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Directions to Candidates

· Answer ALL questions.  Write all your answers in the separate booklet provided.

· 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.  Unless otherwise specified, you are advised to list results to one decimal place.

· The use of electronic calculators is permitted.

1. Hydrogen carbonate ions (HCO3-) are the principal source of carbon for aquatic plants.  A researcher is attempting to find the concentration of hydrogen carbonate ions that is optimal for photosynthesis in Canadian Pondweed (Elodea canadensis).  In order to do this, a number of dilutions of sodium hydrogen carbonate solution (NaHCO3) were prepared.  In each case, 0.1M sodium hydrogen carbonate solution was mixed with deionised water give concentrations of 0.05M, 0.025M, 0.0166M, 0.0125M and 0.01M.  The researcher prepared 60cm3 of each dilution and measured the pH of each.    

Two terminal portions of pondweed stem, each approximately 5cm in length, were cut from a plant and introduced into a 20cm3 syringe as shown in Figure 1.  A length of capillary tubing was attached to the nozzle of the syringe and the barrel of the syringe was subsequently filled with 0.01M NaHCO3 solution such that the pondweed was immersed in the solution.  The plunger of the syringe was raised gently in order to draw the meniscus close to the top of the capillary tubing and the position of the meniscus was marked on the tubing.  A 100W light bulb was set up 10cm from the syringe and the distance travelled by the meniscus through the capillary tubing during a 20-minute period recorded.  

The procedure was repeated with 0.0125M, 0.0166M, 0.025M, 0.05M and 0.1M solutions of sodium hydrogen carbonate and the results were recorded in Table 1.

Table 1: Distance travelled by meniscus at different molarities of NaHCO3
	Molarity of

NaHCO3 solution
	pH of

NaHCO3 solution
	Distance travelled by meniscus 

during 20-minute period (cm)

	0.01M
	7.0
	10.5

	0.0125M
	7.2
	10.7

	0.0166M
	7.4
	10.8

	0.025M
	7.5
	11.0

	0.05M
	8.0
	13.3

	0.1M
	9.0
	9.9


1.1 Copy and complete the following table in your answer booklet:

	
	Volume of each component in mixture (cm3)

	Molarity of 

NaHCO3 

Solution
	NaHCO3


	Water

	0.1M
	60
	0

	0.05M
	
	

	0.025M
	
	

	0.0166M
	
	

	0.0125M
	
	

	0.01M
	
	


	[five marks]


1.2 Why is motion of the meniscus used as a measure of the rate of photosynthesis?

	[three marks]


1.3 Use the data in Table 1 to plot a graph showing distance travelled by the meniscus against concentration of sodium hydrogen carbonate solution.

	[five marks]


1.4 Interpret the shape of the graph obtained in the answer to the previous question.

	[two marks]


1.5 Suggest a reason for the decline in the rate of photosynthesis when the 0.1M solution was used.

	[two marks]


1.6 When the apparatus was filled with pond water from which the plants were originally collected, the meniscus moved a distance of 10.1cm in 20 minutes.  What is the approximate concentration of hydrogen carbonate ion in pond water?

	[one mark]


1.7 Suggest TWO precautions that should be taken before starting the experiment.

	[two marks]


1.8 Comment on the accuracy of the results obtained.

	[three marks]


1.9 Suggest any follow-up investigations that may be carried out in order to shed further light on the relationship between hydrogen carbonate ion concentration and rate of photosynthesis in Elodea canadensis.

	[two marks]

[Total: twenty-five marks]
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Figure 1:  Apparatus used to investigate the effect of concentration of hydrogen carbonate ion on rate of photosynthesis in Canadian Pondweed (Elodea canadensis)

2. During the germination of cereal grains, amylase is synthesised in the aleurone layer of the endosperm under the direct influence of giberellic acid from the embryo.  A researcher is investigating the changes in level of amylase activity during germination.

In the first seven days before the start of the investigation, the researcher set up Petri dishes each containing barley seeds sown on moist cotton wool.  This procedure was repeated on each of the seven days such that a total of seven Petri dishes were prepared.  The Petri dishes were labelled A through G.  Petri dish A was prepared on the first day and Petri dish G on the seventh.  The dishes were maintained at a constant temperature of 25oC.

After the seven days were up, the researcher took the seeds from Petri dish A and ground them in a mortar with 10cm3 soluble starch solution.  The resulting slurry was filtered through filter paper and the filtrate was retained.  The filtrate was tested for starch and the results recorded as “+” if starch was present and “-“ if starch was absent.  The test was repeated at intervals of 8 minutes over a period of 80 minutes.  The procedure described above was repeated with seeds from Petri dishes B to G.  The results obtained by the researcher were recorded in Table 2.

Table 2: Presence of starch in germinating barley grains.

	
	Age of germinating seeds and Petri Dish label

	Time of testing for starch

(minutes)
	1 day

(G)
	2 days

(F)
	3 days

(E)
	4 days

(D)
	5 days

(C)
	6 days

(B)
	7 days

(A)

	0
	+
	+
	+
	+
	+
	+
	+

	8
	+
	+
	+
	+
	+
	+
	+

	16
	+
	+
	+
	+
	+
	+
	-

	24
	+
	+
	+
	+
	+
	-
	-

	32
	+
	+
	+
	+
	+
	-
	-

	40
	+
	+
	+
	+
	-
	-
	-

	48
	+
	+
	+
	-
	-
	-
	-

	56
	+
	+
	-
	-
	-
	-
	-

	64
	+
	+
	-
	-
	-
	-
	-

	72
	+
	-
	-
	-
	-
	-
	-

	80
	-
	-
	-
	-
	-
	-
	-


2.1 Why should the researcher be testing the seeds for starch if it is amylase activity that is being investigated?

	[two marks]


2.2 What would you expect the filtrate to contain?

	[two marks]


2.3 How would you test for the presence of starch in the filtrate?

	[four marks]


2.4 Present the data recorded in Table 2 in graphical form.

	[seven marks]


2.5 Comment on the pattern of results obtained.

	[two marks]


2.6 Comment on the biological significance of the results obtained.

	[three marks]


2.7 Suggest TWO precautions that should be taken before starting the experiment.

	[two marks]


2.8 Comment on the accuracy of the results obtained.

	[three marks]

[Total: twenty-five marks]


3. The figure below shows four Echinoderms from two different taxonomic classes.
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Figure 2: Four Echinoderms from two different classes  

[Adapted from Barnes, R.S.K. (1998). The Diversity of Living Organisms.  Blackwell.]

3.1 What is an echinoderm?

	[four marks]


3.2 In what taxonomic class are Species A and Species D classified?

	[two marks]


3.3 In what taxonomic class are Species B and Species C classified?

	[two marks]


3.4 What habitats do echinoderms generally colonise?

	[two marks]


3.5 Use the diagrams in Figure 2 to construct a dichotomous key that would distinguish between the four species of echinoderms on the basis of visible gross morphology.

	[fifteen marks]

[Total: twenty-five marks]


4. Rocky coastal areas of the Maltese islands are colonised by a community of halophilic plants many of which are perennial.  Two plants that form part of this community are Golden Samphire (Inula crithmoides) and Shrubby Glasswort (Arthrocnemum macrostachyum).  A biologist has carried out a cursory examination of these communities on the northern shores of the Maltese Islands and has noticed that the zones occupied by the two previously mentioned plants are distinct.  The observer suspects that A.macrostachyum is, in general, found closer to the shoreline than I.crithmoides.  The former species seems to be restricted to a zone within 30m of the shoreline whilst the latter can be found anywhere from 20m away from the shoreline up to 1km inland.  There is no empirical data to back up this observation and the biologist therefore conducts a study to investigate the way in which the abundance of the two species varies perpendicularly to the shoreline.

4.1 What are halophilic plants?

	[two marks]


4.2 What are perennial plants?

	[two marks]


4.3 Suggest a suitable null hypothesis for this investigation.

	[four marks]


4.4 Describe a method that you could use to investigate the variation in abundance of the two species along an axis perpendicular to the shoreline.

	[ten marks]


4.5 Name ONE statistical technique that could be used to test the null hypothesis.

	[two marks]


4.6 Justify your choice of statistical technique.

	[five marks]

[Total: twenty-five marks]


