
Ecology
The Energy Flow of Life



Ecology:

• the study of the interactions of living things 
with each other and their physical 
environment 



Ecological Organization:

1. Organism: an individual
2. Population: all the members of a 

species inhabiting a given location 
3. Community: all the interacting 

populations in a given area 



4. Ecosystem: the living community and the 
physical environment functioning together 
as an independent and relatively stable 
system 

5. Biome:is a set of ecosystems sharing similar 
characteristics.

6.Biosphere: that portion of the earth where life 
exists. The biosphere is composed of 

numerous complex ecosystems. 



Levels of Organization











An ecosystem is self-sustaining if the 
following requirements are met: 

1. A constant source of energy and a living 
system capable of incorporating this energy into 
organic molecules. 

2. A cycling of materials between 
organisms and their environment. 



• In all environments, 
organisms with 
similar needs may 
compete with each 
other for resources, 
including food, 
space, water, air, 
and shelter. 



Biotic Factors: 

• all the living things that 
directly or indirectly affect 
the environment 

• ** Thus, the organisms, 
their presence, parts, 
interaction, and wastes 
are all biotic factors. 



Abiotic Factors: 

• those physical and chemical factors which 
affect the ability of organisms to survive and 
reproduce 



Some Abiotic Factors: 
1. intensity of light          
2. range of temperatures 
3. amount of moisture 
4. type of substratum (soil or rock type) 
5. availability of inorganic substances such as 

minerals 
6. supply of gases such as oxygen, carbon 

dioxide, and nitrogen 
7. pH 



** Each of the prior 
listed abiotic factors 
varies in the 
environment and, as 
such, may act as a 
limiting factor, 
determining the types 
of organisms that 
exist in that 
environment. 



Some Examples: 
1. A low annual temperature common to the 

northern latitudes determines in part the 
species of plants which can exist in that area. 

2. The amount of oxygen dissolved in a body of  
water will help determine what species of fish 
live there. 

3. The dry environment of desert regions limits 
the organisms that can live there. 





Carrying Capacity 
• the maximum number of organisms the resources 

of an area can support
• The carrying capacity of the environment is limited 

by the available abiotic and biotic resources, as well 
as the ability of ecosystems to recycle the residue of 
dead organisms through the activities of bacteria 
and fungi. 
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Nutritional Relationships:

A. Autotrophs: can synthesize their own food 
from inorganic compounds and a usable 
energy source 

B.  Heterotrophs: can NOT synthesize their own 
food and  are dependent on other organisms 
for their food 
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Types of Heterotrophs:

Saprophytes: include those heterotrophic plants, 
fungi, and bacteria which live on dead matter -
AKA decomposers 

Herbivores: plant-eating animals 
Carnivores: meat-eating animals 
Omnivores: consume both plants and meat 
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Types of Carnivores:
• Predators: animals which 

kill and consume their prey 

• Scavengers: those animals 
that feed on other animals 
that they have not killed 
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Symbiotic Relationships:
• Symbiosis: living together with another 

organism in close association 
• Types of (symbiosis):

MUTALISM PARASITISM COMMENSALISM



1. Commensalism: one 
organism is benefited 
and the other is 
unharmed 

ex. barnacles on 
whales, orchids on 

tropical trees 



2.  Mutualism: both organisms 
benefit from the association 
ex. nitrogen-fixing bacteria on 
legume nodules, certain 
protozoa within termites (also 
ruminants) 



3.  Parasitism: the parasite 
benefits at the expense 
of the host 

ex. athlete's foot 
fungus on humans, 

tapeworm and 
heartworm in dogs 



• The pathways of energy through the living 
components of an ecosystem are represented by 
food chains and food webs.

• Producers convert the radiant energy of the sun 
into the chemical energy of food. 



A. Food chain: involves the transfer of energy 
from green plants through a series of 
organisms with repeated stages of eating 
and being eaten 

B.  Food web: In a natural community, the flow 
of energy and materials is much more 
complicated than illustrated by any one food 
chain. 











Food Web 
Interactions

Producers: (plants) -- the energy of the 
community is derived from the organic 
compounds in plants

- the producers get their energy from the 
sun 



Primary Consumer: 
(always an herbivore) 

- feeds on plants (butterfly, frogs, 
rabbit, deer, and squirrel)



Secondary Consumer: 
(omnivore) -- feeds upon 
primary consumers (ex. 
dogs, cats, rats, snakes, 
and foxes). 



Tertiary Consumer: 
(carnivore or omnivore) 
-- feeds upon secondary 
consumers (ex. owls, 
eagles, tigers, 
crocodiles, and sharks ). 



Apex Predators: 
--Depending on the food chain, an apex 
predator can sit on top of the chain 
because it has no natural predators (ex. 
humans, polar bear, a killer whale, a 
grizzly bear). An apex predator can be an 
omnivore or a carnivore. 



Interchangeable Relationships: 
-- Tertiary consumers aren't always apex 
predators, but apex predators can be tertiary 
consumers. For example, a large snake may 
eat a fox, which is a secondary consumer. This 
makes the snake a tertiary consumer. 
However, snakes can be eaten by eagles, 
which are apex predators. Also, in certain food 
chains even the apex predators can be eaten 
by another apex predator (shark and whale)



It’s a Dog-eat-
dog World



Decomposers/saprophytes
: Break down organic wastes and dead organisms to 
simpler substances (ex. Bacteria, fungi, vultures, 
carpenter ants, worms, mushrooms). Some 
decomposers can be consumers as well.

** Through decomposition, chemical substances are 
returned to the environment where they can be 
used by other living organisms. 













Pioneer Organisms: 

• The first organisms to 
inhabit a given location 
(ex. lichens on bare 
rock) 

• Pioneer organisms 
modify their 
environment, thus 
establishing conditions 
under which more 
advanced organisms 
can live. 



• Primary 
Succession: the 
development of 
plant 
communities 
on newly 
formed habitats 
that previously 
lacked plants 
(ex. a lava flow) 



• Secondary 
Succession:
return of an 
area to its 
natural 
vegetation 
following a 
disruption or 
removal of the 
original 
community 



• Niche (Job): the organism's role in the 
community, particularly its role in relation 
to food with other species.



Energy Flow:

• Energy flows through ecosystems in 
one direction, typically from the Sun, 
through photosynthetic organisms, 
including green plants and algae, 
through herbivores, to carnivores, 
and finally decomposers. 



• There is a decrease in the overall energy in 
each level as you move up the food web. 

• This means that there is much more energy in 
the producer level in a food web than at the 
consumer levels. 

• Also, this means that there is more energy at 
the primary consumer level than at the 
secondary consumer level. 



Biomass=Organic Material

• The decrease of energy at each successive 
feeding level (trophic level) means that less 
biomass can be supported at each level. 

• Thus, the total mass of carnivores in a particular 
ecosystem is less than the total mass of the 
producers.







If a plant captures 1000 calories of solar energy, a 
bug that eats the plant will only obtain 100 calories of 
energy. A chicken that eats the bug will only obtain 10 
calories, and a human that eats the chicken will only 
obtain 1 calorie of the original 1000 calories of solar 
energy captured by the plant. When you think about 
this way, it would take 1,001,000-calorie plants to 
produce a single 100-calorie piece of chicken. 



.01 cal

.1 cal

1 cal

100 cal

1000 cal

90% of the producer’s energy 
is spent on reproduction, 
cell repair, and survival, and the 
energy is released as heat.



• Biomagnification is the increase of substances that occurs in 
food chains.

• These substances are usually found in contaminated 
environments. Substances, such as pesticides and mercury, 
are absorbed by organisms due to their environment or the 
food they consume. The substance then accumulates inside 
the cells.

• When an organism higher in the food chain eats multiple 
organisms below, each of them containing some of the toxins, 
the toxins becomes more concentrated in the higher food chain. 
Since this continues throughout the food chain, organisms 
higher in the food chain are the ones who will obtain the most 
toxins.



• A common example of biomagnification is the use of DDT in 
the 1960's and 1970’s. DDT was overly used by humans as 
a pesticide. It soon found its way into the environment.

• DDT and other toxins eventually climbed up the food chain, 
and affected the bald eagles, nearly driving them to 
extinction. The DDT was absorbed by organisms which the 
bald eagles hunted, such as fish and carrion. Each bald 
eagle would eat multiple numbers of these fish and carrion.

• The DDT would accumulate inside each of the eagles' 
bodies. The DDT would sterilize the birds or cause them to 
make fragile eggs that would break easily. This caused the 
birds population to dwindle rapidly..



The Eagle Population
DDT was introduced into the population in 1947
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How DDT 
rises in a 
food chain





MATERIAL CYCLES 
• In a self-sustaining ecosystem, materials must be 

cycled among the organisms and the abiotic 
environment. 

• Thus the same materials can be reused. 
• Materials constantly need to be recycled from the 

living and non-living environment so that 
materials can be reused by different living 
organisms.

• These cycle include: the water cycle, the nitrogen 
cycle, and the carbon cycle.



Carbon Cycle



Nitrogen Cycle
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