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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. A researcher is investigating whether the effect of various environmental factors on the vertical distribution of water fleas (Daphnia pulicaria).  A 10cm3 plastic syringe was attached to a length of rubber tubing as shown in Figure 1.  The open end of the glass tubing was introduced into a Petri dish containing a culture of living water fleas and the plunger of the syringe was raised in order to draw a 30cm column of water containing living animals into the glass tubing.  The apparatus was clamped in a vertical position and the number of water fleas in the upper, middle and lower regions of the water column were recorded.  Further counts were taken at five-minute intervals and the results are recorded in Table 1.

Table 1
	Region
	Number of water fleas

	
	0 min.
	5 min.
	10 min.
	15 min.

	Upper
	21
	24
	25
	27

	Middle
	23
	14
	12
	9

	Lower
	28
	34
	35
	36


The researcher subsequently investigated the effect of light on the vertical distribution of water fleas.  The upper 10cm region of the glass tubing was covered by a sleeve of black paper whilst the lower 10cm was illuminated by a bench lamp positioned at a distance of 10cm from the glass tubing.  The number of water fleas in each region of the glass tubing was recorded and further counts were taken at five-minute intervals.  The results are recorded in Table 2.

Table 2
	Region
	Number of water fleas

	
	0 min.
	5 min.
	10 min.
	15 min.

	Upper
	27
	28
	28
	30

	Middle
	9
	10
	12
	12

	Lower
	36
	36
	32
	30


The effect of the distribution of food sources on the vertical distribution of water fleas was also investigated.  The open end (bottom end) of the glass tubing was placed into a suspension of yeast cells and a column approximately 1cm in length was drawn into the tubing. The number of water fleas in each region of the glass tubing was recorded and further counts were taken at five-minute intervals.  The results are recorded in Table 3.

Table 3
	Region
	Number of water fleas

	
	0 min.
	5 min.
	10 min.
	15 min.

	Upper
	29
	28
	26
	24

	Middle
	10
	8
	7
	6

	Lower
	33
	36
	39
	42


1.1 Consider the results recorded in Table 1.  Comment on the vertical distribution of water fleas:

(a) At the start of the experiment

(b) After fifteen minutes

	[two marks]


1.2 What factors may be responsible for the observed result?

	[three marks]


1.3 Consider the results recorded in Table 2.  Comment on the vertical distribution of water fleas:

(a) At the start of the experiment

(b) After fifteen minutes

	[two marks]


1.4 What effect does light intensity appear to have on the vertical distribution of water fleas?

	[three marks]


1.5 Consider the results recorded in Table 3.  Comment on the vertical distribution of water fleas:

(a) At the start of the experiment

(b) After fifteen minutes

	[two marks]


1.6 What effect does the introduction of a food source appear to have on the vertical distribution of water fleas?

	[three marks]


1.7 Suggest a suitable statistical procedure that you would use to test the null hypothesis that the vertical distribution of water fleas is uniform in the light-dark experiment (Table 2) and the food-availability experiment (Table 3).  Justify your choice of statistical procedure.

	[three marks]


1.8 Suggest suitable controls for:

(a) The light-dark experiment (Table 2)

(b) The food-availability experiment (Table 3)

	[four marks]


1.9 What modifications would you suggest in order to make the results obtained from this investigation more reliable?

	[three marks]

[Total: twenty-five marks]
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Figure 1:  Apparatus used to investigate the effect of various environmental factors on the vertical distribution of water fleas (Daphnia pulicaria)

2. An experimenter is assessing the contribution of individual leaves to the rate of transpiration in a cut leafy shoot of Fig (Ficus carica).  A potometer was set up and a bench lamp positioned approximately 15cm away from the apparatus.  A twig with eight leaves was detached from the parent plant and the leaves numbered 1 to 8 starting with the apical leaves.  The twig was secured in the potometer and the distance travelled by the meniscus in five minutes was recorded.

The experimenter subsequently applied petroleum jelly to the undersides of the two leaves closest to the apex of the stem (the apical pair of leaves) and recorded the distance travelled by the meniscus in five minutes.  The apical leaves were removed and the distance travelled by the meniscus over a five-minute period recorded again.  Successive pairs of leaves were subsequently removed from the stem and the movement of the meniscus over a five-minute period recorded in each case.  The results are recorded in Table 4.  Assume that all water lost from the potometer was taken up by the plant. The combined surface area of all eight leaves used in the investigation was 0.026m2.

Table 4
	Condition of twig
	Distance travelled by meniscus in five minutes (cm)
	Water uptake (cm3)

	Intact
	15.4
	0.483

	Two leaves greased
	12.9
	0.405

	Two leaves removed
	12.3
	0.386

	Four leaves removed
	7.5
	0.235

	Six leaves removed
	4.0
	0.126

	Eight leaves removed
	0.9
	0.028


2.1 How did the researcher convert the distance travelled by the meniscus into the volume of water taken up by the plant?

	[two marks]


2.2 Plot a graph showing the effect of removing successive pairs of leaves on the rate of water uptake.

	[five marks]


2.3 What volume of water is lost from the apical leaves?

	[two marks]


2.4 What percentage of this water loss was derived from the upper surfaces of the apical leaves?

	[two marks]


2.5 What do these results suggest concerning the distribution of stomata in a leaf?

	[two marks]


2.6 What percentage of water loss is due solely to the stem in an intact twig?

	[two marks]


2.7 How may water be lost from a leafless stem?

	[two marks]


2.8 Express the rate of water loss from the upper and lower surfaces of the leaves of this plant in cm3 m-2 h-1 (centimetres cubed per metre squared per hour).

	[two marks]


2.9 Express the rate of water loss from the upper surfaces of the leaves in cm3 m-2 h-1 .

	[two marks]


2.10 Express the rate of water loss from the lower surfaces of the leaves in cm3 m-2 h-1 .

	[one mark]


2.11 Briefly outline any precautions you would take prior to starting this investigation.

	[three marks]

[Total: twenty-five marks]


3. The habitat at Ramla l-Ħamra, in Gozo, is the least degraded sand-dune ecosystem in the Maltese Islands.  The site is characterised by an expanse of sand colonised by vegetation characteristic of coastal dunes (Figure 2).  It is also a very popular bathing spot.  An ecologist intends to investigate the distribution of vegetation at Ramla l-Ħamra.
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Figure 2: Ramla l-Ħamra, Gozo.  North is at top.  Areas not occupied by sea or dunes are mainly agricultural.

3.1 Design and describe a field method that may be used to assess changes in vegetation cover with increasing distance from the shoreline.  You should include details of any procedural precautions that should be taken and of any inherent sources of error of your method. 

	[ten marks]


3.2 Design and describe a field method that may be used to assess the vegetation cover in the area as a whole. You should include details of any procedural precautions that should be taken and of any inherent sources of error of your method. 

	[ten marks]


3.3 Suggest methods for summarising your results graphically and meaningfully.

	[five marks]

[Total: twenty-five marks]


4. The effect of presence or absence of nutrient ions on the growth of seedlings of Common Vetch (Vicia sativa) was investigated by subjecting groups of twenty seedlings to one of three treatments.  The first group of seedlings were grown in a culture medium containing all essential ions, the second group were grown in a culture medium deficient in nitrate ion whilst the third group were cultured in a medium lacking phosphate ion.  The effects of these treatments were monitored by measuring the mean length of the stem of each group of seedlings at intervals of five days.   The results are recorded in Table 5.

Table 5
	Time (days)
	Mean Length of stem (mm)

	
	Complete culture solution
	Nitrate ion absent
	Phosphate ion absent

	5
	15
	8
	8

	10
	30
	11
	15

	15
	38
	15
	26

	20
	75
	26
	38

	25
	117
	27
	53

	30
	155
	27
	75

	35
	188
	27
	93

	40
	195
	27
	98

	45
	210
	27
	99

	50
	215
	27
	99


4.1 Suggest a suitable null hypothesis for this investigation.

	[two marks]


4.2 What statistical test would you use to test the null hypothesis?  Justify your choice of statistical test.

	[four marks]


4.3 Why did the experimenter subject a group of twenty seedlings, rather than a single seedling, to each treatment?

	[two marks]


4.4 Express the results shown in Table 5 in graphical form.

	[five marks]


4.5 Comment on the general trends suggested by the data.

	[four marks]


4.6 Suggest reasons as to why the growth curves of seedlings deficient in nitrate ion and phosphate ion differ from the growth curve of seedlings grown in complete culture.

	[four marks]


4.7 List any procedural precautions you would take before starting this investigation.

	[two marks]


4.8 List any sources of error that may influence your results.

	[two marks]

[Total: twenty-five marks]


