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Directions to Candidates 
 
• Answer the question in Section A, any TWO questions from Section B and ONE question 

from Section C. Write all your answers in the separate booklet provided. 
 
• If more than two questions from Section B are attempted, only the first two answers shall be 

taken into consideration. 
 
• If more than one question from Section C is attempted, only the first answer shall be taken 

into consideration. 
 
• The mark allocation is indicated at the end of each question. Marks allocated to parts of 

questions are also indicated. 
 
• You are reminded of the necessity for good English and orderly presentation in your answers. 
 
• In calculations you are advised to show all the steps in your working, giving your answer at 

each stage. 
 
• The use of electronic calculators is permitted. 
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SECTION A  
 
This section is obligatory 
 
1. Read carefully the following extract. Then using the information provided and your 

knowledge of biology answer the questions that follow. The numerals in the left-hand margin 
are the line numbers.  

 
 

Insect-eating bats save global corn farmers €0.91 billion a year from crop damage 

Corn is one of the most widely planted row crops in the world. Pests, such as the larvae of the corn 
earworm moth (Helicoverpa zea), cause substantial damage to the plants by eating corn ears (the part 
of the plant that contains the kernels), and leaves. This reduces crop yields and quality, and 
potentially affects food supply in some areas.  Insect-eating bats, such as the North American eastern 
red bat (Lasiurus borealis), commonly forage on adult moths of crop pests, including the corn 5 
earworm.  Now researchers have performed the first experimental study of the impact of bats on pest 
suppression in row crops. 

The researchers built six exclosures over sections of corn fields in the Midwestern United States, and 
used removable netting to exclude bats from foraging for corn earworm moths at night. Over two 
growing seasons, the researchers compared pest damage in corn grown under the exclosures with 10 

damage to corn grown in identically sized neighbouring sections of the corn field.  

The researchers discovered 59% more corn earworm larvae per ear of corn in sections of the corn 
field excluded from the bats compared with the control sections. This, they say, indicates that the 
bats can consume enough adult moth pests at night to directly reduce the number of corn earworm 
larvae that cause the corn damage. Corn excluded from foraging bats had 56% more damaged 15 
kernels per ear and more leaf damage when compared with corn ears in the control sections. By 
comparing the difference in undamaged kernels between the two types of section, the researchers 
calculated that the bats effectively increased corn yields by 1.4%. 

The bats also had another, previously unknown, positive impact on crop protection — a reduction in 
fungal infections, which are introduced by corn earworm larvae damage. The researchers found 20% 20 
of the corn ears in exclosures were infected with fungi compared with 12% of the control ears. The 
main fungus was Fusarium graminear, which produces fumonisin, a toxin which is harmful to 
livestock. Although fumonisin levels in these experiments were within safe levels for livestock, the 
researchers say this shows bats can play an important role in limiting fungal infections, which 
decrease the value of livestock crops. 25 

Some countries have adopted genetically modified corn with insecticidal properties from Bacillus 
thuringiensis (Bt), to resist pests like the corn earworm larvae. However, non-Bt corn is still the 
dominant global type, and comprised 68% of corn planted globally in 2011.  

Overall, the researchers say bats could boost the value of global corn crops by US$ 1 billion (€ 0.91 
billion) a year, based on the increased corn yields. This value could be higher if the benefits of 30 
suppressing fungal growth and reducing pesticide use are also included. As nocturnal flying 
insectivores, bats around the world occupy unique ecological niches. Bat species in both North 
America and Europe fill a similar trophic level, and can be predators of economically relevant crop 
pest species in many agroecosystems. However, they also face increasing threats from disease, 
mortality caused by increased numbers of wind turbines, and increasing agricultural intensification, 35 
which often results in the removal of natural habitat. This research highlights not only the ecological 
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but the economic importance of bats in agriculture, and the need to protect bats from disease threats 
and the destruction of habitats. 

Adapted from: "Science for Environment Policy": European Commission DG Environment News Alert Service, edited by 
SCU, The University of the West of England, Bristol. 
http://ec.europa.eu/environment/integration/research/newsalert/pdf/insect_eating_bats_save_global_corn_farmers_091_
billion_euros_a_year_from_crop_damage_438na2_en.pdf 

 

1.1 Giving examples from the text, explain what is meant by the ecological term community. 
Several different species,  e.g. corn 
earworm moth, corn, eastern red bat 
(fungus) 

1 mark Reject if different species/examples is 
not mentioned.  Deduct 0.5 marks if 
giving non-underlined species names.  
Care should be taken that the candidate 
does not define ecosystem/population 
instead 

that interact with each other 1 mark 
in a shared habitat/geographical 
area that is the corn field 

1 mark 

  [three marks] 
 
 
1.2 What is understood by trophic level (line 34)?   

Hierarchy  of levels in a food chain  1 mark 
Species within each level share similar roles in the food chain (of trophic 
production and/or predation)  

2 marks 

  [three marks] 
 
1.3 What is meant by the term control (line 13)? 

A replicate in an experiment that experiences the same conditions as 
experimental replicates  

1 mark 

except for the variable being tested 1 mark 
This helps prove whether any change observed is indeed due to the 
experimental variable 

1 mark 

 [three marks] 
 
1.4 Give the Kingdom, Phylum and Class of the following two organisms listed in the text: 
1.4.i Eastern red bat 
1.4.ii Corn earworm moth  

Eastern red bat Kingdom Animalia 1 mark 
 Phylum Chordata / Vertebrata 1 mark 
 Class Mammalia 1 mark 
Corn earworm moth Kingdom Animalia 1 mark 
 Phylum Arthropoda 1 mark 
 Class Insecta 1 mark 

        [three marks each] 
 
1.5 Explain, in detail, the term ecological niche, as referred to in the phrase: “As nocturnal flying 

insectivores, bats around the world occupy unique ecological niches.” (lines 31, 32). 
An ecological niche is a species’ interactions with the biotic and abiotic 
environment 

1 mark 

such as the (micro) habitat it occupies, its diet and foraging ecology, 
reproductive strategy… 

2 marks for 
listing 
correct 
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examples of 
interactions 

with the 
environment. 

The specialisation into unique niches serves to decrease competition  1 mark 
 [four marks] 

 
1.6 Give an example of gene technology from the text.  

Corn crops that have been genetically modified  1 mark Award only 1 mark 
for simply “Bt corn” 

as an answer 
to include insecticidal properties from Bacillus 
thuringiensis/a bacterium 

1 mark 

   [two marks] 
 
1.7 List TWO  advantages and TWO  risks that the application of genetically modified plants may 

have on the environment.  
Advantages: Accept ANY TWO of the following :  

1 mark each 
– MAX 2 

marks 

Increased yield could mean reduced land use and less habitat loss to 
agriculture 
Decrease in pesticide use 
Decrease in greenhouse gas emissions due to reduced tilling and increased 
carbon sequestration 
Production of out of season crops 
Risks: Accept ANY TWO of the following: 

1 mark each 
– MAX 2 

marks 

Production of herbicide-resistant crops promote the evolution of herbicide 
resistant weeds 
The novelty of some applications may require different crop management 
Transmission of insecticidal proteins into the environment 
Possible contamination of natural gene pool with transgenes 

  [four marks] 
 
   [Total: Twenty five marks] 
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SECTION B 

Answer any TWO  questions from this section; your answers should take the form of essays. Each 
question carries twenty five marks.  
 
2. Give an account of the various factors affecting the rate of enzyme-catalysed reactions. 

Introduction, mentioning a brief description of enzymes; enzymes are 
organic catalysts and that there is lowering of activation energy through the 
formation of an enzyme-substrate complex  

5 marks 

Candidates are expected to mention the following factors, which affect the rate of an 
enzyme-controlled reaction, and describe how these factors affect the rate – graphs are 
expected: 
Temperature (graph; temperature coefficient Q10; optimum temperature) 4 marks 
pH (graph; optimum pH) 4 marks 
Enzyme concentration (graph) 4 marks 
Substrate concentration (graph; theoretical max) 4 marks 
Inhibitors (competitive; non-competitive; substrate inhibition) or activators 
(cofactors; coenzymes) 

4 marks 

 
3. Describe in detail the mechanisms used by plants to transport water along their tissues. 

Introduction: Plants can be classified into non-vascular and vascular.  Non-
vascular: Bryophyta. Vascular: Tracheophyta (pteridophytes, gymnosperms 
and angiosperms) 

2 marks 

Non-vascular plants rely on diffusion only for the transport of water.  
Can’t attain large sizes – surface area to volume ratio.  

3 marks 

Plant –water relationships (osmotic potential) 
Throughout the plant water moves from a region of higher water potential to 
a region of lower water potential 

3 marks 

Definition of transpiration/transpiration stream 2 marks 

Uptake of water by roots: 

Fairly dilute soil solution (1 mark); water absorbed mainly in region of root 
hairs (1 mark); symplast and vacuolar/transmembrane pathway; apoplast 
pathway – suberin and casperian strips (3 marks) 

5 marks 

Ascent of water in xylem: 

Brief description of xylem vessels: Xylem is a complex tissue composed of 
xylem vessels, xylem tracheids, xylem fibres and xylem parenchyma. 

2 marks 

transport of water and mineral ions up (unidirectional), Water moves from 
higher to lower water potential – Adhesion-cohesion-tension theory 

3 marks 

Movement of water in the leaves:  

Apoplast, symplast, vacuolar (transmembrane) pathway (2 marks);  
Exit of water through stomata (1 mark); to include structure and mechanism 
of opening and closing (2 marks).  
Details of the active potassium theory and the ABA theory are NOT expected 

5 marks 
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4 Animals and plants solve problems associated with mechanical support in different ways.  
Discuss.  

Introduction: Multicellular organisms need support against gravity.  Air does not 
provide support, therefore different terrestrial organisms have had to find 
different ways to solve their problem of mechanical support  

2 marks 

Plants: 
Plants need to grow tall to compete for light.  The taller the plant the greater the 
need for support; 

1 mark 

Herbaceous plants rely on turgor pressure  1 mark 
Tissues which give support in plants (details/ diagrams required):   

• Collenchyma  3 marks 
• Sclerenchyma  3 marks 
• Xylem  3 marks 
• Position of xylem in different parts of the plant is also important  2 marks 

Animals: 
mechanical support is highly diverse; different types include (Details/examples/diagrams are 
expected) 

• Hydroskeletons 1 mark 
• Exoskeleton of arthropods  4 marks 
• Endoskeleton  4 marks 
• Dermal skeleton in echinoderms  1 mark 

 

5. Mitosis and meiosis are two processes of cellular division.  Write in detail about the similarities 
and differences between these two processes. 

Students are expected to mention the following points, with the help of 
diagrams: 

 

Both are forms of cell division  1 mark 
Purpose of mitosis: cell regeneration, growth and asexual reproduction; Purpose 
of meiosis: production of gametes for sexual reproduction  

3 marks 

Mitosis - 2 diploid cells produced; Meiosis – 4 haploid cells produced  2 marks 
Identical daughter cells in mitosis; different daughter cells in meiosis  3 marks 
Mitosis: one nuclear division; Meiosis: 2 nuclear divisions  2 marks 
Main difference between the two occurs in Meiosis I - In Meiosis I, the 
homologous chromosome pairs become associated with each other and 
crossover occurs between homologous chromosomes, which then line up along 
the metaphase plate.  This occurs only in meiosis I. 
When the tetrad is broken up and the homologous chromosomes move to 
opposite poles, the ploidy level is reduced from two to one. For this reason, 
meiosis I is referred to as a reduction division. There is no such reduction in 
ploidy level during mitosis –  All this is expected to be described in detail  

8 marks 

Meiosis II is more similar to a mitotic division  4 marks 
Compare and contrast account 2 marks 

 [Total: fifty marks] 
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SECTION C 
Answer ONE question from this section. 
 
6. Write brief notes on the evolutionary significance of the following: 
6.1 The eukaryotic cell 

Has membrane bound organelles. 1 mark 
Organelles organise and partition cellular function. 1 mark 
This separation of biochemical reactions allows for more complex 
pathways within cells. 

1 mark 

Nuclear organisation into chromosomes increases efficiency and regulation 
of gene expression. 

1 mark 

All this also allows for multicellular structuring. 1 mark 
 
6.2 Sexual reproduction 

Sexual reproduction promotes genetic variation… 1 mark 
…through independent 
assortment, crossing-over, genetic recombination; mutation)… 

1 mark 

…and preserves variety in a population in the form of heterozygosity and 
polymorphism. 

1 mark 

Sex purges deleterious mutations. 1 mark 
More efficient at countering parasites/disease. 1 mark 

 
6.3 Anemophilous flowers 

Definition of anemophily 1 mark 
Wind serves to transfer pollen between different plants 1 mark 
This allows for cross-fertilisation of different plants, separated by large 
distances.  

1 mark 

Leads to a higher level of genetic diversity  1 mark 
Does not depend on other organisms/biotic vectors – does not need to be 
specialised (less energy expenditure)  

1 mark 

 
6.4 Bilateral symmetry 

One plane of symmetry (producing anterior and posterior regions) 1 mark 
Resulted in cephalisation: concentration of nervous tissue at anterior 
region. 

1 mark 

Resulted in the development of a brain. This advanced the control of 
sensory and nervous activity. 

2 marks 

Front-facing sensory organs allows organisms to respond more quickly to 
their environment as they enter it. 

1 mark 

 
6.5 Respiratory pigments in animals 

Take up oxygen from air 1 mark 
Can be transported around the body to deliver oxygen throughout 1 mark 
Release of oxygen in parts of the body that have a low level of oxygen - 
discuss the oxygen-haemoglobin dissociation curve 

2 marks 

Evolutionary importance in the development of large multicellular 
organisms 

1 mark 

   [five marks each] 
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7. Use your knowledge of biology to distinguish between the following pairs: 
7.1 Gross primary production and net primary production 

Correct definition of GPP; the amount of organic matter synthesised by 
producers per unit area in unit time. 

1 mark 

Correct definition of NPP; the rate at which producers produce net useful 
chemical energy. 

1 mark 

Difference; Energy utilised from respiration is included in GPP but 
excluded from NPP. 

1 mark 

The NPP contains the biomass available for uptake along the food chain. 1 mark 
Both GPP and NPP depend on the chlorophyll content of the producers. 1 mark 

 
7.2 Hibernation and aestivation 

Hibernation is winter sleep and aestivation is summer sleep. 1 mark 
Hibernation is of longer duration as compared to aestivation. 1 mark 
In hibernation, animals look out for a warmer place. In aestivation, animals 
tend to find a shady and moist place for themselves. 

1 mark 

Aestivators are usually ectotherms but hibernation is mainly performed by 
endotherms. 

1 mark 

Aestivators are usually snails, earthworms, bees, salamanders, etc. Animals 
which hibernate include mammals  

1 mark 

 
7.3 The gametophyte and sporophyte stages in plants 

Sporophytes are a diploid phase; Gametophytes are haploid. 1 mark 
Sporophyte produces haploid spores by meiosis which grow into haploid 
gametophytes. 

1 mark 

Gametophyte produces haploid gametes by mitosis. 1 mark 
Sporophyte phase is asexual while gametophyte phase is sexual. 1 mark 
Sporophyte is the dominant phase in ferns and spermatophytes, while the 
gametophyte is dominant in the bryophytes. 

1 mark 

 
7.4 Sympathetic nervous system and parasympathetic nervous system  

Parasympathetic: general function is to control homeostasis and the body's 
rest-and-digest response/dominant during rest and controls routine body 
activities 

1 mark 

Sympathetic: general action is to mobilize the body's fight-or-flight 
response/dominant during danger and controls reactions to stress 

1 mark 

Accept ANY THREE differences from the following:  
Parasympathetic originates in Spinal cord (sacral region), and medulla 
(cranial) Sympathetic originates in cranial,  thoracic and lumbar spinal cord 

1 mark each 
difference – 

MAX 3 
marks 

 

Ganglion in parasympathetic is close to effector and in sympathetic is close 
to spinal cord 
Parasympathetic localised effect; sympathetic diffuse effect 
Parasympathetic: inhibitory homeostatic effect; sympathetic excitatory 
homeostatic effect 
Parasympathetic: decreases metabolite levels; decreases rhythmic activities; 
restores sensory threshold to normal levels.  Sympathetic: increases 
metabolite levels and metabolic rate; increases rhythmic activities; lowers 
sensory threshold 
Acethylcholine is released at effector by parasympathetic NS while 
noradrenaline is released at the effector by the sympathetic NS. 
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7.5 Coelomate and acoelomate body plans 

Definition of coelom: a fluid filled cavity surrounded by mesoderm where 
the organs are suspended. 

1 mark 

Accept any TWO of the following pairs:  
Without coelomic fluid, acoelomates depend on diffusion of metabolites 
and gaseous exchange, therefore are limited in body structure. OR 
Triploblastic acoelomates are flattened to increase surface area to volume 
ration since they lack a coelom 

2 marks 

Coelomates can develop complex body forms since they don’t depend on 
diffusion and their organs are suspended. 
Coelomic fluid provides structural support and resistance against 
compression. 

2 marks 

Acoelomates lack this structural support, further restricting body structure.  
The coelom allows space in which organs can develop therefore coelomates 
have a higher degree of organ development than acoelomates  OR  allows 
for independent gut movement 

2 marks 

[five marks each] 
 

[Total: Twenty five marks]  


