis and recombine at 

fertilisation; diet may affect growth and health but cannot change inherited coat-

colour genotypes in normal breeding. 

(b) Evaluate strategies to help the farmer apply genetics correctly. 

• Breeding record-keeping helps the farmer track parent rabbits, offspring colours, and 

ratios; repeated records reveal patterns such as 3:1 or 1:1, allowing him to identify 

carrier rabbits and predict future coat-colour outcomes. 

• Test crossing suspected white carriers with black rabbits helps determine 

genotype; if a white rabbit produces black offspring when crossed with a black rabbit, it 

is likely heterozygous Ww, allowing the farmer to select breeding stock more 

accurately. 

• Farmer training in Mendelian inheritance enables him to understand dominant, 

recessive, genotype, and phenotype; this prevents wrong conclusions that food or 

shelter changed coat colour and improves planned breeding decisions. 

• Selective breeding based on desired coat colour allows the farmer to choose 

parents with known genotypes; using only rabbits that consistently produce the desired 

colour increases uniform offspring, improves market planning, and reduces unexpected 

colour variation. 

 

 

38. Queen Elizabeth National Park is home to two antelope species that occupy different 

habitats. Species A lives in open savannahs with tall grass, where predators such as lions 

chase prey at high speeds. Species B lives in swampy lowlands with dense vegetation, where 
movement is restricted, but food is plentiful. Park rangers noticed that the two species show 

striking differences in body structure and physiology, influencing their survival rates against 

predators. 

 
Research Data 

Trait Species A Species B 

Leg length (cm) 95 70 

Lung surface area (cm²) 420 310 

Heart rate at rest (beats/min) 60 75 

Predation escape success (%) 90 65 

Task: 

(a) Explain how the traits of each species are evolutionary adaptations to their specific 

habitats. 

(b) Analyse how these differences improve chances of survival and reproduction. 
(c) Evaluate conservation strategies to protect these antelope species under increasing 

human encroachment. 
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(a) Explain how traits are evolutionary adaptations. 

• Open savannah habitat with fast-running predators selected for long legs of 95 cm in 

Species A; longer limbs increased stride length and running speed through stronger 

skeletal muscle leverage and efficient locomotion, improving escape from lions in open 

grasslands. 

• Species A also developed a larger lung surface area of 420 cm² and lower resting 

heart rate of 60 beats/min; increased alveolar surface improved oxygen diffusion into 

blood while efficient cardiac output supported sustained aerobic respiration and high 

ATP production during prolonged running. 

• Swampy lowland habitat with dense vegetation selected for shorter legs of 70 cm in 

Species B; compact body structure improved balance and manoeuvrability through 

thick vegetation and muddy ground where high-speed running is less effective. 

• Species B had a smaller lung surface area and higher resting heart rate of 75 

beats/min because movement distances are shorter and food is abundant; faster 

resting metabolism supports rapid turning and short bursts of movement needed in 

dense habitats. 

(b) Analyse how differences improve survival and reproduction. 

• Long legs, large lungs, and efficient circulation increased predation escape success in 

Species A to 90%; survival from predators allowed more individuals to reach 

reproductive age, reproduce successfully, and pass adaptive alleles to offspring through 

natural selection. 

• Efficient oxygen uptake and lower resting heart rate reduced energy wastage in Species 

A; conserved energy could be redirected to reproduction, territory defence, and survival 

during migration or food shortages. 

• Species B’s compact body and rapid movement in dense vegetation reduced detection 

and capture by predators despite lower escape success of 65%; survival within swamp 

habitats still allowed sufficient breeding opportunities and maintenance of the 

population. 

• Differences in physiology and structure reduced competition between the species 

because each occupied a specialised ecological niche; niche separation increased 

resource availability, survival, and reproductive success for both species. 

(c) Evaluate conservation strategies. 

• Protection of habitat diversity through conservation zones preserves both open 

savannahs and swamp ecosystems; maintaining natural habitats allows each species 

to retain adaptations suited for feeding, predator avoidance, and reproduction. 

• Control of human encroachment and illegal grazing reduces habitat destruction 

and competition for food resources; protected ecosystems maintain natural selection 

pressures and improve long-term survival of antelope populations. 
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• Wildlife corridors between fragmented habitats allow movement, migration, and 

gene flow between populations; increased genetic diversity reduces inbreeding and 

improves adaptation to environmental changes. 

• Anti-poaching patrols and predator-prey monitoring maintain ecological balance 

and population stability; controlled human interference prevents excessive mortality 

and preserves reproductive populations. 

• Community conservation education and ecotourism programmes encourage local 

support for wildlife protection; sustainable tourism generates income while increasing 

awareness about the ecological importance of conserving adapted antelope species. 

 

39. In Arua District, cassava is the main food and income source for many households. 
Farmers relied on pesticides to control a pest outbreak that began 8 years ago. Initially, the 

pesticides worked, but now the pests have become harder to kill. Farmers complain of falling 

cassava yields and rising production costs. Bird and lizard populations, which previously 
preyed on the pests, have declined due to habitat destruction and hunting. 

Field Data Collected 

Year Resistant pest frequency (%) Cassava yield loss (%) Pesticide cost (UGX millions) 

1 5 2 1 

4 25 12 5 

8 70 40 12 

Task: 

(a) (i) Explain how natural selection led to pesticide resistance in the pest population. 

(ii) Analyse how reduced predator populations affect resistance spread. 

(c) Evaluate  integrated pest management strategies. 

 

 

(a) (i) Explain how natural selection led to pesticide resistance. 

• Continuous pesticide application acted as a strong selection pressure on the pest 

population; pests with resistant alleles survived because detoxification enzymes such 

as esterases or altered target-site proteins prevented pesticide toxicity, while 

susceptible pests died, increasing resistant pest frequency from 5% to 70% over 8 years. 

• Surviving resistant pests reproduced and passed resistance alleles to offspring through 

inheritance during reproduction; repeated pesticide exposure increased the proportion 

of resistant genotypes in the population, causing cassava yield loss to rise from 2% to 

40% and increasing pesticide dependence. 

• High resistance reduced pesticide effectiveness, forcing farmers to apply larger 

amounts and more expensive chemicals; increased production costs from UGX 1 

million to 12 million resulted from repeated spraying against pests no longer 

controlled by the original pesticide dose. 

(a) (ii) Analyse how reduced predator populations affect resistance spread. 

• Habitat destruction and hunting reduced bird and lizard populations that naturally 

preyed on cassava pests; reduced predation increased survival of both resistant and 
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susceptible pests, allowing rapid population growth and faster spread of resistant 

individuals. 

• Loss of predators removed an important biological control mechanism that normally 

reduces pest density and slows reproduction; larger pest populations increased 

mutation spread and mating among resistant pests, accelerating dominance of 

resistance alleles in the population. 

(b) Evaluate integrated pest management strategies. 

• Use of biological control through protection of birds and lizards restores natural 

predation on cassava pests; predators reduce pest population size, lower reproduction 

of resistant individuals, and decrease dependence on chemical pesticides. 

• Rotation of pesticides with different modes of action prevents continuous selection 

for one resistance mechanism; alternating chemicals reduces survival advantage of 

resistant pests and slows accumulation of resistance alleles. 

• Habitat conservation and agroforestry practices provide shelter and breeding 

areas for natural predators; improved ecosystem balance increases biological pest 

suppression and reduces rapid resistance spread. 

• Use of resistant cassava varieties and crop rotation lowers pest feeding success 

and interrupts pest life cycles; reduced pest survival decreases population growth and 

reduces frequency of resistant individuals. 

• Farmer training on proper pesticide use prevents overuse and incorrect dosing that 

intensify natural selection; correct application rates reduce unnecessary exposure and 

slow development of pesticide resistance while lowering production costs. 

 

40. In a Ugandan game reserve, a study of the African buffalo population over 30 years shows 
a dramatic decline in average horn size. Rangers note that poachers have consistently 

targeted the largest, biggest-horned bulls. Genetic analysis reveals that the allele for large 

horns (L) is incompletely dominant over the allele for small horns (S), with heterozygotes (LS) 
having medium-sized horns. A recent population survey was conducted. 
Data: 

Genotype Phenotype % of Population 30 years ago % of Population now 

LL Large Horns 36% 9% 

LS Medium Horns 48% 42% 

SS Small Horns 16% 49% 

Task: 

(a) Analyse how poaching has acted as a selective pressure, using the data to explain the 

change in genotype frequencies over time. Predict the likely long-term evolutionary 

trajectory of horn size in this population. 
(b) Evaluate a conservation management plan for the reserve that balances the need to deter 

poaching with the goal of maintaining the genetic diversity of the buffalo population. 

 

(a) Analyse selective pressure and long-term evolutionary trajectory. 
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• Poaching of largest-horned bulls acted as an artificial selective pressure against the LL 

genotype; large-horned males were removed before successful breeding, reducing the 

frequency of LL individuals from 36% to 9%, lowering transmission of the L allele to 

offspring. 

• Medium-horned LS heterozygotes declined slightly from 48% to 42% because they 

still carried one L allele and may also be partly targeted or produce some large-

horned offspring; incomplete dominance made horn size visible in the phenotype, 

allowing poachers to select against larger-horn traits directly. 

• Small-horned SS buffaloes increased from 16% to 49% because they were less 

attractive to poachers and survived to reproduce more often; repeated survival and 

breeding of SS individuals increased the S allele frequency in the population. 

• If poaching continues, directional selection will continue favouring smaller horns; the L 

allele may become rare, average horn size will decline, and the population may lose 

genetic diversity for horn size, reducing future adaptability, mate competition strength, 

and normal reproductive selection. 

(b) Evaluate a conservation management plan. 

• Strengthened anti-poaching patrols and surveillance reduce illegal removal of 

large-horned bulls; protecting LL and LS males allows them to reproduce, maintaining 

the L allele and restoring balanced genotype frequencies. 

• Genetic monitoring of horn-size alleles through regular population surveys tracks 

changes in LL, LS, and SS frequencies; early detection of loss of the L allele guides 

breeding and protection decisions before genetic diversity becomes critically low. 

• Protected breeding zones for large and medium-horned bulls increase mating 

opportunities for LL and LS individuals; controlled protection restores gene flow, 

increases offspring carrying the L allele, and prevents permanent shift toward small 

horns. 

• Community conservation and alternative livelihood programmes reduce local 

dependence on poaching; when communities gain income from tourism or legal 

employment, poaching pressure falls and natural selection can operate without human 

bias against large horns. 

• Strict law enforcement and market control for horns reduce demand and 

profitability of illegal horn trade; lowered economic incentive decreases selective killing 

of large-horned males, protecting both population size and genetic variation. 

 

 
 

41. A agricultural research station is developing a new drought-resistant rice strain. However, 

a puzzling observation is made: a cross between a true-breeding drought-resistant plant and 

a true-breeding drought-sensitive plant produces offspring (F1 generation) that are all 
drought-resistant but fail to flower and thus produce no seeds. Further investigation reveals 

that the gene for drought resistance is located on the same chromosome as a gene essential 

for flowering, and the two genes are very closely linked. 

https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1


 

65 
 

 

Contact us Today 

Get the bestselling A-level biology Text Book 

0703-923-836 

Data: 

Parental Generation F1 Generation Phenotype F2 Generation (from F1 

self-cross) 

Drought-Resistant Flowering x 

Drought-Sensitive Flowering 

100% Drought-Resistant, 

Non-Flowering 

Not obtained (F1 is 

sterile) 

Task: 
(a) Explain the genetic phenomenon of autosomal linkage that is causing the non-flowering 

trait to be inherited along with drought resistance in the F1 generation, and why this prevents 

the production of an F2 generation. 

(b) Evaluate a modern gene technology technique that could be used to separate the two 
linked genes and create a drought-resistant, flowering rice plant.  

 

(a) Explain autosomal linkage and failure to produce an F2 generation. 

• The drought-resistance gene and the flowering-control gene are located close together 

on the same autosome, causing autosomal linkage; during meiosis, linked genes 

tend to move together into the same gamete because crossing over rarely occurs 

between closely positioned loci, so the drought-resistant allele was inherited together 

with the defective non-flowering allele in all F1 offspring. 

• Inheritance of the linked non-flowering gene caused all F1 plants to become drought-

resistant but sterile because floral development genes controlling formation of 

reproductive organs, pollen, or ovules were disrupted; failure of flowering prevented 

pollination, fertilisation, seed formation, and therefore no F2 generation could be 

produced. 

• Strong linkage reduced recombination frequency between the two genes, so separation 

of drought resistance from sterility did not occur naturally in the F1 generation; 

without recombinant gametes carrying drought resistance and normal flowering 

together, breeding could not continue through conventional self-crossing. 

(b) Evaluate a modern gene technology technique. 

• CRISPR-Cas9 gene editing can precisely modify or remove the defective flowering 

gene while retaining the drought-resistance gene; the Cas9 endonuclease guided by 

specific guide RNA gRNA cuts the target DNA sequence, allowing correction or 

replacement of the linked sterility mutation without affecting the beneficial drought-

resistance allele. 

• Gene editing separates the undesirable linkage effect because the flowering-control 

gene can be repaired directly instead of relying on rare natural recombination events; 

restored flowering enables meiosis, seed production, and development of fertile 

drought-resistant rice plants. 

• CRISPR technology is faster and more accurate than repeated selective breeding 

because it targets exact nucleotide sequences; precise editing reduces loss of desirable 

drought-resistance traits and accelerates development of improved crop varieties for 

drought-prone environments. 
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• However, strict biosafety testing and field evaluation are necessary because edited 

genes may produce unintended effects on growth, reproduction, or ecological 

interactions; proper regulation ensures stable flowering, high yield, environmental 

safety, and public acceptance of the improved rice strain. 
 

42. A hospital is battling an outbreak of Staphylococcus aureus bacteria that is resistant to 
the antibiotic methicillin (MRSA). The gene for methicillin resistance (mecA) is located on 

a mobile genetic element. The hospital's records show a correlation between increased 

use of methicillin and the rise in MRSA infections from 5% to 60% over five years. Data on 
the bacterial population before and after a major methicillin treatment program is 

analyzed. 

Time Period % of S. aureus population with 

mecA gene 

Average Patient Recovery 

Time (days) 

Before intensive 

methicillin use 

5% 4 

After 5 years of intensive 

use 

60% 12 

Task: 
(a) Apply the concept of natural selection to explain the rapid increase in the frequency of the 

methicillin-resistant bacteria in the hospital population. 

(b) Evaluate an integrated hospital policy to manage the MRSA outbreak and prevent the 
further evolution and spread of antibiotic resistance. 

 

(a) Apply natural selection to explain MRSA increase. 

• Intensive methicillin use acted as a strong selection pressure on the Staphylococcus 

aureus population; bacteria without the mecA gene were killed, while resistant 

bacteria survived because mecA codes for altered penicillin-binding protein PBP2a, 

which methicillin cannot inhibit, allowing continued cell wall peptidoglycan 

synthesis. 

• Surviving MRSA bacteria reproduced rapidly by binary fission, passing the mecA 

gene to daughter cells; repeated antibiotic exposure increased resistant bacteria from 

5% to 60%, showing directional selection favouring resistant genotypes. 

• The mecA gene being located on a mobile genetic element allowed spread by 

horizontal gene transfer between bacteria; transfer of resistance genes through 

plasmids or transposon-like elements accelerated resistance spread beyond simple 

inheritance. 

• Increased MRSA frequency reduced treatment effectiveness, increasing average 

recovery time from 4 to 12 days; prolonged infection occurred because methicillin no 

longer stopped bacterial cell wall formation, allowing resistant bacteria to persist and 

multiply in patients. 

(b) Evaluate integrated hospital policy. 
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• Antibiotic stewardship restricts unnecessary methicillin use and ensures antibiotics 

are prescribed only after proper diagnosis; reduced antibiotic misuse lowers selection 

pressure, slowing survival and multiplication of mecA-carrying bacteria. 

• Culture and sensitivity testing before treatment identifies whether infection is 

MRSA or methicillin-sensitive; targeted antibiotics kill bacteria effectively, shorten 

recovery time, and reduce unnecessary exposure that selects for resistance. 

• Strict infection prevention and control through hand hygiene, patient isolation, 

wound care, and surface disinfection prevents MRSA transfer between patients, staff, 

and equipment; reduced transmission limits spread of resistant strains in the hospital. 

• Surveillance and genetic monitoring of MRSA track frequency of mecA and 

outbreak hotspots; early detection allows rapid containment, adjustment of treatment 

protocols, and prevention of wider resistance spread. 

• Staff and patient education improves correct antibiotic use, hygiene practices, and 

completion of prescribed treatment; informed behaviour reduces resistance selection, 

reinfection, and hospital-wide spread of MRSA. 
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GROWTH AND DEVELOPMENT  
48. Researchers in Arua District studied how storage and environmental factors affect the 
germination of groundnut seeds in different storage conditions. Some seeds had been 

treated with traditional ash-based pesticides, while others were stored in sealed tins or 

ventilated sacks. 
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Condition Storage 

Duration 

(months) 

Moisture 

Content (%) 

Temperature 

(°C) 

Germination 

Rate (%) 

Root Length 

(cm) 

A 0 10 25 95 12.8 

B 3 (sealed tins) 8 30 60 7.2 

C 3 (ventilated 

sacks) 

6 27 80 11.4 

D 6 (treated with 
ash) 

7 25 75 9.8 

Task: 

(a) Analyse the data to explain how environmental and storage factors influence pre- and 
post-germination processes. 

(b) Evaluate sustainable agricultural strategies to improve seed germination, reduce 

dormancy, and maintain seed quality. 

(a) Analyse how environmental and storage factors influence pre- and post-

germination processes. 

• High temperature and sealed storage in Condition B increased seed respiration and 

metabolic deterioration during storage; reduced oxygen exchange in sealed tins limited 

efficient aerobic respiration, depleted food reserves, damaged enzymes involved in 

germination such as amylase, lowered germination rate to 60%, and reduced root 

growth to 7.2 cm. 

• Low moisture content of 6% in ventilated sacks of Condition C maintained seed 

viability because moderate drying reduced fungal growth and slowed excessive 

metabolic activity; adequate aeration preserved embryo cells and respiratory enzymes, 

allowing efficient water uptake during imbibition, high germination of 80%, and longer 

root growth of 11.4 cm. 

• Prolonged storage for 6 months in Condition D caused gradual ageing of seed tissues 

despite ash treatment; extended storage reduced membrane integrity, enzyme 

efficiency, and mobilisation of stored proteins and lipids, lowering germination to 75% 

and root length to 9.8 cm. 

• Fresh seeds in Condition A had optimal moisture of 10% and moderate temperature of 

25°C, maintaining active embryo metabolism and intact storage tissues; rapid 

imbibition activated gibberellins, stimulated amylase synthesis, increased breakdown 

of starch into sugars for ATP production, resulting in highest germination of 95% and 

root length of 12.8 cm. 

(b) Evaluate sustainable agricultural strategies. 

• Storage in cool well-ventilated conditions maintains moderate moisture and 

oxygen availability while reducing excessive respiration and fungal growth; preserved 

embryo viability and enzyme activity improve germination percentage and vigorous 

root development. 
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• Use of airtight storage only with proper drying and temperature control prevents 

moisture accumulation and microbial attack; correctly dried seeds maintain stable 

metabolism without excessive depletion of food reserves during storage. 

• Traditional ash treatment against pests reduces insect damage and seed 

destruction because ash creates a dry alkaline environment that discourages storage 

pests; protected seeds retain food reserves and maintain better germination capacity 

during prolonged storage. 

• Use of certified fresh seeds and reduced storage duration minimizes ageing-

related membrane and enzyme damage; active embryos respond quickly to imbibition, 

hormonal activation, and mobilisation of food reserves, improving germination and 

seedling growth. 

• Pre-soaking or priming seeds before planting enhances imbibition and activates 

respiratory enzymes early; rapid activation of gibberellins, amylase, and 

mitochondrial respiration reduces dormancy and improves uniform germination. 

• Maintaining proper field moisture and soil aeration during planting supports 

oxygen diffusion and water uptake needed for aerobic respiration and root 

elongation; healthy post-germination growth improves seedling establishment and 

crop yield. 

 

49. Students at Iganga Senior Secondary School investigated how different nutrient sources 
influence the growth and long-term health of bean plants. Some plots received compost, 

others chemical fertilizer, while a third group combined both. 

Treatment Average Height (cm) 

after 6 weeks 

Leaf 

Count 

Stem Diameter 

(mm) 

Soil 

pH 

Number of Pods 

per Plant 

Compost 45 20 6 6.8 18 

NPK 

Fertilizer 

52 17 5 5.4 22 

Compost + 

NPK 

55 22 7 6.5 25 

Task: 

(a) Explain how nutrient source influences growth rate, sustainability, and soil health. 

(b) Evaluate integrated farming strategies to improve yields while maintaining long-term soil 

fertility. 
 

(a) Explain how nutrient source influences growth rate, sustainability, and soil 

health. 

• Compost application improved soil organic matter and microbial activity, increasing 

gradual release of minerals such as nitrates, phosphates, and potassium; improved 

water retention and root aeration supported steady cell division and enlargement, 

producing 45 cm plants with thicker stems of 6 mm and healthy soil pH of 6.8, 

promoting sustainable long-term soil fertility. 
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• NPK fertilizer supplied readily available mineral ions that rapidly stimulated protein 

synthesis, chlorophyll formation, and photosynthesis, increasing plant height to 52 

cm and pod number to 22; however, excessive inorganic fertilizer lowered soil pH to 5.4 

through accumulation of acidic ions, reducing microbial activity and long-term soil 

quality despite rapid growth. 

• Combined compost and NPK treatment provided both immediate and slow-release 

nutrients; inorganic fertilizer rapidly supported metabolic processes while compost 

improved soil structure, microbial decomposition, and buffering capacity, resulting in 

highest growth of 55 cm, greatest leaf count of 22, thickest stems of 7 mm, balanced 

pH of 6.5, and highest pod production of 25. 

(b) Evaluate integrated farming strategies. 

• Combining compost with moderate NPK fertilizer use improves both rapid 

nutrient supply and long-term soil fertility; compost maintains soil structure and 

microbial activity while NPK supports immediate photosynthesis, protein formation, 

and pod development, giving high yields without severe soil acidification. 

• Crop rotation with legumes and organic matter recycling restores soil nitrogen 

through activity of Rhizobium bacteria in root nodules; biological nitrogen fixation 

reduces dependence on chemical fertilizers and maintains soil fertility sustainably. 

• Regular soil pH monitoring and liming where necessary prevent excessive 

acidification caused by continuous fertilizer application; maintaining near-neutral pH 

improves mineral availability, root function, and microbial decomposition. 

• Mulching and conservation farming practices reduce soil erosion, moisture loss, 

and nutrient leaching; preserved soil organic matter supports root growth, microbial 

populations, and stable long-term productivity. 

• Use of composted farm waste and green manure increases humus content and 

cation exchange capacity; improved nutrient retention and water-holding capacity 

support sustained bean growth and reduce environmental pollution from excessive 

fertilizer use 

 

50. A community near River Katonga reported poor maize yields. Samples of irrigation water 
and soil were collected from three farms one near the upstream forest, another near a sugar 

factory, and a third in a lowland wetland. 

Site Water 

Source 

Dissolved 

Oxygen (mg/L) 

Heavy Metal 

Content (ppm) 

Germination 

Rate (%) 

Mean Shoot 

Height (cm) 

A Forest 
stream 

8.5 0.2 92 15.5 

B Factory 

outlet 

3.2 4.5 48 7.2 

C Wetland 
outlet 

5.1 2.1 70 11.3 

Task: 

(a) Analyse how water quality parameters affect germination, energy production, and 
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seedling growth. 
(b) Evaluate community-based strategies to ensure clean irrigation water and improve seed 

germination. 

 

 

 

 

(a) Analyse how water quality affects germination, energy production, and 

seedling growth. 

• Clean forest-stream water in Site A had high dissolved oxygen of 8.5 mg/L and low 

heavy metals of 0.2 ppm; oxygen supported aerobic respiration, ATP production, 

enzyme activation, and cell division in the embryo, giving high germination of 92% 

and shoot height of 15.5 cm. 

• Factory outlet water in Site B had low dissolved oxygen of 3.2 mg/L and high heavy 

metals of 4.5 ppm; oxygen shortage reduced mitochondrial respiration, while heavy 

metals inhibited enzymes, damaged membranes, and reduced amylase activity 

needed to mobilise seed food reserves, causing poor germination of 48% and stunted 

shoots of 7.2 cm. 

• Wetland outlet water in Site C had moderate oxygen of 5.1 mg/L and heavy metals of 

2.1 ppm; partial oxygen supply allowed some ATP production, but metal toxicity still 

reduced enzyme activity, root absorption, and cell elongation, giving intermediate 

germination of 70% and shoot height of 11.3 cm. 

(b) Evaluate community-based strategies. 

• Treating factory wastewater before discharge removes heavy metals and increases 

water safety; reduced metal toxicity protects seed enzymes, membranes, and roots, 

improving germination and seedling growth. 

• Regular water-quality testing detects low dissolved oxygen and heavy metal 

contamination early; farmers can avoid unsafe water sources and choose irrigation 

water that supports aerobic respiration and seedling establishment. 

• Using vegetative buffer zones and constructed wetlands filters pollutants before 

water reaches farms; plant roots and soil microbes trap or absorb heavy metals, 

improving irrigation quality and protecting maize seedlings. 

• Community regulation of industrial waste disposal ensures factories follow safe 

discharge standards; reduced pollution maintains clean river water, protects soil 

fertility, and improves crop productivity. 

• Rainwater harvesting and safe water storage provide cleaner irrigation water 

during polluted periods; reliable clean water supports imbibition, enzyme activation, 

ATP production, and uniform germination. 

 

 

51. A horticultural project in Mbarara tested how different plant growth regulators affect 
young tomato seedlings. Farmers wanted to improve growth consistency and early flowering. 
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Treatment Hormone 

Type 

Concentration 

(ppm) 

Average 

Height (cm) 

Leaf 

Count 

Flowering Time 

(days) 

A None 
(control) 

0 15 8 60 

B Auxin 20 25 11 55 

C Gibberellin 15 30 13 45 

D Ethylene 10 18 9 70 

Task: 
(a) Explain how the data demonstrate the roles of different growth hormones in plant 

development. 

(b) Evaluate safe, cost-effective, and sustainable strategies to regulate plant growth and 
enhance crop yields. 

 

(a) Explain how data demonstrate roles of growth hormones. 

• Auxin treatment increased height from 15 to 25 cm and leaf count from 8 to 11 

because auxin stimulates cell elongation by activating H⁺ pumps, acidifying cell walls 

and activating expansins; loosened cell walls allow water uptake into vacuoles, cell 

expansion, stronger shoot growth, and slightly earlier flowering at 55 days. 

• Gibberellin produced the greatest height of 30 cm, highest leaf count of 13, and 

earliest flowering at 45 days because gibberellins stimulate stem elongation, enzyme 

synthesis, and cell division; increased amylase activity mobilises stored food into 

sugars for respiration, ATP production, rapid vegetative growth, and early flower 

initiation. 

• Ethylene caused only slight height increase to 18 cm, low leaf count of 9, and delayed 

flowering to 70 days because ethylene acts as a stress and ageing hormone; it inhibits 

excessive stem elongation, promotes senescence and abscission responses, reduces leaf 

production, and delays early reproductive growth in young seedlings. 

(b) Evaluate safe, cost-effective, and sustainable strategies. 

• Use low-dose gibberellin at recommended concentration to promote uniform 

seedling height, leaf production, and early flowering; controlled gibberellin 

application increases enzyme activity, food mobilisation, and shoot growth without 

wasting chemicals or causing weak over-elongated plants. 

• Apply auxin selectively for rooting and moderate shoot growth because auxin 

improves cell elongation and root initiation; better rooting increases water and mineral 

absorption, supporting healthy seedling establishment and later yield. 

• Avoid unnecessary ethylene exposure in young seedlings because excess ethylene 

delays flowering and promotes senescence; reducing stress, poor ventilation, and 

overcrowding lowers natural ethylene build-up and improves seedling growth 

consistency. 

• Combine hormone use with good agronomic care including compost, balanced 

NPK, irrigation, and spacing; adequate nutrients, water, and light support 
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photosynthesis, respiration, and hormone-regulated growth, giving sustainable yield 

improvement without overdependence on synthetic regulators. 

 
 

52. An urban waste recycling group in Kampala used black soldier fly larvae to process 

organic market waste. The group noticed that waste type and moisture content affected 

larval survival and compost yield. 

Waste 

Type 

Moisture 

(%) 

Larval Survival 

(%) 

Compost Yield 

(kg) 

Processing Time 

(days) 

Vegetable 15 95 6.2 7 

Fruit 12 90 5.8 8 

Meat 9 70 3.0 10 

Mixed 11 85 4.5 9 

Task: 

(a) Analyse the data to explain how waste characteristics influence insect growth and 

decomposition efficiency. 

(b) Evaluate environmentally friendly strategies to optimize insect farming and waste 
recycling in urban areas. 

(a) Analyse how waste characteristics influence insect growth and decomposition 

efficiency. 

• Vegetable waste with high moisture of 15% provided adequate water and easily 

degradable carbohydrates for larval metabolism; sufficient moisture supported enzyme 

activity, digestion, and microbial decomposition, increasing larval survival to 95%, 

producing highest compost yield of 6.2 kg, and shortening processing time to 7 days. 

• Fruit waste also supported high larval survival of 90% because sugars and moderate 

moisture promoted rapid cellular respiration and microbial breakdown; however, 

acidic compounds and softer tissues slightly reduced compost yield and increased 

processing time compared with vegetable waste. 

• Low moisture and high protein-fat content in meat waste reduced larval survival to 

70%; protein decomposition produced toxic compounds such as ammonia, reduced 

oxygen availability for aerobic respiration, slowed decomposition, and lowered 

compost yield to 3.0 kg while increasing processing time to 10 days. 

• Mixed waste produced intermediate results because variable nutrient composition and 

uneven moisture affected larval feeding efficiency and microbial activity; inconsistent 

substrate conditions reduced decomposition efficiency compared with uniform 

vegetable waste. 

(b) Evaluate environmentally friendly strategies. 

• Maintain optimal moisture content through controlled watering and drainage 

because adequate moisture supports larval metabolism, digestive enzyme activity, and 

microbial decomposition; balanced moisture prevents dehydration or anaerobic decay, 

improving larval survival and compost yield. 
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• Separate organic waste according to type before processing to avoid excessive 

protein-rich or contaminated waste; uniform vegetable and fruit substrates improve 

decomposition efficiency, reduce toxic by-products, and shorten processing time. 

• Use proper aeration and ventilation systems to maintain oxygen supply for larvae 

and decomposer microorganisms; efficient aerobic respiration reduces foul odours, 

limits anaerobic bacteria, and improves compost quality. 

• Integrate black soldier fly farming with urban composting programmes to 

convert market waste into organic fertilizer and animal feed sustainably; reduced 

waste accumulation lowers environmental pollution while generating useful 

agricultural products. 

• Community education on waste segregation and recycling improves supply of 

clean biodegradable waste for insect farming; informed households and markets 

reduce plastic contamination and support efficient urban recycling systems. 
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53. A rural school agricultural club in Tororo reared crickets to explore their potential as a 
source of food and feed. They monitored growth, nutrient composition, and reproduction at 

different stages. 

Development 

Stage 

Duration 

(days) 

Survival Rate 

(%) 

Protein Content 

(%) 

Feed Intake 

(g/day) 

Egg 6 100 — — 

Nymph 25 85 55 0.2 

Adult 45 80 65 0.4 

Task: 

(a) Analyse the relationship between the insect’s growth stages and its contribution to food 

security. 
(b) Evaluate realistic strategies to improve insect farming for nutrition and sustainability. 

 

(a) Analyse the relationship between growth stages and food security. 

• Rapid egg development within 6 days and 100% survival increased reproductive efficiency 
and population turnover; fast hatching allows continuous production cycles, ensuring 

reliable availability of insects for food and feed production. 

• Nymphs consumed only 0.2 g/day but already contained high protein content of 55%; active 
growth during the nymph stage required efficient cell division, protein synthesis, and 

respiration, allowing conversion of small feed amounts into nutrient-rich biomass useful for 

food security. 

• Adult crickets had the highest protein content of 65% because continued tissue growth and 
muscle development increased storage of structural proteins such as actin and myosin; 

although feed intake increased to 0.4 g/day and survival reduced to 80%, adults provided 

highly nutritious protein for human and animal diets. 

• High survival rates across development stages increased sustainable protein production 
compared with many livestock systems; efficient feed conversion and short life cycles make 

cricket farming important for reducing food shortages and improving household nutrition. 

(b) Evaluate realistic strategies to improve insect farming. 

• Provide balanced low-cost feeds from crop residues and organic waste to support 
efficient growth and protein synthesis; adequate carbohydrates, proteins, and minerals 

improve respiration, moulting, survival, and protein content while lowering production 

costs. 

• Maintain proper temperature, moisture, and ventilation because crickets require 
suitable environmental conditions for enzyme activity, moulting, and reproduction; 

controlled conditions improve survival rates and reduce disease outbreaks. 

• Selective breeding of fast-growing and disease-resistant strains improves productivity 
and protein yield; choosing healthy breeding adults increases survival, reproduction 

efficiency, and sustainable food production. 

• Integrate cricket farming with school and community nutrition programmes to promote 

acceptance of insect protein; regular consumption improves dietary protein intake while 
reducing dependence on expensive livestock products. 
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• Use hygienic farming and waste management practices to prevent microbial 

contamination and foul odours; clean production systems improve food safety, 

environmental sustainability, and long-term community acceptance of insect farming. 

 

 
54. Scientists in Kabale District assessed water quality in streams draining farmland by 

studying aquatic insect diversity. 

Site Insect Species Diversity 

(Shannon Index) 

Pollution Tolerance 

Index 

Nitrate Level 

(mg/L) 

Water Clarity 

(NTU) 

A 2.8 Low 1.5 5 

B 1.2 High 6.8 25 

C 1.9 Moderate 3.4 12 

Task: 

(a) Analyse how aquatic insect diversity indicates water quality. 

(b) Evaluate strategies to maintain clean water and biodiversity in agricultural regions. 

 

(a) Analyse how aquatic insect diversity indicates water quality. 

• Clean stream conditions in Site A supported high aquatic insect diversity with a 

Shannon Index of 2.8 because low nitrate level of 1.5 mg/L and clear water of 5 NTU 

maintained high dissolved oxygen and stable habitats; sensitive insect species survived 

well, indicating low pollution and balanced aquatic ecosystems. 

• High nitrate pollution in Site B reduced insect diversity to 1.2 while pollution tolerance 

index became high; excess nitrates stimulated eutrophication and microbial 

decomposition, increasing oxygen demand and lowering dissolved oxygen needed for 

aerobic respiration, so only pollution-tolerant insects survived in the turbid water of 

25 NTU. 

• Moderate pollution in Site C produced intermediate diversity of 1.9 because nitrate 

level of 3.4 mg/L and moderate turbidity of 12 NTU partially stressed aquatic 

organisms; some sensitive species declined while moderately tolerant insects persisted, 

indicating moderate ecological disturbance. 

• Reduced water clarity in polluted sites lowered light penetration and photosynthesis by 

aquatic plants and algae; reduced oxygen production and increased suspended 

particles disrupted insect feeding, respiration, and reproduction, decreasing 

biodiversity. 

(b) Evaluate strategies to maintain clean water and biodiversity. 

• Use vegetative buffer strips along farmland and streams to trap soil particles, 

fertilizers, and pesticides before they enter water bodies; reduced nutrient runoff lowers 

eutrophication and protects sensitive aquatic insect species. 

• Controlled fertilizer application and precision farming reduce excess nitrate 

leaching into streams; maintaining balanced nutrient use prevents algal blooms, 

preserves dissolved oxygen, and supports aquatic biodiversity. 
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• Protection and restoration of wetlands improve natural filtration of agricultural 

runoff; wetland plants and microorganisms absorb nitrates and sediments, improving 

water clarity and ecosystem stability. 

• Community water-quality monitoring using aquatic insects as bioindicators 

provides early detection of pollution changes; regular biodiversity assessment helps 

farmers and local authorities respond before severe ecosystem damage occurs. 

• Promotion of sustainable soil conservation practices such as contour farming, 

mulching, and reduced tillage lowers erosion and sediment movement into streams; 

cleaner water supports photosynthesis, oxygen availability, and survival of diverse 

aquatic organisms. 

 

ECOLOGY 

55. In 2025, heavy floods from the Rwenzori slopes destroyed farmlands and swept away 

vegetation along River Nyamwamba. A restoration team conducted a 6-year study to 

understand how the ecosystem recovered naturally and how this affected local agriculture 
and carbon storage. 

Year 

After 

Flood 

Dominant 

Vegetation 

Soil 

Carbon 

(g/kg) 

Crop Yield 

(tons/ha) 

Bird 

Species 

Count 

Average Flood 

Intensity Index 

1 Bare soil, algae 2.1 0.5 8 9.0 

3 Grasses and 

shrubs 

5.5 1.8 18 6.4 

5 Young trees and 

crops 

8.2 2.6 27 4.2 

6 Mature forest and 

agroforestry 

10.4 3.4 35 3.5 

Task: 

(a) Analyse how ecological succession, population recovery, and carbon storage contributed 
to ecosystem stability and food production. 

(b) Evaluate sustainable strategies to enhance ecosystem restoration, flood resilience, and 

food security in flood-prone regions. 
 

(a) Analyse how succession, population recovery, and carbon storage improved 

ecosystem stability and food production. 

• Flood destruction removed vegetation and exposed bare soil in Year 1, reducing soil 

carbon to 2.1 g/kg, bird species to 8, and crop yield to 0.5 tons/ha; loss of roots and 

plant cover increased erosion, nutrient leaching, and unstable soil structure, reducing 

photosynthesis, organic matter accumulation, and ecosystem productivity. 

• Colonisation by grasses and shrubs in Year 3 initiated secondary succession, 

increasing soil carbon to 5.5 g/kg through litter decomposition and humus formation; 

improved root systems stabilised soil, reduced runoff, supported microbial activity and 

nutrient cycling, increasing crop yield to 1.8 tons/ha and bird diversity to 18. 
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• Growth of young trees and crops in Year 5 increased biomass and carbon 

sequestration through photosynthesis; greater storage of carbon in plant tissues and 

soil improved fertility, moisture retention, and habitat complexity, increasing bird 

species to 27, reducing flood intensity to 4.2, and improving crop yield to 2.6 tons/ha. 

• Development of mature forest and agroforestry systems in Year 6 produced stable 

climax-like communities with high soil carbon of 10.4 g/kg; deep roots improved 

infiltration and reduced erosion, dense vegetation lowered flood intensity to 3.5, 

supported 35 bird species, enhanced nutrient recycling and ecosystem resilience, and 

increased crop yield to 3.4 tons/ha. 

(b) Evaluate sustainable restoration and food-security strategies. 

• Reforestation and agroforestry along riverbanks restore vegetation cover and deep 

root systems that stabilize soil and increase carbon sequestration; improved 

infiltration and reduced runoff lower flood intensity while supporting long-term soil 

fertility and food production. 

• Wetland and riparian buffer restoration slows floodwater movement and traps 

sediments; wetland vegetation absorbs excess water, reduces erosion, and improves 

nutrient retention, protecting farmlands and aquatic biodiversity. 

• Community-based soil conservation practices such as terracing, contour farming, 

and mulching reduce soil erosion and organic matter loss; preserved topsoil supports 

microbial decomposition, nutrient cycling, and higher agricultural productivity after 

floods. 

• Planting fast-growing pioneer species followed by native trees accelerates 

ecological succession and habitat recovery; pioneer plants improve soil conditions and 

organic matter accumulation, allowing establishment of stable forest communities and 

increased biodiversity. 

• Integrated climate-resilient farming systems combining agroforestry, 

drought/flood-tolerant crops, and diversified farming improve food security under 

changing climate conditions; diversified ecosystems resist environmental shocks better 

and maintain stable yields and carbon storage. 

 

 
 

 

56. Mabira Forest Reserve, once a rich biodiversity hotspot, has experienced deforestation 
due to agriculture, charcoal burning, and settlement expansion. Scientists recently 

discovered a rapid spread of an invasive vine species (Mikania micrantha) in cleared areas, 

altering microclimates and reducing regeneration. 

Site Tree 
Canopy 

Cover (%) 

Soil 
Moisture 

(%) 

Invasive 
Vine Cover 

(%) 

CO₂ 
Concentration 

(ppm) 

Native Tree 
Seedlings (per 

m²) 

A (intact 

forest) 

90 35 0 390 25 
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B (partially 

cleared) 

50 22 30 430 12 

C (deforested 
edge) 

20 10 65 470 3 

Task: 

(a) Explain how deforestation, carbon imbalance, and invasive species interactions affect 
biodiversity, microclimate, and energy flow. 

(b) Evaluate integrated management strategies to restore forest stability and mitigate the 

combined effects of deforestation, invasive species, and climate change. 

 

(a) Explain how deforestation, carbon imbalance, and invasive species interactions 

affect biodiversity, microclimate, and energy flow. 

• Deforestation reduced tree canopy cover from 90% in intact forest to 20% at the 

deforested edge, exposing soil to direct sunlight and increasing evaporation; reduced 

shade lowered soil moisture from 35% to 10%, altered local microclimate, reduced 

photosynthesis and organic matter accumulation, causing decline of native tree 

seedlings from 25 to 3 per m². 

• Loss of forest biomass reduced carbon sequestration through photosynthesis, 

increasing atmospheric CO₂ concentration from 390 ppm to 470 ppm; reduced carbon 

uptake and increased decomposition of exposed organic matter intensified greenhouse 

effects, raised local temperatures, and destabilised ecosystem energy balance. 

• Spread of the invasive vine Mikania micrantha increased from 0% to 65% in 

disturbed areas because open habitats and high light favoured rapid vegetative 

growth; the vine smothered native seedlings, blocked sunlight, competed for water and 

minerals, disrupted succession, and reduced biodiversity regeneration. 

• Reduced native vegetation and seedling recruitment disrupted food webs and energy 

flow because fewer producers lowered energy transfer to herbivores and higher trophic 

levels; decline in habitat complexity reduced biodiversity, nutrient cycling, and 

ecosystem resilience. 

(b) Evaluate integrated management strategies. 

• Reforestation with native tree species restores canopy cover, improves 

photosynthesis, and increases carbon sequestration; restored shade lowers 

temperature, increases soil moisture, suppresses invasive vine growth, and supports 

regeneration of native seedlings. 

• Mechanical and biological control of Mikania micrantha reduces competition 

against native plants; removing invasive vines restores light availability, nutrient 

access, and ecological succession needed for biodiversity recovery. 

• Community-based forest conservation and alternative energy programmes 

reduce charcoal burning and unsustainable clearing; promotion of efficient stoves and 

agroforestry lowers pressure on forest resources and maintains long-term ecosystem 

stability. 

https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1
https://www.youtube.com/@bioclasshub-h3b?sub_confirmation=1


 

82 
 

 

Contact us Today 

Get the bestselling A-level biology Text Book 

0703-923-836 

• Protection of forest corridors and strict land-use regulation reduces 

fragmentation and maintains habitat continuity; connected ecosystems support 

pollination, seed dispersal, gene flow, and stable energy transfer across trophic levels. 

• Climate-smart restoration and carbon management projects such as afforestation 

and REDD+ programmes increase long-term carbon storage; reduced atmospheric CO₂ 

accumulation mitigates climate change impacts while improving forest resilience and 

biodiversity conservation. 

57. A regional ecological team studied changes in Lake Victoria’s fish community over a 

decade. They found that nutrient pollution, increased fishing pressure, and introduction of 
non-native fish had disrupted trophic interactions and reduced overall ecosystem 

productivity. 

Parameter 2015 2020 2025 

Phytoplankton Biomass (mg/L) 4.2 6.8 8.5 

Dissolved Oxygen (mg/L) 8.1 6.2 4.8 

Native Fish Diversity 26 18 12 

Introduced Species Proportion (%) 5 25 40 

Annual Catch Yield (tons) 25000 19000 14000 

Average Household Fish Consumption (kg/person/year) 19 15 10 

Task: 

(a) Analyse how changes in nutrient input, population dynamics, and energy flow have 
altered food availability and ecosystem stability. 

(b) Evaluate integrated strategies to restore ecological balance, ensure sustainable fisheries, 

and promote food security. 

 

(a) Analyse how nutrient input, population dynamics, and energy flow altered food 

availability and ecosystem stability. 

• Increased nutrient pollution raised phytoplankton biomass from 4.2 to 8.5 mg/L, causing 
eutrophication; excessive algal growth reduced light penetration and later increased 

decomposition by bacteria, which used more dissolved oxygen for aerobic respiration, 

lowering oxygen from 8.1 to 4.8 mg/L and stressing fish. 

• Reduced dissolved oxygen caused hypoxic conditions that weakened fish respiration and 
survival; low oxygen reduced ATP production in fish tissues, lowering growth, reproduction, 

and tolerance to stress, contributing to reduced native fish diversity from 26 to 12 species. 

• Increased fishing pressure removed many mature breeding fish, reducing population 

replacement and disrupting trophic balance; fewer reproductive adults produced fewer 

young fish, lowering annual catch from 25,000 to 14,000 tons and reducing household fish 

consumption from 19 to 10 kg/person/year. 

• Introduced fish species increased from 5% to 40%, increasing competition and predation on 
native fish; non-native species disrupted food chains, reduced native biodiversity, altered 

energy transfer between trophic levels, and weakened ecosystem stability. 

• Declining native fish diversity reduced ecosystem resilience because fewer species 

performed different feeding and reproductive roles; simplified food webs transferred energy 
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less efficiently, making the lake more vulnerable to pollution, overfishing, and food 
shortages. 

(b) Evaluate integrated strategies to restore ecological balance, fisheries, and food 

security. 

• Control nutrient pollution from farms, towns, and industries by treating wastewater, 
reducing fertilizer runoff, and using buffer vegetation; lower nutrient input reduces algal 

blooms, improves dissolved oxygen, and restores healthy fish habitats. 

• Enforce sustainable fishing regulations such as closed seasons, legal net sizes, and 

protection of breeding grounds; allowing mature fish to reproduce restores population 
structure, increases recruitment, and improves long-term catch yield. 

• Manage introduced species and protect native fish habitats by monitoring invasive 

populations and restoring breeding sites; reduced predation and competition allow native 

fish diversity to recover and stabilise food-web interactions. 

• Community-based lake monitoring and fisher education improve compliance with 

conservation rules and early detection of pollution or illegal fishing; informed communities 

protect fish stocks while sustaining livelihoods. 

• Promote diversified food security systems including sustainable aquaculture and 
alternative protein sources; reduced pressure on wild fish stocks allows lake recovery while 

maintaining household nutrition and income. 

 
58. Rapid urbanization around Wakiso has converted wetlands and forests into residential 

areas. This has increased carbon emissions, reduced biodiversity, and altered local 

microclimates. Environmental researchers assessed changes in ecosystem parameters 

between 2010 and 2025. 

Year Urban 

Land 

Area 

(km²) 

Average 

Surface 

Temperature 

(°C) 

Vegetation 

Cover (%) 

Carbon 

Emissions 

(tons 

CO₂/year) 

Bird 

Species 

Count 

Flood 

Incidence 

(events/year) 

2010 120 28.0 65 150,000 68 2 

2015 160 29.5 50 190,000 55 4 

2020 210 31.0 38 230,000 42 7 

2025 250 33.2 25 300,000 35 10 

Task: 

(a) Analyse how urban expansion simultaneously affects population dynamics, carbon 
balance, and energy flow in the ecosystem. 

(b) Evaluate urban ecology strategies to restore biodiversity, reduce carbon footprint, and 

enhance resilience in growing cities. 
 

(a) Analyse how urban expansion affects population dynamics, carbon balance, and energy 

flow. 

• Expansion of urban land area from 120 km² to 250 km² caused destruction of forests and 
wetlands, reducing vegetation cover from 65% to 25%; loss of producers lowered 

photosynthesis, carbon sequestration, and organic matter production, disrupting energy 

flow through food chains and reducing habitats for many organisms. 
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• Reduced vegetation increased atmospheric carbon dioxide CO₂ emissions from 150,000 to 

300,000 tons/year because fewer plants absorbed carbon through photosynthesis while 

urban transport, industries, and construction released more fossil-fuel carbon; increased 

greenhouse gases trapped more heat, raising average surface temperature from 28.0°C to 

33.2°C. 

• Habitat destruction and fragmentation reduced bird species count from 68 to 35 because 
nesting sites, food resources, and ecological niches declined; reduced biodiversity weakened 

predator-prey interactions, pollination, seed dispersal, and ecosystem stability. 

• Replacement of wetlands and vegetated soil with concrete and tarmac reduced water 
infiltration and increased surface runoff; increased flood incidence from 2 to 10 events/year 

resulted from reduced water absorption, altered drainage patterns, and higher urban heat 

that intensified local rainfall patterns. 

(b) Evaluate urban ecology strategies. 

• Urban afforestation and green-space restoration increase vegetation cover and carbon 

sequestration through photosynthesis; restored trees and parks lower urban temperature, 

improve habitat availability, reduce air pollution, and support biodiversity recovery. 

• Protection and restoration of wetlands improve natural water absorption and flood 
regulation; wetlands filter pollutants, recharge groundwater, reduce runoff, and provide 

habitats for birds and aquatic organisms. 

• Promotion of low-carbon transport and renewable energy reduces fossil-fuel combustion 

and atmospheric CO₂ emissions; cleaner energy lowers greenhouse effects, improves air 
quality, and reduces urban warming. 

• Green building and sustainable urban planning including permeable pavements, rooftop 

gardens, and drainage systems improve infiltration and reduce flood risk; better energy 

efficiency lowers environmental stress while maintaining urban resilience. 

• Community environmental education and biodiversity conservation programmes 

encourage tree planting, waste recycling, and habitat protection; informed urban 

populations support sustainable resource use and long-term ecological stability. 
 

59. Communities around Lake Albert depend heavily on fishing for income and food. Over the 

past decade, local fisheries officers observed that fish catch per unit effort has declined 

despite increasing fishing intensity. Environmental scientists conducted a study to determine 
changes in fish population density in different fishing zones with varying resource conditions. 

Zone Dissolved 

Oxygen 

(mg/L) 

Phytoplankton 

Density (cells/mL 

×10³) 

Fish 

Density 

(fish/m²) 

Predator 

Abundance 

(per 100 m²) 

Fishing 

Intensity 

(boats/km²) 

A 

(protected 

bay) 

8.0 180 32 3 2 

B 
(moderate 

activity) 

6.2 150 18 5 5 

C (heavily 

fished) 

4.5 110 7 2 9 
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Task: 
(a) Analyse how differences in resource availability, oxygen levels, and human activity affect 

fish population density and community interactions. 

(b Evaluate evidence-based strategies to restore sustainable fishing and biodiversity around 

Lake Albert. 
 

(a) Analyse how resource availability, oxygen levels, and human activity affect fish 

population density. 

• High dissolved oxygen in protected Zone A supported efficient fish aerobic respiration, ATP 
production, growth, and reproduction; combined with high phytoplankton density of 180 

×10³ cells/mL as food, fish density remained highest at 32 fish/m². 

• Moderate fishing and oxygen reduction in Zone B lowered fish density to 18 fish/m²; reduced 
oxygen limited respiration, while higher predator abundance increased predation pressure, 

reducing survival of juveniles and weakening population recovery. 

• Heavy fishing in Zone C removed many mature breeding fish, reducing reproduction and 

recruitment; high fishing intensity of 9 boats/km² caused fish density to fall to 7 fish/m² 
despite lower predator abundance, showing human harvesting exceeded natural 

replacement. 

• Low phytoplankton density and low dissolved oxygen in Zone C reduced food supply and 

energy transfer through the aquatic food chain; less primary productivity lowered energy 
available to fish, while oxygen stress reduced feeding, growth, and survival. 

(b) Evaluate evidence-based strategies. 

• Create protected breeding zones to reduce fishing pressure in nursery and spawning 

areas; protected adults reproduce successfully, increasing recruitment, fish density, and 

long-term catch. 

• Regulate fishing intensity using boat limits, closed seasons, and legal net sizes; reduced 

overharvesting allows immature fish to grow, reproduce, and restore population structure. 

• Improve water quality through pollution control to raise dissolved oxygen and maintain 
healthy phytoplankton balance; better oxygen availability supports fish respiration, growth, 

and survival. 

• Restore wetlands and shoreline vegetation to filter runoff, provide breeding habitats, and 

stabilise food webs; improved habitat quality supports biodiversity and fish population 
recovery. 

• Community-based fisheries monitoring and education improve compliance with 

sustainable fishing rules; informed fishers protect breeding stocks, reduce illegal gear use, 

and maintain food security. 

 

 

60. After a wildfire in Mt. Elgon National Park, ecologists studied vegetation regrowth and soil 
changes over 10 years. Data were collected from plots representing different years of 

recovery. 

Year 

Since Fire 

Dominant 

Vegetation 

Soil Nitrogen 

(mg/kg) 

Organic 

Matter (%) 

Species 

Richness 

Ground 

Cover (%) 

1 Grasses, lichens 10 1.8 5 30 
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3 Shrubs 25 2.9 14 55 

6 Young trees, 

shrubs 

42 3.6 22 75 

10 Mature forest 

species 

60 4.2 30 90 

Task: 

(a) Explain how the data illustrate ecological succession and the recovery of ecosystem 
structure and function. 

(b) Evaluate sustainable ecological restoration strategies that ensure biodiversity and soil 

recovery. 
 

 

 

 

(a) Explain ecological succession and ecosystem recovery. 

• Wildfire removed mature vegetation and exposed soil, so Year 1 was dominated by 

grasses and lichens; these pioneer species tolerated poor conditions, protected soil 

from erosion, began photosynthesis, added dead organic material, and slowly 

improved soil nitrogen to 10 mg/kg, organic matter to 1.8%, species richness to 5, and 

ground cover to 30%. 

• Shrubs dominated by Year 3 because pioneer plants improved soil structure and 

nutrient availability; increased litter decomposition and microbial activity raised soil 

nitrogen to 25 mg/kg and organic matter to 2.9%, supporting more roots, higher 

ground cover of 55%, and increased species richness of 14. 

• Young trees and shrubs dominated by Year 6 as succession progressed to a more 

complex community; deeper roots, increased leaf litter, nitrogen cycling, and higher 

biomass improved soil fertility, ground cover to 75%, and species richness to 22, 

restoring habitat and energy flow. 

• Mature forest species dominated by Year 10, showing recovery toward a stable forest 

community; high organic matter of 4.2%, soil nitrogen of 60 mg/kg, species richness 

of 30, and ground cover of 90% improved nutrient recycling, carbon storage, soil 

protection, and ecosystem stability. 

(b) Evaluate sustainable ecological restoration strategies. 

• Protect pioneer vegetation from grazing and human disturbance allows grasses, 

lichens, and shrubs to stabilise soil, reduce erosion, add organic matter, and prepare 

conditions for later successional species. 

• Plant native tree and shrub species accelerates natural succession while 

maintaining biodiversity; native plants restore habitat, leaf litter, soil nutrients, and 

stable food webs. 
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• Use soil conservation measures such as mulching, contour barriers, and erosion-

control trenches; these retain topsoil, moisture, and nutrients needed for microbial 

activity, root growth, and vegetation recovery. 

• Restore soil fertility using compost and nitrogen-fixing plants increases organic 

matter and soil nitrogen naturally; improved fertility supports plant growth without 

overdependence on artificial inputs. 

• Community monitoring and fire-management education reduces repeated 

burning and illegal clearing; fewer disturbances allow succession to proceed, protecting 

biodiversity, soil recovery, and long-term forest stability. 
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