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18.4  Energy Flow in Ecosystems

All living organisms need energy to survive, grow, and reproduce. Where does this energy come from? In 
most ecosystems, energy comes ultimately from the Sun. Sunlight energy enters the biotic world when 
plants and other organisms use it to build organic molecules during photosynthesis. Photosynthesizing 
organisms embed about 1% of the sunlight energy that strikes them into organic matter, such as the 
cellulose in leaves or the starches in potatoes. Globally, this adds up quickly—it is enough to make 170 
billion tons of organic material a year! 

Biomass is the amount of organic matter in an ecosystem. The rate at which producers build biomass 
is the ecosystem’s primary productivity. Different ecosystems vary in their primary productivity—for 
example, tropical forests, swamps, and coral reefs have very high primary productivity, whereas deserts 
and tundra have relatively low primary productivity. 

Once energy enters an ecosystem as producer biomass (plant material), it goes up the food chain, 
creating biomass in primary consumers, secondary consumers, and so on. Does all the energy taken in 
by plants ultimately go into growing zebras, or lions? No. In all ecosystems, only about 10% of the energy 
at one level of the food chain moves up to the next level. For example, if the producers in one patch of 
African savanna use 10,000 kcal of energy, you would expect about 1000 kcal to be available to primary 
consumers (such as zebras), and 100 kcal to be available to secondary consumers (such as lions). This 
energy flow can be shown in an energy pyramid, such as the one in Figure 18.13. 

The shape of the pyramid 
shows the decrease in 
energy as you go up the 
food chain. 

FIGURE 18.13 

This energy pyramid shows 
that the amount of available 
energy decreases as you 
move up the food chain. 
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Why does only 10% of the energy at one level of the food chain move to the next level? What happens to 
the other 90%? First, some organisms at one level of the food chain are not eaten by organisms at the next 
level of the food chain. For example, some savanna plants are not eaten by zebras, and some zebras are not 
eaten by lions. If an organism is not eaten, then the energy in it cannot move up the food chain. Second, 
not all the energy in an organism’s food goes into building biomass—and only the energy that is converted 
into biomass can move up the food chain. For example, when a zebra eats a plant, some of the energy in 
the plant is lost in feces and some energy goes into maintenance. Feces contains organic matter that the 
zebra can’t digest. Maintenance is the energy the zebra needs to live—the energy it takes to find food, run, 
breathe, heat its body, and so on. By the time feces and maintenance have taken their share of energy, only a 
fraction is left for growth and reproduction—for building new biomass (Figure 18.14). 

The energy pyramid explains why the higher levels of a food chain have less biomass—why there is more 
grass than zebras, and more zebras than lions: There is less energy available to organisms that eat higher in 
the food chain, and fewer of them can be supported. The energy pyramid also explains why the number of 
levels in a food chain is limited: There just isn’t enough energy to support animals that eat at even higher 
levels. For example, there is no higher-level consumer that feeds exclusively on lions. 

READING CHECK

1. The producers in a patch of pine forest use about 30,000 kcal of energy. Assuming that 10% of the 
energy at one level of the food chain moves up to the next level, how much energy is available to 
the primary consumers in the habitat? To the secondary consumers? 

2. Does energy move around Earth in cycles the way water, carbon, and nitrogen do? 

FIGURE 18.14 

The energy an organism takes in from food goes to three things: feces, maintenance, and growth and 
reproduction. Only growth and reproduction contribute to building biomass, and only energy that is 
converted into biomass can move up the food chain. 
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CHECK YOUR ANSWERS 

1. First, the energy available to primary consumers is = 10%*(30,000) kcal = 3000 kcal.

Then, the energy available to secondary consumers is = 10%*(3,000) kcal = 300 kcal.

2. No, energy flows through ecosystems. Energy comes to Earth from the Sun. A fraction of this energy is 
captured by producers such as plants. Some of the energy captured by plants is used to build biomass, 
and some of this energy moves up the food chain. The rest is lost as heat. All living things lose energy 
to the environment as heat as a result of their activities. All of the energy Earth receives from the Sun is 
eventually lost to the environment as heat. It can’t be recycled.

To read more about energy flow through an ecosystem, go to the following website:

https://www.nationalgeographic.org/topics/resource-library-energy-flow-through-
ecosystem/?q=&page=1&per_page=25
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