Ecology
Notes Part 1
Ecology: the study of the interaction between living organisms and their environment.
Habitat: a place where an organism lives
Ecosystem: organisms and their environment.
Community: a group of populations of different species.
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Biosphere: part of the planet where life exists.
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Energy flow in an ecosystem
Primary producer: any organism capable of making its own food.
Primary consumers: herbivores that feed directly on the primary producers for nutrition (energy). Examples: slugs, rabbits.
• Secondary consumers: carnivores or omnivores that obtain their nutrition by eating primary consumers. Examples: small birds, frogs.
• Tertiary consumers: obtain their nutrition from eating secondary consumers. Examples: birds of prey (hawks), otters.

Herbivore: an organism that eats plants only.
Carnivore: an organism that eats animals only.
Omnivore: an organism that eats both animals and plants.
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Food chains and Energy flow 
Food chain:  a sequence of organisms showing the transfer or energy from one organism to the next.
Trophic level: a feeding level of a food chain.
A grazing food chain, where the primary consumer feeds on a living, green plant.
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The detritus food chain, in which the primary consumer feeds on dead organic matter.
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At each step in a food chain, some energy is transferred, but most energy is lost. In fact, when one organism eats another, only 10% of the chemical energy of that eaten organism is incorporated into the organism in the next level of the food chain. The other 90% is lost. This is due to three factors:
1. Not all organisms are caught and eaten.
2. Some parts of the organism being eaten are indigestible and pass through the digestive system
of the consumer.
3. Most of the organism’s energy is used up for metabolic activities. So only a small amount of the eaten organism’s energy is transferred to the consumer.
Because of these factors, food chains do not usually contain more than four of fi ve trophic levels.
It also means that less energy is available at higher levels in the food chain. Organisms at those levels need to eat more to obtain sufficient energy to survive.
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Food web: a chart showing two or more interconnected food chains in an ecosystem.
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Ecology
Notes Part 2
Pyramids of Numbers & Pyramids of Biomass
[Content highlighted in yellow is Higher Level Only]
Pyramid of numbers: a diagram used to show the relative numbers of organisms at each trophic level of a food chain.
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Normal Pyramid of Numbers
A normal pyramid of numbers occurs when the size of individual organisms in each trophic level
increases from the bottom level to the top, but the population size decreases.
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Inverted Pyramid of Numbers
An inverted pyramid of numbers occurs when a single, large producer supports a much
larger number of smaller herbivores (primary consumers). 
In this case, the number of organisms decreases at each level, except for the base, where the
producer population is smaller than the primary consumers it supports.
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Distorted (Parasitic) Pyramid of Numbers
A distorted pyramid of numbers occurs when a single, large producer is able to support
a greater number of small primary consumers. 
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The Limitations of Pyramids of Numbers
While useful, pyramids of numbers have limitations:
1. They may not give a full or accurate picture of energy flow in an ecosystem. For example,
one large tree may support hundreds of small herbivores, yet the tree holds far more energy.
2. Inverted and distorted pyramids may not be able to reflect the true scale of the numbers of
organisms at each level (e.g. the number parasites living in or on an organism).

Pyramids of Biomass
Biomass: the dry mass of organisms per unit area per year in a particular trophic level.
Pyramid of biomass: a diagram that shows the total dry mass of organisms at each trophic level in a food chain.
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Some aquatic pyramids of biomass are inverted. This is because the primary producers (phytoplankton) are numerous but are consumed so quickly by the primary consumers (zooplankton) that they never develop a large mass.
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Ecological Niche 
Ecological niche: the role of an organism in its ecosystem.
For example, a barn owl’s ecological niche includes:
• Silent flight and excellent hearing (how it feeds)
• Mice, rats and other small mammals (what it feeds on)
• Predators such as foxes or larger birds of prey (what feeds on it).
Ecology
Notes 3
Conservation & Species Diversity Index
[Content highlighted in yellow is Higher Level Only]

Conservation: the management of ecosystems.
Biodiversity: the variety of living organisms on Earth.
The benefits of conservation are:
1. Maintaining existing natural environments
2. Reducing the effects of pollution
3. Protecting endangered species so their populations can recover.
Invasive species: a species that is non-native to the  ecosystem and whose introduction to that ecosystem can cause harm.
Consequences of biodiversity loss 
	Consequence 
	Impact of biodiversity loss 

	Environmental 
	• Ecosystems become less stable and less functional.
• The decline of species such as the curlew signals wider habitat degradation,
caused by reduced flood control, water filtration, and carbon storage.
• Invasive species such as Japanese knotweed outcompete native plants, degrade habitats and change soil chemistry.

	Economic 
	· A decline in pollinator species (e.g. bees and hoverfl ies) reduces crop yields, which raises costs for farmers and threatens food security.
• Invasive species also cause damage to infrastructure and property. For example, Japanese knotweed removal costs millions of euros annually in Ireland

	Social 
	· Biodiversity loss limits access to natural spaces that support health, recreation and education.
• The decline of habitats such as wetlands, hedgerows and meadows in
communities reduces opportunities for walking, birdwatching and learning about the environment.

	Cultural 
	· Many Irish species are tied to traditional knowledge, identity and heritage.
• The curlew’s call, once common in Irish landscapes, is now rarely heard, which represents a cultural loss.
• Native Irish trees (e.g. oak, ash) have long-established links with Irish
mythology and storytelling. Loss of our native trees due to disease or forest clearance weakens these links.




Species Diversity Index
Species diversity index: a numerical measure of the number of different species in a community and how evenly they are distributed.
One of the tools most widely used to measure biodiversity is Simpson’s Diversity Index. It considers both species richness (the number of species) and species evenness (the distribution of individuals across species) when calculating biodiversity.
Simpson’s Diversity Index Formula:
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Where:
• n = the number of individuals in one species
• N = the total number of individuals across all species
The value of DS ranges from 0 to 1:
• Closer to 1 = a more diverse ecosystem
• Closer to 0 = a less diverse ecosystem
Instructions on using the index:
Step 1: List each species and identify the number of individuals in each species (n).
Step 2: Calculate n(n–1) for each species.
Step 3: Add up all the n(n–1) values (as indicated by Σn(n–1)).
Step 4: Add up all individuals across all species to get N.
Step 5: Calculate N(N–1).
Step 6: Insert the values into the formula (see above) and simplify.
Step 7: Interpret the result. A result closer to 1 indicates higher biodiversity.
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Notes Part 4
Abiotic & Biotic Factors
Population Curves
[Content highlighted in yellow is Higher Level Only]

Biotic factors: the living factors.
	Biotic factor
	Effect on a population 

	Food availability 
	The number of red squirrels is limited in some areas
by the limited availability of native woodland and food
sources such as berries.

	Disease 
	Outbreaks of rabbit haemorrhagic disease have caused
sharp declines in wild rabbit populations.

	Competition 
	The grey squirrel, an invasive species, outcompetes the
native red squirrel for food and habitat, reducing red
squirrel populations in affected areas.

	Predation 
	Increasing populations of pine martens in parts of Ireland
have reduced grey squirrel numbers through direct
predation, indirectly benefiting the native red squirrel.



Competition: the struggle between organisms for resources in short supply.
Predation: the act of catching, killing and eating an organism.

Abiotic factors: the non-living factors.
	Abiotic factor
	Effect on a population

	Oxygen 
	In freshwater systems such as lakes and slowmoving
rivers, low oxygen levels caused by nutrient
pollution can limit fi sh species such as trout.

	Space 
	Urban expansion and intensive agriculture reduce
available space for species such as hedgehogs and
badgers, affecting their ability to fi nd shelter and
reproduce.

	Temperature 
	Butterfly activity is temperature-dependent, with
population growth limited during cooler, wetter
summers.

	Soil quality 
	In the Burren, thin limestone soils limit the growth
of trees but support specialised plant species such
as orchids adapted to nutrient-poor conditions.



Population Curves
The biotic and abiotic factors in an environment determine its carrying capacity.
Carrying capacity: the population size that the resources of an environment can maintain without increasing or decreasing.
There are two common population curves: the S-shaped curve and J-shaped curve.

The S-shaped curve illustrates how a population’s size initially grows exponentially but then levels off as it approaches the environment’s carrying capacity. This curve often reflects growth in resource-limited environments.
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The J-shaped curve illustrates how a population grows rapidly when resources are temporarily unlimited. This is when organisms have sufficient food and can reproduce at the maximum rate. This type of curve often reflects populations that have been introduced into a new environment or populations that have been reduced dramatically and are now recovering.
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