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Ecology

Ecology is study how living things 
interact with each other and 
everything else in the environment

Ecologists focus their attention on 
ecosystems in order to organize their 
studies.

Ecosystems can be very large or very small.

For example: a rotting log, a pond, a 
forest, a human body, an ocean or even 
the whole Earth.

The Ecosystem Concept

An ecosystem is all the biotic (living) parts of 
a certain place, as well as the ways they 
interact with the other biotic (living) parts and 
with the abiotic (non-living) parts of that place.

Biotic Factors (living) 
e.g. fish, humans etc.

The Ecosystem Concept

An ecosystem is all the biotic (living) parts of 
a certain place, as well as the ways they 
interact with the other biotic (living) parts and 
with the abiotic (non-living) parts of that place.

Biotic Factors (living) 
e.g. fish, humans etc.

Abiotic Factors (non-living)
e.g. rain, rock, weather etc

Some ecosystems are based on land, 
such as a forest, a desert and a city.  
Land based ecosystems are called 
terrestrial ecosystems.

Some ecosystems are based on land, 
such as a forest, a desert and a city.  
Land based ecosystems are called 
terrestrial ecosystems.

Other ecosystems are based on water, 
such as a pond, a lake, a river and an 
ocean.  Water based ecosystems are 
called aquatic ecosystems.
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Classifying our Biotic Environment 
(Trophic Levels)

Many interactions between living things 
in ecosystems involve food and feeding.  
The living things in an ecosystem can be 
described based on how they get their 
energy from food.

1. Producers (autotroph)
Any organism that makes its own
food directly from the abiotic
environment (carbon dioxide, water
and mineral nutrients) through
the process of photosynthesis. 
E.g. green plants

2. Consumers (heterotroph)
These organisms must consume
other organisms to obtain
nourishment.  
Consumers can be further 
classified according to their food 
source.

i) Carnivores
Meat-eaters (lion) 

ii) Herbivores 
Plant-eaters (rabbit)

iii) Omnivores 
Plant and meat-eaters (bears)
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iv) Scavengers
Eat larger dead organisms 
(vulture, hyenas)

v) Detritivore
Eat smaller dead organisms
and animal waste; includes
decomposers 
(bacteria, fungi and earthworms)

Food Chains

The feeding of one organism upon 
another in a sequence of food transfers 
is known as a food chain. 
Another definition is the chain of 
transfer of energy from one organism 
to another. 

A simple food chain is like the following:

rose plant →→→→ aphids →→→→ beetle →→→→ chameleon →→→→ hawk

(arrows indicate the transfer of energy)

- the rose plant is the primary producer

- the aphids are the primary consumers because 
they suck the juice from the rose plant

- the beetle is the secondary consumer because 
it eats the aphids.

- the chameleon, a tertiary consumer, eats the 
beetle. 

- the hawk is the top carnivore because it eats the 
tertiary consumer, the chameleon. 

rose plant →→→→ aphids →→→→ beetle →→→→ chameleon →→→→ hawk - the hawk eventually dies and its remains are 
broken down by decomposers (decay causing 
bacteria and fungi)

- Except in deep-sea hydrothermal ecosystems, all 
food chains start with photosynthesis and will end 
with decay. 

- The first law of thermodynamics states that 
energy cannot be created or destroyed; it can only 
be changed from one form to another. 

- Energy for the functioning of an ecosystem comes 
from the Sun. 
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Food chains generally have the same pattern:

Rose 
plant

Aphids Beetle Chameleon Hawk Bacteria

Producer Primary 
consumer

Secondary 
consumer

Tertiary 
consumer

Quaternary 
consumer or 
Top carnivore

Decomposer

Food WebsFood WebsFood WebsFood Webs

In an ecosystem there are many different food chains and many 

of these are cross-linked to form a food web. Ultimately all plants

and animals in an ecosystem are part of this complex food web.

The second law of thermodynamics states that whenever energy 
is transformed, there is a loss of energy through the release of 
heat. 

- This occurs when energy is transferred between trophic levels 
(feeding levels) as illustrated in a food web. 

- When one animal feeds off another, there is a loss of heat
(energy) in the process

- Additional loss of energy occurs during respiration and 
movement. 

- More and more energy is lost as one moves up through trophic 
levels (feeding levels).  This fact supports the value of a 
vegetarian diet.

- Food chains are only 4-5 links because only 10% of the energy is 
transferred to the next level!  

Trophic LevelsTrophic LevelsTrophic LevelsTrophic Levels

Trophic levels are the feeding position in a food 
chain such as primary producers, herbivore, 
primary carnivore, etc. 

Green plants form the first trophic level, the 
producers. 

Herbivores form the second trophic level, while 
carnivores form the third and even the fourth 
trophic levels.  

Animals at the top of a food chain are called the 
top carnivore. 

Top Carnivore

(5th Trophic Level)

Tertiary Consumer

(4th Trophic Level)

Secondary Consumer

(3rd Trophic Level)

Primary Consumer

(2nd Trophic Level)

Producer

(1st Trophic Level)

Top Carnivore

2nd Order Carnivore

1st Order Carnivore

Symbiotic RelationshipsSymbiotic RelationshipsSymbiotic RelationshipsSymbiotic Relationships

Symbiosis is a close ecological relationship between 
individuals of 2 or more species. Sometimes it benefits 
both species, sometimes it benefits one but not the 
other, and other times it benefits one but harms the 
other. 
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Mutualism - A relationship between two organisms in
which both benefit. 
(bee and flower) 

Commensalism - A relationship between two 
organisms in which one
benefits and the other is
unaffected. 
(moss and pine tree/shark and
remora) 

Parasitism/Predation - A relationship between two
organisms in which one 
benefits and the other is
harmed. 
(tapeworm and human)

Amensalism - One organism is unaffected and the
other is harmed. 
(a larger tree shades out a smaller tree)

Biodiversity

Biodiversity describes the variety of living things found in ecosystems 
and in the world in general.

For example:

The tropical rain forest ecosystems have many thousands of species 
of plants, mammals, birds, reptiles, insects, micro-organisms and 
other living things.  This area has a high biodiversity compared to the 
Tundra ecosystems in the Arctic that have a few species and so a low 
biodiversity.

A more diverse ecosystem will provide more food opportunities for 
the organisms in an ecosystem.  A less diverse ecosystem will have 
less food chains and fewer opportunities for an organism to survive.

We depend on many living species for food, medicines and other 
products.  It is important that all species survive so we can all benefit 
from each other.

Threats to Biodiversity

For most of modern history, human actions have altered conditions 
in ecosystems.  These actions have threatened biodiversity within a 
community or ecosystem and on the Earth as a whole. 

1. Habitat loss
• occurs when events due to natural disasters or human activities alter 

terrestrial or aquatic ecosystems
• the ecosystem is altered so drastically that many species cannot survive

For Example: 
- natural disasters include: volcano eruptions, wildfires, droughts
and severe storms such as hurricanes

- human activities include: deforestation, draining of wetlands and
damming rivers
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2. Alien Species
• species introduced to new parts of the biosphere from other 

areas
• also known as introduced species, non-native species and exotic 

species
• most arrive by accident and are harmless or beneficial to their 

new environment
• sometimes they can become an invasive species
• invasive species may take over the habitat of native species or 

their bodies
• For Example: Zebra Mussels and Round Gobies

3. Overexploitation
• the use or extraction of a resource until it is 

depleted
• overfishing of Yellow Tuna and Atlantic Cod

4. Extinction

• occurs when all the individuals of a 
species have died

Ecological PyramidsEcological PyramidsEcological PyramidsEcological Pyramids

What are ecological pyramids?

They’re not ancient Egyptian device to channel mystical energy into the mummies of 
Pharaohs…they’re just another way to help visualize where and how energy moves 
through living organisms (plants, animals, bacteria, fungus, etc).

Look at the drawing below. You'll have to imagine that it is 3D – it is a pyramid after all!

Pyramid of Numbers

- based on the number of organisms at each trophic level 
* does not consider the mass of the organisms 

Pyramid of Biomass
- based on the mass of the organisms at each trophic level

* does not show the amount of energy that is transferred from one
trophic level to the next 
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Pyramid of Energy

- based on the total amount of energy available for the 
predator at the next trophic level
- measured in Joules
- Only 10% of energy is passed to the next level Bioaccumulation 

(or Biomagnification)
in Food Chains

Some toxic chemicals in the environment are 
not even detectable with scientific 
equipment.  Scientists could conclude that 
we are thus safe from these chemicals; but 
ecologists know better.  The higher you go 
up in the food chain, the more you find 
these chemicals will accumulate.  This 
process is called bioaccumulation (or 
biomagnification). 

Compounds that bioaccumulate are fat 
soluble, meaning they are not excreted 
by the organism.  

To reduce bioaccumulation humans 
should use water soluble compounds.  
Animals can excrete water soluble 
compounds out of their bodies.

The top carnivore always gets the most 
toxic chemicals.

Consider this food chain, showing the amount 
eaten in ONE DAY:
- a grasshopper eats 10 leaves of a leafy green 
vegetable or grain plant.
- a frog eats 10 grasshoppers
- a largemouth bass eats 2 frogs

Draw the food chain:

leaf  →  grasshopper  →  frog  →  bass

1. If there is one unit of a toxic chemical on each 
leaf, calculate how many units of toxic 
chemicals each organism gets, per day.

- Grasshopper = (1 unit/leaf x 10 leaves)
= 10 units

- Frog = (10 units/grasshopper x 10 grasshoppers)

= 100 units
- Bass = (100 units/frog x 2 frogs)

= 200 units 
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Lets say that 1 unit of toxin = 1.0 x 10-5 g.
How many grams of toxin would each organism
absorb each day?

I unit of toxin = 1.0 x 10-5 g = 0.00001 g 

-grasshopper = 10 units/day x 0.00001 g/unit
= 1.0 x 10-4 g or 0.0001 g

- frog = 100 units/day x 0.00001 g/unit
= 1.0 x 10-3 g or 0.001 g   

-bass = 200 units/day x 0.00001 g/unit
= 2.0 x 10-3 g or 0.002 g 

2. The problem is, the grasshoppers are not one day 
old.  What if they have been eating this grass for over 
a year? (Lets say 200 days)  

In one year grasshopper will eat:  

= 10 units/day x 200 days

= 2000 units

= 2000 units x 0.00001 g

= 0.02 g

Review: Bioaccumulation
(or Biomagnification) in Food Chains

The following information describes a food chain involving a 
Kingfisher (bird), mosquito larvae, minnows, and algae in a 
pond ecosystem.

- 1 mosquito larva consumes 2500 algal cells per day
- 1 minnow consumes 1500 mosquito larvae per day
- 1 kingfisher consumes 10 minnows per day

A company sprayed a toxic insecticide (DDT) on their 
farmland to control the insect population. Much of the toxic 
spray dissolved into a pond ecosystem containing 
organisms described above. 

Each algal cell absorbed 1 unit of toxin.  

1 unit of toxin = 1.0 x 10-7g.

1 unit of toxin = 1.0 x 10-7g = 0.0000001 g

(a) Draw the food chain: 

algal cells � mosquito larvae � minnow � Kingfisher 
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(b) Calculate the amount of DDT that 1 mosquito larvae 
would accumulate in its body tissue in grams for one day 
using the food chain data stated above. Show your work. 

1 mosquito larvae = 1 unit toxin/algal cell x 2500 algal cells/day
= 2500 units of toxin/day

(in grams) = 2500 units of toxin/day x 0.0000001 g/unit of toxin
= 2.5 x 10-4 g or 0.00025 g

(c) Calculate the amount of DDT that 1 minnow would 
accumulate in its body tissue in grams for one day using 
the food chain data stated above. Show your work.

1 minnow = 0.00025 g/mosquito x 1500 mosquitoes/day
= 0.375 g

(d) Calculate the amount of DDT that 1 kingfisher would 
accumulate in its body tissue in grams for one day using 
the food chain data stated above. Show your work.

1 kingfisher = 0.375 g/minnow x 10 minnows/day
= 3.75 g

(e) How much DDT (in grams) would 1 Kingfisher
accumulate in one summer (90 days)?

in one summer = 3.75 g/day x 90 days
= 337.5 g

(f) Kingfishers will die once they have accumulated 40 g
of toxin. Calculate how many days it will take until the
first kingfishers begin to die. 

time till death = 40 g of DDT
3.75 g of DDT/day)

= 10.6 days

Therefore it will take approximately 11 days until the first 
of the kingfishers start to die 

Population EcologyPopulation EcologyPopulation EcologyPopulation Ecology

The study of how population numbers change over time. 

Populations
• a group of individuals of the same species, living together in the same area

Community
• all the living things in an area

Biome
• a large geographical area with a characteristic climate (e.g. tundra, temperate 

forest)

Biosphere
• the region on earth in which all life exists and interacts

Carrying Capacity
• maximum number of organisms that can be supported in an area without 

harming the environment
• a population cannot grow forever
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Factors that affect carrying capacity:

1. Materials and Energy
• usable energy from the sun, water, carbon  etc.

2. Food Chains
• amount of biomass (food supply), predator /prey relationships etc.

3. Competition - demand for food, water, mates, space etc.

• Intraspecific - within the same species (wolf vs. wolf)
• Interspecific - within other species (wolf vs. coyote)

4. Density
• space requirements
• factors that increase in significance as a population grows are called density-

dependent factors. (e.g. stress, parasites, disease)
• factors that can limit a population regardless of the size are called density-

independent factors (e.g.  forest fires)

Population Growth PatternsPopulation Growth PatternsPopulation Growth PatternsPopulation Growth Patterns

1. Open populations

• organisms can move in and move out
• depend on four factors:

i. immigration - move into the population

ii. emigration - move out of the population

iii. birth/natality

iv. death/mortality

1.Closed populations
• no individuals have the opportunity to move 

in or out
• depend on two factors:

i. birth/natality

ii. death/mortality

Calculating Population Size

∆ in population size = births – deaths + immigration – emigration 

Population Growth Rate (%) =  ∆ in population size x100%
initial population 

Example: What is the growth rate of an initial population of 30000 if there
are 70 births, 15 deaths, 3 immigrations and 1 emigration in a
year? 

∆ in population size = births – deaths + immigration – emigration
= 70 – 15 + 3 – 1
= 57

Population Growth Rate (%) = ∆ in population size x100%
initial population 

Population Growth Rate (%) =    57 x    100%
30000

= 0.19%

Population Growth CurvesPopulation Growth CurvesPopulation Growth CurvesPopulation Growth Curves

Exponential Growth (population explosion)

• start with a few organisms
• abundant resources available, little predation
• population undergoes rapid, uncontrollable

growth
• population declines or crashes 

Steady State Growth (S-shaped curve)

• initial growth is exponential 
• rapid population increase will slow down because 

resources are limited and competition occurs
• curve levels out as population stabilizes 
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Predator-Prey Relationships

• predator population curve shadows
the prey population because the predators
need time to adjust to the change 
in prey numbers

Graphing a Bacterial Population Growth Curve

1. Lag Phase – slow population growth
2. Log/Exponential Phase – rapid population growth
3. Death Phase – population decline
4. Steady State – population stability

1.

2.

3.
4.

Carrying Capacity

The System ConceptThe System ConceptThe System ConceptThe System Concept

The system concept is a helpful way to break down a large complex problem 
into 
smaller, more easily studied pieces.  

A system can be defined as:

Any portion of the universe that can be isolated from the rest of the 
universe for the purpose of observing changes. 

The earth itself is a closed system.  The boundaries permit the exchange of 
energy, but not matter, with its surroundings.

1. The amount of matter in a closed system is fixed and finite (eg. minerals)
All nutrients are recycled.  Carbon, Nitrogen, Hydrogen . . . 

2. Energy that reaches the Earth eventually returns to space.
Energy is not recycled.

3. When changes are made in one part of a closed system, the results of those 
changes will eventually affect other parts of the system. 

Smaller systems within the Earth are open systems in which 
matter and energy is exchanged across its boundaries. The layer 
of our planet where living things exist and interact is called the 
biosphere.

The biosphere exchanges matter and energy with three other 
major systems: 
1)  lithosphere (land)
2)  hydrosphere (water)
3)  atmosphere (air)

Photosynthesis

Light from the Sun is the ultimate source of energy for living 
things. Green plants and some bacteria are able to use the 
energy from the Sun to manufacture their own food in a 
process known as photosynthesis. 

These organisms are known as autotrophs. All other organisms, 
including humans, are heterotrophs meaning they obtain their 
energy by eating other organisms.

The absorption of Sunlight is accomplished mainly by chlorophyll, 
which is found within the chloroplasts of plant cells. Other 
accessory pigments also aid in the light-absorbing process. 

The following equation summarizes the photosynthetic process:

carbon dioxide + water + light energy → glucose + oxygen

CO2 + H2O + light energy → C6H12O6 + O2
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Cellular Respiration

All organisms transfer the glucose to into energy.  The main energy 
molecule of the cell is the ATP molecule.  This process is called 
cellular respiration and occurs within the mitochondria of cells.

Cellular respiration can be summarized by the following equation:

glucose + oxygen → carbon dioxide + water + energy (ATP)

C6H12O6 + O2 → CO2 + H2O + chemical energy (ATP)

Cellular respiration occurs in plant and animal cells.

Nutrient Cycles

Nutrients move through the ecosystem in cycles. These cycles 
involve chemical exchanges of elements among atmosphere, rocks of 
Earth's crust, water, and living things. 

Nutrients flowing through the food chain are returned (recycled 
through an ecosystem) to the producers. 

These cycles are of two general types, 

1. Gaseous (Oxygen, Carbon and Nitrogen)
2. Sedimentary (Sulfur, Phosphorus, Calcium, Iron and 

Magnesium).

Sustainability

Earth’s population has increased at an incredible rate since the 1800’s
(the start of the Industrial Revolution).  Our population now is around 
6.7 billion.  Population doubling time is now 60 years. 
(This means that in 60 years there could be 12 billion people on the planet!)

Is this a problem?
• Yes!  The carrying capacity for humans is unknown, but is closely linked 

to energy supplies (especially fossil fuels)
• Some experts estimate carrying capacity at around 9-10 billion people

Recall: Carrying capacity is the number of organisms that can be 
supported indefinitely by an ecosystem.  

We must work on sustainability (sustainable development) if we are to 
survive.

Sustainability is using the earth’s resources at levels that can continue 
forever.  

Ways to increase sustainability:

• Eat locally grown food
- not transported as far so less fossil fuels used
- more nutrients 

• Avoid processed foods
- healthier
- lots of energy needed to make these foods and

transport them to store
• Eat less meat (meat production needs lots of land for animal 

feed and this uses extra energy)
• Walk, ride your bike, or take public transit

• Turn off lights or appliances when not in use

• Take shorter showers

• Recycle and reuse

In order to become more aware of our actions it may 
be useful to calculate our ecological footprint.
This is the measure of impact an individual has on the 
environment.

Calculate your Ecological Footprint:

http://www.earthday.org/footprint-calculator

What is your ecological footprint?  What can you do 
to reduce your ecological footprint?


