B3: Life on Earth

Species

Life on Earth began approximately 3,500 million years ago.

A species is a group of organisms so similar that
· They can breed together to produce fertile offspring (can also breed)

All life on earth (including species that are already extinct) evolved from very simple living things.

Species and genetic variation

There is variation between individuals of the same species and some of this variation may be genetic so can be passed onto offspring.

This variation helps species adapt to their environment as the best features get chosen over time.

The genetic variation occurs by mutations (changes) in the genes, therefore the offspring can be passed on this variation.

The mutations may occur for several reasons, for internal factors when mistakes occur when genes are coped during cell division, or by outside factors like exposure to radiation or harmful chemicals.

If mutations occur in body cells they have little or no effect, although they can cause cancer by causing cells to divide.

However, if mutations occur in the sex cells, they can be passed on to offspring’s and occasionally may produce new characteristics.

Some of these characteristics may be harmful, however others may help the organism survive, so are passed on to the next generation.

This means that over time, a species will become more and more adapted to the environment that they are living in. 
Therefore animal and plant species can live in many different environments and is possible because they have features that help them survive in their environment- these features are known as adaptations.

The adaptations make it more likely that the species as a whole will survive as  individual organisms increase the species’ chance of survival by making it more likely that individuals will survive to reproduce therefore the species as a whole will continue to exist in the environment.
Examples of adaptations:

Cactus plants

Cactus plants are well able to survive in hot, dry desert conditions because they have special features which increase their chance of survival.

· They store water in their thick stems which is helpful as they can use it to survive when there isn’t much water around, especially as the desert is dry. They also have large root systems that help get water from deep in the soil, and the extensive roots ensure that a majority of the water is absorbed quickly over a large area and deep in the soil

· Cacti have a rounded shape which gives them a small surface compared to their volume which reduces water loss.

· They have a thick waxy layer on the outside (cuticle) reducing water loss. 

· leaves which are reduced to hard spines. This further reduces water loss by reducing the surface area.

Fish

Fish are well able to live in aquatic environments so they have special features which enable them to live in water.

· They have streamlined bodies and a smooth surface of skin which means they can move through water efficiently with as little resistant as possible.

· They have fins which keep the fish balanced in the water and keep them stable as they move along. The tail fins have a large surface area which is used to propel them through the water.


· A swim bladder organ is used to give the fish buoyancy in water, they can adjust the amount of gas in their swim bladder to change their depth in the water without having to use energy

· They have gills which extract oxygen dissolved in the water for respiration which produces energy for the fish to use. The oxygen diffuses from the water into the fish’s blood across the large surface area of the gills.


Natural selection

Natural selection is when certain individuals are better suited to their environment, so they are more likely to survive and breed passing on their features to the next generation.

Living things all show variation and some is genetic. The genetic variation can be passed down to offspring.

This genetic variation is caused by mutations (changes) in DNA.
This can because internally by mistakes from cell division or external factors like radiation and chemicals.

If this mutations occur in sex cells not body cells, they can be passed on to the next generation.

If they occur  in sex cells they can occasionally produce new characteristics.
Some of these characteristics can be harmful however some can help the organism to survive (benefit it) so is passed on to the next generation.

The beneficial characteristic mean that some varieties of the species have an increased chance of survival, so are more likely to reproduce and pass on their genes.

This means a greater proportion of the individuals in the next generation will have the beneficial characteristic caused by the genetic mutation.

Over many generations, the species as a whole is better able to survive as the beneficial characteristic is naturally selected and passed down to the later generations so the species becomes more adapted to the environment.

This is the process of evolution


Selective breeding

Selective breeding is when humans deliberately choose a feature in an organism which is appealing and seem beneficial to them and want to appear in the later generations so they only breed from animals or plants with the particular characteristic. Therefore, the majority of the organisms in the next generation will have that particular characteristic.

This feature however is only beneficial to humans in whatever way so does not help with the survival of the animals..

E.g the most resistant to disease or the biggest crop yield

Similarities and differences between natural selection and selective breeding

Natural selection occurs in nature but selective breeding only occurs when humans intervene.
Natural selection and selective breeding causes a change of features within a species.
Unlike natural selection, selective breeding doesn’t select features which necessarily help with the survival of the organism as it is more focus in features which are beneficial to humans.

The favourable characteristics in both are passed on to the next generation.
Due to differences in the genes.

Both show animals evolving.
In the end, desirable traits are achieved.

Natural selection is caused by death of animals which can’t survive, selective breeding is just achieved by humans outgrowing the population.

Darwin vs Lamarck


Darwin believed in the theory of evolution by natural selection. (see above under Natural Selection)

Lamarck argued that if a characteristic is used more and more by an organism, it becomes bigger and stronger, and one that is not use eventually disappears.
Any feature of an organism that is improved through its use, is passed on to its offspring.

He said that ‘nature’ had started with simple living things and at each generation, these got more complicated. If this kept happening, simple living organisms would disappear. However his ideas didn’t account for some observations for example why simple living organism’s still existed on Earth.

Darwin’s idea could account better for these observations and it also linked together variation and competition.

It was better because:
It was the result of many observations and creative thought applied to his findings.
· It fits with the advanced understanding of genetics
· There was no evidence or mechanism for inheritance of acquired characteristics
· Animals didn’t have a genetic basis so they are unable to be assed on to the next generation.

[bookmark: _GoBack]Evidence in Darwin’s favour

· Fossil record shows how much or how little organisms have changed over time. However, it contains gaps as not all organisms fossil well and many are destroyed by the movements of the Earth or haven’t been discovered.
· Peppered moths- airborne pollution meant the mutant black moths were now camouflaged.
· Antibiotic resistant bacteria
· DNA- scientists can analyse DNA from two different species and see how closely related the two species are to each other.

How can a new species be formed in the process of evolution?

A new species can be produced by a combined effect of:
· Environmental changes
· Mutation
· Natural selection
· Isolation

Mutations
Mutations produce differences in species, and these differences can be genetic and be passed on in the sex cells.
Most mutations don’t have an effect however some can be harmful or even beneficial.
The beneficial characteristics through natural selection can be passed on to its offspring.
These mutations can create new features in a group of organisms.

Environmental changes
If the environment changes, then only some of the population will survive. This will be done by natural selection where only individuals with features that make them adapted to the new environments will survive. 
If they are a benefit to the population, these features will pass through the population.

Isolation
Populations that are isolated from each other, will have no contact with other organisms. This means they will have to reproduce with other members of their own populations but will never meet organisms from other populations.

Sometimes, a variation may arise in one population that prevents the organisms from reproducing successfully with those from neighbouring populations, even if they were able to meet.

This is called reproductive isolation and means the isolated population has become a new species.


Interdependence 

Living organisms are dependent on the environment and other species for their survival.
They are dependent on the environment for resources such as:
· Light
· Food (for animals) minerals (for plants)
· Water (vital for all living organisms for survival(
· Oxygen (animals and plants) carbon dioxide (plants)
If any of these factors are in short supply, the different species will have to compete for it.
If there’s not enough for all the organisms, some of them won’t survive.
Therefore this limits the size of the population in that habitat.

Organisms are also depended on other organisms for its survival, mainly for food. This is known as interdependence (mutual dependence amongst living things.

Food web

A food web shows the interdependence of living organisms, it is simply a number of food chains joined together.
The interdependence of all living things in a habitat means that an major change in the habitat can have far-reaching effects.

For example, a new animal coming into a food web can affect the plants, animals and microorganisms already living there. The loss of one organism will also affect other organisms in the food web.

Living organisms are dependent o nthe environment and other species for their surcival so when the environment changes, organisms are not as well adapted to it.

Individuals who are poorly adapted to their environment, are less likely to reproduce than those who are well adapted.
Therefore, it is possible that a species that is poorly adapted to its environment will become extinct.
When all the animals of a species die, the species become extinct.

The factors that can cause a species to become extinct are:
· If the environment conditions change beyond its ability to adapt
· A new species that is a competitor, predator or disease organ (can wipe out the native population)
· Another species, plant animal or microorganism in its food web becomes extinct

Depending on a sun’s energy in an ecosystem

Nearly all organisms are dependent on energy from the Sun.
The Sun provides energy to keep the Earth’s atmosphere warm and to drive the production of food chemicals.

1. Food chains all start with plants which are the producers as they are autotrophs they can make their own food and don’t rely on other organisms for food). 
2. Plants absorb a small percentage of the Sun’s energy for the process of photosynthesis. They use this energy to build up organic compounds such as glucose from carbon dioxide and water.
3. The absorbed energy is stored as chemicals compounds which make up the plants cell.
4. These compounds may be broken down during respiration to release energy.
5. The energy stored in plants can be transferred to other organisms in an ecosystem as the plants are eaten or when they decompose and the organic material is fed on by decay organisms such as decomposers and detritvores.
6. The energy obtained by the consumers is used for a number of life processes.
7. Some energy will be lost however. This can be done :
· Escapes into the environment via heat energy
· Is used for life processes in the organism such as movement
· Is excreted as waste and passes to decomposers
· Uneaten parts passed to decomposers (e.g bones)

Therefore, as less energy is transferred at each level, the number of organisms at each level is smaller as there won’t be enough energy to support much more animals. Therefore, the food chain is limited to only a few levels.
It is limited to producers, primary consumers, secondary consumers and tertiary consumers. 

Energy also flows into decomposers and detritvores as they feed on dead organisms and waste material. Bacteria and fungi are decomposers. Detritvores as small animals like woodlice.


Efficiency of energy transfer in a food chain:

Efficiency =  energy available to the next stage
                      Energy that was available to the previous stage        x 100



The Carbon Cycle 

All cells, bacteria , animal or plants contain carbon because they contain proteins, fats and carbohydrates.
Carbon is passed from the atmosphere as carbon dioxide to living things and returned to the atmosphere as carbon dioxide again.

1. Carbon dioxide is taken out of the atmosphere by photosynthesis in plants. Plants use the carbon dioxide and water to produce food molecules such as glucose. This glucose can be incorporated into carbohydrates, fats and proteins.
2. Organisms return the carbon dioxide to the atmosphere by respiration. These organisms include plants animals and microorganisms. The glucose molecules are broken down and carbon dioxide is produced.
3. When an animal eats a plant, carbon compounds from the plant becomes part of the fats and proteins in the animal. 
4. Microorganisms and some animals may feed on the waste materials and dead remains of animals and plants (decomposition). The carbon compounds then become passed on to them. The carbon compounds become part of a new organism in the system.
5. Carbon dioxide is also added to the atmosphere by the combustion (burning) of wood and fossil duels such as oil, gas coal and petrol. This is because the remains of carbon compounds from the organisms become fossilised into the rock due to intense heat and pressure. When these rocks are burnt as fossil fuels, they release the carbon dioxide that was trapped.
6. Volcanic activity also releases carbon dioxide into the atmosphere.

The Nitrogen Cycle

1. Plants and animals need nitrogen to make proteins. They cannot get nitrogen from the air because as a gas nitrogen is fairly unreactive. Therefore, plants take up nitrogen compounds such as nitrates and ammonium salts from the soil
2. Nitrates in the soil that plants take up are made using nitrogen from the air. This is done by the process called nitrogen fixation. This is done in 3 ways:
· There is so much energy in lightening that it can split nitrogen molecules into individual nitrogen atoms. These can react with oxygen to form nitrogen oxide. Nitrogen oxides are washed to the ground by rain where they form the nitrates in the soil.
· Nitrogen-fixing bacteria can turn nitrogen gas into nitrates. These bacteria live in the soil and inside swellings on the roots of leguminous plants. 
· The Haber process used by industry to produce ammonia from nitrogen and hydrogen. Ammonia is used to make nitrogen compounds that are used as fertiliser by farmers. These are easy to take up by the plants.
1. Plants take up these nitrates and use them to make proteins. Primary consumers (herbivore animals) eat plants and digest the plants proteins and use the products of amino acids to make their own animal proteins.
2. When plants and animals die, they decompose. The decomposer bacteria break down the proteins in dead organisms. This release nitrates back into the soil so they are available for plants to absorb once again.
3. Nitrogen in waste from excretion (urine and faeces) is also recycled by nitrifying bacteria as they convert the ammonia found into nitrates which are then placed back into the soil.
4. Denitrifying bacteria break down nitrates in the soil and release nitrogen gas back into the air. This process is known as Denitrification and is of no use to living organisms.



Measuring environmental change

Environmental change can be measured using non-living indicators such as :
· Nitrate levels
Nitrate levels can be used as an indicator of environmental change in a body of water.
An increase  water being polluted e.g sewage or fertilisers
As chemical fertiliser contains nitrates, it is very soluble in water and water rich in nitrates can drain from fields into streams, raising nitrate levels in the water.
Measuring nitrate levels allows changes in water quality to be measured.

· Temperature
Temperature measurements will vary frequently all the time throughout the day.
However temperature measurements over a long period of time could indicate that the cliate changing.
A rising temperature over a period of time could slow signs of global warming.
But a decreasing temperature over a period of time could show signs of an ice age.
· Carbon dioxide levels
Carbon dioxide levels can be used to measure environmental change in the air.
An increase in carbon dioxide is linked to the rises in the global temperature of the earth called global warming.

Climate and environmental change can also be measured using living indicators such as:

· Phytoplankton
Phytoplankton are tiny floating plants found in seawater. 
High levels of nitrates can cause the rapid growth or phytoplankton to form in massive ‘algal blooms’.
A massive increase in the population indicates that the water is being polluted.
Measuring the amount of phytoplankton (microscopic organisms) allows changes in water quality to be measured.
· Lichens 
Air quality can be monitored by studying the types of lichen surviving in a particular area.
Some species of lichen can grow in high levels of nitrogen compounds in the air, while others are very sensitive to nitrogen compounds and will only grow in places with no air pollution.
Sensitive species are usually more feathery types.
They become locally extinct when the air pollution rises.

· Aquatic river organisms like mayfly nymphs
If raw sewage enters a water stream, the bacterial population in the water increases and uses up a lot of the oxygen. Decomposer bacteria break down dead plankton and the bacteria respire using up the oxygen dissolved in the water.
Some animals need high levels of oxygen to survive in water such as mayfly larvae, cannot survive in a water that contains a high level of pollutants such as nitrates.
A large population of mayfly nymphs indicates that the water isn’t polluted.


Classification

Organisms are classified into groups according to similarities and differences in characteristics which include:
· Physical features (e.g flowers in flowering plants and the skeleton in vertebrates)
· DNA

Organisms are classified at different levels and these levels can be arranged in order progressing from large groups containing many organisms with a small number of characteristics in common (e.g kingdom) to smaller groups containing fewer organisms  with more characteristics in common (e.g species)

The classification of the living and fossilised organisms can help to:
· Make sense of the enormous diversity of organisms on Earth
· Show the evolutionary relationships between organisms

Biodiversity

Biodiversity refers to the variety of life on Earth and includes:
· The number of different species
· The range of different types of organisms e.g plants, animals and microorganisms
· The genetic variation within species.


Biodiversity is important for the future development of crops and medicines.

It is important for medicines as many medicines come from wild plants and animals, and there may be many other medicines in plants that haven’t been found yet. By ensuring there is biodiversity, it won’t limit the resources to make medicines. Without biodiversity, it may mean some cures will never be able to be found.

Biodiversity is important as it provides more resources and genetic variation within the species so we can develop new food crops. Wild plants with a larger genetic variation can be developed by selective breeding to produce new food crops.
Also, ecosystems with a high biodiversity tend to cope easily with disasters like droughts.  This is because it is more likely that the species will survive as individual’s  will become better adapted to the changed conditions. However, some species may not survive, but if there is a diverse range od species, then some will survive.

Rate of extinction

The rate of extinction of species is increasing.
This is likely to be due to human activity because there is a correlation between the growth of the world’s population and the number of species extinct.
Humans can cause extinction by directly shooting at animals and hunting them.
Humans can also cause extinction indirectly by destroying an organism’s habitat or by introducing new species which it can’t complete with.

Sustainability

Sustainability means meeting the needs of the people today without damaging Earth for the future generations.

Managing biodiversity is one of the keys to sustainability.
Loss of biodiversity means that the future generations won’t be able to get the things from the environment that we can today.
Like food, or medicine.

Large-scale Monoculture

Monoculture is the continuous production of one type of crop that is often genetically uniform. 
This is not sustainable because pests and diseases can easily harm the crop. This means that the farmers often have to use a lot of chemical pesticides to control them. This can harm the environment so is not viewed as sustainable. Using large fields and pesticides reduce the variety of species which hinders biodiversity.

Also, it could threaten the food supply as if a natural disaster occurred, the whole crop could be wiped out.

Improving sustainability

Packaging can be a major environmental problem.
This is because usually, they are thrown away and isn’t sustainable because:
· Most waste is thrown into landfill sites which uses up space and damages the surroundings
· Lots of energy was used to produce it and produced fossil fuels therefore damaging the environment
· It reduces the resources available to the next generation as these won’t have been re-used.


Biodegradable materials
The use of biodegradable packaging is an option to tackle this problem, as when put in landfill sites they decompose quickly unlike a lot of packaging currently used.

These are made from more plant-based plastics instead of oil-based plastics.
They should decompose in a landfill site, which only produces carbon dioxide and oxygen.
However, the landfill sites often lack oxygen and the bacteria that decompose waste need to have oxygen.
This oxygen deficiency prevents the breakdown of the waste, any decay that does occur in low-oxygen conditions produces methane, a powerful greenhouse-gas.
This means they decompose slowly in oxygen-deficient landfill sites.

However, it would be preferable to decrease the use of some materials including packaging materials even when they are biodegradable.
This is because it would reduce the amount of resources and energy used to make the original packaging materials and transport them.
It would also avoid the need to collect, transport and recycle the waste, saving more energy and reducing carbon dioxide emissions.
There is also still a slow decomposition of biodegradable waste, therefore it is better to still decrease the use of materials overall.

How can sustainability be improved in packaging of materials?

· Consider the materials used
We can use renewable materials like paper and card if we plant trees after to replace the ones used, instead of non-renewable materials like plastics made from oil
· Consider the energy used
Making packaging from recycled materials uses less energy as you don’t have to produce new materials or extract them.
· Consider the pollution created
Biodegradable plastics rot more easily so produce less pollution overall compared to normal plastics.
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