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Directions to Candidates

Answer ALL questions 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 best two answers shall be taken into consideration.

· If more than one question from Section C is attempted, only the better 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):
Read the extract below carefully and afterward, from the information given and from y knowledge of biology, answer the questions that follow. The numerals in the left-h margin are line numbers.

Male Pregnancy In Seahorses May Affect Formation Of New Species
Male pregnancy in seahorses may do more than reverse traditional gender roles. It could also influence the way new species form from single populations of these ancient creatures.

Studies have shown that most new species arise from geographically, and therefore genetically, isolated populations. But some seahorses likely diversify in a process called sympatric speciation according to a paper published this week in the Proceedings of the National Academy of Sciences (PNAS). "We think there's a fairly strong case that sympatric speciation may have occurred in seahorses," said Georgia Institute of Technology Assistant Professor of Biology Adam Jones, the lead author on the PNAS paper.

Driving the sympatric speciation process in seahorses is the fish's size-similar .mating practice imposed by male pregnancy, extended male parental care and monogamy, Jones said. Seahorses choose similar-size mates to have the best chances for successful reproduction. The female inserts ripe eggs into the male's brood pouch, where the eggs are fertilized, embed and incubate for 10 days to six weeks, depending on the species.

"Male reproductive rates, the size of the brood pouch and the number of eggs that a female produces all increase with the size of the seahorse," Jones explained. "So if you're a large seahorse, you want to mate with another large seahorse so you're not wasting your eggs or your brood pouch space. So this kind of mating is the real mechanism for sympatric speciation. A lot of forms of parental care might not cause that size-specific restraint in mating, but this one does."

In addition to size-specific mating, a process called disruptive selection is also necessary for sympatric speciation to occur, Jones said.

To test their hypothesis, Jones and his co-authors developed a computer-based genetic model to determine if the rate of size-similar mating in their field study population was sufficient enough to produce disruptive selection and, in turn, sympatric speciation. The model allows simulated populations to evolve at the rate of size ​similar mating that Jones and his colleagues observed in a seahorse species off the coast of Perth, Australia. Under these conditions, the model indicated sympatric speciation does occur with fairly modest levels of disruptive selection. "So the remaining question is whether disruptive selection occurs at a sufficient strength in natural populations of seahorses," Jones noted. "The model shows it's plausible, but as in most cases of sympatric speciation, we have no definitive proof."

To determine that size-similar mating was occurring in the field study population, researchers conducted genetic analyses of parentage, much like the DNA "fingerprinting" technique used in humans. Researchers tagged males and females in the field, sampled the DNA of the males' progeny and then determined the mother of those offspring. Then, researchers compared the sizes of male and female partners to chart a statistical trend that indicated size-similar mating.

A third line of evidence for sympatric speciation came from the phyogeny or family tree, of seahorses, which are found in coastal and ocean habitats throughout the world, except in extreme latitudes. Researchers gathered documentation of species pairs that are close relatives and live in the same place.

"If there had been sympatric speciation and it was based on assortative mating by size, then when speciation occurs, the result should be a large species and a small species that live in the same place," Jones explained. Indeed, researchers noted two examples of species that are close relatives that are sympatric over part or all of their range.

Ideally, Jones or other researchers who study the topic further would focus on seahorse populations in which sympatric speciation may have just begun. The populations described in the PNAS paper probably underwent sympatric speciation hundreds of thousands or millions of generations ago, Jones added.

"The genetic signature of sympatric speciation will erode over time," Jones explained. "So the evidence disappears. You can't rule out allopatric speciation in these relatively old events. Maybe a geographic barrier disappeared. The case for sympatric speciation will be stronger if we can find recent events - something that occurred in the past 50,000 years. The ideal case would be to find speciation that is occurring right now. But this is awfully hard, and that's why it is so hard to prove." 
1.1
In which taxonomic class is the seahorse classified?





[one mark]

1.2 Define `sympatric speciation' (line 7).





[two marks]

1.3
Define `allopatric speciation' (line 54).





[two marks]

1.4
What are the evolutionary advantages of size-similar mating? (line 12)





[two marks]

1.5
What is `disruptive selection'? (line 23)





[two marks]

1.6
What long-term effect is disruptive selection likely to exert on a population of seahorses? 
[two marks]
1.7
Suggest why disruptive selection is the dominant mode of selection in these populations. 
[four marks]  
1.8
What evidence suggests that sympatric speciation is likely to be a significant factor in seahorse populations?





[three marks]

1.9
How may a researcher conclude that "sympatric speciation has just begun" in a seahorse population? (line 50)





[two marks] 



                                                                       [Total: twenty marks]
2.
A researcher is studying the seasonal variation in the distribution of the terrestrial isopod Tylos europaeus on the beach of Ramla 1-Hamra in Gozo. This sandy beach is backed by a sizeable sand dune system and receives significant amounts of debris from the sea.

To achieve this objective, the researcher buries pitfall traps in the sand placed at different distances from mean sea level (MSL) along one transect perpendicular to the shore. The traps are checked periodically. At the end of the experiment, the researcher empties every trap, and classifies the Tylos specimens collected as either juvenile or adult, depending on their body size. Isopods are very susceptible to desiccation and Tylos, like all sand-dwelling fauna, burrows in the sand and is nocturnal to minimize the risks of drying up. This isopod species breeds only once in its lifetime and dies soon afterward.

The numbers of both juvenile and adult Tylos specimens (expressed as abundance per m2 of sand) that were collected over the period Autumn 2001 to Summer 2002 are given in the following Tables 1 to 4.

Table 1: Densities of juvenile and adult Tylos europaeus, expressed as individuals      per m2, recorded at different perpendicular distances from mean sea level in autumn 2001.
	WINTER 2001

	Body

size
	DISTANCE FROM MEAN SEA LEVEL (MSL)

AT WHICH SAMPLING WAS CONDUCTED (m)

	
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50
	55
	60

	Juveniles
	4.0
	25.5
	32.5
	41.0
	20.9
	2.4
	1.1
	1.0
	0.7
	0.2
	0
	0

	Adults
	75.0
	134.7
	139.5
	96.8
	79.5
	60.1
	40.1
	21.6
	15.1
	7.9
	0.6
	0.1


Table 2: Densities of juvenile and adult Tylos europaeus, expressed as individuals per m2, recorded at different perpendicular distances from mean sea level in winter 2001.

	AUTUMN 2001

	Body
	DISTANCE FROM MEAN SEA LEVEL (MSL)

AT WHICH SAMPLING WAS CONDUCTED (m)

	Size
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50
	55
	60

	Juveniles
	15.0
	70.5
	55.5
	38.0
	15.9
	3.4
	1.8
	0.4
	0
	0
	0
	0

	Adults
	1.0
	24.7
	41.5
	56.8
	52.5
	50.1
	35.5
	18.6
	11.1
	6.3
	1.2
	0


Table 3: Densities of juvenile and adult Tylos europaeus, expressed as individuals per m2, recorded at different perpendicular distances from mean sea level in spring 2002.

	SPRING 2002

	Body

size
	DISTANCE FROM MEAN SEA LEVEL (MSL)

AT WHICH SAMPLING WAS CONDUCTED/m

	
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50
	55
	60

	Juveniles
	115.0
	330.5
	340.5
	78.0
	35.9
	13.4
	9.8
	1.4
	0.2
	0
	0
	0

	Adults
	5.0
	34.7
	39.5
	46.8
	49.5
	40.1
	35.5
	18.6
	11.1
	4.3
	0.2
	0


Table 4: Densities of juvenile and adult Tylos europaeus, expressed as individuals      per m2, recorded at different perpendicular distances from mean sea level in summer 2002.
	SUMMER 2002

	Body

size
	DISTANCE FROM MEAN SEA LEVEL (MSL)

AT WHICH SAMPLING WAS CONDUCTED/m

	
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50
	55
	60

	Juveniles
	35.0
	80.5
	65.5
	28.0
	5.9
	1.4
	0
	0
	0
	0
	0
	0

	Adults
	15.0
	44.7
	59.5
	56.8
	59.5
	30.1
	25.5
	0
	0
	0
	0
	0


2.1
Compare the distribution of juvenile and adult Tylos along the shore over any single season. 

[three marks] 
2.2 
How does the distribution of adult Tylos vary with different seasons?





[three marks]

2.3
In view of the isopods’ distribution, suggest a possible food source available for Tylos on the beach at Ramla l-Hamra





[three marks]

2.4
Suggest how the researcher can improve sampling or collection of Tylos specimens from the beach at Ramla l-Hamra





[three marks] 
2.5   Suggest, giving a plausible reason, the most probable breeding period for Tylos.





[three marks] 
2.6
Identify and describe the environmental factors that may be causing the observed distribution of this invertebrate.





[five 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.
ATP is the universal energy currency in living systems. Discuss.

4.
Write an account relating reproductive and evolutionary success to flower structure in angiosperms.

5.
Describe the role of the mammalian liver in metabolism.

6.
'DNA fingerprinting (or DNA profiling) is a field that has grown beyond recognition in the past few decades.
Give an overview of current techniques and describe possible uses to which they may be applied.
SECTION C

(Answer ONE question from this section).

7.
Write brief notes on the evolutionary significance of each of the following structures: 

7.1
The pentadactyl limb

7.2
Jointed appendages


7.3
Metameric segmentation


7.4
The coelom





[five marks each] 




[Total: twenty marks]

8.
Use your knowledge of biological processes to comment on the following scenarios:

8.1
Medical practitioners sometimes prescribe antibiotics when a person is affected by a viral cold.


8.2
Medical authorities often recommend that prescription of antibiotics should be carried out sparingly.


8.3
The SARS virus has affected relatively large numbers of people within a very short time, leading to fears of a pandemic.


8.4
A patient cannot be vaccinated if he or she had been taking immunosuppressive medication within the previous two months.





[five marks each] 



                                                                                
[Total: twenty marks]
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