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THEODOR

AGE: 13

This article shows that the number of di�erent kinds of mammals and

their interactions a�ect the way carbon, an element essential for life,

moves between plants, animals, and the environment in the Amazon.

It was already known that plant biodiversity a�ects this cycling of

carbon, and some scientists had suggested this relationship might be

true for animals, too. Mammals and their interactions increase the

amount of carbon stored in soils and trees. When carbon is stored,

this helps to slow down climate change, because that carbon is

removed from the atmosphere. But animal populations worldwide

are decreasing. We should consider that conservation of mammals

will increase the carbon storage in soils and trees, and therefore help

us fight climate change.
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CARBONMOVES THROUGH LIVING AND NON-LIVING

THINGS VIA THE CARBON CYCLE

All living things contain an important element called carbon. But
that is not the only place you will find carbon. Carbon is present
in the environment, too—in the water, in the soil, and in the earth’s
atmosphere. Carbon constantly cycles between living things and the
environment, in a process called the carbon cycle.

CARBON CYCLE

The movement of
carbon between
atmosphere, soil and
biosphere is the
carbon cycle.

Plants are the key biological players in the carbon cycle because
they capture carbon from the atmosphere. Through a process
called photosynthesis, plants absorb carbon dioxide (CO2) from

PHOTOSYNTHESIS

Process by which
plants grow using
sunlight to capture
Carbon from
the atmosphere.

the atmosphere and use light energy from the sun to make
carbon-containing molecules called carbohydrates, along with the
oxygen we breathe. Every year, plants transform atmospheric CO2
into about 100 billion tons of carbohydrates. We commonly recognize
these carbohydrates as roots, stems, and leaves. This movement of
carbon between earth’s atmosphere and the plants is just part of the
carbon cycle. When plants die, the carbon in their roots, stems, and
leaves passes into the soil. In the soil, some carbon from dead plants
may be changed by soil microorganisms to become part of the soil,
while some returns to the atmosphere. Whenever more carbon is
captured—taken up into living organisms and soil—then less carbon
is available to enter the atmosphere.

Youmay have heard that CO2 is one of the gases in earth’s atmosphere
that contributes to climate change and the warming of our planet.
In the carbon cycle prior to the Industrial Revolution, only two
factors regulated the concentration of CO2 in the atmosphere:
photosynthesis and geological phenomena like volcanoes, etc. With
the onset of the industrial age, a new factor, human activity, began
to disrupt the natural carbon cycle. Activities, such as burning wood
and fossil fuels added carbon to the atmosphere and changed
the climate.

When carbon is removed from the atmosphere and incorporated into
living things or the soil, this may help to slow climate change.

BIODIVERSITY IS IMPORTANT

The tropical forests have the greatest plant biodiversity on the planet.

BIODIVERSITY

The number of species
present in a site.

Biodiversity is the variety of living beings in a place. Trees in the tropical
forests are fundamental to the carbon cycle because they capture
carbon and regulate the climate. But a forest is not made up of just
plants. Many other forest organisms play an important role in the
carbon cycle. For instance, the biodiversity of mammals influences the
carbon cycle in the Amazon [1].
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Biodiversity is important because each species plays a role in nature.
Whenmany di�erent species make up an ecosystem, a higher number
of roles or functions are developed and thus the ecosystem is healthier.
Biodiverse ecosystems might provide important services to humanity.
One such service has to do with carbon accumulation. Biodiversity
may reduce the concentration of carbon in the atmosphere, and that
reduction may help to decrease climate change.

As we have already explained, plants capture carbon from the
atmosphere and accumulate it as carbohydrates in their leaves, stalks,
and roots. Scientists measure carbon accumulation as the mass
of carbon contained in the body. We know that plant biodiversity
increases the amount of carbon captured [2]. And we know that plants
and animals interact with each other. Based on this information, we
wanted to find out whether mammals, as they relate to plants, also
play a role in the carbon cycle [1]. Mammals may interact with plants
in several ways. For instance, they eat plant fruits, leaves, and flowers.
Also, animals disperse plant seeds.

Our hypothesis was that the biodiversity of mammals present in an
environment will increase the amount of carbon that accumulates in
the soil. To test this hypothesis, we observed nature directly, using the
traditional ecological knowledge of several indigenous (local) tribes
who live in the tropical forests of Guyana.

WHAT DIDWE DO

Our hypothesis was di�cult to test with direct observations of
animals that live in a challenging, real-world system, such as the
Amazon. Massive amounts of data were needed, which required the
participation of 355 Makushi, Wapishana, and Wai-Wai indigenous
people fromGuyana. These people collected animal data for the study,
and their knowledge about local natural systems was essential to the
quantity and quality of the data. These local people had accumulated
expert knowledge of the relationships between plants and animals
over hundreds of years of direct contact with the environment.

For 3 years and across 18,500 square miles, these indigenous people
conducted more than 10,000 surveys. Their work identified 218,000
individual mammals belonging to 48 species. They recorded more
than 43,000 feeding events and more than one million samples of
animal poop. Additionally, soil carbon concentrations and tree sizes
were measured at hundreds of sites.

WHAT DIDWE FIND

Our results showed that the diversity of mammals, in addition to the
diversity of trees, a�ects the carbon cycle in the Amazon (Figure 1).
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Figure 1

Figure 1

Relationship between the
biodiversity of
mammals and the
percent of carbon in
soils. As the number of
di�erent types of
mammals increased
(from left to right on
the graph), the percent
of carbon in the soil
also increased (from
bottom to top of the
graph). Each dot
represents a transect in
the Amazonian forest.

Figure 2

Figure 2

Interactions between
organisms are part of
the carbon cycle.
Arrows represent the
movement of carbon
between the
atmosphere, the plants,
the animals, and the
soil. In the soil, some
carbon from dead
plants and animals may
be changed by soil
microorganisms to
become part of the soil,
while some returns to
the atmosphere.
Through the
photosynthesis plants
absorb carbon from the
atmosphere and grow
leaves flowers and
fruits. Animals eat
plants or other animals
later they poop and die
and carbon cycles back
into the soil. The
movement of carbon
between atmosphere,
soil and biosphere is
the carbon cycle.

More species mean di�erent types of interactions, such as animals
eating plants etc. and therefore more carbon moving from living
beings to the soil (Figure 2). As we predicted in our hypothesis,
we found that the number of mammal species is related to the
concentration of carbon in the soil in the Amazon (Figure 1). The
number of mammal species is also related to the amount of carbon
stored in tree biomass. We also found relationships between the
number of tree species, the amount of carbon in soil, and tree biomass.
For carbon concentration in soils, we found the magnitude of the
e�ect of mammal diversity was equivalent to the magnitude of the
e�ect of tree diversity.

WHY IS THIS RESEARCH IMPORTANT?

This research is important because it provides evidence that every
species plays a role in nature, which means that losing species can
be harmful to natural processes. This idea has already been accepted
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for the plant world [2], and it seems logical that relationships between
plants and animals would be important for the carbon cycle, too.

Although we still have much more to learn about the relationships
between animals, plants, and the carbon cycle, it is clear fromourwork
that animal loss caused by humans may be a climate problem, and
conservation of animal biodiversity may be a climate solution. While
our study focused specifically onmammals and onGuyana, we believe
the findings might also be true for di�erent creatures, such as reptiles,
amphibians, birds, and invertebrates, and in di�erent types of forests.
These di�erences need to be tested.

This study is important in three di�erent ways. First, it improves the
understanding of the world we live in and the natural world with
which we have evolved. Second, this study highlights the importance
of the knowledge of indigenous people about their natural systems.
Their knowledge was pivotal to finding that mammal diversity may
contribute to a cleaner sky. Third, this work shows that actions to
protect animals and our environment may also help humans. Mammal
diversity should be one of the factors considered when policies are
made that aim to reduce the amount of CO2 in our atmosphere.
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YOUNG REVIEWER

THEODOR, AGE: 13

My name is Theodor, and I live in a city near the coast in Central Norway. I love doing

outdoor activities and sports, like cross-country skiing, running, hiking, and camping

in the mountains. My favorite wildlife species is the cheetah. I also like reading books

about how the natural world works.
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