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We all know earthworms as important friends in our garden: they

help plants to grow better by providing nutrients, water, and

air in the soil. However, in some cases, earthworms have more

negative e�ects. This is because other organisms need to be used

to the activities of earthworms to benefit from their presence.

Some regions of the world have developed without earthworms for

over thousands of years. For example, in northern North America,

earthworms have been absent for more than 10,000 years and have

only been re-introduced over the past ∼400 years. In many cases,

introduced earthworms find a perfect environment, because noother

organismshave been able to use the resources that these earthworms

now consume. As so-called ecosystem engineers, earthworms

dramatically alter many ecosystem characteristics. In this article, we

summarize the known consequences of earthworm invasion, report

on how scientists study these, and highlight remaining knowledge

gaps that you might help solving should you decide to become

an ecologist.
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INTERACTINGORGANISMS HELP ECOSYSTEMS PROVIDE

SERVICES TO HUMANS

Within an ecosystem, di�erent species interact, for example by eating,
helping, or providing habitat for each other. Every species consumes
its resources and is eaten by other species. They all have their unique
roles in nature. Some species have particularly important roles in
ecosystems because they eat dead leaves or animals. These species
recycle materials and provide them back to the ecosystem. Other
organisms help plants to produce flowers and seeds. All organisms
carry out ecosystem functions, such as decomposition, pollination,

ECOSYSTEM

FUNCTION

A process that takes
place in an ecosystem
and either represents,
or is driven by, the
activity of organisms.
Examples include the
decomposition of
organic material,
nutrient cycling, or
water retention.

and many others. We humans rely on the functions and services that
intact ecosystems provide to us. However, these services depend on
the diversity and interactions of the species present. Perturbations to

PERTURBATION

A disturbance, in
ecology usually a
disturbance to an
equilibrium state, or
any level of biological
organization (individual,
population,
community, ecosystem).

an ecosystem can alter its biodiversity and the interactions of species

BIODIVERSITY

The variety of life on
earth, usually measured
as variability at the
genetic, species, or
ecosystem level.

within it. Changing climate (e.g., higher temperature), altered land use
(e.g., transforming forests into agricultural fields), or species invasions
(the introduction of new species to an ecosystem) all have the
potential to disrupt ecosystems in ways that can alter their functions
and the services they provide.

INVASIVE SPECIES CHANGE ECOSYSTEMS

An invasive species is a species that arrives in a new environment,
establishes itself, substantially increases in abundance, and forms
novel interactions there, significantly altering the invaded ecosystem.
Species invasions are one of the most important causes of global
biodiversity change. Invaded ecosystems are changed by things like
the establishment of new feeding relationships, the replacement of
natural plants by dominating invasive plants, the disappearance of
previously-established species, or the facilitation of further invasions.
The e�ects of species invasions are strongest if the invasive species
di�ers a lot from the species already living in the ecosystem [1].
Di�erences could include resource use, robustness to stressors,
growth speed, or the ability to eat food that the other species
cannot digest. Some invasive species have particularly strong e�ects
because they actively alter their environment by creating or modifying
habitats. Such species are called ecosystem engineers. Examples are

ECOSYSTEM

ENGINEER

An organism that
modifies its
environment by
redistributing material
and energy via
non-feeding
interactions with living
and dead components
of its ecosystem.

beavers, which build dams and temporarily turn terrestrial habitats
into freshwater ones, and earthworms, which alter soils by burrowing

BURROWING

Tunnel-building activity
of earthworms.

(building tunnels), casting (building small piles of their droppings on

CASTING

The activity of building
small piles of
earthworm droppings
on the soil surface and
in the soil.

and in the soil), and mixing dead plant material on the ground with

MIXING

The activity of
redistributing di�erent
parts of the soil with
each other and organic
material from the
soil surface.

the soil below [2].
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EARTHWORMS ARE VERY IMPORTANT FOR SOIL

ECOSYSTEMS—IN A GOODOR BADWAY

Earthworms naturally occur in most terrestrial ecosystems around
the globe. They constantly structure the soils that they live in. Their
burrowing activities mix the soil and improve the flow of air and
water through the undergroundworld. By eating dead organicmaterial
from the soil surface, dragging it down into the soil, digesting it, and
then leaving their droppings, they redistribute nutrients throughout
the soil. These activities a�ect other life below and above the ground.
The altered air, water, and nutrient availability changes how other
organisms can use their resources, where they can live, and how well
they can grow and reproduce. Through these activities, earthworms
influence bacteria, fungi, springtails, mites, beetles, plants, and even
animals that live above the soil surface, such as aphids. Consequently,
earthworms are very important soil organisms1 with impacts beyond

1 Clay video by
Maxwell
Helmberger:
https://www.
youtube.com/watch?
v=3a7lFGOYL7s&
list=PLB9tSz89_6
_qBS8RRF0h5Yzhy
C31KJHoc&
index=5

the belowgroundworld. This is fine in areas where the other organisms
are used to having earthworms around, but it can become problematic
where they are not used to these squishy neighbors.

INVASIVE EARTHWORMS ARE A GLOBAL ISSUE

In many places, earthworms are considered “the gardener’s best
friend.” They commonly improve soil quality in gardens, fields,
meadows, and forests. Other organisms have shared these ecosystems
with the earthworms for a very long time, and are used to
their presence and activity. Hundreds of earthworms and up to
a dozen earthworm species per square meter can be found in
these ecosystems, but this is not the case everywhere in the world.
Some places have a low number of earthworms, and in other areas
earthworms are completely absent [3]. In areas where earthworms are
naturally rare or absent, introduced earthworm species can become a
big problem [4]. This is because, in these places, microbial, plant, and
animal species are not used to having earthworms around. The native
species may not be able to deal with the changes the earthworms
make to the soil’s water, air, and nutrient availability. It is important to
study the e�ects of earthworm invasion on ecosystems and predict
their future impact because it is impossible to remove earthworms
from areas where they have established without killing other animals
and plants.

NORTHERN NORTH AMERICA IS BEING INVADED BY

EARTHWORMS

Huge parts of the northern USA and Canada were covered by vast
ice sheets during the last glaciation period (Figure 1). Under these
ice sheets, earthworms could not survive. Thus, at least since the ice
disappeared about 12,000 years ago, most of North America has been
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Figure 1

Figure 1

Approximate extent of
the northern North
American ice shield
during the last glacier
period. The graph at
the lower left shows
the approximate
maximum thickness of
the ice sheet in
comparison to the
highest building in
North America (546m,
One World Trade
Center, New York City,
USA). The thickness of
the ice sheet varied
across time and space
during the glaciation.
Original satellite image
by NASA, from
wikipedia.org.

naturally earthworm-free. Natural reintroduction of earthworms takes
a long time, because they spread slowly into new habitats (<10m
per year). However, when the European settlers arrived in North
America, they accidentally and/or intentionally brought earthworms
with them2 . Once introduced, the earthworms liked many of these

2 MinuteEarth video:
https://www.
youtube.com/
watch?v=
icGV8bJRkkg

areas a lot. The forests had thick layers of not-yet-decomposed
organic matter (dead remains of formerly living stu�), which was a
great feast for the earthworms (Figure 2). They made themselves at
home and their numbers grew rapidly. By building roads, moving soil,
moving plants, and similar activities, the settlers actively distributed
earthworms throughout the northern part of the continent much
faster than the earthworms could have traveled on their own. In some
areas, earthworms were likely introduced by fishermen, whomay have
dropped their unused bait close to lakes, streams, or fishing cabins. As
a result, the spread of earthworms was helped by humans who did not
know or did not care what ecosystem-scale e�ects these newcomers
would have.
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Figure 2

Figure 2

Illustration of how
invasive earthworms
alter previously
earthworm-free
ecosystems. By
burrowing, feeding on
leaf litter, and mixing
soil, earthworms a�ect
the soil properties
causing changes in soil
layers, vegetation, and
soil organisms. These
changes a�ect
ecosystem processes,
such as
greenhouse-gas
emissions and loss of
nitrogen (N leaching)
from the soil.
Increasing atmospheric
levels of
greenhouse-gases,
e.g., carbon dioxide or
nitrous oxide, are an
environmental issue.
Di�erent functional
groups of soil animals,
shown in the black
center box (size groups
from large to small:
macrofauna—e.g.,
spiders and woodlice;
mesofauna—e.g.,
springtails and mites;
microfauna—e.g.,
nematodes, and
microorganisms—e.g.,
bacteria and some
fungi), are a�ected by
the three ecological
groups of earthworms
(epigeic—live in leaf
litter and on the soil
surface,
endogeic—build mostly
horizontal burrows in
upper soil layers, and
anecic—build deep,
vertical burrows; see
right panel). What
changes can you spot?
Originally published in
Ferlian et al. [5],
reproduced with the
permission of the
original publisher.

RESEARCHERS STUDY HOW EARTHWORMS CHANGE

ECOSYSTEMS

Scientists have been studying earthworm invasions for many
decades, using three di�erent approaches: First, in field observation
studies, researchers compare uninvaded to similar, already invaded
ecosystems. Second, in field experiments, researchers compare small
areas without earthworms to areas nearby where they experimentally
release earthworms. Alternatively, they first measure ecosystem
properties, then release earthworms there and then measure the
same properties again. Another approach is to keep small patches
of soil and plants in laboratories under controlled conditions, with
light, water, and temperature controlled by researchers. Some patches
then receive earthworms and others do not so that they can be
directly compared. In all these approaches, researchers can assess the
ways that earthworms change ecosystems, such as how earthworms
alter the physical, chemical, and biological properties of soils, and
various ecosystem functions. All these di�erent approaches and
measurements help us to better understand how invasive earthworms
change their new homes.

WHAT DOWE ALREADY KNOW?

We already know quite a lot about how earthworms change the
chemical and physical properties of the soil. Earthworms create soils
that are warmer, drier, and less acidic, and they alter the availability
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Figure 3

Figure 3

Extreme example of the
potential
consequences of
earthworm invasion in
a maple forest in
Minnesota, USA. The
upper panel shows an
uninvaded forest area,
the lower panel shows
a forest area invaded by
European earthworms.
Photo credit: Ulrich
Pruschitzki (top) and
Olga Ferlian (bottom),
altered after [6].

of soil nitrogen and carbon, two very important chemical elements.
In addition, earthworm invasion often reduces the number of other

CHEMICAL SOIL

PROPERTY

Soil properties related
to elements and
compounds of atoms,
molecules, and ions.
For example, the
availability of di�erent
nutrients and elements,
or acidity.

PHYSICAL SOIL

PROPERTY

Soil properties related
to matter, energy, or
force. For example, the
water or air content.

BIOLOGICAL SOIL

PROPERTY

Soil properties related
to living things. For
example, the number
of species present, their
biomasses,
or interactions.

soil organisms and the number of di�erent animal and plant species
(Figures 2, 3). Not all organisms are negatively a�ected though.
For example, oribatid mites and springtails are often reduced, but
prostigmatid mites are increased where earthworms have invaded.
Also, some species locally disappear, but other species, particularly
those that are used to the presence of earthworms, might follow the
earthworms’ example and become invasive. Earthworm invasion can
cause a cascade of ecosystem consequences that are also relevant
to humans, such as altered water quality and the likelihood of forest
fires [6]. We know that invasive earthworms reduce the number of
plant species, but they increase the importance of grass-like plants
and the number of non-native plants. Earthworms also influence
large animals, such as salamanders and birds that nest on the soil
surface. While some salamanders can use earthworm burrows to
hide and feed on earthworms, the nests of ground-nesting birds can
be destroyed by earthworms burying leaf litter, which is the primary
nest-building material.

kids.frontiersin.org December 2020 | Volume 08 | Article 534345 | 6

https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2020.534345
https://kids.frontiersin.org/article/10.3389/frym.2020.534345
https://kids.frontiersin.org/article/10.3389/frym.2020.534345


Jochum and Eisenhauer Earthworm Invasion

EARTHWORM INVASION RESEARCH CONTINUES…

It takes time to study ecosystem responses to perturbations—studies
often need to run for many years. This is why, despite decades of
research on the e�ects of invasive earthworms on their new homes,
there is still a lot that we do not know [7]3 . We know more about how

3 EcoWorm project
introduction video:
https://www.
youtube.com/
watch?v=Au_-
VYDUhAw&list=
PLJFvA_Py3UkyUbNO4
8W7bY2KoVuSYIIec
&index=10&t=0s

earthworm invasion a�ects the physical structure, other organisms,
and ecosystem functions below the ground than above. We also do
not know a lot about how earthworm invasion changes the way
above- and below-ground systems interact, or how energy flows
through the networks of organisms eating each other. While we know
how earthworm invasion alters the plant community as a whole,
we do not know much about how it influences the characteristics
of individual plants, such as the size of their leaves, which is very
important for plant life and function (e.g., photosynthesis). Most of
our knowledge is based on observational studies and laboratory
experiments because field experiments are often di�cult to run and
require special care to make sure the worms cannot escape and
invade previously uninvaded areas. Finally, you probably know that
our planet’s climate is rapidly changing. Higher temperatures and
changing intensity of rain can interact with earthworm invasions. It
is therefore important to study what happens when organisms in an
ecosystem must simultaneously cope with a combination of higher
temperature, changing precipitation patterns, and their new squishy
neighbors. Curious young minds like you can help answering these
questions and further unravel the secret details of life below the
ground, especially in response to species invasions and their impacts
on the ecosystems of our ever-changing planet.
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