
Ecosystem:

▪ The organisms in a particular area and the
physical environment with which they interact.

(Abiotic factors: energy, water, carbon, nitrogen, phosphorous)

• All the biotic and abiotic factors in a community.

ECOSYSTEM ECOLOGY















Energy Flow through Ecosystems

▪ Energy flows through ecosystems as
organisms capture and store energy, then
transfer it to organisms that eat them.

▪ These organisms are grouped into trophic
levels.















Trophic Levels:

Route of energy flow

- food chain

- food web

- pyramid of numbers



An overview of energy and nutrient dynamics in an ecosystem
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▪ Photosynthesis powers primary productivity.

Primary Productivity (PP)

• The annual productivity of an area is determined
primarily by sunlight, temperature, and moisture.

• Rate at which energy or biomass is produced per unit
area by plants (primary producers)

Primary Productivity (PP)
Secondary Productivity (SP1, SP2)

Ecosystem Energy Budgets:









The Global Energy Budget

▪ The amount of solar radiation reaching the Earth’s 

surface limits photosynthetic output of ecosystems

▪ Only a small fraction of solar energy actually strikes 

photosynthetic organisms, and even less is of a 

usable wavelength
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Energy and other limiting factors control     
primary production in ecosystems

▪ In most ecosystems, primary production is the
amount of light energy converted to chemical
energy by autotrophs during a given time period

▪ In a few ecosystems, chemoautotrophs are the
primary producers
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Figure 
56.5

Figure 56.5

Distribution of Primary Production Worldwide



Positive Correlation Between Productivity and Sunlight 



Positive Correlation Between Productivity and...

Precipitation Temperature
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Fig. 55-8
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Gross and Net Production

▪ Total primary production is known as the ecosystem’s

gross primary production (GPP)

▪ GPP is measured as the conversion of chemical energy

from photosynthesis per unit time

▪ Net primary production (NPP) is GPP minus energy

used by primary producers for respiration

▪ NPP is expressed as

− Energy per unit area per unit time (J/m2yr), or

− Biomass added per unit area per unit time

(g/m2yr)
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▪ NPP is the amount of new biomass added in a given time period

▪ Only NPP is available to consumers.

▪ Standing crop is the total biomass of photosynthetic autotrophs at

a given time.

▪ Ecosystems vary greatly in NPP and contribution to the total NPP

on Earth.

▪ Tropical rain forests, estuaries, and coral reefs are among the most

productive ecosystems per unit area.

▪ Marine ecosystems are relatively unproductive per unit area, but

contribute much to global net primary production because of their

volume.
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Figure 55.6
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▪ Net ecosystem production (NEP) is a measure of the total

biomass accumulation during a given period

▪ NEP is gross primary production minus the total respiration

of all organisms (producers and consumers) in an ecosystem

▪ NEP is estimated by comparing the net flux of CO2 and O2 in

an ecosystem, two molecules connected by photosynthesis

▪ The release of O2 by a system is an indication that it is also

storing CO2
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Figure 55.7
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Secondary Productivity (SP1, SP2…)

• Rate of production of new biomass from PP by 
heterotrophic organisms (primary and 

secondary consumers)

• Positively correlated with rainfall...





Energy transfer between trophic levels is   
typically only 10% efficient

▪ Secondary production of an ecosystem is the 

amount of chemical energy in food converted to new 

biomass during a given period of time
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Fig. 55-10
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Where does all the energy go???
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▪ Birds and mammals have efficiencies in the range 

of 1−3% because of the high cost of endothermy

▪ Fishes have production efficiencies of around 10%

▪ Insects and microorganisms have efficiencies of 

40% or more
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Ecological Efficiency:

Percent of energy transferred from
one trophic level to the next.



Three categories of transfer efficiency are 
required to predict energy flow from PP to
SP1 to SP2...

1) consumption efficiency

2) assimilation efficiency

3) production efficiency



1) consumption efficiency (CE)

% of total productivity at one trophic level
that is consumed by the next highest level

(remainder not eaten)



2) assimilation efficiency (AE)

% of ingested food energy that is assimilated
(i.e. digested), and thus potentially available
for growth, reproduction

(remainder lost as feces)



3) production efficiency (PE)

% of assimilated energy that is incorporated 
into new biomass (growth, reproduction)

(remainder lost as respiratory heat)



Implications?

• SP1 is the % of PP that is incorporated at the 
next highest trophic level.  (Ditto for SP2…)

This is NEVER 100%.

• Thus, energy loss at each trophic level limits the
length of a food chain...



And that is why big fierce
animals are rare!
Like: Whale, Ice beer, 
Elephant….etc.



Trophic Efficiency and Ecological Pyramids

▪ Trophic efficiency is the percentage of production 

transferred from one trophic level to the next

▪ It is usually about 10%, with a range of 5% to 20%

▪ Trophic efficiency is multiplied over the length of a food 

chain.
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▪ Approximately 0.1% of chemical energy fixed by 
photosynthesis reaches a tertiary consumer.

▪ A pyramid of net production represents the loss 
of energy with each transfer in a food chain
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