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Instructions:

· You should answer ALL the questions in this booklet
· Check that this booklet has pages 2 – 11 in the correct order and that none of these pages is blank
· YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THIS EXAMINATION
· You are advised to spend 35 - 45 minutes answering the questions in this booklet
	Achievement Criteria:

	Achievement


	Achievement with Merit
	Achievement with Excellence

	Describe patterns and processes of evolution

	
	Explain patterns and processes of evolution

	
	Discuss patterns and processes of evolution

	

	Overall Level of Performance:   


	


Question 1

Evolution of Australasian Teals
In Australasia there are 5 species of small, dabbling ducks belonging to the genus Anas. Analysis of mitochondrial DNA (mtDNA) has shown that all 5 species diverged from a common ancestor. The table below shows geographic distribution, general body colour, the degree of sexual dimorphism (a high amount of dimorphism means that males and females have distinctively coloured plumage) and whether or not birds of that species can fly.
	Diagram based on mtDNA analysis
	
	Geographic

distribution
	General

Colour
	Sexual

dimorphism
	Flight?

	
	Species
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	A. gracilis

Grey Teal
	( Australia

( NZ main 

   islands
	G
	No
	Yes

	
	
	
	
	

	
	A. castanea

Chestnut Teal
	( Australia
	B
	High
	Yes

	
	
	
	
	

	Ancestor


	A. chlorotis

Brown Teal
	( NZ main 

   Islands
	B
	Low
	Yes

	
	
	
	
	

	
	A. neiotus
Campbell Island Teal
	( Campbell

    Island
	B
	No
	No

	
	
	
	
	

	
	A. aucklandica

Auckland Island Teal
	( Auckland

   Island
	B.
	No
	No

	
	
	B= brown, G = grey
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Above:

Brown Teal swimming

www.doc.govt.nz
Right:

Map showing distribution of Australasian Teals. Arrows indicate possible colonisation patterns.
	


a. mtDNA (mitochondria DNA) is used in many studies of evolutionary relationships like the one above. Explain why mtDNA is used in preference to nuclear DNA. 
________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________
b. Colonisations such as the ones illustrated above usually involve a small number of individuals.
Explain how this can have consequences with respect to the newly established gene pool. 

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

c. Discuss the role of Reproductive Isolation Mechanisms in the evolution of Australasian Teals.

In your discussion you should:

· define Reproductive Isolation Mechanisms

· explain why they are important in the speciation process

· describe and evaluate (with examples) the Reproductive Isolation Mechanisms that might have been operating in the evolution of Australasian Teals. State if these mechanisms operate allopatrically or sympatrically and use species examples from the resource material to illustrate your answer.
________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Question 2

Polyploidy and speciation in Raoulia
	Raoulia plants form characteristic dense, flat or rounded mats with small hairy leaves. These plants are pollinated by small insects.

The genus Raoulia is endemic to New Zealand. It contains about 28 species of plants and belongs to the daisy family. All of these species are thought to have diverged from a common ancestor.

Chromosome counts of a number of species have revealed a basic (haploid) chromosome number of 14. This implies that the ancestral Raoulia had a chromosome number of 28 (n=14 or 2n = 28).
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The table below gives some chromosome numbers of a selection of Raoulia plants (5 species and 6 hybrids). Where more than one chromosome number is given, different samples have been tested and have been found to have different chromosome numbers as indicated. They represent different demes (races) of the same species.

Hybrids are produced reasonably frequently, but are usually isolated plants. Occasionally they form new self-sustaining populations.
	Raoulia plant
	Location
	Chromosome number

	Species

	R. albosericea
	Central North Island
	4n = 56

	R. australis
	Canterbury & Otago
	2n = 28

	
	Otago
	4n = 56

	
	Central North Island
	8n = 112

	R. glabra
	North and South Islands
	2n = 28

	R. hookeri
	South Island
	4n = 56

	
	Lower North Island
	6n = 84

	R. subsericera
	Canterbury
	4n = 56

	Naturally occurring hybrid plants

	R. albosericea x australis
	Central North Island
	6n = 84

	R. albosericea x glabra
	Central North Island
	3n = 42

	R. australis (2n) x australis (4n)
	Otago
	3n = 42

	R. australis x hookeri
	Otago
	3n = 42

	R. hookeri (4n) x hookeri (6n)
	South Island
	5n = 70

	R. hookeri (4n) x R. subsericera
	Canterbury
	4n = 56


There are at least TWO processes involved in the speciation of Raoulia species. 
Use the information from the table to discuss these mechanisms .

In your answer, you should:

· define speciation and describe the probable mechanisms of speciation in the genus Raoulia
· explain how both of these mechanisms operate and state if they are sympatric or allopatric

· discuss the likelihood of any hybrids plant forming new self-sustaining populations. Elaborate on the conditions that would be necessary for this to occur and the advantages a hybrid might have in this situation.
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
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______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
Question 3

The ‘Species Problem’
In 1859 Charles Darwin wrote his famous book entitled ‘On the Origin of Species’ without actually defining the term ‘species’. He did however make the following comment:

“I was much struck how entirely vague and arbitrary is the distinction between species and varieties”.
a.
Provide a currently acceptable definition for the term ‘species’.


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________
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Grey duck (above) and the introduced Mallard (below).

Both photos: www.doc.govt.nz 
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	The New Zealand Grey Duck or Parera (Anas superciliosa) is endemic to New Zealand and is critically endangered. Remnant populations exist in relatively isolated areas only. It inhabits shallow wetlands, swamps and freshwater streams. 

The reasons for the rapid decline of the Grey Duck include:

· habitat loss especially swamp drainage

· hunting in the mid 20th Century

· competition from the introduced Mallard Duck and

· genetic pollution due to interbreeding with Mallards.

Mallard Ducks (Anas playrhynchos) are cosmopolitan being native to many temperate and subtropical areas of the world including the Americas, Europe, Asia, and North Africa.

They were introduced to New Zealand in the 1860’s but failed to establish populations. Subsequent introductions in 1930 were much more successful and the Mallards are now considered an invasive species.

Genetic pollution is the result of interbreeding between Grey ducks and Mallard Ducks. The resulting F1 hybrids are very similar to Mallards and are fertile. Subsequent F2 birds have been categorised as 3/4 Grey, 7/8 Grey, 3/4 Mallard or 7/8 Mallard. None of these hybrids shows diminished viability.


b.
Discuss whether or not the Grey Duck and the Mallard Duck should be regarded as separate species. In your discussion, you should: 

· describe the most likely ‘species status’ of the two species
· give reasons (from the information above) that could be used to justify your answer and
· discuss what other information would help clarify the decision.

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

c.
There are other situations in which the definition of species cannot be easily applied for a variety of reasons.
Describe TWO such situations and for each explain why your definition of species (in part a above) might not be appropriate or applicable.
1. ____________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

2. ____________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________
Question 4

Patterns of Evolution
Each of the three examples below illustrates a common ‘Pattern’ of Evolution.

	Example 1.

Echolocation in mammals.

Bats and Whales belong to unrelated Orders of Mammals. Members of both groups use echolocation to navigate their way around and to find food. This involves them emitting sonar pulses and receiving and processing the returning echoes.
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New Zealand’s Long-tailed bat and Humpback whale

both photos: www.doc.govt.nz

	It has now been discovered that this remarkable ability involves similar mutations that have occurred in a gene called ‘prestin’. These mutations which are critical for the animals ability to hear the returning high-pitched echoes have been independently selected for in both groups.


a. Identify and describe the evolutionary pattern above and explain how it is illustrated by this example.

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

	Example 2
Seed dispersal by wetas?

Many plant species use animals to help them disperse their seeds. The seed is packaged in a nutritious fruit, which is eaten and then the seed is discarded some time later and hopefully at some distance from the parent plant. In New Zealand’s alpine regions, many low growing plants produce berries with dull colours that are not obvious to birds. It is also noted that the berries are held within the twiggy mass of the plant where birds would be unlikely to find them. 
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Face of a weta  www.doc.govt.nz

	Could it be that wetas are the dispersal agent? The fruit has evolved colour and odour to attract wetas and the wetas have evolved the sensory mechanisms and digestive systems that allow them to use this rich food supply. It is known that the seeds of many such plants have been found in weta faeces.


b. Identify and describe the evolutionary pattern above and explain how it is illustrated by this example.

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

	Example 3

Phylogeny of Dracophyllum
The genus Dracophyllum contains species found in Australia, New Zealand and other islands in the South-west Pacific. They are believed to have evolved from a common ancestor in the last 24 million years.
The New Zealand species originated as long distance wind dispersed migrants from Eastern Australia where Dracophyllum plants had shown little divergence.

The New Zealand founder populations would undoubtedly have been small but they spread throughout New Zealand and diverged into 20 or more species. These occupy a number of different habitats and and also have different ecological niches. 

The rapid divergence in New Zealand has occurred in the last 7 million years and is in contrast with the comparative lack of divergence in Australia.


	[image: image10.emf]

	Tarahinau (Dracophyllum arboreum) www.doc.govt.nz


c. Discuss the evolutionary pattern shown by the rapid divergence of New Zealand Dracophyllum species.

In your answer, you should:

· Identify and describe the evolutionary pattern.
· explain why it might have occurred this example.

· contrast the patterns of evolution shown in New Zealand with that shown in Australia and the reasons for this difference
______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________
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