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Because having a wide variety of species on earth is essential for

human health and our economy, conservation areas have been

established worldwide. These conservation e�orts mostly focus on

“beauties,” such as pandas or tigers. Many other species are not as

charismatic and thus merely considered “beasts.” Many “beasts” live

invisible lives in the soil but are extremely important for mankind.

We asked whether current conservation e�orts based on saving

the “beauties” can help to automatically protect the “beasts.” In

other words, is there high biological diversity in the soil at locations

with high aboveground biodiversity? We mapped aboveground and

belowground biodiversity across the world and found that there are

many areaswhere abovegroundbiodiversity is high andbelowground

biodiversity is low, or the other way around. Our results suggest

that conserving the “beauties” may not be enough to protect the
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“beasts.” We need to consider life belowground when planning new

conservation areas.

WHAT NATURE PROVIDES ANDWHYWE NEED IT

When going for a hike in nature or a walk in a park, there are
many di�erent animals and plants to discover. Singing birds, buzzing
bees, and pretty flowers are beautiful by themselves and something
we enjoy. Furthermore, they provide important functions to our
ecosystem and services for us as humans (which are called ecosystem
services). For instance, birds can control pests like aphids, and plants

ECOSYSTEM

SERVICES

Functions and
processes of an
ecosystem that in some
way benefit humans.
For example,
production of fruit,
timber, and oxygen, or
the purification
of water.

provide us with necessary oxygen while also producing food, with
the help of bees that spread pollen. The amount and extent of these
functions and ecosystem services strongly depends on the variety
of di�erent plant and animal species. This variety is referred to as
biodiversity [1].

BIODIVERSITY

Biodiversity describes
the variety and
variability of life.
Depending on the
context it can refer to
di�erent measures.
Most common is the
number and variety of
di�erent species in a
given location.

Many plant and animal species worldwide are threatened by human
activities. Increasing agriculture, deforestation, and climate change
due to excessive use of fossil fuels have pushed many species to
extinction [2]. This loss of species is not only worrying in terms of

EXTINCTION

The permanent
disappearance of a
species. Extinction can
be caused by a natural
incidents (dinosaurs) or
human actions (dodos).

the intrinsic value of nature, but also because we depend on nature’s

INTRINSIC VALUE

A value that is coming
from within. Valued for
what it is, rather than
for what it is worth.

services. With ongoing loss of species, we will not only lose parts of
the beauty of nature, but also many of its functions that are essential
for human life on earth [3].

THE PROTECTIONOF NATURE’S BEAUTY AND

SERVICES

By actively protecting certain areas of the world [4], we support
threatened species, preserving them and their services for us and for
future generations. When deciding which areas to protect, we often
chose regions with especially charismatic and noticeable “beauties,”
like pandas, tigers, or golden eagles. These species often need a large,
high-quality living area and live in regions that contain a high diversity
of other species. By protecting these “beauties,” it is assumed that a lot
of other, smaller animals and plants are also automatically protected
and cared for. People are more willing to invest money in “beauties”
because everybody knows and loves them.Who does not like towatch
a panda rolling around in the forest?

THE BEASTS BELOWUS ANDWHY THEY ARE OFTEN

OVERLOOKED

However, everybody who has done some gardening work or explored
the soil below their feet knows that nature provides shelter to more
species than we can see at first glance. Below our feet and the feet
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of the panda lies a hidden community of earthworms, ants, spiders,
springtails, centipedes, and beetles. If we look even closer (e.g., with
a microscope) there are tiny bacteria and fungi in the soil as well. Like
birds, flowers, and bees, all these belowground species fulfill important
functions and services. For example, fungi and springtails digest wood
and leaves, providing nutrients to the soil and plants. Earthworms
loosen the soil and allow air to enter the ground, making it more
productive. Centipedes and spiders control pests and thereby prevent
pest species from taking over.

Although belowground species fulfill vital roles and provide important
services, they are often overlooked. Scientists are just starting to
understand how many species there are in the soil and how these
species work together in di�erent ways to shape belowground
processes. There are several reasons for this lack of knowledge. Soil
is not easy to access (or to see through), which makes experiments,
monitoring, and observational studies hard to plan and conduct.
Furthermore, many important players in belowground systems are tiny
and do their work in secret. Some people even consider soil animals
as “beasts.” Worms, insects, spiders, bacteria, and fungi are rarely
considered “beauties,” although their alien appearances and ways of
life hold their own kind of charm. During the establishment of new
protected areas, however, these issues lead to belowground species
being left out of consideration.

CANWE SAVE THE “BEAST” BY PROTECTING THE

“BEAUTY”?

In our research, we asked whether we would automatically protect
the important belowground “beasts” like earthworms by choosing
protected areas based on aboveground “beauties” like the panda. Can
we save the “beast” by protecting the “beauty”?

This question is very important because it helps us to understand
whether the current way of choosing protected areas is good enough,
or if it has to be adjusted to include ecosystem services that may have
been overlooked so far, but are essential for human well-being.

HOWDIDWE APPROACH THIS QUESTION ANDWHAT DID

WE FIND?

To determine whether protecting aboveground species also
automatically protects belowground species, we assembled big
sets of data about the presence and diversity of aboveground
species (mammals, birds, amphibians, and plants) and belowground
species (bacteria, fungi, and soil animals). Most of the data was
already collected and published by collaborating scientists and some
information was extracted from public databases [5]. We then used

PUBLIC DATABASE

An organized collection
of data that can be
accessed by scientists
or the general public
from all over the world.
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Figure 1

Figure 1

Global map showing
the distribution and
overlap of
aboveground
(mammals, birds,
amphibians, and plants)
and belowground
(fungi, bacteria, insects,
and worms)
biodiversity. Colors
indicate di�erent
combinations of
above- and
belowground
biodiversity. Orange:
high aboveground
biodiversity and low
belowground
biodiversity; beige: low
aboveground
biodiversity and low
belowground
biodiversity; green:
high aboveground
biodiversity and high
belowground
biodiversity; turquoise:
low aboveground
biodiversity and high
belowground
biodiversity; and gray:
no data available. From
this map, you can see
that there are big areas
of mismatch (orange),
where it is not possible
to protect the “beasts”
by protecting
the “beauties.”

special computer techniques (ArcGIS: a software used to create maps
and analyze geographic information) to create maps to show patterns
in the data around the globe. By analyzing and comparing these maps,
we were able to answer our question.

What is the answer? With the help of our maps (Figure 1), we saw
that there are many areas where both aboveground biodiversity and
belowground biodiversity are high (“match”), such as in many tropical
regions of the globe (Figure 1—green areas). However, we also saw
that there are many areas where aboveground biodiversity is high and
belowground biodiversity is low (Figure 1—orange areas), or the other
way around (Figure 1—turquoise areas) (“mismatch”). One example of
high belowground biodiversity but low aboveground biodiversity is the
northern regions of the earth, like the vast tundra and boreal regions
in the northern hemisphere. The overall area of mismatch, where it is
not possible to protect the “beasts” (belowground diversity) simply by
protecting the “beauties” (aboveground diversity) spans roughly one
third of the land surface of the Earth.

WHAT ABOUT THE FUTURE?

Given our results, we strongly suggest that we need to adapt the way
experts decide which regions to declare as protected areas (Figure
2). While it is very important to protect the habitat of “beauties” like
the panda or tiger, we have to be careful not to overlook the “beasts”
in the soil that are so important for our well-being. If we only focus
on the areas containing “beauties,” we risk losing many soil species
and their services (examples: soil carbon storage, water purification,
nutrient cycling), because these soil species may be very diverse in
regions of the world where “beauties” are less diverse.

The results of this study only mark the beginning of new approaches
to nature conservation. Since soil is not easily accessible, we still
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Figure 2

Figure 2

How do we decide
which areas to protect?
Left: A scientist checks
aboveground to see if
the area is worth
protecting. The
decision is based on
diversity of
aboveground species
and occurrence of
“beauties”. A positive
outcome leads to the
protection of the
area and ecosystem.
Middle: A scientist
checks and finds low
aboveground diversity
and is unaware of
belowground diversity.
The area does not get
protected. Soil
organisms are
overlooked and
threatened by industry
and agriculture.
Important functions
and services of
soil life are lost.
Right: In addition to the
aboveground check,
scientists also consider
soil organisms. The
area will be protected
based on the positive
results for soil diversity.
The ecosystem and the
soil functions and
services are preserved.

need much more information on threats to belowground processes
and soil organisms, as well as on the roles, needs, and behaviors
of these organisms. This will help to make recommendations for
areas to protect and a general adjustment of common industrial and
agricultural practices outside of conservation areas. Therefore, an
important next step is to increase the overall knowledge about soil
species worldwide, by conducting surveys and monitoring programs.
Basically, that means that we have to “dig deeper”! To enable scientists
to do this important work, it is essential to raise awareness among
both the general public and governments about the importance of the
curious “beasts” below our feet.
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YOUNG REVIEWERS

ANHAD, AGE: 11

Hello my name is Anhad and I like writing about topics (sometimes). I also love

watching TV and playing video games on my console and also love hanging out

with my friends and family. I like watching netflix in my free time and cooking.
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ASHIMA, AGE: 12

Hi, I am Ashima. I like to read fiction books and swim. I love to study.

My favorite subject is mathematics. Quadratic functions are my favorite topic

in mathematics.
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