	
	





3.2 Origins of Biodiversity Notes
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Evolution by means of natural selection




Species have formed by a process of continuous change – EVOLUTION.
This occurs over very long periods of time.
Define the following terms?

Evolution –
Natural Selection – 

Adaptation – 

Evidence of Evolution:
Evolution is the 





in the genetic characteristics of 





of a species or race of an organism, ultimately giving rise to species or races different from the 




. Evolution reflects changes in the 




of a population over time.
Evolution is the process where species 






Individuals possessing types of genes (alleles) which give them a selective advantage are said to be “fit”. Other individuals may have alleles which put them at a selective disadvantage and are said to be “unfit”. The “fit” individuals survive whilst the “unfit” die (natural selection!) in the struggle for existence. There is survival of the fittest. These “fit” survivors pass on their advantageous alleles to the next generation. 

This produces new varieties. 
Dawrin’s Research[image: image19.png]



What do we mean when we say an individual is “fit”, in this context?

Darwin’s theory of evolution by natural selection comes down to the following points:
Some organisms are better suited to their environment than others.  These organisms will be more likely to survive and breed than some of their competitors.  Because of this, the characteristics they possess will become more common in the species over successive generations.
The diagrams below show how evolution may occur by means of natural selection.

	[image: image31.png]





*Explain the two “Darwinian” terms:
[image: image20.wmf]
· struggle for existence.

· survival of the fittest.
Summary
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Examples:

Antibiotic resistance in bacteria
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      Evolution of Biston betularia in response to industrialisation
[image: image3.jpg]



ISOLATION CAUSES SPECIATION.

If the new generation which has become better adapted to its environment can interbreed with the main population, this can “dilute” the effect of the new variety. However, if the new generation is somehow isolated in a new area (with a new environment and different environmental pressures!) the isolated new variety can change and adapt by natural selection according to the new conditions. 

Isolation can be 



, 



, or 



The isolated population is an 





since it does not breed with other populations. The gene pool can therefore change as it adapts to the new conditions by natural selection. 

Eventually the new variety changes so much that it looks and behaves differently to the original population. It may be so different that it cannot breed with the original types. 

It is now a new species.
Behavioral Isolation can result in:

Reproductive Isolation occurs when: 

Genetic Isolation occurs when:

How could a new variety become isolated?

Why would an isolated gene pool (population) change?

[image: image22.png]The parent population expands its range as it
disperses to occupy new parts of the environment



[image: image23.wmf]When does the variety become a new species? 
Populations are groups of interbreeding individuals of the same species, occupying the same habitat at the same time.  But within each population there are breeding subunits called demes.  Individuals within a deme tend to breed with each other more often than they do with individuals of other demes.  Although they remain part of the same gene pool, the flow of genes between separate demes slows, or may even cease.

Each deme may evolve along separate lines so that eventually the demes may become so different that, even if they were to be reunited, they would not be able to breed successfully with each other.

They would become separate species, each with their own gene pool.

This process is known as SPECIATION.
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Allopatric Speciation

Allopatric speciation is the development of a new species as a result of populations being physically separated.

A physical barrier, such as a river, mountain range or stretch of sea, prevents populations of the same species from interbreeding.

e.g.

· [image: image24.wmf]The parent population of a single species occupies an environment that does not alter a great deal.  The population is able to move into new areas of the environment i.e. it expands its range.  The population has a single gene pool and individuals are able to interbreed freely and there is a ‘regular gene flow’.
· Geological processes cause the environment to change.  Physical barriers appear, such as a mountain range and a stretch of ocean.  These barriers cut off parts of the population and gene flow is prevented.  This partition of a population by such physical barriers is known as GEOGRAPHICAL ISOLATION.
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*Give a specific example of geographical isolation leading to speciation.

(you need to know one for your exam!)

· The isolated populations may be subjected to different selective pressures.  For example, the more northern population B will live in a colder climate.  So selection will favour animals that are larger and have more fur.   The southern population lives in a warmer, drier climate so smaller individuals with shorter fur will have a selective advantage.  Because of the effects of natural selection on each gene pool, the two populations may become genetically different enough to be reproductively isolated, so producing new species.
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· Geological forces act to break down the barriers dividing the two sub-species.  They are able to mix, but by now each sub-species has established a different gene pool and they are no longer capable of interbreeding.

[image: image25.wmf]TWO DIFFERENT SPECIES HAVE EVOLVED.
*Complete the extension sheet entitled ‘Geographical Distribution’

Sympatric speciation

Sympatric speciation is when new species are formed when there are no physical barriers.

It is usually caused when REPRODUCTIVE ISOLATION occurs between individuals of a population.  

[image: image26.wmf]It can have a number of causes e.g.
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Behavioural e.g. mating rituals

· Geographical e.g. mountain range

· Structural e.g. shape of sex organs

· Gamete (sex cell) mortality e.g. sperm dying in ‘unfamiliar’ territory 
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Hybrid (offspring of genetically different individuals) inviability or sterility e.g. donkey + horse = infertile ass

*Read and complete the extension sheet entitled ‘Reproductive Isolation’
 Select THREE mechanisms of reproductive isolation to learn for your exam including specific examples.
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Geographical Distribution
The camel family, Camelidae, consists of six modern-day species that have survived on three continents: Asia, Africa and South America.  They are characterised by having only two functional toes, supported by expanded pads for walking on sand or snow.  The slender snout bears a cleft upper lip.  The recent distribution of the camel family is fragmented.  Geophyscial forces such as plate tectonics and the ice age cycles have controlled the extent of their distribution.  South America, for example, was separated from North America until the end of the Pliocene, about 2 million years ago.  Three general principles about the dispersal and distribution of land animals are:

· When very closely related animals (as shown by their anatomy) were present at the same time in widely separated parts of the world, it is highly probable that there was no barrier to their movement in one or both directions between the localities in the past.

· The most effective barrier to the movement of land animals (particularly mammals) was a sea between continents (as was caused by changing sea levels during the ice ages).

· The scattered distribution of modern species may be explained by the movement out of the area they originally occupied, or extinction in those regions between modern species.
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1. The early camel ancestors were able to move into the tropical regions of Central and South America.  Give a possible reason why this was prevented in southern Asia and southern Africa:

2. Arabian camels are found wild in the Australian Outback.  Explain how they got there and why they were absent during prehistoric times:

3. The camel family originated in North America.  Explain why there are no camels in North America now:

4. Suggest how early camels managed to get to Asia from North America:

5. Describe the present distribution of the camel family and explain why it is scattered (discontinuous):

Reproductive Isolation

Any factor that prevents two species from producing fertile hybrids contributes to reproductive isolation.  Reproductive isolating mechanisms are important in preserving the uniqueness of a gene pool.  They prevent the dilution effect of gene flow into the pool from other populations.  Such gene flow may detract from the good combinations already developed as a result of natural selection.  Single barriers may not completely stop gene flow, so most species have more than one type of barrier.  Geographical barriers are sometimes considered not to be isolating mechanisms because they are not part of the species’ biology.  Such barriers often precede the development of other isolating mechanisms, which can operate before or after fertilisation.

	Prezygotic Isolating Mechanisms (Before-fertilisation)

	Spatial (geographical)

Includes physical barriers such as: mountains, rivers, altitude, oceans, isthmuses, deserts, ice sheets.  There are many examples of speciation occurring as a result of isolation by oceans or by geological changes in lake basins (e.g. the proliferation of cichlid fish species in Lake Victoria).  The many species of iguana from the Galapagos Islands are now quite distinct from the Central and South American species from which they arose.
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	Temporal (including seasonal)

Timing of mating activity for an organism may prevent contact with closely related species: nocturnal, diurnal, spring, summer, autumn, spring tide etc.  Plants flower at different times of the year or even at different times of the day.  Closely related animals may have quite different breeding seasons.
	[image: image10.png]




	Ecological (habitat)

Closely related species may occupy different habitats even within the same general area.  In the USA, geographically isolated species of antelope squirrels occupy different ranges either side of the Grand Canyon.  The white tailed antelope squirrel inhabits desert to the north of the canyon, while the smaller Harris’s antelope squirrel has a more limited range to the south of the canyon.
	[image: image11.png]




	Gamete Mortality
Sperm and egg fail to unite. Even if mating takes place, most gametes will fail to unite.  The sperm of one species may not be able to survive in the reproductive tract of another species.  Gamete recognition may be based on the presence of species specific molecules on the egg or the egg may not release the correct chemical attractants for sperm of another species.
	[image: image12.png]




	Behavioural (ethological)
Animals attract mates with calls, rituals, dances, body language, etc.  Complex displays, such as the flashes of fireflies, are quite specific.  In animals, behavioural responses are a major isolating factor, preserving the integrity of mating within species. Birds exhibit a remarkable range of courtship displays that are often quite species-specific.
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	Structural (morphological)
Shape of the copulatory (mating) apparatus, appearance, colouration, insect attractants.  Insects have a lock-and-key arrangement for their copulatory organs.  Pheromone chemical attractants, which may travel many kilometres with the aid of the wind, are quite specific, attracting only members of the same species.
	[image: image14.png]





	Postzygotic Isolating Mechanisms (After-fertilisation)

	Hybrid Sterility
Even if two species mate and produce hybrid offspring that are vigorous, the species are still reproductively isolated if the hybrids are sterile (genes cannot flow from one species’ gene pool to the other).  Such cases are common among the horse family (such as the zebra and donkey shown on the right).  One cause of this sterility is the failure of meiosis to produce normal gametes in the hybrid.  This can occur if the chromosomes of the two parents are different in number or structure (see the “zebronkey” karyotype on the right).  The mule, a cross between a donkey stallion and a horse mare, is also an example of hybrid vigour (they are robust) as well as hybrid sterility.  Female mules sometimes produce viable eggs but males are infertile.
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	Hybrid Inviability
Mating between individuals of two different species may sometimes produce a zygote.  In such cases, the genetic incompatibility between the two species may stop development of the fertilised egg at some embryonic stage.  Fertilised eggs often fail to divide because of unmatched chromosome numbers from each gamete (a kind of aneuploidy between species).  Very occasionally, the hybrid zygote will complete embryonic development but will not survive for long.

	[image: image16.png]Zygote is formed Gastrula fails to develop





	Hybrid Breakdown
First generation (F1) are fertile, but the second generation (F2) are infertile or unviable.  Conflict between the genes of two species sometimes manifests itself in the second generation.
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1. In general terms, explain the role of reproductive isolating mechanisms in maintaining the integrity of a species:

2. In the following examples, classify the reproductive isolating mechanism as either prezygotic or postzygotic and describe the mechanisms by which the isolation is achieved (e.g. temporal isolation, hybrid sterility etc.):

(a) Some different cotton species can produce fertile hybrids, but breakdown of the hybrid occurs in the next generation when the offspring of the hybrid die in their seeds or grow into defective plants:

Prezygotic / postzygotic (delete one)
Mechanism of isolation: 


(b) Many plants have unique arrangements of their floral parts that stops transfer of pollen between plants:

Prezygotic / postzygotic (delete one)
Mechanism of isolation: 


(c) Three species of orchid living in the same rainforest do not hybridise because they flower on different days:

Prezygotic / postzygotic (delete one)
Mechanism of isolation: 


(d) Several species of the frog genus Rana, live in the same regions and habitats, where they may occasionally hybridise.  The hybrids generally do not complete development, and those that do are weak and do not survive long:

Prezygotic / postzygotic (delete one)
Mechanism of isolation: 


3.
Postzygotic isolating mechanisms are said to reinforce prezygotic ones.  Explain why this is the case:

The Influence of Plate Activity on Evolution and Biodiversity

PLATE =






TECTONICS =
(The plates move at approximately the same pace as a fingernail growing!)

The theory of plate tectonics predicts that the continents have slowly moved and changed shape over time.  The diagrams below show what the distribution of land and sea are thought to have been at various times over the last 450 million years. 
[image: image29.jpg]‘Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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The Earth’s crust is called the 





. It is divided into many 
. Plates are carried on the mantel called 




.

Movement of plates can produce:

Types of plates:


Transform:


Divergent:


Convergent: 

At present day, the two great land masses of the Northern Hemisphere i.e. N. America and Eurasia have very similar mammals e.g. deer, bears, lynx etc., whereas the three main southern continents have sharply contrasting ones e.g. kangaroos, giraffes, tapirs etc. .  If, however, you look at a present day map of the world, you will see that whereas  South America, Africa and Australia are separated from each other by great bodies of water, North America and Eurasia are separated only by a shallow strait (the Bering Strait), less than 100km wide.  Also, there is evidence that in the geological past a continuous land bridge linked these two northern land masses across what is now the strait.  Consequently, we can assume that different mammals evolved in the two land masses, but the geographical closeness of the two regions kept their faunas together and preventing them from diverging too much.  On the other hand, the wide separation of the three continents of the Southern Hemisphere meant that only very rarely were there any exchange of mammals between them, so the mammals each evolved independently along their own line.

Other fossil evidence suggests that continental drift has taken place in some parts of the world which helps to explain the presence of the same fossils in different continents, suggesting that at some point they were linked together e.g. Africa and South America both having Mesosaurus fossils.

[image: image18.jpg]



In summary, plate activity leads to the formation of land bridges, forms physical barriers and causes land masses to drift apart, all of which have a huge implication on the evolution of new species, new habitats and the promotion of biodiversity.
The movement of plates through different climatic zones allows for:

Explain how plate tectonics has influenced evolution and biodiversity. Give specific examples.
Mass Exction

Extinction is:

Two different types of extinction:

Ordovician Era:
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Late Permian Era:

Cretaceous/Tertiary Era:

Causes of Mass Extinctions:

Explain the 6th Extinction:

Why does Australia have such strange animals??
Ecosystem Stability and Biodiversity

It can be seen that the biodiversity in a given area is dependent on many different parameters and the interrelationships between them. 

*Consider how each of the following will have an impact on the structure, complexity and stability of an ecosystem.

Habitat diversity and type lead to greater species and genetic diversity.  Discuss this statement with examples.

How does latitude affect biodiversity? Give examples.

Human activities often simplify ecosystems, rendering them unstable e.g. North America wheat farming versus tall prairie grass.  Consider how this change in land use affects species diversity, genetic diversity, habitat diversity, ecosystem stability, population size, food web complexity and niche abundance.  A table for comparison may be useful!

If you were to examine a mature ecosystem over the course of 30 years at the same time each year, would you expect the number of species and the population size of each species to be the same from year to year?  Why or why not?
Compare the current extinction rate during the Holocene extinction event to the background extinction rate.  You should also be able to discuss the causes of the Holocene extinction event.
1.
The table below shows the bird biomass per square km, the total number of birds per square km, the number of species of birds, and the diversity (as measured by a diversity index) for three types of habitat in the same country.

	City
	Farmland
	Forest

	Bird biomass / kg km–2
	213
	30
	22

	Number of birds km–2
	1 089
	371
	297

	Number of bird species
	21
	80
	54

	Diversity index
	1.13
	3.40
	3.19


[A Goudie, The Human Impact on the Natural Environment, 5th edition, (Blackwell, 2000).
Reproduced with permission of Wiley-Blackwell.]

(a)
(i)
Define the terms species diversity and habitat diversity.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

 (2)

(ii)
Describe and explain the data in the table above.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(4)

(b)
(i)
Define the term speciation.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(1)

(ii)
Outline how natural selection may influence speciation.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(2)

(iii)
Explain how the isolation of a population of organisms (e.g. on an island) could alter the characteristics of the species, over time.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(2)

(Total 11 marks)

2.
What is the likely consequence of the isolation of a land mass due to crustal plate movement?

A.
The extinction of most of the organisms

B.
An increase in the biodiversity of the land mass

C.
A decrease in the biodiversity of the land mass

D.
The development of a unique collection of animals and plants

(Total 1 mark)

3.
(a)
Define the term species diversity.

......................................................................................................................................

......................................................................................................................................

(1)

(b)
Explain how natural selection may produce new species.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(c)
(i)
State two natural factors that might lead to a loss of biodiversity.

...........................................................................................................................

...........................................................................................................................

(2)

(ii)
State two types of human activity that might lead to a loss of biodiversity.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(2)

(Total 7 marks)

	


	


KEY WORDS

	TERM
	DEFINITION

	ALLELE
	An alternative form of the same gene e.g. the gene for eye colour can have alleles that code for blue or brown

	BIODIVERSITY
	A measure of the biological richness of an area taking into account the number of species, community complexity and genetic variation within populations

	DIVERSITY INDEX
	A numerical measure of species diversity that is derived from both the number of species (variety) and their proportional abundance

	ENDEMIC  SPECIES
	A species that exists in its place of origin i.e. a ‘native’ species

	EXOTIC SPECIES
	A species which has invaded or been introduced to an area i.e. an ‘alien’ species

	EVOLUTION
	A long-term process of change in organisms caused by random genetic changes that favour the survival and reproduction of the organism processing the genetic change.  Through evolution, organisms become better adapted to their environment

	FOSSIL
	Parts of dead organisms which fail to decompose and are turned into rock over millions of years

	GENE
	A segment of DNA which carries coded information for a particular characteristic

	GENE POOL
	The sum of all genes and hereditary information that a population of a species has

	GENETIC DIVERSITY
	The range of genetic material present in a gene pool or population of a species

	GEOGRAPHICAL ISOLATION
	Two populations that become isolated for each other due to a geographical barrier e.g. a river, a mountain range, and consequently evolve along separate evolutionary paths

	HABITAT DIVERSITY
	The range of different habitats or number of ecological niches per unit area in an ecosystem, community or biome

	NATURAL SELECTION
	The process in which slight variations in organism (adaptations) are preserved if they are useful and help the organism to better respond to its environment

	PLATE TECTONICS
	The process whereby the lithosphere (the layer of rocks on the surface of the Earth), divided into plates moves horizontally in relation to each other across the surface of the Earth

	REPRODUCTIVE ISOLATION
	When two populations have diverged so much from each other that they are unable to interbreed and produce fertile offspring i.e. they have become genetically distinct

	RESOURCE PARTITIONING
	The division of environmental resources between similar species which appear to share overlapping niches

	SPECIATION
	The process through which new species form. This may be due to geographical, reproductive or behavioural isolation

	SPECIES
	A group of organisms that interbreed and produce fertile offspring

	SPECIES DIVERSITY
	The variety of species per unit area.  This includes both the number of species present and their relative abundance


	
	



