
BIODIVERSITY
Published: 06 May 2021

doi: 10.3389/frym.2021.562583

EARTHWORMS AND THEIR ROLE IN GREENHOUSE

GAS EMISSIONS

Pierre Ganault 1*, Sacha Delmotte 2, Agnès Duhamet 2, Gaëlle Lextrait 2 and Yvan Capowiez 3

1CEFE, CNRS, EPHE, IRD, Université de Montpellier, Université Paul-Valéry Montpellier, Montpellier, France

2Biology and Ecology Departement, Université de Montpellier, Montpellier, France

3INRAE, UMR 1114 EMMAH, INRAE/Université d’Avignon, Avignon, France

YOUNG REVIEWER:

GWEN

AGE: 13

The mass of all earthworms living on our planet is greater than the

mass of any other terrestrial animal species. There are over 7,000

species of earthworms, and they are involved in many processes

that keep soils healthy and help plants to grow, which makes them

extremely important organisms to study. The activity of earthworms

also stimulates the growth of bacteria, both in the soil and in

their guts. Some studies have suggested that these bacteria might

increase greenhouse gas emissions, particularly the gases carbon

dioxide and nitrous oxide that contribute to global warming. So, are

earthworms good or bad for the environment, overall? This article

will describe the experiments that can be used to study the links

between earthworms and greenhouse gas production, as well as the

limitations of these experiments. The e�ects of earthworms on soil

processes are very complex and therefore scientifically challenging,

important, and exciting.
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Figure 1

Figure 1

(A) The three main
groups of earthworms,
epigeic, anecic, and
endogeic. Illustration
credits:
www.lesbullesdemo.fr.
(B) X-ray 3D
reconstruction of the
burrow systems of one
endogeic species
called gray worm
(Aporrectodea icterica)
and one anecic species
called nightcrawler
(Lumbricus terrestris).
X-ray image credits:
Yvan Capowiez.

EARTHWORMS, THE UNDERGROUND ENGINEERS

Under our feet, thousands of animals live in the soil, including
the famous earthworms. The term “earthworms” actually refers to
many species. Scientists have described around 7,000 earthworm
species worldwide, but some areas are poorly studied, and scientists
expect that there are more than 30,000 earthworm species yet to
be described [1]. Earthworms are invertebrates, so they do not have
bones. Unlike insects, earthworms also lack an external skeleton and
they do not have eyes, but they have strong muscles. Earthworms
can move through the soil, and even eat it, along with some dead
leaves. Although most earthworm species look fairly similar, they
have various lifestyles, which fall into three main ecological groups

ECOLOGICAL

GROUP

Earthworms di�er
regarding where they
live in the soil, what
they eat, and what
color is their skin. There
are three main groups:
epigeics (pronounced
“ep-i-jEE-ik”), endogeic
(pronounced
“en-d-oh-jEE-ik”), and
anecic earthworms
(pronounced “an-e-c-ik”).

(Figure 1A) [2].

The first group, called epigeics, are small earthworms (3–10cm) with
a red color, and can be used in vermicomposting. Epigeic earthworms
live in dead leaves. Their color protects them from UV radiation
and camouflages them from surface predators. Without digging into
the soil, they eat dead leaves and transform them into small pieces
of organic matter in their feces, which are called casts. Endogeic

ORGANIC MATTER

It is matter composed
of organic compounds
that comes from the
remains of organisms,
such as plants and
animals and their waste
products in
the environment.

CASTS

It is earthworm poo.
Depending on the
earthworm ecological
group, they can be
deposited at the soil
surface or within the
soil, in their burrow.

earthworms are larger (5–15cm) and completely unpigmented. They
only live in soils and create numerous burrows (Figure 1B). In an
experimental pot, four endogeic earthworms dug 2.2 km of burrows
of 3.5mm width per cubic meter of soil in only 6 weeks [3]! As they
dig, they also eat many very small pieces of dead leaves that are in
the soil, and they mix organic matter within the soil (Figure 2). The
third group is called anecic earthworms. They are the largest, they can
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Figure 2

Figure 2

Organic matter passes
through the
earthworm’s digestive
tract, is broken into
smaller pieces,
digested, and the
remainder exits as
feces called casts.
Casts then help to feed
bacteria. Bacteria are
also present within the
digestive tract of
earthworms. Bacteria
need the right mix of
organic matter, water,
and air to be active.
Image inspired by
Drake and Horn [4].

grow as big as 10 cm and up to 1 m! They dig deep vertical burrows
(Figure 1), that can exceed 1meter in depth. During the night, they stick
their heads out to grab dead leaves on the surface and bring them to
deeper soil layers. Since only their heads leave the soil, only their heads
are pigmented.

Eating or burying dead leaves and moving through the soil by creating
burrows are the two main actions of earthworms. These actions are
good for the soil, the other soil organisms, and the entire ecosystem,
which has earned earthworms the name “ecosystem engineers.”

ECOSYSTEM

ENGINEER

They are organisms
that modulate the
availability of resources
to other species.
Termites, ants, and
earthworms are the
major
ecosystem engineers.

HOW EARTHWORMS ARE CHANGING THE SOIL AND

GROWING BACTERIA

Earthworm burrows profoundly change soil structure by creating large
spaces in the compact soil. The burrows are the habitat of many
organisms like small invertebrates, bacteria, and plant roots. Burrows
also act as pipes that increase water and oxygen flow between the
surface and deeper soil layers. Earthworms of di�erent ecological
group build burrows that a�ect water and gas fluxes di�erently. In the
experiment of Capowiez et al. [3], done in PVC tube (16 cm diameter,
30 cm height, Figure 1B), the endogeic earthworms’ burrows allowed a
water infiltration rate of 5.2 L per minute, while this rate reached 12.4 L
per minute in the anecic earthworm’ burrows as they are larger, more
continuous, and vertical.
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In ecosystemswhere earthworms are abundant, dead leaves disappear
quite quickly and do not accumulate on the soil surface. Epigeic
earthworms transform dead leaves into smaller pieces repacked in
their casts and anecic earthworms bury dead leaves in deeper soil
layers. Endogeic earthworms then eat small dead leaves or root
particles along with the soil and excrete it behind them wherever they
go. These actions of earthworms result in the redistribution of organic
matter throughout the soil. Instead of accumulating at the soil surface,
the organic matter is more spread out and available for plant roots and
other soil inhabitants.

The changes of the soil made by earthworms a�ect another important
group of soil organisms, like bacteria. Bacteria need the right balance
of food, water, and air to live. They transform the small pieces of
organic matter into even smaller particles, breaking them down into
carbon and nitrogen. These particles are so small that plant roots
can easily absorb them and use them to grow. To break down their
food, bacteria use oxygen (they breath, even without having lungs)

OXYGEN

This is a gas
constituting 21% of the
air we breathe. Plants
produce oxygen from
carbon dioxide, water
and sunlight while
animals use oxygen
and produce carbon
dioxide.

and produce carbon dioxide as a waste product. If there is too much

CARBON DIOXIDE

It is a colorless gas
composed of one atom
of carbon and two of
oxygen. Its atmospheric
concentration raised
from 0.028 to 0.042%
since 1850 causing an
increase of 1◦ of
global temperature. water around, such as during a flood or in rice fields, the bacteria

instead produce nitrous oxide as a waste product. Carbon dioxide and

NITROUS OXIDE

It is a colorless gas
composed of two atom
of nitrogen and one of
oxygen. It is in very low
concentration but one
nitrous oxide molecule
warms the atmosphere
as 270 carbon
dioxide molecules.

nitrous oxide are greenhouse gases that increase the atmosphere’s

GREENHOUSE

GASES

It is a gas that absorbs
and emits solar energy
causing the
greenhouse e�ect, i.e.,
warming
the atmosphere.

temperature, so contributing to climate change.

In some soils, bacteria may lack organic matter, air, or water, and be
less active. Earthworms can “wake up” bacteria by making organic
matter, water, and air more available. This e�ect is even stronger for
the bacteria living in the earthworm’s gut (Figure 2). In the gut, organic
matter and soil are perfectly mixed in an environment saturated with
water. This is heaven for bacteria that produce nitrous oxide [4].
Since earthworms stimulate bacteria that produce carbon dioxide and
nitrous oxide, this makes us wonder if earthworms serve to increase
or decrease greenhouse gases emissions.

STUDYING THE IMPACT OF EARTHWORMSON

GREENHOUSE GASES EMISSIONS

To study how earthworms a�ect bacteria and the greenhouse gases
they produce, scientists can run experiments. In one type of laboratory
experiment, scientists use pots filled with soil that is sifted to remove
rocks, all animals, and roots. Then earthworms are added, usually a
few individuals of the same species, ideally in numbers close to what
would be found in nature. Some pots are kept without earthworms, for
comparison. Then, greenhouse gases emissions are measured at the
soil surface and the bacteria in the pots are studied, to see whether
greenhouse gases emissions are higher in the presence or absence
of earthworms.
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Figure 3

Figure 3

(A) An experimental
chamber can be used
to measure GHG
emissions in natural
environments. Gases
produced by bacteria
accumulate in the
sealed chamber, and
then are sampled with
a syringe through the
latex plug to measure
the levels of carbon
dioxide (CO2) and
nitrous oxide (NO2). (B)
Example of a chamber
placed on the soil
surface of an
experimental pot with
earthworm and plants.
Credits: Pierre Ganault. Another method scientists use is to measure greenhouse gases in

nature. In this case, cylindrical chambers are pushed into the ground
to measure gases like carbon dioxide and nitrous oxide (Figure 3). The
earthworms in the soil are also studied so that scientists can try to
relate greenhouse gases emissions to the abundance and number of
species of earthworms present. Scientists can also measure other soil
characteristics important for bacterial activity, includingwater content,
availability of organic matter, and pH.

pH

In chemistry, pH is a
scale used to specify
the acidity or basicity of
an liquid solution.
Acidic solutions are
measured to have
lower pH values than
basic or
alkaline solutions.

Another way to know the e�ect of earthworms on greenhouse gases
emissions is to gather information from all the existing studies. So,
it was found that, on average, earthworms increase carbon dioxide
emissions by 33% and nitrous oxide emissions by 42% [5]. This
seems to tell us that, although they are beneficial for soil health,
earthworms may be detrimental for the environment because they
increase bacterial activity and related greenhouse emissions.

THESE EXPERIMENTS HAVE LIMITS

This seems like a real dilemma: earthworms improve soil health, but at
the same time they appear to increase greenhouse gases emissions!
Before we draw this conclusion, however, it is important to recognize
that the experiments we have described all have drawbacks that make
it di�cult to be completely certain of the role earthworms play in
greenhouse gases emissions. The interactions between earthworms,
bacteria, soil, plants, and water that result in greenhouse gases
emissions are extremely complex. These factors vary tremendously in
the natural environment and are very di�cult to recreate accurately in
scientific experiments.

The first important factor limiting our full understanding of the role
of earthworms in greenhouse gases emissions is the great diversity
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of soil properties, such as sand content. Most earthworms generally
prefer soils with a low sand content because sandy soils dry faster, and
sand particles can be abrasive for their skin. Soil pH can also strongly
a�ect earthworms, and many may not survive in soils with a pH below
4.5. It would be extremely di�cult to make experimental pots for the
thousands of di�erent soil types that exist in nature, so our knowledge
is currently limited to certain common types of soil.

A second limitation is that very few studies included plants in the
experiments. Plants absorb water and nutrients with their roots,
reducing the availability of water and nutrients for earthworms and
bacteria. However, plants and bacteria also help each other. Plant roots
produce sugar in the surrounding soil that bacteria can eat in exchange
for providingminerals that plants need. Unfortunately, it is very di�cult
to set up an experiment that could test all the possible positive and
negative interactions happening at the same time in the soil.

The third limitation is that most studies kept the soil water content
constant. This is generally done to optimize earthworm activity.
In nature, soils are constantly drying out and being remoistened
by rainfall. Earthworms can be completely inactive if the soil gets
too dry. This means that experiments in which the soil has a
constant water content might overestimate the negative e�ects of
earthworms on greenhouse gases emissions. In a lab experiment
in which scientists used more realistic drying-rewetting cycles, the
presence of earthworms actually reduced nitrous oxide emissions
[6]. The scientists reasoned that earthworm burrows increased water
flow to lower soil layers and aerated the soil, which sped up soil
drying and reduced bacteria activity. The e�ects of drying-rewetting
cycles are very important to study, especially since these cycles
are expected to be more frequent and extreme with the on-going
climate change.

CLIMATE CHANGE—DONOT BLAME THE

EARTHWORMS

We showed you just how complex it is to study greenhouse gases
emissions from the soil. Earthwormsmodify the distribution of organic
matter and the availability of water and air in the soil. All these change
the activity of soil bacteria. However, soil bacteria also depend upon
the properties of the soil, on drying-rewetting cycles, and on the
plants that grow there. We are far from having enough studies with
realistic experiments to understand the true role of earthworms in
greenhouse gases emissions. On the other hand, human activities,
notably agriculture, produce large amount of greenhouse gases and
we need to keep thinking in innovative ways to improve the health of
our planet and all living creatures.
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