1.1
Earths Natural Systems

Overview:

In this section you will learn about earth’s natural systems.

We will start with a few key definitions, before explaining the key natural cycles, their interaction and the effect human activity may have on them. We conclude with a brief discussion on biodiversity.

Learning Aims:

At the end of this section you should be able to:

· Understand ecological processes and systems.

· Understand the importance of biodiversity.

· Describe the main principles which underpin the earth’s natural cycles.

Expected study duration:

3 hours.
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1.
Key Definitions

Environment:
“The surroundings or conditions in which a person, animal, or plant lives or operates.”

“(the environment) the natural world, especially as affected by human activity.”

Source: Oxford English Dictionary
Process:
“A series of actions or steps towards achieving a particular end.”

“A natural series of changes: the ageing process.”

“Biology & Anatomy a natural appendage or outgrowth on or in an organism.”

Source: Oxford English Dictionary

System:
“A set of things working together as a mechanism or interconnecting network.”

“An organized scheme or method”

Source: Oxford English Dictionary

Ecology:

“The branch of biology concerned with the relations of organisms to one another and to their physical surroundings.”

Source: Oxford English Dictionary

Ecosystem:

“A biological community of interacting organisms and their physical environment.”

Source: Oxford English Dictionary

Cycle:

“A series of events that are regularly repeated in the same order.

“A complete sequence of changes associated with a recurring phenomenon such as an alternating current, wave, etc.”

Source: Oxford English Dictionary

2.
Natural Cycles
Natural cycles are systems and processes within the environment that affect, and are affected by, ecosystems.

Examples of natural cycles are 
· Water Cycle
· Carbon Cycle
· Oxygen Cycle

· Nitrogen Cycle
· Phosphorus Cycle

2.1
Water:

Water is a chemical substance made up of hydrogen and oxygen. The chemical symbol is H20, which means that in one water molecule, there are two hydrogen atoms and one oxygen atom.

Water is essential for all forms of life. Water is found on earth in all three physical states:

· Solid – ice

· Liquid – water

· Gas – water vapour & steam
Industrial Applications:

Industrial uses of water include cleaning, cooling, steam power and food production.
2.1.1
Water Cycle:

In simplified terms, water evaporates into the atmosphere. It condenses and then falls to the earth as precipitation. On the earth the water is collected and then evaporates back into the atmosphere.


Source: http://www.usgcrp.gov/usgcrp/images/ocp2003/ocpfy2003-fig5-1.htm

Evaporation:

Evaporation occurs when the suns heats water (in rivers, lakes and the sea) turning it into water vapour. This water vapour then rises into the air.

Condensation:

Condensation occurs when the ait becomes cold and the water vapour changes back into water liquid. An obvious example of this is when water vapour touches a cold window, turning back into water and forming condensation on the window.

Precipitation:

Precipitation is rain, hail, sleet and snow. It occurs when there is there is more condensed water in the atmosphere than the air can hold. The condensed water falls back to earth. Whether it is as rain, hail, sleet and snow depends on the temperature.

Collection:

When water falls back to the earth as precipitation it collects. This may be in rivers, lakes or oceans. Depending on where it falls, it may soak into the ground and flow as groundwater, or it may flow into the sea from rivers.
Human impacts on the water cycle:

As populations increase, so too does the demand for water. Water demand is not only for drinking and washing, but also through the increase demands placed on industry by an increased population. An increase in demand for water will place an additional strain on the rivers, lakes and groundwater we source our water from.

When the water intake increases, so too does the requirement to discharge waste water. This requires treatment before it can be released, or it will adversely affect the receiving water body.

With a rising population comes a greater need for housing (and the associated roads, shops and industry). Towns grow in size and cities sprawl. In developed areas this increases the land area covered by concrete and tarmac. Rainwater cannot run off naturally, which leads to flooding. This is especially prevalent in areas where developments have been placed on floodplains.

Over recent years there has been an increased awareness of the true water usage of the average person. What water do you use?
Would you say, washing clothes, washing yourself, watering the garden, cleaning the car?

What about the water used by the factory that made your clothes? 
Or the water used by the manufacturing companies that made your TV, your computer, your furniture, the paint on your walls, the carpet on your floor or the tinned food in your kitchen? 
Don’t forget the water used during the manufacture of packaging for all of these items or in the transport of these goods.
2.2
Nitrogen:
Nitrogen is a chemical element, with the chemical symbol of N. In its natural state it is a gas (N2) and it makes up approximately 78% of the earth’s atmosphere.

Nitrogen is essential for life forms, but most organisms cannot use atmospheric nitrogen. They are unable to fix atmospheric nitrogen (take it from the environment and use it). And therefore have to obtain nitrogen as an essential nutrient from other sources. This is usually done by taking the nitrogen from compounds it is contained within, such as nitrate ions, urea and ammonia.

Nitrogen occurs naturally in several minerals, but most of these are relatively rare. This partly because they are readily soluble in water (they dissolve). Nitrogen is present in all living organisms, for example, it is found in proteins. It is a large component of animal waste, as it is contained within urea, uric acid and ammonia.
Industrial Applications:

Nitrogen gas has a number of uses in industry. It is used to preserve the freshness of packaged goods (as an alternative to oxygen that will allow oxidation), as a cheaper alternative to argon in light bulbs and in the production of stainless steel.

Liquid nitrogen is used as a refrigerant. For example, in medical establishments it is used for the storage of reproductive cells and biological samples. 
2.2.1
Nitrogen Cycle:
Atmospheric Nitrogen is converted into useful compounds by bacteria. It enters the food chain through nitrogen-fixing bacteria in the soil, which create nitrates. Nitrates can then be absorbed by plants and dissolved into the soil by water. The plants use the nitrates to create proteins. 
It enters the food chain as animals eat those plants (herbivores), and in turn may be eaten by other animals (carnivores). When an animal excretes waste, nitrogen is released back into the environment. When an animal dies, it decomposes and as it breaks down, nitrogen is formed through ammonification. This may then be assimilated by plants or returned to atmospheric nitrogen by nitrifying bacteria.
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Source: http://www.epa.gov/maia/html/nitrogen.html
Nitrogen Fixation:

Nitrogen Fixation is the process that takes nitrogen from its natural molecular form in the atmosphere and converts it into nitrogen compounds (including ammonia, nitrate and nitrogen dioxide).

Nitrification:

Nitrification is the inorganic production of nitrates.
Nitrogen gas is converted to nitrate. In soil, this is a two step process completed by nitrifying bacteria.

1. Nitrite-producing bacteria convert ammonia to nitrite.
2. Nitrate-producing bacteria convert nitrite to nitrate.

Assimilation:

Nitrogen is moved into a cell and converted into ammonia and amino acids.

Ammonification:

Ammonification is part of the process of organic decomposition. Organic nitrogen is converted into ammonia, by organisms such as microorganisms, bacteria and fungi.

When this process occurs without the presence of oxygen, it is called anaerobic. Slightly different reactions occur and the process results in the production of amines.

Denitrification:
Denitrification almost counterbalances nitrogen fixation. This is the process that converts nitrate to nitrous oxide and nitrogen gas back into the atmosphere. It is conducted by denitrifying bacteria.

Human impacts on the nitrogen cycle:

Human activities such as burning wood and fossil fuels can increase the amount of nitrogen in the atmosphere. Certain reactions can occur, which then form acid rain. Nitrous oxide is a greenhouse gas, meaning that it contributes to global warming.

Nitrogen based fertilisers are a major human impact upon the Nitrogen cycle. They may be washed off the oil (or leach through the soil) into watercourses.

Excess quantities of nitrogen in water may rapidly increase the growth of algae (Eutrophication). This in turn can reduce the amount of oxygen in the water that is available to water dwelling organisms, which will then die. Too much nitrogen may also make soil unsuitable for plant life.


2.3
Oxygen:

Oxygen is a chemical element, with the chemical symbol of 0. The most stable form is 02, dioxygen, which is formed by plants during photosynthesis. 

Oxygen accounts for approximately 20% of the atmosphere. It is also present in the earths crust and is contained within all water molecules.

Uptake of 02 in air through respiration (breathing) is essential for all aerobic life forms.

Oxygen is also important when present as ozone (O3). At low level atmosphere ozone is an air pollutant that can have harmful effects on animals and humans. However, when ozone is present in the upper atmosphere it filters out potentially harmful UV (Ultraviolet) rays and almost forms a protective bubble around the earth. Certain human activities result in the release of ozone deleting substances, which have created holes in the ozone layer. These allow UV rays in, which bounce around and may not be released, causing global warming. This is discussed in more detail later on in this course.

Industrial Applications:

Oxygen is used in medical applications, where oxygen therapy is used to treat conditions such as emphysema and pneumonia. It is also used for recreational purposes, such as scuba diving.
Commercially produced oxygen is used during smelting of iron ore and during various chemical manufacturing processes. 

2.3.1
Oxygen cycle:

The oxygen cycle involves the movement of oxygen between the atmosphere, water bodies and land.
The oxygen cycle is less complex than other cycles. There are two main processes:

· Respiration.

· Photosynthesis.

Respiration:

Humans and animals inspire oxygen from the air to breath. During the respiration process, Carbon Dioxide is expired.
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Source: http://www.fda.gov/Fdac/features/1999/emphside.html
Photosynthesis:

Photosynthesis is the name for the process during which plants use sunlight and water to create sugar. This occurs in chlorophyll (the green part of plants).

The chemical reaction is:

	6H2O + 6CO2
	
	C6H12O6+ 6O2

	6 molecules of water
	
	1 molecule of sugar

	6 molecules of carbon dioxide
	
	6 molecules of oxygen

	
	
	

	
	
	


Plants absorb water from the soil through their roots and carbon dioxide through their leaves. The sugar produced is used by green plants to make starch, fats and proteins. 

Leave have tiny pores on them, which the plants use to release the oxygen.
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Source: http://grapevine.net.au/~grunwald/une/KLAs/science/photosynthesis.html
Human impacts on the oxygen cycle:

A key impact upon the oxygen cycle is the removal of plant life across the globe. Whether this is deforestation of a rainforest for the plantation of palm oil (used for bio-fuel) or for logging; the removal of green areas or trees for development, the effect is the same – less plants result in less photosynthesis, which result in reduced oxygen production.
It should be noted that Oxygen also plays a part in other cycles. For example, Oxygen forms molecules with other atoms (such as with Carbon to form Carbon Dioxide – CO2). 

2.4
Carbon:
Carbon is a chemical element, with the chemical symbol of C. It is present naturally as graphite and diamond.

Carbon is extremely widespread on earth. All organic substances contain carbon. It is a constituent in many compounds. It is in the air as Carbon Dioxide, present in carbonate rocks (e.g. limestone) and is also found in water (e.g. when Carbon Dioxide dissolves).

Hydrocarbons are also commonly found. These are compounds of carbon, such as coal, petrol and natural gas.

Carbon-related processes are key drivers of global climate change. 

Conversion of carbon is rare and therefore the carbon cycle is a closed system.

Industrial Applications:

A common industrial application of carbon is the use of industrial diamonds, which are used in precision cutting tools.

However, many industrial processes release carbon as a by-product (in forms such as carbon dioxide) and it is these that have the greatest effect on the carbon cycle.

2.4.1
Carbon cycle:
The carbon cycle is a complex series of processes through which all of the carbon atoms in existence rotate. It involves the earth’s atmosphere, fossil fuels, the oceans, vegetation and the soils of the earth’s terrestrial ecosystem. 

During the carbon cycle plants absorb carbon dioxide from the atmosphere and use it, combined with water from the soil, to make the substances they need for growth during photosynthesis. This process incorporates the carbon atoms from carbon dioxide into sugars. Animals then eat the plants and use the carbon to build their own tissues. The animals return the carbon dioxide into the air when they breathe and then when they die, carbon is returned to the soil during decomposition. The carbon atoms in the soil may then be used in a new plant.

The carbon cycle is a closed system and is extremely complex with each process impacting on other processes.

Carbon enters the atmosphere through:

· Respiration when animals breathe out Carbon Dioxide. 

· Burning.

· Decomposition.

Carbon is taken out of the atmosphere by:

· Plants and algae through photosynthesis.
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Source: http://thoughtsonglobalwarming.blogspot.com/2007/02/factsheet.html
There is a finite amount of carbon. Therefore the carbon cycle is a closed system (all carbon is in it somewhere!). 

The carbon cycle is sometimes thought of as a series of carbon reservoirs, where carbon may move from one to another:
· The atmosphere.

· Terrestrial biosphere (Fresh water systems and non-living organic matter, e.g. soil).

· The oceans.

· Sediments (including fossil fuels).

Two key processes involved in the carbon cycle are:

· Photosynthesis.

· Combustion.
Photosynthesis

Photosynthesis is the name for the process during which plants use sunlight and water to create sugar. This occurs in chlorophyll (the green part of plants).
The chemical reaction is:

	6H2O + 6CO2
	
	C6H12O6+ 6O2

	6 molecules of water
	
	1 molecule of sugar

	6 molecules of carbon dioxide
	
	6 molecules of oxygen

	
	
	

	
	
	


Plants absorb water from the soil through their roots and carbon dioxide through their leaves. The sugar produced is used by green plants to make starch, fats and proteins. 
Leave have tiny pores on them, which the plants use to release the oxygen.
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Source: http://grapevine.net.au/~grunwald/une/KLAs/science/photosynthesis.html
Combustion

Combustion is commonly known as burning. It is the burning of a fuel and oxidant to produce heat. The fuel can be gaseous, solid or liquid.
There are more end products of combustion than just heat. A combustion process may also result in light and pollutants. 
Human impacts on the carbon cycle:

Through burning fossil fuel and cutting down forests, there has been an increase in Carbon Dioxide in the atmosphere. This is because these activities release carbon into the atmosphere quicker than it is naturally removed.
The act of mining fossil fuels and then burning them dramatically increases the speed in which carbon is transferred from the ground into the atmosphere.

Deforestation also reduces the amount of photosynthesis that can occur. As photosynthesis removes Carbon Dioxide from the atmosphere, when it does not occur, there is an increase in the amount of Carbon Dioxide. Carbon Dioxide is referred to as a greenhouse gas because it increases the atmospheres ability to retain heat.

It is estimated that 20% of the total energy in the UK is used in transport. Each litre of petrol burnt produces 2.4kg of carbon dioxide, for every litre of diesel it is 2.7kg. A significant source of carbon dioxide is car exhaust emissions; therefore road transport has a significant effect on the carbon cycle.

Other effects of an increase in Carbon Dioxide include the effect on plant life. Different plant species have a different tolerance level for Carbon Dioxide, therefore as the levels of Carbon Dioxide increase, some species will be able to cope and some will not. This will change the success and prevalence of plant species in different areas.
2.5
Phosphorus:

Phosphorus is a chemical element, with the chemical symbol of P. It can be found on earth in water and soil. 
There are several forms of phosphorus. Phosphorus is found in phosphate ores. It may be present in the atmosphere as small dust particles. It is most commonly found in rock formations and ocean sediments as phosphate salts.
Phosphorus is component of DNA and is an essential element for al living cells.

Industrial uses of Phosphorus:

Phosphorus is used commercially in the production of fertilisers. Phosphorus compounds are also used in explosives, fireworks, matches and detergents.

2.5.1
The Phosphorus Cycle:

The Phosphorus cycle is slow moving in comparison to the water or carbon cycles.

Phosphorus enters the environment from:

· Rocks, which erode over time and gradually release it.

· Decomposition of plant and animal matter.

It is a common occurrence for Phosphorus to be washed into water from erosion and leaching. Water plants use the Phosphorus as a fertiliser.

Phosphorus enters the food chain through animals eating plants (herbivores) or though other animals eating them (carnivores).
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Source: http://bioweb.wku.edu/faculty/ameier/phoscycle.gif
Human impacts on the Phosphorus cycle:

Phosphorus is often not present in soil in sufficient quantities. Therefore the use of phosphorus as a fertiliser is widespread. This is often applied in excess of what the plants require and is washed into watercourses by rain. 

If there is too much phosphorus in the water, it may rapidly increase the growth of algae (Eutrophication). This in turn can reduce the amount of oxygen in the water that is available to water dwelling organisms, which will then die. 
Human sources of phosphorus may also be present in sewage. If this is not treated properly, an excess may accumulate.

2.6
Interaction between the natural cycles:
In the previous pages we have seen how each of the key natural cycles operate. It is obvious that there are elements which appear in more than one cycle.

Photosynthesis as a process appears in both the carbon cycle and oxygen cycle. Plants use carbon dioxide to create oxygen. 
However, without water the plants will not live. If there is too much phosphorus or nitrogen in the soil, plants may not be able to live. Therefore the phosphorus, nitrogen and water cycles are all related to both the carbon and oxygen cycles.

The negative effects of Eutrophication may be caused by both an excessive increase in nitrogen and an excessive increase in phosphorus.
A human impact upon the carbon cycle is that caused by human activity, such as combustion of fossil fuels and other industrial processes. Certain processes release Ozone, which is a form of oxygen. 

In summary, all elements of the ecosystem interrelate and interact with all others in some way. Actions taken locally can have global consequences. 

3.
Biodiversity

3.1
Definition
Biodiversity:
“The variety of plant and animal life in the world or in a particular habitat.”

Source: Oxford English Dictionary

DEFRA define Biodiversity as:

"The variability among living organisms from all sources including, inter alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are part; this includes diversity within species, between species and of ecosystems." 
Source: DEFRA: http://www.defra.gov.uk/wildlife-countryside/biodiversity/about.htm
© Crown Copyright.

3.2
Introduction:

The term Biodiversity stems from Biological Diversity. 

Biodiversity includes all species of plants and animals. It does not matter whether a species is endangered or common; they all play a part in biodiversity. It encompasses both the species we want and the species we don’t (Invasive Plants such as Japanese Knotweed).
3.3
Importance of Biodiversity:

All ecosystems are complex and all species play a part in each of them. Biodiversity is critical to maintain the balance of the earth’s ecosystems. 
What good are wasps? 

That’s a question I hear a lot. Well, they eat aphids and they pollinate flowers. They play an important role in helping plants reproduce and reducing the number of pests in your garden.

We have seen from the previous sections that something as simple as the element nitrogen has an affect on the fertility of soil and the growth of plants. This in turn will affect all animals that eat plants and in turn, all animals that eat them.

Once you remove a species from a food chain, or reduce its numbers, you impact upon the rest of that food chain. For example, increased pesticide use has reduced the number of insects. These insects are the primary food source for bats and therefore the number of bats is in decline. The intention of the pesticides was to reduce the number of insects, not bats, but it had that affect anyway.
Some organisms provide valuable services such as pollination, cleaning air and controlling pests. Others provide economic benefit and some are just beautiful and have aesthetic value. It is also thought that there are many benefits yet to be discovered, such as cures for disease. Whatever their perceived value, all organisms play a valuable role in our ecosystem.
3.4
Threats to Biodiversity:

“The world is losing biodiversity at an ever-increasing rate as a result of human activity. In the UK we have lost over 100 species during the last century, with many more species and habitats in danger of disappearing, especially at the local level.”
Source: DEFRA: http://www.defra.gov.uk/wildlife-countryside/biodiversity/about.htm
 © Crown Copyright.

Habitat Loss

As we clear rainforests and woodland for housing, agriculture and industry, whilst concreting over fields for the same purposes, we are destroying the homes of many species. 

Some species are able to adapt. For example, foxes move into urban areas and there are even birds of prey in Manchester City Centre. However, some species, such as Orangutan’s cannot. 

All animals have basic needs to our own – food, water, shelter. By destroying their natural habitats, we can restrict their access to these basic needs.

Habitat Isolation

Through development we not only destroy habitat, but we fragment what’s left. Two patches of isolated woodland either side of a motorway do not necessarily offer the same habitat as they would if they were joined by a wildlife corridor. Species may not be able to move between the two areas, yet each area may offer something specific that the animals need (water in one and food and good nesting sites in the other).
Genetic Pollution

As species reduce in numbers, the gene pool is also reduced. This can result in specimens with unsound traits reproducing or result in interbreeding; both of which affect will the health of their offspring.

Environmental Pollution

Chemicals and substances released into the environment through human activity, whether emissions to land, air or water all affect the habitats they enter. The substances may be toxic and kill organisms outright (e.g. mercury), or they may change the natural balance making an area inhospitable to life (e.g. excess phosphorus in soil).
Invasive Species

There are species of plants and animals in the world that do no harm in their own environment, but once free to spread, they become invasive.

Plants such as Japanese Knotweed spread rapidly, denying any other plants the chance to live in their midst. The plant is unsuitable for nesting and does not seem to support wildlife in the way native plant life will. In England it is illegal to spread Japanese Knotweed (under the Wildlife and Countryside Act). Interestingly, it appears to do no harm in its native Japan.

Hunting

Unfortunately some animals are on the brink of extinction because for some reason humans think they are more valuable as ‘parts’. Ivory, Rhino horn, whale blubber, shark fins, tiger skin and bones are all prime examples.

The exotic pet trade is still alive and well across the globe. Retiles, birds and monkeys are still captured from the wild and sold as pets. Often the parent is killed in order for the poachers to obtain the infant. To make matter worse, many die in transit and so many more are captured than sold.

Global Warming

As the temperature of the globe changes, so does the distribution of species. In some areas this will mean that species move to an area that is suitable for them. There is evidence of flying insects, birds and plants in areas we would previously not have expected to see them. For example, there is a colony of scorpions in Kent (they are a harmless variety!).

However, some species will not have this luxury. Polar Bears live in ice and snow. As the polar ice caps melt the area they inhabit shrinks. Any species with specific needs will be limited in its ability to cope.
4.
Further information:

The following website links are provided in accordance with our Terms and Conditions (link to T&C).
DEFRA (Department for Environment, Food and Rural Affairs):

www.defra.gov.uk
NERC (Natural Environment Research Council)

http://www.nerc.ac.uk/
Natural History Museum

http://www.nhm.ac.uk/nature-online/biodiversity/
National Biodiversity Network

http://www.nbn.org.uk/
UK Biodiversity Action Plan:

http://www.ukbap.org.uk/
WWF:
http://www.wwf.org.uk/
Please note that the website addresses have been provided in accordance with the terms and conditions of each of the individual organisations. The mere inclusion of such links does not imply any endorsement of the material on this website or any association with their operators.
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