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	Explain patterns and processes of evolution.


	
	Discuss patterns and processes of evolution.


	

	Overall Level of Performance:   


	


Question 1

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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Black Stilt wading in the Mackenzie Basin

www.doc.govt.nz

The two Stilts are the result of two separate colonisations to New Zealand by ancestral Australian stock as shown on the map:

1. The first ancient colonisation diverged to produce the melanic Black Stilt. It was once widespread but is now restricted to South Canterbury and North Otago.
	The New Zealand Black Stilt (Himantopus novaezelandiae) is critically endangered with fewer than 100 individuals remaining. The main factors that have contributed to this status are:

· habitat loss and competition

· introduced predators
· hybridisation with the closely related Pied Stilt (Himantopus leucocephalus). Pied Stilts are more numerous and interbreeding could lead to ‘genetic swamping’ of the Black Stilt gene pool.
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	2. The second migration in the 19th century was of the Pied Stilt. It is found throughout New Zealand and appears to benefit from agricultural land use. It migrates to northern feeding areas during the winter.

Hybrids of the two species appear to be fertile and have been known to breed with other hybrids or with either parental species. It has been suggested however that females with a degree of ‘hybridity’ might show reduced fitness with respect to the survival of their offspring. 


b.
Discuss whether the Black Stilt and the Pied Stilt should be regarded separate species.

You should: 

· describe the most likely ‘species status’ of the two species of Stilt

· 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. 

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 2

Recent Speciation in Salsify

	Three species of Salsify (genus Tragopogon) have been introduced to many other parts of the world including New Zealand. In many places they have become common weeds. 

Plants in this genus form interspecific hybrids readily. In North America two new species were noted in the 1950’s. These two new species (T. miscellus and T. mirus) are both allopolyploids.
Using markers unique to each parental species it has been shown that these two species have arisen many times. This means that speciation has been recent and recurrent. It is surprising therefore that no similar speciation has occurred in New Zealand where the 3 parental species are also present.
These hybrid species have also recently been produced in the laboratory using a chemical ‘colchicine’. This chemical is known to interfere with chromosome separation during meiosis leading to a doubling of chromosome numbers. These synthetic hybrids are indistinguishable from naturally occurring ones.

	[image: image3.jpg]



The Oyster plant, T. porrifolius is the most common of the 3 diploid species in NZ. The roots are sometimes eaten and have a taste reminiscent of cooked oysters.

	Diploid

parental species
	T. dubious

Western Salsify

2n = 12
	
	T. pratensis

Meadow Salsify or

Goatsbeard

2n = 12
	
	T. porrifolius

Oyster plant or

Jerusalem Star

2n = 12

	New 

North American Polyploid species 


	
	
	
	
	

	
	
	T. miscellus

4n = 24
	
	T. mirus

4n = 24
	


a. Describe the meaning of the term 'speciation' and explain why the origin of the two new species must have occurred sympatrically.
________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________
b. It has been suggested that the two new polyploid species (T. miscellus and T. mirus) are more likely to become invasive weeds than the three parental species. Explain the basis of this suggestion.

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

c. Tragopogon miscellus and T. mirus are both described as allopolyploids. Explain how allopolyploid species arise naturally and discuss any Reproductive Isolating Mechanisms that may be operating and why they are important.

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Question 3

Divergence or Convergence? - The Lord Howe Tree Lobster

In 2001 scientists re-discovered an insect called the Lord Howe Tree Lobster. It was thought to be extinct but was found on a small, rocky outcrop off the coast of the main Lord Howe Island. Rats were accidentally introduced to the main island during a ship wreck in 1918 and are thought to have been responsible for the demise of Tree Lobsters there. However, rats were unable to colonise the rocky outcrop which is where a small population of the insect survived. The entire population was estimated to number as few as 24 individuals when it was re-discovered.

The Lord Howe Tree Lobster is a large flightless stick insect up to 130 mm long that lives on the ground. It is amongst the largest of all insects.
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Based on the anatomical features and ecology of the Lord Howe Tree Lobster it was assumed that it was related to Tree Lobsters in New Caledonia and New Guinea. It was thought that the three species had arisen by divergence after migration. It was believed that this occurred in the last 7 million years since Lord Howe Island was formed.

However, DNA analysis has revealed that while the New Caledonia and New Guinea species are related to each other, the Lord Howe Tree Lobster shows convergence and is in fact not closely related to the other two species.

a. Discuss the possible evolutionary significance of a population that falls as low as 24 individuals. You should consider short-term and long-term consequences, to the species and its gene pool.

________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________

b. Contrast the two proposed mechanisms (patterns) for the evolution of the Lord Howe Tree Lobster. In your answer you should:

· Describe the two patterns (divergence or convergence).
· Outline the conditions that would have been necessary for both patterns of evolution to occur.
· Evaluate the different types of evidence that have been used to try and understand the evolution of this insect or any evidence that would be of use to help understand the origins of these unusual animals.

________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________

________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________

________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________

________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________

________________________________________________________________________________


________________________________________________________________________________

Question Four

The Evolution of Fresh-water eels

There are approximately 15 species of freshwater eels in the Genus Anguilla. They are widely distributed throughout the world as the map shows. 

They all have a lifecycle described as ‘catadromous’. This term means that they breed at sea (with spawning areas in deeper parts of the ocean) and the young eels follow currents (sometimes for thousands of kilometres) until they make their way back into freshwater. In freshwater they grow and mature until they complete a return migration back to the spawning areas.

There are two species of eel in New Zealand. They are related and both spawn near Tonga in the Pacific Ocean:

· A. dieffenbachia is endemic to New Zealand and the Chatham Islands

· A. australis is found in New Zealand, South-east Australia, Tasmania, New Caledonia and some islands north of New Zealand.
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	Map showing the present distribution of Anguilla Eels


Recent studies using mitochondrial DNA (mtDNA) have helped unravel the phylogeny of the genus. It has provided the following information:

· The genus has a ‘centre-of-origin’ in South-east Asia, probably near present day Indonesia. Divergence ‘within’ this centre has produced 11 species with migrations short enough to allow geographic isolation within this area.
· Elsewhere the main evolutionary trend elsewhere has been from tropical species with short migrations and fast growth to temperate species with longer migrations and extended juvenile stages at sea.

· Dispersal (range expansion) and colonisation has been followed by divergence and speciation. Dispersal to the Indian and Atlantic oceans occurred before India and African had drifted to the present geographic positions. Africa and India were once part of the southern continent Gondwanaland. 
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a. Write a suitable descriptive title for the diagram at the bottom of the previous page.


________________________________________________________________________________


________________________________________________________________________________

b.
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 and how the results are interpreted.


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________
c.
In the genus Anguilla dispersal and colonisation are necessary for divergence and speciation to occur. Discuss the processes involved. In your answer you should:

i. describe the meaning of the terms dispersal and colonisation and explain the circumstances in which these might occur.
ii. explain the mechanisms of the process of speciation in different parts of the world and
elaborate on these and explain the present day distribution of Anguilla species.

________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________


________________________________________________________________________________
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