
How did this fish die? 



How is energy transferred in an 
ecosystem?

•Think about where energy comes from and where 
it goes.

•Construct a diagram showing how energy is 
transferred among organisms listed on your paper.



15.1–15.2 

Ecosystems

have living and 

nonliving

components.



15.1 What are ecosystems?

A community of biological organisms plus 
the non-living components with which the 
organisms interact.





15.6 Energy flows 
from producers to 
consumers.



First Stop: Primary Producers



Second Stop: Primary
Consumers—the Herbivores



Third Stop: Secondary 
Consumers—the Carnivores



Fourth Stop: Tertiary Consumers—
the “Top” Carnivores



Chains or Webs?

 Food chain

• Pathway from photosynthetic producers 
through the various levels of animals

 Food web

• Involve harvesting energy from multiple stops 
in the food chain





Energy Flows

 Losses at every “step” in a food chain

 Inefficiency of energy transfers 



A grasshopper eats a plant.  A mouse eats the 
grasshopper.  A snake eats the mouse.  A hawk 
could eat the snake or the mouse.  In this food 

web, how would we categorize the mouse?  

1. Producer

2. Primary consumer

3. Secondary consumer

4. Tertiary consumer

5. Quaternary consumer

6. 2 and 3



Take-home message 15.6

 Energy from the sun passes through an 
ecosystem in several steps known as 
trophic levels.

 First, primary producers convert light 
energy to chemical energy in 
photosynthesis.



Take-home message 15.6

Herbivores then consume the primary 
producers, the herbivores are consumed 
by carnivores, and the carnivores, in turn, 
may be consumed by top carnivores. 



Take-home message 15.6

Detritivores and decomposers extract 
energy from organic waste and the 
remains of organisms that have died. 

At each step in a food chain, some usable 
energy is lost as heat.



Do Now

• Make a claim to answer the following 
question:

• Why are there more zebras, wildebeests, 
and giraffes than lions and cheetahs in the 
African Plains ecosystem?



15.7  Energy pyramids reveal 
the inefficiency of food 
chains.

10% efficiency



Biomass

 10% rule

Where does the rest go?

 Expended in cellular respiration or lost as 
feces



In humans, why is vegetarianism 
more energetically efficient than 
meat-eating?

The 10% rule in application



Why are big, fierce animal species so 
rare in the world?





What does the size of each pie 
represent?

1. The amount of energy 
available to support each 
trophic level

2. The amount of energy 
that can be converted to 
biomass in a higher 
trophic level

3. The amount of energy 
available from the Sun

4. The inefficiency of 
energy flow from one 
trophic level to the next



Take-home message 15.7

 Energy pyramids reveal that the biomass 
of primary producers in an ecosystem 
tends to be far greater than the biomass 
of herbivores. 



Take-home message 15.7

 Similarly, the biomass transferred at each 
successive step along the food chain tends 
to be only about 10% of the biomass of 
the organisms consumed. 

As a consequence of this inefficiency, food 
chains rarely exceed four levels.



15.9–15.14 

Species 

interactions 

influence the 

structure of 

communities.



Do Now:

• Complete diagram provided.

• What would happen to the crab and 
zooplankton populations if the shrimp 
population declined?

• What kind of predator is an organism that 
is a primary and secondary consumer?



• What are the abiotic factors that could 
affect the organisms in a pond ecosystem?

• What are the biotic factors that could 
affect the organisms in a pond?



15.10. Each species’ role in a 
community is defined by its niche.



More than just a place for living, a 
niche is a complete way of living.



Take-home message 15.10

A population of organisms in a 
community fills a unique niche, 
defined by the manner in which they 
utilize the resources in their 
environment. 



15.11 Competition can be hard to 
see, but it still influences 

community structure.







Why is competition hard to 
see in nature?

The “ghost of competition past”



If two species are directly competing for an 
ecological niche, which outcome will not 

occur?

1. One species could become locally extinct.

2. Resource partitioning of the ecological niche 
could occur to divide the available space.

3. Character displacement could occur to help 
specialize the food that each species can 
access.

4. The competition could continue and never be 
resolved.



Take-home message 15.11

 Populations with completely overlapping 
niches cannot coexist forever. 

Competition for resources occurs until one or 
both species evolve in ways that reduce the 
competition, through character displacement, 
or until one becomes extinct in that location.



Predation

One of the most important forces shaping 
the composition and abundance of species 
in a community



15.14.  Not all species interactions 
are negative: mutualism and 
commensalism.



15.8 Essential chemicals 
cycle through ecosystems.

The recycling of molecules



Chemical Reservoirs

 Each chemical is stored in a non-living part of 
the environment.

 Organisms acquire the chemical from the 
reservoir.

 The chemical cycles through the food chain.

 Eventually, the chemical is returned to the 
reservoir.



The Three Most Important 
Chemical Cycles

1. Carbon

2. Nitrogen

3. Phosphorus





Why are global CO2 levels 
rising?

Fossil fuels



Global CO2 levels are rising in general, 
but they also exhibit a sharp rise and 

fall within each year.

Why?





Nitrogen is like a bottleneck 
limiting plant growth.

Fertilizers







Which answer below is mainly 
harvested from the atmosphere?

1. Carbon

2. Nitrogen

3. Phosphorous

4. 1 and 2

5. 2 and 3

6. All of the above



Chemical fertilizers can…

1. …supplement carbon fixation by a crop.

2. …cause eutrophication. 

3. …provide additional nitrogen for a crop.

4. …provide additional phosphorous in for 
a crop.

5. 2−4

6. All of the above



Take-home message 15.8

Chemicals essential to life—including 
carbon, nitrogen, and phosphorus—
cycle through ecosystems. 



Take-home message 15.8

They are usually captured from the 
atmosphere, soil, or water by growing 
organisms; passed from one trophic 
level to the next as organisms eat 
other organisms; and returned to the 
environment through respiration, 
decomposition, and erosion. 



Take-home message 15.8

These cycles can be disrupted as 
human activities significantly increase 
the amounts of the chemicals utilized 
or released to the environment.


