
Unit 3—Sustainability and Interdependence 

 

Key Area 1 :   Food supply, plant growth and productivity 

(a)  Food Supply 

Food security is the ability of  human populations to access  food of sufficient quality 

and quantity. 

 

 

 

 

 

 

 

 

Increase in human population and concern  for food security leads to a demand for  

increased food production.  

Food production must be sustainable  and must not have a negative  impact  on the 

ecosystem and natural resources. 

More food needs to be produced for the same area of land so increased plant  

productivity and genetic diversity will be required in order to maintain a sustainable 

food supply. 

 

Plant growth 

 

Agricultural production depends on factors that control photosynthesis such as; 

 light intensity 

 carbon dioxide concentration 

 chlorophyll concentration 

 availability of water 

 temperature. 



The area to grow plants is limited and so increased food production will depend  on factors 

that control plant growth such as ; 

 Breeding of higher yielding cultivars (cultivated varieties) 

 Use of fertiliser 

 Protecting crops from pests, diseases and competition. 

 

Livestock produce less food per unit area than crop plants due to loss of energy at trophic 

levels.  

 

 

 

 

 

Livestock production is often suitable in areas unsuitable for growing crops . 

 

(b) Photosynthesis 

 Photosynthesis is the process by which green plants trap light energy to make  

carbohydrates. 

 

 

 

 

 

 

Light hitting the leaf of a plant can be; 

 Absorbed  

 Transmitted  

 Reflected 

 

 



Light energy is absorbed  by photosynthetic pigments to generate ATP for photolysis. 

Each pigment absorbs a different range of wavelengths of light. 

 Chlorophyll—absorbs mainly in the red and blue regions of the spectrum . 

 Caretenoids are accessory pigments that extend the range of wavelengths absorbed 

and pass the energy to chlorophyll for photosynthesis. 

 

 

 

 

 

 

 

 

 

 

 

The action spectra shows that even when absorbance is relatively low there are still         

relatively high levels of photosynthesis as the carotenoids are extending the range of   

wavelengths absorbed and passing the energy to chlorophyll. 

 

Stages of Photoynthesis 

 Absorbed light energy excites electrons in the pigment molecule. 

 Transfer of these electrons  through the electron transport chain releases energy to 

generate ATP by ATP synthase. 

  Energy is also used for photolysis, in which water is split into oxygen, which is 

evolved, and hydrogen, which is transferred to the coenzyme NADP. 

 

The absorption spectra shows the wavelengths 

of light absorbed by different pigments in a leaf. 

The action spectra shows  how effective the different 

wavelengths of light are for photosynthesis. 



Carbon Fixation 

 The enzyme RuBisCo fixes carbon dioxide by attaching it to RuBP and 3PG is pro-

duced. 

 The 3PG is phosphorylated by ATP and combined with hydrogen from NADPH to 

form G3P. 

 G3P is used to regenerate RuBP and for the synthesis of glucose. 

 

 

 

 

 

 

 

 

 

Fate of Glucose 

The glucose produced in photosynthesis can be used as; 

 A substrate for respiration 

 Stored as Starch 

 Synthesised to Cellulose for cell walls. 

 Passed to other biosynthetic pathways to form a variety of substances such as DNA, 

protein and fat. 



Key Area 2 

 

Plant and Animal Breeding  

Humans have used selective breeding for centuries to improve crops and animals by 
choosing parents with desirable characteristics. These improvements include higher 
yields, better nutritional value, resistance to pests and diseases, and the ability to 
grow in specific environments, helping support sustainable food production. 

 

Plant Field Trials 

Plant field trials are used to test plant cultivars under different conditions. When 
designing trials: 

• Only one variable (treatment) should be tested at a time. 

• Replicates (at least three) are used to increase reliability. 

• Randomisation is used to prevent bias. 

 

Selecting and Breeding 

Breeders select organisms with desirable traits to reproduce, combining favourable 
alleles to produce improved offspring. 

 

Inbreeding 

Inbreeding involves breeding closely related individuals to produce offspring that 
consistently show desired traits. However, it increases the chance of harmful 
recessive alleles becoming homozygous, leading to inbreeding depression. This can 
cause reduced size, vigour, fertility, and yield. 

 

Crossbreeding and F1 Hybrids 

To avoid inbreeding problems: 

• Animals: Individuals from different breeds are crossbred to introduce new 
alleles and improve traits. Selected F2 individuals may be backcrossed with 
parents to maintain desired characteristics. 



• Plants: Two homozygous inbred plants are crossed to produce F1 hybrids, 
which are uniform and often show hybrid vigour (greater yield, fertility, and 
growth). 

If F1 hybrids breed together, the F2 generation becomes genetically variable, so they 
are less useful for production. 

 

Genetic Technology 

Modern breeding uses genetic sequencing to identify genes responsible for desirable 
traits. These genes can: 

• Help select individuals for breeding. 

• Be inserted into organisms using genetic modification (recombinant DNA 
technology). 

Examples include: 

• Bt toxin gene → pest resistance. 

• Glyphosate resistance gene → herbicide tolerance. 

 



Key Area 3—Crop Protection 

 

Weeds compete with crop plants, while other pests and diseases damage crop 

plants, all of which reduce the crop yield or productivity. 

 

Weeds 

Weeds compete with crop plants for resources such as light, nutrients, water 

and space and by doing so reduce the growth of the crop and thus productivity. 

 

 

 

 

 

 

Pests 

Most of the pests of crop plants are invertebrate animals such as insects,    

nematode worms and molluscs. 

 

Diseases 

Plant disease can be caused by  fungi, bacteria or viruses, which are often     

carried by invertebrates. 

 

Crop Protection 

Cultural methods can be used to control weeds, other pests and diseases eg. 

 Ploughing 

 Weeding 

 Crop Protection 

Type of Weed Properties 

Annual Rapid growth, short lifecycle, high seed output and long term 

seed viability 

Perennial Storage organs and vegetative  (asxual) reproduction. 



Using pesticides 

Pesticides can be used to control weeds, pests and diseases. 

 Herbicides are used to control weeds. 

 Fungicides to control fungal diseases. 

 Insecticides to kill pest insects. 

 Molluscicide to kill mollusc pests. 

 Nematicides to kill nematode pests. 

 

Pesticides can be selective or systemic. 

 Selective herbicides have a greater effect on certain plant species. 

 Systemic herbicides spreads through the vascular system of the plant and prevents 

regrowth. 

 Systemic insecticides, molluscicides and nematicides spread through the vascular 

system of plants and kill the pests feeding on the plants. 

 

Problems with pesticides 

 Toxicity to non target species. 

 They persist in the environments ie once they have got into the environment they do 

not degrade. 

 Bioaccumulation is the build up of a chemical in an organism (usually from eating 

prey that contain the chemical). 

 

 

If an area is polluted with a chemical eg. 

a pesticide then the  concentration of the 

pesticide will increase as you move up 

the food chain as  more of the chemical is    

being ingested.   

This is called biomagnification. 



Biological Control 

An alternative to pesticides where the control agent is a natural predator, parasite or     

pathogen of the pest.  When using this method  care must be taken to ensure that the  

control organisms does not become an invasive species. 

 

Integrated Pest Management 

Where the pest is managed by a combination of biological, chemical and cultural control. 

 

 



Key Area 4—Animal Welfare 

 

Animal welfare refers to the wellbeing of an animal. This includes the ability of the animal 

to express its natural behavioural patterns. 

 

Costs, benefits and ethics 

Animal welfare refers to the wellbeing of an animal. This includes the ability of the animal 
to express its natural behavioural patterns. 

Improving the welfare of domesticated animals involves an expensive initial payment 
from the farmer. 

However, this has long-term benefits including:  

 increased growth of animals 

 increased success rate of breeding 

 higher quality end products 

 

For example; 

Free range requires more land and is more labour intensive but can be sold at a higher 

price and animals have a better quality of life.   

Intensive farming is less ethical than free range farming due to poorer animal welfare but 

is often more cost effective, generating higher profit as costs are low. 

 

Behavioural Indicators of Poor Welfare 

Displays of behaviour can indicate poor welfare and wellbeing of domesticated animals. 

The behaviour indicators that they may display are; 

 Stereotypy—repetitive movement eg. Pacing up and down a cage 

 Misdirected behaviour—behaviour directed at self eg. Plucking out feathers, knowing 

on solid objects, hyperagression. 

 Failure in sexual or parental behaviour—not able to produce offspring or  not looking 

after young. 

 Altered levels of activity eg.  Sleeping all day. 



Key Area 5—Symbiosis 

Symbiosis describes the co-evolved intimate relationships between members of two    

different species. 

There are 2 types; 

1. Parasitism 

In a parasitic relationship the parasite benefits in terms of energy or nutrients whereas the 

host is harmed by the loss of these resources. 

 Parasites often have a limited metabolism and cannot survive outwith the host. 

 Parasites can be transmitted by direct contact, resistant stages and vectors. 

 Some parasites require a secondary host in order for them to complete their lifecycle 

eg. Tapeworm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Mutualism 

In mutualism both partners benefit in an interdependent relationship. 

 

 
Rhizobium are a type of bacteria that live in the roots of legumes 

and fix nitrogen, which the plants  need in order to make protein.  In 

return for the nitrogen,  the rhizobium get carbohydrates from the 

plants.  Both the bacteria and plant benefit in this relationship. 



Key area 6—Social Behaviour 

(a) Many animals live in social groups and have behaviours that are adapted to group liv-

ing such as social hierarchy, cooperative hunting and social defence.  These behav-

iours have evolved through the process of natural selection. 

(b) Altruism and Kin Selection and its influence on survival. 

An altruistic behaviour harms the donor but benefits the recipient.  

Kin Selection 

Behaviour that appears to be altruistic may be common between a recipient and a 

donor if they are related (kin).  

For example vampire bats may 

regurgitate blood to feed other 

bats who have been unable to 

feed themselves.   

This behaviour only benefits the 

recipient as the donor loses out 

on nutrients. However the donor 

may benefit from this behaviour 

in the future which will increase 

species survival. 

 

Donor long tailed tits with no offspring might feed other 

parents offspring in terms of food shortage. 

Long tailed tits live in loose colonies with related individu-

als and so the chances of the donor sharing genes  with 

the recipient is high therefore  contributing to genetic 

success. 



Social Insects 

Some insects live in social colonies, for example bees, wasps, ants and termites.  

Only a few individuals carry out reproduction while other, sterile individuals called workers 
carry out most of the food collection. This is known as a division of labour and is an adapta-
tion that increases the survival of the species.  

The feeding of offspring of the fertile by the sterile is an example of kin selection since the 
breeding system ensures that the offspring are close relatives of all of the colony members.  

 

Primate Behaviour 

Primates have a long period of parental care to allow learning of complex social behaviour. 

Complex social behaviours support the social hierarchy.  This reduces conflict through      
ritualistic display and appeasement behaviour.  Alliances form between individuals, which 
are often used to increase social status within the group.  Some examples are shown in the 
table below. 

 



Key Area 7— Components of Biodiversity 

 

Components of biodiversity are genetic diversity, species diversity and ecosys-

tem diversity, as detailed in the following table. 

 

 

 

 

 

 

Key Area 8—Threats to Biodiversity 

(a) Exploitation and recovery of populations and their impact on their ge-

netic diversity. 

Humans exploit natural resources for food, raw materials and space.  Overex-

ploitation is when resources are used up quicker than they can be replaced.  

Exploitation of cod turned into overexploitaion when overfishing caused de-

pletion of stock.  Quotas have been introduced by governments in recent years 

and there are some signs that cod stocks might recover. 

 

The Bottleneck Effect 

Small populations may lose the genetic variation necessary to enable evolu-

tionary responses to environmental change. 

Northern elephant seals have reduced genetic 

variation mostly likely due to being hunted.  

Hunting reduced  their population size to as 

few as 20 individuals at the end of  the 19th 

Century. 



(b) Habitat loss, habitat fragments and their impact on species richness. 

The clearing of habitats has led to habitat fragmentation.  Degradation of the edges of the  

habitat fragments results in increased competition between species as the fragment  

becomes smaller.  This may result in a decrease in biodiversity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To remedy widespread habitat fragmentation,  isolated fragments can be linked by habitat 

corridors to help increase species diversity as species can mate, find food and recolonize  

habitats. 



(c) Introduced, naturalised and invasive species and their impact on native populations. 

Introduced (non native) species are those that humans have moved either intentionally or 

accidentally to new geographic regions. 

Some then become established in this new area and then are term naturalised species. 

Some of these naturalised species can spread rapidly and outcompete or prey on native 

species—these are termed invasive species. 

 

Grey Squirrel 

 

Invasive species may well be free of the predators, parasites, pathogens and competitors 

that limit their  native habitat.  Invasive species may prey on native species, out-compete 

them for resources or hybridise  with them. 

Japanese Knotweed 

The invasive root system and strong growth can 

damage concrete foundations, buildings, flood de-

fences, roads, paving, retaining walls and architec-

tural sites. It can also reduce the capacity of chan-

nels in flood defences to carry water.[ 

The grey squirrel (Sciurus carolinensis) is native 

to North America and was first released into the 

UK in 1876 by the Victorians. 

The introduction of the grey squirrel has deci-

mated the native red squirrel population as they 

outcompete them for resources. 

https://en.wikipedia.org/wiki/Fallopia_japonica#cite_note-16
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