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SEXUAL REPRODUCTION AND EVOLUTION 
Variation is essential for natural selection and therefore for 
evolution. Although mutation is the original source of new 
genes or alleles, sexual reproduction promotes variation by 
allowing the formation of new combinations of alleles. Two 
stages in sexual reproduction promote variation. 
1.Meiosis allows a huge variety of genetically different 

gametes to be produced by each individual. 
2.Fertilization allows alleles from two different individuals 

to be brought together in one new individual. 
Prokaryotes do not reproduce sexually but have other ways to 
promote variation by exchanging genes. 
Some species of organisms only reproduce asexually. 
Mutations still produce some variation in these species, but 
withoutsexual reproduction the variation and the capacity 
forevolution is less. 

MULTIPLE ANTIBIOTIC RESISTANCE 
IN BACTERIA 
Antibiotics are usedto control diseases caused by bacteria 
inhumans. Therehave been increasing problems with disease­
causing bacteria being resistant to antibiotics. The figure below 
shows thepercentage of cases of gonorrhea (a sexualIy transmitted 
disease) in the United States that were caused by antibiotic­
resistant strains of Neisseriagonorrhoeae between 1980 and 
1990. Thetrend with many other diseases hasbeen similar. 
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Genes that give resistance to an antibiotic can be found in 
themicro-organisms that naturally make that antibiotic. 
Theevolution of multiple antibiotic resistance involves the 
following steps. 
o A gene that gives resistance to an antibiotic is transferred to 

a bacterium by means of a plasmid or in some other way. 
There is then variation in this type of bacterium - some of 
the bacteria are resistant to the antibiotic and some are not. 

o	 Doctors or vets use the antibiotic to control bacteria. 
Natural selection favours the bacteria that are resistant to it 
and kills the non-resistant ones. 

o	 The antibiotic-resistant bacteria reproduce and spread, 
replacing the non-resistant ones. Eventually, most of the 
bacteria are resistant. 

o	 Doctors or vets change to a different antibiotic to control 
bacteria. Resistance to this soon develops, so another 
antibiotic is used, and so on until multiply resistant bacteria 
have evolved. 

The more an antibiotic is used, the more bacteria resistant to 
it there will be and the fewer non-resistant. 

UNCERTAINTIES ABOUT EVOLUTION BY 
NATURAL SELECTION 
There is much evidence for the theory that species evolve by 
natural selection. For example, there are some well-known 
cases where species have been observed to change their 
characteristics in response to changes in their environment. 
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Two examples - the development of antibiotic resistance in
 
bacteria and of metal tolerance in plants are explained below.
 
(Other examples are given in Option D.)
 
However, recent cases of observed evolution all involve
 
relatively small changes. Despite the strength of the evidence,
 
it is not possible to prove that modern species have evolved
 
by natural selection and so evolution remains a theory.
 

METAL TOLERANCE IN PLANTS 
Waste material from the mining of metal ores and smelting 
often contains high levels of metals such as lead, nickel or 
copper. These wastes are often dumped and because of the 
metal pollution, few plants grow on it. Some plants do 
colonise the waste heaps and when they are tested they are 
found to have higher tolerance to the metals in the waste than 
usual for their species. 
Evidence for the evolution of metal tolerance in a grass 
(Agrostis tenuis; was obtained in the following way. 
• An area of copper pollution around an old copper mine in 

North Wales was mapped. 
• A transect line was marked out,	 which ran from an 

unpolluted area to a heavily polluted area. 
• Samples of Agrostis tenuis plants were collected along the 

transect line and were tested for copper tolerance. 
• Seedswere collected from the same plants. The seedswere 

germinated and the plants that grew from them were also 
tested for copper tolerance. 

The figure below shows the results. 

non-polluted polluted
 
area area
 

60 

50 
KEY 
.... adult::J 40 

c ~ plants
['? D offspring"£
OJ	

30 of adult 
15 plants
 
~ 20
 

"0 
E 

10 

o	 10 20 30 40 
Distance in metres 

• The plants growing in the polluted area were more copper 
tolerant than the plants in the unpolluted area. 

• The offspri ng of these plants inherited at least some of the 
copper tolerance, showing that genes are involved. 

• Other experiments showed that, if plants were raised using 
seed collected from adult plants growing down-wind of the 
area of copper pollution, these plants also showed copper 
tolerance. Pollen carrying copper tolerance genes is blown 
to plants down-wind. 
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Trophic levels
 

Populations do not live in isolation - they live together with other populations in communities. A community is a group of 
populations living together and interacting with each other in an area. 
There are many types of interaction between populations in a community. Trophic relationships are very important - where 
one population of organisms feeds on another population. Sequences of trophic relationships, where each member in the 
sequence feeds on the previous one, are called food chains. 

An example from rainforest at Iguazu in north-east Argentina. 
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Passionflower 
(Passiflora ..... Heliconius butterfly 

(Helicon ius erato) ..... 
tegu lizard 

(Tupinambis ..... jaguar 
(Panthera 

schummaniana) teguixin) onca) 

An example from chalk grassland and the air above it in Europe. 

-~-~--

carrot plant ..... carrot fly ..... flycatcher ..... sparrowhawk ..... goshawk 
(Daucus (Psila (Muscicapa (Accipiter (Accipiter 
carota) rosea) striata) nisus) gentilis) 

The first organism in a food chain does not feed on other organisms so must be a producer - an organism that makes its own 
food. The other organisms are all consumers and are called primary, secondary, tertiary and so on, depending on their position 
in the chain. 
Producer, primary consumer, secondary consumer and tertiary consumer are examples of trophic levels. The trophic level ofan 
organism is its position in the food chain. 

Example: 
Producer ---.. Primary consumer ---.. Secondary consumer ---.. Tertiary consumer 

Sea lettuce Marine iguana Galapagos snake Galapagos hawk 
(Ulva lactuca) (Amblyrhyncus cristatus) (Dtotniscus biserialis) (Buteo galapagensis) 

A food chain shows only some of the trophic relationships in a community. Organisms rarely feed on only one other organism 
and are usually fed on by more than one organism. The complex network of trophic relationships in a community is shown in 
full in a complex diagram called a food web. An example of a food web is shown on page 42. 
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OBTAINING ENERGY 
The organisms in a community all need a supply of energy. Organisms are divided into two groups according to their source­
autotrophs and heterotrophs.
 

Autotrophs Heterotrophs
 

Autotrophs areorganisms that use an external energy source 
toproduce organicmatter from inorganicraw materials 

Autotrophs make their own food, so are also called 
producers 

Examples of producers - oak trees, maize plants, algae, 
blue-green bacteria 

All food chains start with a producer. In almost all 
communities the producers make organic matter by 
photosynthesis 

light is therefore the initial energy source for the whole 
community 

Heterotrophs are organismsthat use the energy in organic 
matter, obtained from other organisms 

Heterotrophs obtain their food from other organisms. There 
are three types of heterotroph - consumers, detritivores and 
saprotrophs . 

Consumers feed on other living organisms 

Examples of consumers - locusts, sheep, lions, 

Detritivores feed on dead organic matter by ingesting it 

Examples of detritivores - dung beetles, earthworms 

Saprotrophs feed on dead organic matter by secreting digestive 
enzymes into it and absorbing the products of digestion 

Examples of saprotrophs - bread mould, mushrooms 

ENERGY FLOW THROUGH COMMUNITIES 

Energy flow through producers Energy flow through consumers 

Producers convert light energy into the chemical energy of Primary consumerseat producers and so obtain energy from 
sugars and other organic compounds. This energy trapped them. They do not absorb all of the energy in the food that 
by the producers eventually leaves them in one of three they eat. The energy that they do take into their tissues leaves 
ways. them in one of three ways. 
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Food webs and energy pyramids
 

FOOD WEBS 
A food web is a diagram that shows all the feeding relationships in a community. The arrows indicate the direction of energy 
flow. Complete food web diagrams are very complex. The figure (below) shows a simplified food web for a community that lives 
in an area of Arctic tundra in Ogotoruk Valley. 

Food web for Arctic tundra 
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ENERGY PYRAMIDS 
Energy pyramids are diagrams that show how much energy 
flows through each trophic level in a community. The 
amounts of energy are shown per square metre of area 
occupied by the community and per year (k)m-2 vear'). 
The figure (right) is a pyramid of energy for Silver Springs, a 
stream in Florida. 
The figure (below right) is a pyramid of energy for a salt marsh 
in Georgia. Pyramids of energy are always pyramid shaped­
each level is smaller than the one below it. This is because less 
energy flows through each successive trophic level. Energy is 
lost at each trophic level, so less remains for the next level. 
Note that mass is lost as well as energy, so the energy content 
per gram of the tissues of each successive trophic level is 
not lower. 
Energy is lost in various ways. In each of the first three ways 
the energy is not completely lost from the community as it 
passes to detritivores and saprotrophs. 
• Some organisms die before an organism in the next trophic 

level eats them. 
• Some parts of organisms such as bones or hair are not eaten. 
• Someparts of organisms are indigestible and passout as feces. 
•	 Much of the energy absorbed by an organism is released 

in cell respiration. The energy, in the form of ATP, is used in 
processes such as muscle contraction or active transport 
that require energy. These processes involve energy 
transformations, which are never 100% efficient. Some of 
the energy is converted to heat. 10-20% is a typical 
efficiency level. Most of the energy released by cell 
respiration is lost from the organism as heat. 

Energy absorbed by living organisms is only available to the 
next trophic level if it remains as chemical energy in the 
growth of the organism. This is only a small proportion of 
the energy absorbed. 

Energy pyramid for a stream 

tertiary consumers I 67 

secondary consumers I 1602 

primary consumers 14000 

producers	 87000 

Energy pyramid for a salt marsh 

secondary consumers I 117 

primary consumers m 1278 

producers 152000 
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ECOSYSTEMS, ECOLOGISTS AND ECOLOGY 
Communities of living organisms interact in many ways with 
the soil, water and air that surround them. The non-living 
surroundings of a community are its abiotic environment. 
Acommunity and its abioticenvironment function together 
as a system called an ecosystem. An ecosystem is a 
community and itsabiotic environment. 

.Ecologists study the complex relationships within ecosystems. 
This area of study is called ecology. Ecology is the study of 
relationships in ecosystems - both relationshipsbetween 
organisms andbetween organismsand their environment. 

The carbon cycle 

NUTRIENT RECYCLING IN ECOSYSTEMS 
The recycling of nutrients is one example of the interactions 
between living organisms and the abiotic environment in an 
ecosystem. Energy is not recycled. It is supplied to ecosystems 
in the form of light, flows through food chains and is lost as 
heat. Nutrients are not usually resupplied to ecosystems - they 
must be used again and again by recycling. Carbon, nitrogen, 
phosphorus and all the other essential elements must be 
recycled. They are absorbed from the environment, used by 
living organisms and then returned to the environment. 
The processes involved in the carbon cycle are shown below. 
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THE ROLE OF SAPROTROPHS IN RECYCLING OF NUTRIENTS 
Saprotrophic bacteria and fungi have an essential role in nutrient cycles. They feed by secreting digestive enzymes into dead 
organic matter, including dead plants and animals and feces. The enzymes gradually break down the organic matter and the 
nutrients that were locked up in complex organic compounds are released. The saprotrophs absorb the substances that they 
need from the digested organic matter. 
Without saprotrophs, nutrients would remain locked up permanently in dead organic matter and organisms that need the 
nutrients would soon become deficient. 
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Global impacts 

HUMANS AND THE BIOSPHERE 
The ecosystems of the world are not isolated. They have effects on each other and sometimes even depend on each other. For 
example, carbon dioxide produced by one ecosystem can be carried in winds to another ecosystem and there be used in 
photosynthesis. Ecosystems function together as a system called the biosphere. The biosphere is the thin layer of interdependent 
and interrelated ecosystems that cover the Earth. 
Many human activities have affected the biosphere. Even the ice of the Antarctic has been affected - it contains lead from 
vehicle exhausts and large amounts of it have melted as a result of the increased greenhouse effect. The increased greenhouse 
effect is an example of human activities having a global impact. 

RISING GLOBAL TEMPERATURES 
Temperature records have been analysed to find the mean for the whole 
world in each year from 1856 onwards. The figure (right) shows the 
difference between the mean temperature for each year and an overall 
mean temperature for the years 1961 - 1990. The trends are that, from 
1856 until about 1910, temperatures were relatively stable, from 1910 
until 1940 temperatures rose and were then stable and from 1970 there 
has been a rapid rise. These changes in temperature could have various 
causes, but the most likely cause is an increased greenhouse effect. The 
figure (below right) shows how gases in the atmosphere cause the 
greenhouse effect on Earth. Carbon dioxide has the greatest overall effect. 

RISING CARBON DIOXIDE LEVELS 
The carbon dioxide concentration of bubbles of air trapped in Antarctic 
ice at different dates have been measured. These show that for 2000 
years before 1880 the carbon dioxide concentration of the atmosphere 
remained fairly constant at about 270 parts per million (ppm). From 
1880 onwards, the concentration rose. Since 1958 the concentration 
has been monitored continuously at Mauna Loa, Hawaii (below right). 
There is an annual fluctuation, but the overall trend has been upwards 
and the concentration is now 100 ppm higher than in 1880. This rise is 
enough to cause a significant increase in the greenhouse effect. 

CONSEQUENCES OF THE INCREASED 
GREENHOUSE EFFECT 
The whole biosphere is likely to be affected in many ways: 
• Global warming by up to 3 DC over the next 50 years. 
• Rising sea levels due mainly to thermal expansion of water. 
• Flooding of low-lying land including coral atolls. 
• Melting of glaciers and polar ice. 
• More frequent storms and hurricanes. 
• Changes to weather patterns, with different areas becoming warmer 

or colder and wetter or drier. 

MEASURES NEEDED TO REDUCE THE 
GREENHOUSE EFFECT 
Rising carbon dioxide levels are due to changes in the carbon cycle 
(page 43) including less photosynthesis and more burning of fossil fuels 
(right). To reduce the greenhouse effect, carbon dioxide absorption by 
photosynthesis must be encouraged and emissions from burning of fossil 
fuels must be reduced. 
The following measures would help. 
• Restoration of ecosystems where there has been deforestation, 

desertification or other damage, to encourage the growth of 
photosynthesizing plants. 

• Spreading nutrients such as iron in nutrient-deficient oceans to 
encourage growth of photosynthesizing algae. 

• Reducing energy consumption, for example by thermal insulation of 
homes, driving smaller vehicles or eating food grown locally rather 
than food transported great distances. 

• Changing from fossil fuels as an energy source to solar, wind or 
nuclear power. 
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HUMANS AND HABITATS 
Every species has its habitat. The habitat ofa species is the environment or location where it normally lives. For example, the 
habitat of Pinus aristata (bristlecone pine) is exposed, dry, rocky slopes and ridges in the sub-alpine zone of mountains in 
Colorado, New Mexico and California. The habitat of Hippocampus ramulosus (seahorse) is among seaweeds and sea-grasses 
ontheseabed in shallow parts of the Mediterranean and the Atlantic as far north as the English Channel. 
Many human activities have an impact on a specific habitat - a local impact. Introduction of alien species can have devastating 
effects on a habitat - for example, the introduction of rats to New Zealand. 

THE INTRODUC1"ION OF RATS TO BIG SOUTH 
CAPE ISLAND 
Three species of rat that were introduced to the mainland of 
New Zealand during the ninetenth century eliminated many 
species of bird from the mainland. On islands that remained 
free of rats, some of these birds were able to survive. Until the 
1950s BigSouth Cape Island (right) in the far south of New 
Zealand remained rat free and was a haven for many rare 
birds. Three types were, by then, found nowhere else: South 
Island saddleback (right), Stewart Island snipe and Stead's 
bush wren (bottom right). 
Inthemid-1950s black rats (Rattus rattus) reached Big South 
Cape Island.Their numbers rose exponentially and by 1964 
there were huge numbers on the island. They attacked eggs, 
young birds in nests and even adult birds, which were not 
behaviourallyadapted to resist them. It became obvious that 
human intervention was needed to save the three rarest 
species of bird. Ecologists from the New Zealand Wildlife 
Service trapped as many of the remaining individuals as they 
could. Only two Stewart Island snipe were trapped and they 
diedsoon after, so this species became extinct. Nine Stead's 
bush wrens were trapped and transferred to another island 
thatwas still rat free. Unfortunately they failed to breed and 
graduallydied out, so this species also became extinct. 
Forty-one South Island saddlebacks were caught and 
transferred to two other rat-free islands. They survived and 
bredand were eventually distributed to other islands. In the 
1980s they were re-introduced to Little Barrier Island after 
anotheralien species had been eliminated - wild cats. 
TheSouth Island saddleback was the first species of bird to 
besaved from extinction by human intervention. Its future 
for the moment seemsrelatively secure. 

REDUCING THE IMPACT OF ALIEN SPECIES 
Various lessons can be learned from Big South Cape Island. 
• Alien species should never be introduced to habitats
 

containing rare or endangered species.
 
• Alien species can sometimes be eliminated by trapping,
 

poisoning or other methods.
 
• Human intervention is sometimes essential to save a
 

species, for example moving a population to a safer area.
 
• Island nature reserves can playa vital role in ensuring the 

survival of rare and endangered species. 
Some methods for controlling alien species that have been 
tried elsewhere have been found to have serious risks. For 
example predators have been introduced to try to control 
alien species, but they have sometimes attacked native 
species rather than the alien species. Diseases have also been 
introduced, but again this is a risky policy, as the spread of 
the disease cannot be predicted with certainty. 
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