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Directions to Candidates

· Answer ALL questions in Section A and any TWO questions from Section B.  These two sections are based on the core area of the syllabus.  Answer ONE question from Section C.  This section is based on the optional parts of the syllabus.  Write all your answers in the separate booklet provided.

· If more than two questions from Section B are attempted, only the best two answers shall be taken into consideration.

· If more than one question from Section C is attempted, only the best 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.

SECTION A (Answer all questions in this section):

1. Read the extract below carefully and afterward, from the information given and from your knowledge of biology, answer the questions that follow.  The numerals in the left-hand margin are line numbers.
Diet and disease in cattle: High-grain feed may promote illness and harmful bacteria
Grain-fed cattle provide nicely marbled beef.  Yet, low-fibre diets can make cattle sick, while allowing harmful bacteria to proliferate, a paper in the 11 May 2001 issue of Science reports. 

"When cattle are fed grain, productivity is increased, but fibre-deficient rations can disrupt physiological mechanisms," said James B. Russell of the Agricultural Research Service, U.S. Department of Agriculture in Ithaca, New York. 

Diets containing 50- to 90-percent grain "are more digestible and ferment faster, so the animal is provided with nutrients at a faster rate, and they can grow faster," explained Russell, lead author of the Science paper, with Jennifer L. Rychlik, a graduate student at Cornell University. 

Low-fibre rations "can be very stressful for the animal," however, because they allow fermentation acids to accumulate within a digestive compartment called the "rumen," Russell added. In ruminant animals, he noted, fibre digestion depends on fibre-degrading microorganisms, which supply the cattle with useful protein, vitamins and short-chain organic acids. Without fibre, these acids are not absorbed as efficiently, as the animal's physiological mechanisms can be disturbed. 

Acid build-up can cause ulcers in animals consuming too much grain: "Then what happens is that infectious bacteria come from the rumen through the ulcers, into blood, and finally into the liver, where they cause abscesses," Russell said. Feed additives such as antibiotics can counteract such ailments, but they further alter the ruminal microbial ecosystem, he added. 

Grains can accumulate in an animal's intestines because they lack starch-digesting enzymes. Thus, a high-grain diet can promote an overgrowth of Clostridium perfringens, a bacterium associated with sudden death in feedlot cattle, Russell's article suggests. 

Finally, grain-based diets can promote Escherichia coli (E. coli) within the digestive tract of cattle, and these E. coli are more likely to survive acid shocks that mimic the human gastric stomach. This discovery, first reported by Russell and colleagues in 1998 (Science, 11 September), has now been confirmed. Other USDA scientists have likewise shown that cattle switched from grain-based diets to hay were less likely to shed harmful E. coli 0157:H7 in faeces. 

Adapted from: American Association for the Advancement of Science News Release.  11 May 2001

1.1 What, in chemical terms, is the “fibre” referred to in the passage?

	[two marks]


1.2 What is productivity (line 5) likely to refer to in this context?
	[one mark]


1.3 What is fermentation? (line 9)

	[one mark]


1.4 Why do ruminant animals depend on fibre-degrading microorganisms for fibre digestion? (lines 16-17) 
	[one mark]


1.5 In what way do humans overcome the problem of fibre-digestion?

	[two marks]


1.6 Suggest ONE function for the short-chain organic acids produced by microorganisms (line 18)
	[two marks]


1.7 One of the probable functions of the acidic environment in the human stomach is control of microorganisms ingested with food.  Yet, in the rumen of cattle it is microorganisms themselves that produce the acids (line 18).  How may these microorganisms resist attack from the acids that they themselves produce?
	[two marks]


1.8 Why should a high-grain diet promote proliferation of Clostridium perfringens?
	[two marks]


1.9 What is the “ruminal microbial ecosystem”?  Why may alteration of this system be considered a disadvantage?

	[two marks]


1.10 What other disadvantages, apart from proliferation of harmful bacteria, may a high-grain diet generate?

	[three marks]


1.11 Cattle fed on hay were less likely to shed harmful bacteria in their faeces (lines 36-37).  This is considered a major advantage of a high-fibre diet.  Are any disadvantages associated with a high-fibre diet?
	[two marks]

[Total: twenty marks]


2. Polychaetes were collected from two hard bottom sites in the Tyrrhenian Sea. Site 1 was characterised by boulders with patches of algae and Posidonia oceanica (sea-grass).  Site 2 on the other hand was colonised by fleshy and calcareous algae. The water column overlying the bottom in site 2 was characterised by suspended matter that increased the turbidity of the water.  The feeding groups of the polychaetes were identified. These included carnivores, herbivores, omnivores, deposit feeders (which feed on dead matter, sediment particles or particles that deposit on the seabed) and filter feeders (which feed on particles suspended in the water column). The distribution of the feeding groups in each site at different depths is shown in the following graphs.  (Figure 1 to Figure 4).     

(Data adapted from : Gravina, M.F.; Grassi, D. & Chimenz, C. 1995. Caratterizzazione trofica del taxon a policheti in tre diverse biotopi di substrato duro del Lazio (Italia). Biologia Marina Mediterranea, 2 (2) : 375-377.) 
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Figure 1: Percentage number of individuals in each feeding group at a depth of 0 metres at the two sites.
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Figure 2: Percentage number of individuals in each feeding group at a depth of 3 metres at the two sites.
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Figure 3: Percentage number of individuals in each feeding group at a depth of 6 metres at the two sites

[image: image4.wmf]Depth : 10/12 m

0

10

20

30

40

50

60

Carnivores

Deposit f.

Filter f.

Herbivores

Omnivores

% no. of individuals in each feeding group

Site 1

Site 2


Figure 4: Percentage number of individuals in each feeding group at a depth of 10/12 metres at the two sites.

2.1 What general trend is shown by the proportion of herbivores with increasing depth? 

	[two marks]


2.2 Suggest a possible explanation for the trend referred to in question 2.1.

	[three marks]


2.3 Compare the proportion of deposit feeders at the two sites and propose reasons for any evident similarities or differences that you may detect. 

	[three marks]


2.4 How does the proportion of deposit feeders change with depth at Site 2.  What may be causing this trend?

	[three marks]


2.5 Compare the proportion of herbivores at the two sites. What does this suggest about the algal species present at the two sites?

	[three marks]


2.6 The proportion of carnivorous individuals was consistently high and did not fall below the 30% level at either site. What does this indicate about the ecosystems studied?

	[three marks]


2.7 Suggest reasons for the relatively abrupt decline of abundance of filter feeders at site 2 at depths of 10/12 metres. 

	[three marks]

[Total: twenty marks]


SECTION B

(Answer any two questions from this section; your answers should take the form of essays.  Each question carries twenty marks).
3. Give a detailed account of the techniques used in the study of cellular ultrastructure.

4. The concept of species is central to discussions on biodiversity.  Do you agree with this statement?  Discuss.

5. Reception of and response to stimuli in plants is more primitive than in animals. Discuss.

6. Give an outline of the role of hormones in mammalian reproductive cycles.

SECTION C
(Answer ONE question only from this section; your answer should take the form of an essay.  Each question carries twenty marks).
OPTION 1:  Biotechnology

7. EITHER
The polymerase chain reaction is a method of producing multiple copies of a gene.  Discuss.

        OR
        Give an account of the application of recombinant DNA techniques to therapeutics
OPTION 2:  The Diversity of Eukaryotes 
8. EITHER
Bryophytes, ferns and clubmosses show different degrees of adaptation to the terrestrial environment. However they still rely on the presence of water. Discuss.

OR

Arthropods are considered to be the most successful terrestrial animals in contrast to most groups of invertebrates. Give an account of the characteristics shared by the organisms in this phylum and describe how these characteristics may be responsible for their success in a terrestrial environment.
OPTION 3: Topics in Applied Botany
9. EITHER
Knowledge of life-cycles of plant pathogens is an essential pre-requisite of pest control.  Discuss.

OR

Many plants of economic importance are now cultured in conditions that are significantly different from those encountered in the natural environment.  Discuss.







