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In the story of “Goldilocks and the Three Bears” a little girl, Goldilocks, 
prefers porridge that is neither too cold nor too hot, but “just right.” Much 
like Goldilocks’ preferences, certain conditions within an ecosystem 
cannot tilt too far toward one extreme or another. Ecosystems thrive 
when conditions are balanced, or just right. 
 
Take a look at the photograph to the right. 
What are some of the components of this 
ecosystem, both living and nonliving? 
How might conditions in the 
ecosystem—the amount of rainfall, the 
nutrients in the soil, the number of 
organisms within each population—fall out 
of balance? How might these changes 
affect the ecosystem? 
 
Elements, Such as Carbon, Cycle Through Earth’s 
Systems 
 
Systems on Earth are healthiest when their various components are 
balanced. One important element that contributes to this balance is 
carbon. Carbon is the most abundant element in living things and is the 
structural backbone of most biomolecules (figure 1).  

 
Carbon is continually moving between living and nonliving things on Earth through the processes of 
photosynthesis, cellular respiration, digestion of plant matter, decomposition, and combustion. These 
processes move and exchange carbon between the biosphere, atmosphere, hydrosphere, and 
geosphere and these movements make up the carbon cycle.  
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Processes that Cycle Carbon 
 
Photosynthesis 
 
As with all cycles, the carbon cycle has neither a beginning nor end. 
Instead, it consists of a number of related processes. One part of the 
carbon cycle is photosynthesis. Carbon exists in Earth’s 
atmosphere primarily within molecules of carbon dioxide (CO2). 
During the process of photosynthesis, autotrophs, such as plants, 
use the carbon  from CO2 to make organic compounds called 
carbohydrates. One of the most important of these carbohydrates is 
glucose (C6H12O6), a sugar that autotrophs use for food. Autotrophs 
can store glucose for later consumption in the form of starch, which 
is another type of carbohydrate.  
 
Cellular Respiration 
 
Another important part of the carbon cycle occurs when organisms consume carbohydrates produced 
by autotrophs. These consumers use the energy held within the chemical bonds of the sugar 
molecules to fuel their cellular activities. For example, in an animal’s cells, carbohydrates undergo a 
series of chemical reactions that break the bonds in the molecule to release energy, or ATP, that is 
usable by the cell. Autotrophs also use this process to produce their ATP, however, they use their 
own glucose that they produced during photosynthesis. 
 
This process is called cellular respiration. One of the waste products of cellular respiration is carbon 
dioxide. Because animals cannot use carbon dioxide, they exhale it back into the atmosphere where 
plants can once again use it to make carbohydrates through photosynthesis. In this way, carbon 
cycles continue between the atmosphere (as carbon dioxide) and the biosphere (as carbohydrates). 
The connection of photosynthesis and cellular respiration can be seen in figure 2. 
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Decomposition and Combustion 
 
Carbon in biomass—the living (or recently living) matter in an 
ecosystem—is also returned to the environment through decomposition. The 
bodies of organisms are primarily made up of carbon. When an organism 
dies, its body is broken down into its component elements by worms, 
bacteria, and other decomposers. In this process, carbon moves from 
biomass into the ground, where it can remain buried for a long time. Over a 
period of millions of years, extreme heat and pressure from Earth’s interior transformed buried plants 
and animals from the Carboniferous period (approximately 300–350 million years ago) into fossil fuels 
such as coal, petroleum, and natural gas.  

 
When humans burn fossil fuels to power machines, generate 
electricity, and heat buildings, the carbon cycles back to the 
atmosphere, where it can be used again by plants during 
photosynthesis. This process is known as combustion and can be 
caused by humans, such as using gasoline in cars (figure 3), or occur 
naturally. Volcanic eruptions and forest fires are also forms of 
combustion that can send CO2 back into the atmosphere. 
 
 
 

Carbon in Earth’s Systems 
 
Earth is a complex system. Everything in Earth’s system can 
be classified into one of several subsystems that are often 
referred to as spheres, see figure 4. The law of conservation 
of matter states that matter can neither be created nor 
destroyed, but may only change form. Carbon, which is a 
very important type of matter to living organisms, is 
continually cycling through one of Earth’s spheres: the 
atmosphere, biosphere (living organisms), hydrosphere 
(oceans, surface waters, groundwater, and glaciers), and 
geosphere (crust and core of Earth). Through the life and 
death of organisms, carbon moves from one sphere to 
another by biochemical processes such as those stated 
before. 
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Carbon Cycling Within the Atmosphere 
 
The atmosphere is a layer of gases that surrounds Earth and 
carbon is found in the form of carbon dioxide or methane (CH4). 
Both of these molecules are contributors to the greenhouse effect 
(figure 5) because they absorb and keep in the heat that radiates 
from the sun and in turn, warm Earth. 
 
Carbon gases absorb into water molecules and are transferred 
between the surface of Earth by precipitation and back into the 
atmosphere by transpiration and evaporation (figure 6). Carbon 
dioxide is readily used and absorbed by all the autotrophs in the 
biosphere and hydrosphere that rely on atmospheric carbon dioxide 
for photosynthesis.  
 
Humans contribute to the carbon cycle by burning fossil fuels that 
have been extracted from the geosphere as well as burning other 
forms of biomass, such as wood. Biomass also burns through 
natural processes. For example, a bolt of lightning can spark a 
forest fire. However, over the past few centuries, humans have 
released large quantities of carbon into the atmosphere—more than 
can be absorbed through photosynthesis and other natural 
processes. Scientists have evidence that this excess of carbon 
dioxide in the atmosphere is trapping heat at Earth’s surface, 
leading to global climate change.  
 
Carbon Cycling Within the Biosphere 
 
The biosphere is the sphere of Earth where life exists and it ranges from the air the birds fly in above 
your head, to the soil under your feet, and even deep into the ocean where organisms can be found 
near geothermal vents! Carbon can be found in many forms throughout the biosphere. As you have 
learned, carbon can be found in the form of carbon dioxide (CO2), which is the molecule that is 
exchanged between the processes of photosynthesis and cellular respiration.  
 
During photosynthesis, autotrophs convert carbon dioxide from the atmosphere into the carbohydrate 
glucose (C6H12O6). Plants can use the glucose directly to produce energy, or ATP, for the cell. This 
process gives CO2 back into the atmosphere. However, all living organisms need energy and carbon 
in their cells. Organisms that must consume other organisms because they cannot produce their own 
food are called heterotrophs. Carbon and other vital nutrients and matter are transferred when a 
heterotroph consumes another organism. Now these heterotrophs are able to produce energy in their 
cells using the glucose they have consumed. This process also produces CO2 as a byproduct which 
is released back into the atmosphere.  
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Forests and places with an abundance of autotrophs can be areas 
where there is an accumulation of carbon. Areas that are able to 
take out more carbon from the atmosphere than is released are 
known as carbon sinks such as that seen in figure 7. Dense 
forests are an example of a carbon sink because of the large 
amount of photosynthesis taking place. These carbon sinks help to 
regulate the amount of carbon dioxide in the atmosphere. 
Deforestation has cut down many of these forests that were once 
carbon sinks, which has possibly led to an increase in atmospheric 
CO2. 

 
Another way carbon is cycled through Earth’s spheres is through decomposition. When organisms 
produce waste or die, bacteria start to decompose the decaying matter. This decomposition returns 
CO2 back into the atmosphere as well as to the surrounding soil.  
 
Carbon Cycling Within the Hydrosphere 
 
The hydrosphere includes all the water on Earth’s surface. This can range from oceans to lakes and 
rivers. Carbon dioxide is continually being exchanged between the surface of these water sources 
and the atmosphere through photosynthesis and cellular respiration from the organisms closest to the 
surface. Since CO2 is easily dissolved in water, it does so freely, and oceans are also considered 
large carbon sinks because of all the carbon dioxide that is absorbed and held in them (figure 8).  
 
A lot of the carbon dioxide that is absorbed from the atmosphere 
may be converted into calcium carbonate (CaCO3) or bicarbonate 
(HCO3-) that many ocean animals rely on. Carbon from these 
molecules is used to create the coral reefs and to produce the 
shells in the ocean. When these organisms die, they sink and form 
large carbon deposits on the ocean floor. Over time, the pressure 
at the bottom of the ocean causes these carbon deposits to form 
sedimentary rock and become part of the geosphere. 
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Does life only exist at the surface of oceans where light penetrates through the water? The answer is 
no. There is a vast amount of biodiversity at the bottom of the ocean floor, especially around 
hydrothermal vents. These vents are openings in the bottom of the ocean floor where superheated, 
mineral-rich water flows out. This water is heated by the magma in the geosphere and is located in 
areas where there is a large amount of volcanic activity. Organisms in this environment have adapted 
the means to convert the chemicals from the hydrothermal vents into carbohydrates needed for life. 
This process is known as chemosynthesis and normally uses hydrogen sulfide (H2S) from the 
hydrothermal vents to produce glucose.  

 
Carbon Cycling Within the Geosphere 
 
The geosphere is composed of the crust and core of Earth. Most 
of Earth's carbon is stored in the geosphere in rocks, fossil fuels, 
and magma. The carbon found in the geosphere comes from the 
sedimentation and burial of once-living organisms as well as from 
the shells of marine organisms. Over time, heat and pressure 
cause the sedimentation to form the rocks and magma found in 
the geosphere. During a volcanic eruption, magma makes its way 
to Earth’s surface and releases carbon back into the atmosphere 
as seen in figure 9.  
 
Fossil fuels, such as coal, oil, and natural gas, are found and 
stored deep within the geosphere. The type of fossil fuel depends 
on the source of carbon. For instance, coal is formed from dead 

plants and trees that have sunk to the bottom of swamps and over a long period of time have 
transformed into peat, and then eventually coal. Oil and natural gas reserves were formed from 
buried microscopic animals that lived millions of years ago. Over time, the pressure from rocks turned 
this organic matter into oil and natural gas. It is important to note that fossil fuels have taken millions 
of years to form and continue to form naturally at a very slow rate. Humans extract these fossil fuels 
from the geosphere for energy to power their cars and homes. As stated before, the burning of these 
fossil fuels returns carbon back into the atmosphere. 
 
Disruptions in the Carbon Cycle  
 
As previously mentioned, ecosystems thrive when conditions are balanced. The carbon cycle is 
crucial to maintaining this balance. Disruptions to this cycle can have devastating effects on an 
ecosystem. Unfortunately, disruptions occur too often due to human activities.  
 
The total amount of carbon actively moving through the carbon cycle decreases when people bury 
organic materials in landfills rather than allow them to decompose naturally outdoors. Ideally, fallen 
leaves and discarded food should be used for compost, which allows nutrients in the decomposing 
biomass to return to the ecosystem.  
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A much larger problem, however, is excessive carbon in the atmosphere. Recall that burning fossil 
fuels releases carbon dioxide gas into the air. In the last 150 years, there has been a dramatic 
increase in the burning of coal, oil, and natural gas for factories, cars, airplanes, and other 
technologies invented by humans. Not only does this excessive consumption of fossil fuels deplete 
Earth of its natural resources, but it also pollutes the air and creates imbalance in the carbon cycle. 
During the last few decades, governments and individuals in the United States and other countries 
have worked to reduce the amount of CO2 emissions from refineries, factories, and automobiles. 
Additionally, efforts are being made to make homes and office buildings more energy-efficient with 
“green” technology.  

Beyond the Classroom 
 
Your Role in Nutrient Cycles  
 
To learn more about the carbon cycle and how human activities 
affect it, develop a carbon-recycling program around your home, 
school, or community.  
 
You can begin by creating a place to store a compost pile. 
Choose a convenient place that is shaded, well drained, and not 
too close to any tree roots or wooden fences. For a home compost pile, one square meter is an 
acceptable size. A larger area may be appropriate for compost piles at school or in a community 
location. Begin the compost pile with a thick layer of organic materials such as dead leaves, yard 
clippings, or vegetable scraps. Then, add a thin layer of fertilized soil to activate the compost. Next, 
layer a thin covering of topsoil, which may include microorganisms. All organic waste from uneaten 
food, including leftovers, eggshells, and peelings, can be added to a compost pile. Important note: 
Never include human or animal waste products in any compost on food plants.  
 
You will need to water the compost and turn it every couple of weeks. To turn the compost, use a 
garden tool to move the inside material to the outside and vice versa—all parts should be exposed to 
oxygen. Within a couple of months, the compost pile should be ready to use.  
 
You can also research your carbon footprint and find ways to reduce it. Think about ways you can 
personally reduce fossil fuel emissions into the atmosphere. This can include walking or riding a bike 
instead of driving and recycling materials made in factories, such as plastics.  
 
Here are some questions to think about:  
• How does the carbon cycle keep nutrients balanced between the atmosphere and biosphere?  
• What roles do humans play in the carbon cycle?  
• What can you do to help maintain balance in the nutrient cycles?  
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Carbon Flow in Ecosystems Review 
 
Reviewing Key Terms 
 
Use each of the following terms in a separate 
sentence.  

1. Carbon cycle  
2. Photosynthesis  
3. Carbon dioxide  
4. Fossil fuel  

 
Use the correct key term to complete each of 
the following sentences. 
 

1. The ________ describes how carbon 
moves through the atmosphere, 
biosphere, hydrosphere, and 
geosphere. 

2. ________ are areas of Earth that 
absorb more carbon dioxide than they 
release. 

3. Humans burn ________ for electricity, 
heat, and gas. 

 
Reviewing Main Ideas 
 

1. Which of the following can decrease the 
amount of carbon dioxide in the 
atmosphere? 

a. A person running 
b. Planting trees in the park 
c. Driving to work 
d. Campfire 

 
2. Which of the following processes are 

responsible for the cycling of carbon 
through Earth’s system? 

a. Photosynthesis 
b. Cell Respiration 
c. Decomposition 
d. All of the above 

3. Which two processes cycle carbon 
directly between the atmosphere and 
biosphere? 

a. Combustion and cellular 
respiration 

b. Photosynthesis and cellular 
respiration 

c. Chemosynthesis and 
decomposition 

d. Decomposition and combustion 
 
Making Connections 
 

1. Describe how chemosynthesis is 
different from photosynthesis. 
 

2. Explain ways that humans have 
impacted the carbon cycle. 
 

Open-Ended Response 
 

1. Explain how carbon is cycled through 
the biosphere, geosphere, hydrosphere, 
and atmosphere. 
 

2. Explain the role that photosynthesis and 
cellular respiration play in the carbon 
cycle. 

 
3. Describe the formation of fossil fuels. 
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