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It is not because it is
difficult that we do not dare,
but because we do not dare,
it is difficult.
Lucius A. Seneca, Roman philosopher and poet

“Biodiversity is collapsing. One million species are at risk of extinction. Ecosystems are disappearing before our eyes. Deserts are spreading. Wetlands are being lost. Every year, we lose ten million
hectares of forests. Oceans are overfished – and choking with plastic waste. The carbon dioxide they
absorb is acidifying the seas. Coral reefs are bleached and dying. Air and water pollution are killing
nine million people annually – more than six times the current toll of the pandemic. And with people
and livestock encroaching further into animal habitats and disrupting wild spaces, we could see more
viruses and other disease-causing agents jump from animals to humans. Let’s not forget that
75 per cent of new and emerging human infectious diseases are zoonotic.” With these words,
UN Secretary-General António Guterres opened his 2020 speech on the state of our planet.1
The recent report by the World Biodiversity Council
(IPBES, 2019)2, the Global Biodiversity Outlook (GBO-5,
2020)3 and the first joint workshop report by IPBES
and the Intergovernmental Panel on Climate Change
(IPCC, 2021)4 underline this assessment and stress
that “resolving the twin crises of climate change and
biodiversity loss is critical for human well-being.”5
The recent IPCC report on the consequences of global
warming confirms that maintaining and rebuilding
healthy ecosystems represents an essential contribution to climate protection, and that climate and
human protection must inevitably go hand in hand with
biodiversity protection, in order to be able to shape a
liveable future.6
In the 10 Must Knows from Biodiversity Science
(10MustKnows) the scientists present facts about
biodiversity in a well-founded and generally intelligible
way. They analyse the complex systems of the earth
by highlighting ten key areas, each of which, in turn,

is inextricably linked to all the others. And they show
ways to stop the continued loss of species diversity
and ecosystems, and to promote biodiversity. The
underlying aim is to provide policy-makers and society
with scientifically validated assessments of the latest
knowledge to facilitate improved policy decisions and
action at local, regional, national and global levels, in
order to conserve the diversity of life – biodiversity.
The highlighted aspects in each of the 10MustKnows unmistakably reveal the following: With our
way of living and doing business, we consume huge
amounts of resources, contribute to climate change
and prevent global justice. If we continue like this, we
will ruin the foundations of our life on this planet. Be
it the air we breathe or the clean drinking water we
depend on, food or clothing, fuel or building materials,
clean seas or medicines – our lives, our health, our nutrition, our well-being are all based on the tremendous
diversity of natural resources that nature provides us

The authors are concerned with more than imparting
knowledge. They are concerned about change, about
political and social action for a healthy planet.
10 Must Knows from Biodiversity Science 2022
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A “business as usual” approach would essentially
translate into preventing the conservation of biodiversity. The Aichi Biodiversity Targets of the Convention on
Biological Diversity (CBD)7, the Sustainable Development
Goals of the United Nations (SDGs)8 and the targets
underpinning both the European9 and the national
biodiversity strategy10 will be missed without consistent
efforts from the political sphere and society as a whole.
The UN Biodiversity Conference this year is about
adopting an effective post-2020 biodiversity framework (Global Biodiversity Framework, GBF) and implementing it with effective measures. In order to promote
informed policy decisions, these 10MustKnows provide scientifically validated assessments of the latest
evidence. They offer specific proposals for solutions to
key political problems.
The sources for a justice-oriented biodiversity policy
have by no means been conclusively explored, let
alone tapped into: Nature, when explored, provides inspiration, guidance and foundations for what is a long
overdue and fundamental transformation of our lives
in wider society. Let us solve the biodiversity, climate
and justice crises and build a life-sustaining civilisation
for the entire globe!

© pixabay.com / luca-bravo

with. This diversity forms the foundation of a good
quality of life for all people on this earth.
The authors are concerned with more than simply
imparting knowledge. They are concerned about
change, about political and social action for a healthy
planet. This is what they wish to foster and encourage.
They encourage the conservation of biodiversity and
the change of whatever threatens it. They encourage
to shape our lives within planetary boundaries. They
encourage to get behind a transformation process that
will lead to a biodiversity-friendly and climate-compatible civilisation. They encourage this because they
know it is possible. There are no justified obstacles
from a scientific standpoint. We have the knowledge,
we have the economic opportunities and the technologies to shape change. Rather, obstacles are structural,
social, cultural and political in nature.
The authors invite everyone to participate in a dialogue, because restructuring requires the knowledge
of all knowledge cultures and the participation of all.
As recommended by IPCC and IPBES, solutions must
be developed respectfully with all stakeholders, they
must be implemented step by step, and a willing to
continue the learning journey must prevail. 5

5
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Achieving climate and biodiversity
protection together

1

Because diverse ecosystems are more resilient to climate change and natural
forests and peatlands store large amounts of carbon, there are numerous synergies
between climate protection and adaptation as well as biodiversity conservation.

2

However, maintaining a one-sided focus on climate protection can also lead to undesirable
side-effects on biodiversity, e.g. when large-scale bioenergy plantations displace natural
ecosystems.

3

The expansion of protected areas worldwide (30 per cent by 2030, 50 per cent in the long
term) would represent an important step towards preserving the functioning of aquatic and
terrestrial ecosystems and their biodiversity. If managed properly (> MustKnow7, 8), they
make an important contribution to climate regulation and climate protection.

4

Between 25 and 67 per cent of globally utilised land is now used for the production of exported goods. Consumption in other regions thus causes a loss of natural habitats in the
producing regions, and increases greenhouse gas emissions there. These biodiversity losses
caused by consumption must be taken into account in (national) biodiversity strategies.

5

In order to enable synergy effects for climate and biodiversity protection, biodiversity
protection and development must also be anchored, designed and implemented in a more
binding fashion in corresponding laws and plans.

Biodiversity protection also promotes climate protection if losses in nature are stopped, and ecosystems
essential to climate regulation are comprehensively
protected, sustainably managed and restored.
Functioning marine and terrestrial ecosystems contribute directly to limiting global warming by stabilising
CO2 pools important for climate, and maintaining
the hydrological cycle. Land-use change and direct
resource exploitation on land and water are leading
to dangerous climate change, as well as biodiversity
loss.1 The degradation and destruction of natural ecosystems endanger biodiversity and climate alike.2,3 The
Amazon rainforest, previously an important global CO2
sink, is now releasing CO2 due to severe deforestation
and climate warming.4 Biodiversity losses are lower,
the more global warming can be limited to below 2°C.5
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If the continued loss of natural ecosystems is avoided,
degraded ecosystems restored, cropland, pastures
and managed forests can be used sustainably and crop
losses reduced, meaning that climate and biodiversity
can be protected equally and most effectively while
avoiding trade-offs with other sustainability goals.2,3
Many ecosystem-based approaches to climate
protection are currently being tested for their feasibility, scalability and socio-ecological consequences. 2,3
Conflicting goals over land use are particularly evident
in the area of bioenergy (“fuel vs food”). In order to
achieve the Paris climate targets, a massive global

6

30–50%

of land and ocean areas are needed to stem marine, aquatic and
terrestrial biodiversity loss.

Land ecosystems and the ocean
have absorbed approx.

55%
of anthropogenic CO2 emissions
in the last ten years.27

expansion of bioenergy systems with CO2 capture and
CO2 sequestration underground is being discussed.
This could take up more than half a billion hectares
of land.1 Such a scenario is barely compatible with the
goal of halting biodiversity loss, and it also conflicts
with the principle of global food security.1
Protecting climate and biodiversity effectively
means protecting 30 per cent of land and marine
areas by 2030 and declaring another 20 per cent as
so-called climate stabilisation areas, which 67 per cent
of terrestrial ecoregions are suitable for.6 The extinction risk facing tropical species could be halved if the
2-degree target was met and 30 per cent of the land
area was protected.7 If one billion hectares of degraded
ecosystems worldwide were restored, this could cover
one-third of the mitigation action needed by 2030,
while preventing two-thirds of projected species extinctions.8 Biodiversity loss in marine ecosystems due
to climate change could be mitigated if 21 per cent of
the ocean (43 per cent of the exclusive economic zones
and six per cent of the high seas) were protected.9 Ecosystems will continue to change even with 1.5°C global
warming; a general shift in thinking from a static to a
dynamic adaptation approach is required.3,10,11
Between 25 and 67 per cent of the world’s land area
in use, the deforestation caused and greenhouse gas
emissions can now be attributed to global trade.12 The

The import of beef and
soy into the EU destroys

120,000
hectares annually of natural
ecosystems in the Mercosur
countries and increases global
warming.

goods imported annually into the EU (mainly beef and
soy) destroy 120,000 hectares of natural ecosystems in
the Mercosur countries of South America every year.12
Unabated global demand for natural resources means
causing biodiversity loss and regional climate change
elsewhere through trade.12,13
Biodiversity protection in spatial and landscape
planning, in environmental assessments and in
Biodiversity Offset Mechanisms should, e.g. for EU
member states, be more legally binding. This means
that the avoidance and mitigation of (and compensation for) instances of impact on biodiversity and global
climate must be considered more strictly in land use
decisions14 (> MustKnow7). For example, the protection
of biodiversity or the designation of areas for nature
conservation and landscape management could be
formulated more frequently in regional spatial plans
as a goal and not as a principle, so that this concern
is given greater legal weight. In addition, biodiversity
could be anchored as an urban development goal in a
country’s Building Code. In addition to the enforcement
and stricter control of the no net loss principle, a “net
gain requirement” should find its way into the impact
regulation and biodiversity offset mechanisms, in
order to achieve the new EU target of a “surplus” in
biodiversity and ecosystem services.

Many ecosystem-based solutions for climate
protection are currently being tested for their
feasibility, scalability and socio-ecological
consequences. Conflicts over land use are particularly
evident in the area of bioenergy (“fuel vs food”).
7
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The Amazon rainforest, previously an important
global CO2 sink, is now releasing CO2 due to severe
deforestation and global warming.

Background
Globally, less than 30 per cent of forests are considered intact15, and regionally, degraded areas can even
exceed deforested areas (e.g. in parts of the Amazon
rainforest16). Even today, climate change and the resulting increase in global disturbances and pathogen
damages are leading to increased forest dieback17,18
(> MustKnow5) in many places. Preventing deforestation means preventing global emissions of between
0.4 and 5.8 Gt CO2e (CO2-equivalents) per year.
Protecting forests from further degradation can prevent further emissions of 1 to 2.18 Gt CO2e per year.2
Protecting and restoring certain marine ecosystems

would allow carbon uptake of up to one Gigatonne of
CO2e per year.2
Many of the approaches to climate and biodiversity
protection focus on forests. Further synergy effects
can be achieved if sensitive ecosystems are also protected. Long-term restoration of peatlands and their
sustainable use ensure their biodiversity, reduce CO2
and methane emissions, protect against droughts and
enable the production of renewable raw materials.19,20
Marine sediments store twice as much carbon as
terrestrial soils. But only two per cent of this habitat
lies in highly protected areas and is thus protected
from disturbances to the seabed.21 Preserving marine

The deforestation of tropical forests for agricultural
land continues unabated, largely for exports.
10 Must Knows from Biodiversity Science 2022
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Many of the approaches to climate and biodiversity
protection focus on forests. Further synergy effects
can be achieved if sensitive ecosystems are also
protected.
food chains also stabilises ecosystems and their
biogeochemical cycles. For example, if the world’s
whale population were to recover to its original size,
its excreta would help recycle marine iron and thus
increase marine productivity in the Southern Ocean.22
Marine ecosystems are threatened in their stability by
heat waves in the ocean, continued nutrient input and
the use of marine resources.2,3
The degradation of tropical forests for agricultural
purposes continues unabated, largely for exports.
(> MustKnow8) For example, about 20 per cent of soy
exports and at least 17 per cent of beef exports imported from Brazil to the EU probably come from illegally
deforested areas of the Amazon rainforest and the
adjacent Cerrado dryland.23

The protection, management and restoration of
ecosystems within the framework of Nature-Based
Solutions are time- and cost-efficient measures that
serve both climate protection and biodiversity goals.24
The implementation of biodiversity-related avoidance,
mitigation and compensation measures must be more
rigorously reviewed from the standpoints of accountability and monitoring. The initiative by the EU Commission to introduce the instrument of landscape or green
space planning throughout Europe25,26 is particularly
worthy of support. With such a new EU-wide planning
instrument, the concerns of climate protection, climate
change adaptation and biodiversity protection could be
coordinated in an ideal way (> MustKnow8).

!

Policy recommendations
1. An immediate end to the destruction of natural forests and peatlands would have
decisive positive effects on climate and biodiversity protection. Given that outsourced
biodiversity losses play an important role, they should be taken into account in national
biodiversity strategies.
2. An integrative approach to biodiversity and climate protection should include measures to
protect, maintain and develop biodiversity, as well as measures to adapt to climate change
and absorb CO2. In line with the EU Biodiversity Strategy 2030, they should be promoted
through a budget linked to the landscape or green plan.
3. Conflicting goals and synergies must be taken into account when developing holistic
solutions, also in relation to further sustainability goals, e.g. food security.

Societal recommendations
1. Climate and biodiversity protection are two of the greatest
challenges facing our society and must be tackled together.
2. Our consumption in Germany and Europe influences climate,
deforestation, habitat destruction and biodiversity globally.
3. We need new and holistic approaches to climate and biodiversity protection,
which secure human well-being in the long term. Our strategies will have to
continuously adapt to the changing environment.

9
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Strengthening planetary health

Human physical, mental and social health is linked to biodiversity through the
following four pathways1:

1

Biodiversity provides food and medicines, regulates our climate,
protects against heat and cleans pollutants in water, air and soil.

2

Biodiversity can restore human health and well-being,
e.g. by stress reduction and attention restoration.

3

Green and blue infrastructures in urban and rural areas, i.e. green spaces
and water bodies, render an important contribution to building people’s
mental and physical health capacities, e.g. by promoting physical activity
or transcendental experiences – such as awe and reflection.

4

Biodiversity also safeguards human health by regulating the dynamics of biological
communities, including their pathogens. Protecting and restoring biodiversity, regulating
the wildlife trade, and sustainable agricultural practices are effective primary pandemic
prevention measures that incur only a fraction of the cost of the actual pandemic.2

A healthy planet needs biological diversity: Its
protection and restoration represents an investment
in ecosystem functioning, which is essential for
human health and well-being.
Nutrition provides a fundamental contribution of
biodiversity to human well-being and health. A predominantly plant-based diet is beneficial for both
human health and biodiversity.3 Heavily processed
and animal-based foods, on the other hand, harbour
risk factors for cardiovascular disease and diabetes.
In addition, the production of meat directly (grazing
land) and indirectly (feed production) occupies large
areas of land, affecting or destroying undisturbed
ecosystems, promoting species loss and diminishing genetic diversity, including that of pollinators
important for food production.4 Protecting human
health requires a balanced diet that leaves a smaller
environmental footprint while reducing food waste
in middle- and high-income countries and ensuring
adequate nutrition in low-income countries.3,5,6 Pro-
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moting agroecosystems that ensure pesticide-free
and deforestation-free trade chains protects biodiversity and reduces greenhouse gas emissions (>
MustKnows5, 6, 7).
Medicines from natural sources also represent
an important and direct benefit to human health.7,8
About 50 per cent of modern medicines are based on
natural products.9 The loss of biodiversity limits the
evolutionary potential to continue producing new,
therapeutically effective plant species. Species with
therapeutic potential could thus disappear before
they have been discovered.10
In addition, biodiversity provides important health
benefits through the regulation of climate, air, water
and soil, as well as the reduction of environmental
pollution.11 (> MustKnows3, 5, 6, 7, 10).

10

If the destruction of ecosystems and their respective
functions is not slowed down, the global health gains
achieved over the past 50 years could be reversed.
Biodiversity can contribute significantly to reducing
physiological stress 12, increasing life satisfaction13
and helping to focus attention.14 As experienced
during Covid 19-related lockdown events, urban green
and blue infrastructure (green spaces and water
bodies) are also important for recreation and encouraging physical activity – such as walking or outdoor
sports.15 We are, however, witnessing an increasing
loss of opportunity to enjoy nature and develop species knowledge16, which may limit such restorative
competencies. Accessible urban green spaces, gardens, street trees and other nature-based solutions
promote biodiversity, invite people to pursue outdoor
recreation, contribute to local cooling, mitigate air
pollution and can even serve as (rain) water storage.
Across all sectors, these measures support (and help
to realise) biodiversity goals, as well as health and
climate goals.
Biodiversity stabilises the dynamics of biotic communities, including their microbiomes and pathogens.
This also includes us as humans and our societies.. If
the delicate balance is disturbed, species that tend to
cope well with a variety of environmental conditions
and the proximity of humans (e.g. rats) can multiply at
the expense of specialised species.17Spillover events,
in which pathogens normally found in animals acquire
the ability to infect humans, may thus occur more
frequently. Increased opportunities for transmission
and changes in the pathogenic genome favour this
development. Human interventions that reduce
biodiversity and increase the rate of contact between
wildlife and humans are also associated with stress
on wildlife communities and effects on their immune
systems.18 If their immune systems are weakened,
pathogens may be released into the environment in
greater numbers. The risk of spillover events thus
increases the more humans encroach on the habitats
of wild animals, hunt wild animals or trade with them.
Mass livestock farming also provides pathogens with
an environment in which they can proliferate and
mutate to a significant degree. Actions that endanger
biodiversity thus also increase the risk of novel infectious diseases emerging.19-21

11

However, the importance of wildlife health for
human health and functioning ecosystems has been
largely overlooked in global health and biodiversity
strategies.22,23 Wildlife and environmental aspects
are also neglected when it comes to health security
priorities and plans. A recent study found that more
than half (58 per cent) of the 107 reporting countries
and territories did not have functioning wildlife health

Nature conservation and nature-based solutions
promote ecosystem services that contribute to human,
animal and environmental health

Prevents
heat stress

Regulates
climate and
pathogens

Promotes
physical and
mental health

Purifies soil,
water and air

Provides
food

Protects
against
diseases and
damages from
natural disasters

Offers
potential for
biomedical
discoveries and
traditional
medicines

Biodiversity
promotes health
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70%
While about

of agricultural land is used for the
production of feed for livestock,
only 25 per cent of this area is
needed for a plant-based diet.28

The estimated cost of primary
pandemic prevention over a
ten-year period is only about

2%

120
Whoever spends at least

minutes per week in nature
strengthens their own health and
sense of well-being.47

of the estimated costs of the
COVID-19 pandemic (as of 2020).25

surveillance programmes as part of their health security planning, including pandemic prevention.22 These
findings are alarming, considering the human-wildlife
transmissions of SARS-CoV-2 alone and the potential
consequences this could have for mutations, new
variants and pandemic containment (e.g. 24
> MustKnow3). Pandemics could be stopped at the
source. The costs of primary prevention of s are
estimated to account for only roughly two per cent
of the costs caused by the COVID-19 pandemic (as of
2020, conservatively estimated ). Just how important
the health of wildlife is in relation to human health is
also shown by the example of insects and pollinators:
Healthy insects and pollinators contribute to soil
health, on which food security and dietary diversity
depend.26
Parallel to the climate crisis (> MustKnow1), the
following applies: If the destruction of ecosystems
and their respective functions is not slowed down, the
global health gains achieved over the past 50 years
could be reversed.
However, health could be a unifying value and a
lever to communicate the urgency and magnitude of
the danger we currently face. Our life support system
depends on the web of life being diverse – not only
when it concerns keeping pathogens at bay, but also

for the sake of nutrition and climate. Biodiversity conservation is a multidimensional strategic advantage,
in order to advance global health policies and practices, and to achieve and secure sustainable planetary
health.

Background
Food production, which focuses on increasing crop
yields and maximising livestock production, places
significant pressure on biodiversity, e.g. through deforestation, drainage, the use of fertilisers, pesticides,
herbicides and nutrients, as well as the production
of animal feed.27 Meat production also forces the
production of animal feed, e.g. soybeans, which has
a significant impact on biodiversity loss in low- and
middle-income countries. While approximately 70 per
cent of agricultural land is used to produce feed for
livestock, only a fraction is needed for a plant-based
diet, which also saves land for nature conservation (>
MustKnow7).28 Health care for 70 to 80 per cent of the
world’s population is linked to traditional medicines,29
with more than 30,000 species known and recorded
worldwide for their medicinal properties. As reported
for the United States, the majority (75 per cent) of all
antibacterial, antiviral and antiparasitic drugs come
from natural products.9

Health care for 70 to 80 per cent of the world’s
population is associated with traditional medicine
with more than 30,000 species known and recorded
worldwide for their medicinal properties.
10 Must Knows from Biodiversity Science 2022
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Species diversity of both birds and plants has been
shown to correlate positively with life satisfaction13
and reflection30,31. It was also shown that a higher
density of street trees in the immediate vicinity of the
home was associated with a lower rate of antidepressant prescriptions.32 As nature-based solutions,
street trees can also contribute to climate change adaptation by, e.g. providing effective local climate and
water regulation.33,34 The rule of thumb – “3-30-300”
– provides useful guidance for the provision of urban
trees in urban communities (3 trees per house, 30 per
cent tree canopy in each neighbourhood, 300 metres
from the nearest public park or green space).
There are an estimated 700,000 unknown viruses
in wild mammals and birds that could potentially
pass to humans.35 Most human infectious diseases
are of animal origin, e. g. influenza, HIV and Ebola,
SARS-CoV-2.36,37
75 per cent of emerging or novel human pathogens
are zoonotic.38,39 Emerging infectious diseases such as

the Nipah and Hendra virus outbreaks40,18 are linked
to the loss of wildlife habitat and the deterioration
of wildlife health that are associated with increased
human, livestock and wildlife contact. Eight of the 15
temperate zone diseases have probably been transmitted to humans by livestock (diphtheria, influenza
A, measles, mumps, whooping cough, rotavirus,
smallpox, tuberculosis).41 The recent outbreaks of
e.g. MERS, avian flu and swine flu are all based on
inappropriate animal husbandry systems.42A major
threat to human health also stems from the rising
rate of antibiotic resistance, with resistant organisms
spreading rapidly from the clinic and the livestock
farm into the surrounding environment, which can
increase the risk of antibiotic-resistant infections.43,44
The rise of this resistance represents one of the
greatest threats to global health45 and could be mitigated by changing agricultural practices
(> MustKnow6).

!
Policy recommendations
1. Strengthening area protection and ecosystem health to secure essential ecosystem functions, such as food and future pharmaceutical discoveries, and to enable primary prevention
from future pandemics and proactive virulence management.2,46
2. Investing in human health by protecting and restoring biodiversity, e.g. by planting street
trees or restoring floodplains. Promotingcross-sectoral collaboration between conservation
and public health agencies as proactive public health investments that e.g. mayalso be financed by health authorities.
3. Proactively dovetail veterinary and human health systems while integrating wildlife health,
in order to contribute to functioning ecosystems and mitigate zoonotic disease risks.

Societal recommendations
1. Shift to a sustainable, largely plant-based diet that reduces our ecological
footprint and food waste, while also improving our health.
2. Promote nature-based solutions for public health, such as the maintenance and
expansion of urban green spaces, as well as the promotion of nature-based activities,
e.g. gardening or other recreational activities in nature.
3. Only buy products that are sustainably grown
and from wildlife-friendly supply chains.

13
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Considering hidden biodiversity

1

Ecosystems, communities and organisms that are less visible or accessible to humans
tend to be understudied. They require greater attention in conservation planning.
Existing conservation efforts often focus on large terrestrial animals and plants.

2

Inland waters are less protected than terrestrial and marine habitats. A decline in
excess of 80 per cent of large freshwater vertebrate populations is an urgent call
to drive forward biodiversity research and conservation efforts in this area.

3

Microorganisms and microfauna, in particular, play an important role in ecological functions
in soils, sediments and aquatic ecosystems. The study of interaction networks (including
mutualistic symbioses, holobiont systems, and host-parasite interactions) is important, in
order to better understand the vulnerability and resilience of biodiversity and ecosystems,
and to predict outbreaks of emerging diseases and invasions of alien species.

4

The night-time brightening of the hemisphere is increasing in radiance and extent by two to
six per cent annually worldwide. It is a new phenomenon with which life on Earth has not yet
gained much experience. Significantly more attention should be paid to the physical changes
of the night.

5

Evolution can occur rapidly, thereby having an enormous effect on biodiversity responses
to global change, the resilience of ecosystems and their impact on human well-being. New
environmental monitoring tools (testing of wastewater, swabbing of floors in buildings) can
serve as an early warning system to detect new variants of pathogenic microbes (e.g. the
coronavirus).

Truly comprehensive conservation of biodiversity
requires taking into account numerous relevant
habitats, organisms and their interactions, which
are currently not the subject of sufficient study
and examination.
Comprehensive conservation of biodiversity requires
more attention for invisible biodiversity, including
organisms that are active when we sleep, that live in the
water or in the soil, or that the human eye cannot perceive. The 2019 report summary for policymakers by the
World Biodiversity Council (IPBES), Annex 4, identifies
knowledge gaps. The table names biotic communities
in biomes that exist primarily below the surface. These

10 Must Knows from Biodiversity Science 2022

include freshwater, Arctic, marine/ocean, seabed, and
wetlands. Inventories in soil, benthic and freshwater
environments, and the implications for ecosystem functions. In the following, we give examples that illustrate
the important role invisible biodiversity plays in maintaining ecosystem functions and nature’s contributions
to people, e.g. for nutrient cycling, primary production,
soil formation, pollination or habitat creation.

14

The populations of large fresh
water vertebrates have declined by

Worldwide, the night-time
brightness is increasing by

84% 92Gt 2-6%
Dam projects can accelerate
this process.

Soil biota stores roughly

CO2 and thus mitigates
the greenhouse effect.

In nature conservation planning, information on
invisible biodiversity should be systematically added
to make protected areas more sustainable and ecological.1 Studies point to the key importance of lateral
(such as river banks and floodplains) and vertical (such
as surface and groundwater) connectivity in ecosystems.2 Maintaining biodiversity in lakes, floodplains,
small water bodies and free-flowing rivers is an urgent
measure needed to prevent further degradation in
freshwater ecosystems.3,4,5 Furthermore, the lack of
data pertaining to the risk of extinction and population
trends, especially among insects, parasites, fungi and
microorganisms, are named as knowledge gaps. However, such data is essential because these ecosystem
components play a central role both as recyclers of
nutrients and energy, and as sources of novel compounds for biological research.6 The conservation of
soil biodiversity (25 per cent of all species on Earth)
is elementary to all above-ground ecosystems and
their functions. The study of invisible organisms, e.g. in
soils, can be promoted by using modern molecular
high-throughput methods in combination with bioinformatics and modelling. But, the data must be linked
to metadata – such as soil type and use or microclimate – which is today often lacking.7 Soil organisms
play an important role in the connectivity of ecosystems and are particularly affected by anthropogenic
impact. Yet, in the planning of protected areas they are
subject to relatively little interest. 8
Artificial light at night is often overlooked as a driver
of global change. Nighttime illumination can fragment
and disrupt ecosystems, affect natural cycles of light
and darkness, alter seasonal and circadian behaviour,
and impact a wide range of biological processes: from
gene expression to ecosystem interactions and ecosystem services.9 However, the effects of artificial light
at night as a threat to biodiversity are rarely considered in environmental regulations.10 A study11 proposes
to strengthen regulations against light pollution in
protected areas on a global scale, e.g. in the form of

15

annually. Artificial light at night
is an important driver of global
change and should receive more
attention.

dark infrastructures that preserve relatively natural
light conditions in nocturnal habitats (> MustKnow8).
This proposal is in particular important to follow the
IPBES report’s recommendation to safeguard urban key
biodiversity areas and ensure that they are not isolated
(> MustKnow8).
Networks of interacting species can improve the
resilience of ecosystems (resistance) to stress factors.
The diversity of interactions in holobiontic systems,
host-parasite, predator-prey and mutualistic relationships is a critical component of biodiversity in all
systems. These networks play out at the level of host
individuals (e.g. mutualistic and parasitic networks in
the microbiome of the host), in habitats (tree crowns or
root systems), as well as at the level of entire ecosystems and meta-ecosystems. There are many parallels
in the spread of emerging pathogens and the spread of
invasive alien species12 which also have strong impacts
on global biodiversity and socio-economic systems.13
Understudied habitats or biomes are often heavily
invaded by non-native species, with little knowledge of
their effects on species interactions. It is important to
explore interaction networks and monitor the arrival,
establishment and spread of high-impact invasive
species so that appropriate management measures
can be initiated in time.14
A growing number of studies indicate that evolutionary dynamics can strongly influence key features
important for conservation measures. These include
population growth rates, interactions between species
and the capacity of organisms to respond to global
change. Predicting the responses of organisms and
ecosystems to climate change (including urbanisation)15 requires mechanistic insights that connect
dispersal, species interactions, physiology, and
evolution.16 Evolution can also play an important role
in buffering environmental change in medium-term17
and in strengthening the resilience of populations. This
can impact the occurrence and dynamics of ecosystem collapse and regime shifts in complex systems.

10 Must Knows from Biodiversity Science 2022

© pixabay.com · distelAPPArath

When planning protected areas, the lateral and
vertical movements of organisms must be taken
into account. Barriers can be caused by soil compaction, structures, pollution and artificial light.

Therefore, knowledge of evolutionary dynamics is a
crucial aspect of biodiversity.18 Evolutionary processes
also have direct impacts on population health and the
economy, as the COVID-19 pandemic reminds us.19 The
comprehensive assessment and monitoring of habitats, e.g. in wastewater20, and the built environment21
and of otherwise overlooked organisms, may offer new
opportunities for biodiversity conservation and for the
development of models that can predict the responses
of organisms and ecosystems to human-induced environmental change.

Background
Studies show that habitats and organisms living
below the surface in water, sediments or soils are not
considered by environmental protection regulations
to the same extent as large, terrestrial animals and
plants. In freshwater habitats, vertebrate populations
are estimated to have declined by 84 per cent since
1970.22 To protect freshwater biodiversity, free-flowing
water bodies, intact wetlands and large catchments
must be maintained or restored.3 Nevertheless, available habitats for freshwater megafauna are severely
threatened by planned dam projects. In 19 per cent (94
out of 497) of today’s free-flowing rivers that are more
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than 500 kilometres in length and contain large freshwater animals, fragmentation by future dam projects
is likely.3
Current knowledge gaps regarding the drivers of
soil death are worrying, especially when considering
that most above-ground ecosystem services depend
to a large extent on the functioning of soil biota.23 For
example, no models for soil organism extinctions are
currently available. Population dynamics models lack
information on the predictability of asexual reproduction (which is present in many soil organisms) and
on resting structures for extensive periods of time.
To better understand how soil organisms cope with
fluctuating food availability due to global change,
future research should merge studies about the balance of nutritional elements and organic matter with
evolutionary and classical population and community
ecology.24 This knowledge is crucial because soil biota
prevent roughly about 92 Gt CO2 from entering the
atmosphere.25
Artificial light at night can affect nocturnal organisms, their habitat and their movements – including
microorganisms, biotic communities and their interactions – triggering so-called cascading effects.
These can alter basic ecosystem functions such as
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mineralisation, pollination or seed dispersal.9 More
attention urgently role of light at night as a global
change driver. The increase in the intensity and extent
of brightness is estimated to be between two and six
per cent per year globally.26 Regulations against light
pollution can protect important areas for biodiversity
and, at the same time, lower CO2 emissions by reducing
energy consumption (> MustKnow1). Furthermore, it
is important to understand how increasing night-time
brightness and temperature can influence each other
in terms of seasonal changes, habitat use and the potential for invasive species.
It is also becoming increasingly clear that knowledge of interaction networks between species is
crucial to understanding how ecosystems function,
how resilient they are, and how they respond to hu-

man-induced stress factors. While animal pathogens
and parasites can play an important role in maintaining
host immunity and genetic diversity, they also pose a
major (and increasing) threat to human society. Rapidly
reproducing organisms that occur in high numbers
such as viruses, bacteria and other microbes are particular susceptible to developing resistance to toxins
such as antimicrobials27 or pesticides28. Over the past
two decades, outbreaks of zoonotic and vector-borne
diseases have increased dramatically(> MustKnow2).
As the current COVID 19 pandemic has shown, the
occurrence of zoonotic diseases remains difficult to
predict. There is also a lack of knowledge concerning
the diversity of organisms relevant to the interplay of
ecological health.29

!
Policy recommendations
1. Protected areas must be planned large enough and contain barrier-free corridors and
catchment areas, so that biodiversity can fully develop during the day and at night, both
above and below the surface.
2. In order to detect the decline of organisms and habitats that have received less scientific
attention and thus to preserve functioning ecosystems, there is a need for connected monitoring and detection systems across a range of natural and built habitats around the globe
and an organised, interdisciplinary exchange between science and politics.
3. In order to establish comprehensive ecosystem protection measures and anticipate
emerging pathogens or mismanagement that could lead to floods, droughts, soil loss or
other destructive forces, the monitoring and assessment of macro- and microorganisms
in soil, freshwater and sediments are urgently needed. This knowledge needs to be linked
to metadata about the soil or sediment, catchment areas, climate, and land use (including
illumination).

Societal recommendations
1. Manifold ecosystem-relevant interactions are invisble; it is, therefore, important to
generally consume as sustainably as possible, in order to conserve nature’s resources
and avoid the unconscious disturbance of ecosystems.
2. Natural areas such as gardens or parks should be designed to support the connectivity of
habitats. Diverse and native plants connect habitats; whereas exotic plants, constructions
and poorly planned illumination can create barriers.
3. The global assessment and monitoring of biodiversity and the drivers of its decline, as well
as of microbial interactions and the connectivity of ecosystems in soil, freshwater and sediments – both during the day and at night – are needed, in order to halt biodiversity loss.
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Promoting biocultural habitats

1

The concept of biocultural diversity considers the diversity of life in its human-environmental dimensions, including biological, sociocultural, and linguistic diversity. Biodiversity,
cultural diversity and linguistic diversity are interconnected and have co-evolved as
socio-ecological systems.

2

Indigenous Peoples and Local Communities (IPLCs) play a crucial role in the sustainable use
and conservation of biodiversity and ecosystems. Recognizing IPLCs' rights to their territories and resources is fundamental for the maintenance of biodiversity.

3

IPLCs around the world hold diverse worldviews, values, institutions and governance
systems that are crucial to maintaining biocultural diversity and sustainability.

4

Sophisticated environmental knowledge systems held by IPLCs are of paramount
importance for informing and guiding scientific research, development projects,
conservation and environmental policies, and bioeconomy initiatives.

5

Most indigenous/local languages are critically endangered by the same forces that threaten
biodiversity. Just as these languages, cultures and worldviews are in danger of extinction,
so are the associated knowledge systems that are linked to and sustain biodiversity.

Biological, sociocultural, and linguistic diversity
are deeply interconnected, having co-evolved as
social-ecological systems, and key to their conser
vation are the knowledge and practices of
indigenous peoples and local communities.
The concept of biocultural diversity considers the
diversity of life in its human-environment dimensions,
including biological, human, cultural and linguistic diversity.1 It is a dynamic, place-based aspect of nature arising from links and feedbacks between these different
diversities.2 There is a strong co-occurrence of linguistic
and biological diversity in regions containing many of
the Earth’s remaining species .3.4 Biodiversity, cultural
diversity and linguistic diversity are thus interconnected
and have co-evolved as social-ecological systems.
Indigenous Peoples and Local Communities (IPLCs)
are communities of speakers of highly endangered languages that live in areas with the highest biodiversity.
Most of these IPLCs are critically endangered by the
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same forces that threaten biodiversity.5 Their languages
are carriers of their sociocultural knowledge systems as
well as encode traditional ecological knowledge that is
instrumental in preserving and sustaining their natural
habitat. Just as these languages, cultures and world
views are threatened with extinction, so too are the
associated knowledge systems that are linked to and
sustain biodiversity. IPLCs, therefore, play a crucial role
in the sustainable use and conservation of biodiversity
and ecosystems. They also hold diverse worldviews,
values, institutions, and governance systems that are
crucial to the conservation of biocultural diversity and
sustainability. 6,7 Sophisticated environmental knowledge systems held by IPLCs are relevant for informing

18

Most of the

There are about

known languages in the world are
threatened with extinction.

indigenous peoples with their
own socio-cultural traditions.
As hunters, fishermen and
gatherers, they depend on
an intact environment.

7,000 5,000

About 70% of the world’s languages are spoken on about 24% of the
earth’s terrestrial surface, which
comprise the remaining regions
of high biodiversity.

preserved. It is often not easily transferred to another
language.
In a study of 236 languages from North America, Amazonia and New Guinea, it was found that well over half
of medicinal herbs are known only in one language and
not in any of the neighbouring languages. This shows
that the unique knowledge of the healing power of
plants will be lost with the extinction of languages.10 Another study shows that language attrition is accompanied by a decline in the traditional knowledge of natural
habitat.11 The study examined the language competence
of over 6,000 students and their parents in Papua New
Guinea – almost 400 languages were represented. The
study examined biocultural competence and found
that varied medicinal plant uses known to the students
speaking indigenous languages are replaced by a few,
mostly nonnative species for the students speaking
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and guiding scientific research, development projects,
conservation and environmental policies, and bioeconomy initiatives.8 Recognizing IPLCs' rights to their territories and resources, therefore, is not only fundamental
for the maintenance of biodiversity, but also for the
preservation of sociocultural and linguistic diversity.9
Although many indigenous/local languages, their
associated knowledge systems, and biodiversity are
under pressure of the same forces, there are not only
similar reasons for the loss of languages and the loss
of species, but there is also a feedback effect. For with
the decline of linguistic competence in indigenous/local
languages, the knowledge of the biological world, which
is stored in the lexicon of these languages, also declines
- and this can have an influence on the diversity of
species. In the lexicon of a language, important aspects
of the cultural knowledge of a linguistic community are

70%
About
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English or Tok Pisin, the national lingua franca. There is
thus a direct link between the decline in linguistic competence and the loss of knowledge about the biological
environment.

Background
As with global biodiversity, the world’s language diversity is under an immense threat.12 Of the 7,000 languages
known to date, almost half of them are considered
endangered.13 By way of comparison: Roughly 41 per
cent of amphibian species, 26 per cent of mammals and
13 per cent of birds are currently threatened with extinction.14 The most pessimistic predictions suggest that
90% of the world’s languages will be lost within a century.15 The United Nations proclamation of 2022–2032
as the International Decade of Indigenous Languages
aims to raise global awareness about their endangerment and importance for sustainable development.
Indigenous/local languages contain the knowledge that
communities have about their surrounding ecosystems.

This knowledge is often not known outside of the small
speech communities where most endangered languages are spoken.
Many indigenous/local languages are critically endangered by the same drivers that threaten biodiversity.
Just as these languages, cultures, and worldviews are in
danger of extinction, so are the associated knowledge
systems that are linked to and sustain biodiversity. The
IPBES global assessment has revealed that 72% of the
indigenous indicators “show ongoing deterioration of
elements of nature important to them”.16 Recognising the
multiple interconnections between sociocultural and
biological diversity is essential to the pursuit of sustainability and environmental justice. Biocultural diversity
manifests itself in the languages, worldviews, livelihoods and deep historical linkages that exist between
IPLCs and their respective ecosystems. Diversity in all its
forms must be understood as a value to be cherished,
fostered, promoted and protected.

Policy recommendations

!

1. Recognize the land, territorial, and sociocultural rights of IPLCs, in connection to policies
that value and support ecosystem-based livelihoods (e.g. UN Convention ILO 169).
2. Support the documentation and preservation of indigenous languages and related
knowledge systems as living manifestations of endangered biocultural diversity.
3. Develop strategies to raise public awareness of indigenous languages, including
concrete actions for language revitalisation and conservation, integrated with
biodiversity conservation actions.

Societal recommendations
1. Indigenous languages, cultures, religions, and other aspects of indigenous life should be
respected by society in general. This requires adequate educational curricula, awareness
campaigns, and replacing stereotypes and myths with reliable information. Only a public
informed about diversity and its advantages is in a position to value, defend, and help
preserve it.
2. Unsustainable economic development should be avoided and, instead, alternatives based
on the traditional ecological knowledge of indigenous/local communities should be offered,
taking into account their intellectual property rights.
3. As it is currently estimated that more than half of the world’s population is multilingual,
multilingualism should be viewed positively and not as an obstacle, both by society as a
whole and by indigenous/local communities themselves. One does not have to abandon
one’s native language to learn a national language.
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Using forests sustainably

1

Well over half of the biomass stored in European forests (58 per cent) is vulnerable to disturbance by windthrow, fire and insect infestation. These disturbances tend to increase in
frequency and intensity as climate change progresses.

2

After three years of drought in a row (2018-2020), 79 per cent of all trees in German forests
show signs of crown defoliation. Against the background of ongoing climate change, this
damage makes it even more difficult for forests to provide a wide range of ecosystem services, and requires innovative concepts for adaptation.

3

Managed forests have to meet diverse and often competing land utilization demands, e.g.
bioeconomy or nature conservation. Resulting conflicts between management objectives
can, for example, be at least partially resolved by the spatial zoning of different management intensities.

4

Species- and structure-rich forests are more resilient to disturbances and
future climate change, and provide more diverse ecosystem services.

5

Disturbances are part of natural forest development and can increase both
species- and structural diversity. They can, therefore, also be seen as an opportunity
for forest adaptation.

Sustainable forest management is more important
than ever, in order to use forests and their products
sustainably, to safeguard multiple ecosystem services
and ensure climate and biodiversity protection,
and to support the adaptation of forests to climate
change.
Sustainable forest management faces the great challenge of meeting multiple demands at the same time:
to meet the increased demand for traditional wood
products, but also for the bioeconomy (e.g. sustainable
energy, construction, chemical industry), promoting
climate-resilient forests that are largely resilient to
increasing disturbances such as windthrow, fire and
insects, thus contributing to climate change mitigation
and greatly reducing biodiversity loss1 (> MustKnow1).
Primary forests must be protected from deforestation,
while proven forest management in secondary forests
and near-natural forests can provide a wide range of
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ecosystem services in a sustainable manner. Plantations that are cleverly embedded in the landscape – and
intensively but sustainably managed – can take the
pressure away from more natural forests.
Globally, disturbances are part of natural forest
dynamics, but these have increased in recent years, so
forest fires have become more extreme. In European
forests, windthrow, fire and insect infestation are the
main disturbances. They are exacerbated by simplified
forest structures and tree species composition – legacies of traditional forestry of past centuries. Massive
insect infestations, in particular, have occurred more
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After the drought years of
2018-2020,

79% 5x

In German forests in 2019, at 32
million cubic metres, more than

of all trees in Germany
show signs of crown defoliation.

of damaged timber in total harvests was felled than in 2017. The
share of damaged timber in total
harvests was 67 per cent in 2019,
more than three times as high as
in 2010 (19.7 per cent).

frequently since the year 2000. Almost 60 per cent of
the forest biomass is vulnerable to these disturbances.
This could potentially lead to a total loss of about 33.4
billion tonnes of biomass in Europe.2 German forests are
also suffering from more frequent disturbances in general.3 The severe drought from 2018 to 2020 affected
many forest stands over large areas, and triggered a debate on how to deal with the affected areas and which
methods are particularly suitable for reforestation.4-6
Natural regeneration, or regeneration supported by
planting, also increases the resilience of forests on disturbed areas. If deadwood remains on these areas, part
of the carbon can be stored in the soil in the long term
and thus removed from the atmosphere. At the same
time, regeneration creates a diverse habitat for many
different animal and plant species, and additional carbon is sequestered in the forest ecosystem.7 Depending
on local conditions and requirements (regeneration of
a managed forest under advancing climate change or
focus on erosion control), different measures may be
appropriate to promote diverse and resilient forests.
At the same time, it is important to define an appropriate mix of tree species that – taking into account
the uncertainties of climate projections – defy climate
change or spread the risk. It is not always sufficient to

2/3
of globally absorbed carbon is
stored in temperate and boreal forests. Secondary and
close-to-natural forests play a
large part in this.15

rely only on natural regeneration. Rather, the chosen
mix of tree species must be resilient under a future climate that will be warmer and in which extreme weather
events are expected to be more frequent. Therefore, it
can also be purposeful and necessary to increase diversity and management options by means of targeted
plantings. Attention must be paid to species-specific
characteristics such as drought tolerance, rooting
depth, susceptibility to pathogens and insects, and at
the same time the invasiveness of new tree species.8
Even if a multifunctional use of many forests is the
goal, zoning of different management intensities can
represent a solution to meet the diverse societal demands and protect biodiversity at the same time. Zones
of intensive and extensive management can be spatially
contiguous with natural, unmanaged forests, thus
enabling better process and biodiversity protection.9
Nevertheless, it should be noted that sustainable forest
management can also have a negative global impact
on biodiversity, as timber production and harvesting
influence forest-dependent species. Even in scenarios
for sustainable land use and timber harvesting intensity
(SSP1), biodiversity losses, albeit in a weakened form,
are to be expected from an expansion of European
managed forests.10 On the other hand, sustainable forest

In European forests, windthrow, fire and insect
infestation are the main disturbances. They are
exacerbated by simplified forest structures and
tree species composition – legacies of traditional
forestry of past centuries.
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Global future projections assume a further
increase in demand for land and timber, which
makes it more difficult to reconcile forest use
with biodiversity conservation.
Background
In order to meet the diverse societal demands and, at
the same time, find suitable measures for sustainable
forest management, a variety of factors must be taken
into account, which can look very different at local and
regional level. Social factors (history of use, ownership),
economic factors (value chains, costs of silviculture),
ecological factors (climate change, soil, tree species)
and global factors (timber trade, environmental policy)
define the framework conditions, requirements and
opportunities for sustainable forest management.
The consequences of increasing climate extremes
vary from region to region. Forests in Germany have
suffered greatly from drought and heat waves in recent
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management can also make existing commercially
exploited forests and plantations more species-rich by
creating diverse habitats.
High demand for timber resources combined with
strong protection of domestic forests poses the risk of
outsourced timber extraction to often insufficiently protected primary forests (e.g. in Siberia11 and in tropical dry
forests12), so that these then turn from carbon sinks to
carbon sources.13 Forest, environmental and trade policy
must, therefore, take greater account of the global interconnectedness of timber production, but, in particular,
a coherence of cross-sectoral measures is required,
in order to better balance conflicting goals with other
ecosystem services of managed forests.
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years. Bark beetles such as the European spruce bark
beetle (Ips typographus) can reproduce at a particularly
fast rate in already weakened trees, and kill trees over
a wide area. This can be dangerous for entire forest
landscapes. In 2019, 32 million cubic metres of timber
was felled due to insect damage, almost three times as
much as in 2018, compared to only six million cubic metres in 2017. At 67 per cent, the share of damaged timber
in total logging in 2019 was more than three times higher than in 2010 (19.7 per cent).14
Global future projections assume a further increase in
land and timber demand that are increasingly difficult to
be reconciled with biodiversity conservation. In scenarios projecting future socio-economic development, the
areas required for planted, more intensively managed

forests and possible further losses of near-natural
managed forests were analysed for the first time. Even
though these global simulations are subject to high
levels of uncertainty, they nevertheless show that, even
under sustainable future scenarios for socio-economic
development, seven per cent more managed forest area
would be needed globally in 2050 compared to the year
2000. These changes would result in species losses
even in the sustainable scenario.10 Higher demand for
wood products could also mean that biodiversity losses
would be caused by the deforestation of insufficiently
protected primary forests in other regions. These could
be quite different depending on the continent. For
example, one study11 reports large losses in the taiga
region due to increased demand for timber in China.

Policy recommendations

!

1. Natural regeneration supported by plantings must, above all, promote tree species
that are better adapted to climate change (drought tolerance, rooting depth,
susceptibility to pathogens and insects) and thus favour mixed forests.
2. The global protection of primary forests is essential for the conservation of biodiversity
and the stabilisation of the Earth’s climate. By spatially zoning different management
intensities, managed forests can also reduce harvest pressure on primary forests while
providing diverse ecosystem services.
3. Solutions for managed forests must take into account the conflicting goals resulting
from multiple demands (bioeconomy) and requirements (biodiversity protection and
climate adaptation), as well as the governance structures in individual countries.

Societal recommendations
1. Open areas created by disturbance and deadwood left there provide important habitats
for many species that find their growth niche here during the natural regeneration of the
forests. At the same time, it must be considered how the existing forest structures in
managed forests can be diversified and made more resilient, in order to enable adaptation
to climate change.
2. An end to deforestation of primary forests, especially in the tropics, should be a top priority.
Activities that consistently support this goal should be strengthened. In regions with predominantly managed forests, however, management can also contribute positively to the
conservation of diverse ecosystem services (including raw materials for a circular economy)
if it is embedded in sustainable forest management.
3. Solutions for sustainable forest management – when coordinated at all levels – must also
consider trade and the associated risks for outsourced nature losses and forest degradation.
Forest certification can offer a way to promote the sustainable use of forests by changing
consumer behaviour. These certifications must be credible and continuously evaluated, in
order to prevent misuse.
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Transforming agriculture

1

Agriculture is a major contributor to the loss of biodiversity and, conversely, can
make a significant contribution to the protection and promotion of biodiversity.

2

Various cultivation methods and new forms of management use biodiversity
as an important and nature-based production factor, and can specifically
promote the conservation of biological diversity.

3

Productivity can be increased independently of land area,
and thus decoupled from an expansion of agricultural land.

4

Financial incentive mechanisms and advisory services, combined with social
awareness raising efforts, stimulate biodiversity-friendly agriculture.

Farmers are crucial stakeholders in the
conservation and advancement of biodiversity.
The expansion of global arable land and the increasing
intensification of agriculture are having a far-reaching
negative impact on biodiversity.1,2 Agriculture can now
not only be described as the largest geoengineering
measure in human history, but it is also considered
the main driver of biodiversity loss. The trend towards
more intensive production has been accompanied in
many countries by the establishment of larger farm
and field sizes, the expansion of cultivated areas,
reduced crop diversity and the loss of biodiversity on
the land being used, as well as in its surroundings.3,4
Current research highlights that growing mixed crops
over a longer period of time with lower inputs leads
to more stable and, on average, higher yields.5,6,7 Increased plant diversity on cultivated land increases the
diversity of other organisms (e.g. insects, microbes).8,9
Diverse crop rotations, the cultivation of catch crops,
the integration of protein crops or rediscovered crops
not only improve soil fertility, but also promote the genetic diversity of species and thus more diverse agricultural landscapes. A diverse mix of farming methods

is usually accompanied by increasingly versatile forms
of farming that are more resilient to weather and price
fluctuations. At the same time, new forms of production complement traditional agriculture. And so, e.g.
starch can be produced by chemo-enzymatic synthesis
from CO2 and hydrogen in cell-free systems.11,12,13
Previous calculations on agricultural production do
not take into account the economic value of biodiversity, which is a crucial production factor (> MustKnow10).
The loss of biodiversity is already jeopardizing yield
levels in agriculture. The societal costs of biodiversity
loss through agriculture are currently not (or only
insufficiently) taken into account. Targeted financial incentives, such asresult-oriented remuneration for the
conservation or development of biodiversity, or cooperative financing models, are necessary building blocks
for biodiversity-promoting agriculture.14 On the part of
both producers and consumers, advice and targeted
information are essential preconditions for forcing the
necessary social change.15

Previous calculations on agricultural production
do not take into account the economic value of
biodiversity, which is a decisive production factor.
25
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Agriculture provides a wide range of services for
nature and society, but these services also compete
with each other. Resolving conflicting goals that
arise is a challenge for politics and society.
Climate and biodiversity protection must generally
be addressed collectively and holistically, for a transformation of agriculture (> MustKnow1).16 Without
climate protection, efforts to conserve biodiversity will
not be successful in the long term.17,18

Background
The intensification of agriculture through the use of
mineral fertilisers, synthetic chemical pesticides and
the cultivation of higher-yielding crop varieties has
increased agricultural production enormously since the
1950s. In addition, over the past 20 years, agricultural
land has expanded globally by nine per cent compared
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Intensive land use should not be excluded, in principle, but biodiversity-promoting measures – such as
a wide crop rotation and reduced tillage – should also
be included on intensively used land. This increases
the level of functional diversity and guarantees the
preservation of ecosystem services. Agricultural
land for agricultural and public goods, defined with a
clear objective of production – such as securing clean
groundwater, fertile soils and biodiversity – promotes
productivity and diversity in the long term. Biodiversity
is thus specifically used as a decisive production factor
in a systemic approach for increasingly diverse and
stable crop production.

Biodiversity is becoming a crucial production factor
for more diverse and stable crop production.
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The dominance of a few
cereals: Cultivation of maize,
wheat and rice on

40%

Agricultural subsidies:

540bn.
US dollar globally at present.

of globally harvested areas.

to 2003 – natural vegetation and forests have disappeared.19,20
Agricultural production, which is primarily geared
to economic requirements, endangers biodiversity
and ecosystem functions (e.g. soil fertility and carbon
storage) not only on agricultural land, but also in the
surrounding habitats. Globally, production methods
are becoming ever more similar, field and farm sizes
are steadily increasing21, and the diversity of the crops
grown is decreasing. Maize, wheat and rice, for example, account for 40 per cent of global cultivation.22 This
goes hand in hand with an increased cultivation risk,
because e.g. fewer micronutrients are available, or
there is an increased incidence of disease.23

39%
Life-essential plants: Up to

of plant diversity is considered
“threatened with extinction”.26,27

The conservation and improvement of the gene
pool of flora and fauna is also of great importance
for human health (One Health).24,25 Providing enough
food for a balanced diet for a growing population with
decreasing agricultural land per capita poses great
challenges for agriculture. These can only be solved
through biodiversity-friendly management and the use
of biodiversity. Incentives for healthier diets that also
use less land resources are an essential building block
in this endeavour.
Agriculture also provides a wide range of services
for nature and society, but these services also compete
with each other. Resolving conflicting goals that arise
is a challenge for politics and society.

!

Policy recommendations
1. The use of biodiversity and diverse ecosystem services as nature-based approaches
for agricultural production are increasingly required and should be promoted. Existing
subsidies must be used specifically for the transformation of agriculture towards
biodiversity-friendly production.
2. The values of biodiversity in agriculture must be made visible, cause-related costs must
be taken into account and the valorisation of biodiversity services must be promoted.
3. Agriculture as an important economic and socially relevant sector of tomorrow’s world and
the starting point of a sustainable value chain or value network must be transformed.

Societal recommendations
1. The work of farmers as providers and maintainers of biodiversity should be valued.
2. There is a need to develop a fundamental understanding of the consequences
of one’s own consumption and lifestyle behaviour for biodiversity and climate.
3. Raising social awareness contributes to more health- and environmentally-conscious
eating behaviour and thus promotes more sustainable, biodiversity-friendly agriculture.
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Protecting land and resources

1

Land- and resource-relevant decisions can only be made by means of procedures that generally
involve all affected stakeholders in the decision-making process. The attempt to calculate the
services of natural resources or ecosystem services, respectively, including biodiversity, in
purely monetary terms ignores the many non-monetary services at hand.

2

This complexity renders it difficult to weigh up decisions and to set economic incentives that
actually achieve the goals. Previous strategies have not been able to stop the steady loss of
species and resources. Globally, the sharp increase in resource (excess)use is fundamentally
changing almost all ecosystems, with difficult or unforeseeable consequences for biochemical
cycles and the biosphere as a whole.

3

The EU has not met its target of halting the net loss of biodiversity by 2020. In order to minimise
the (excess)use of resources globally and to make global interdependencies and impacts
sustainable, legally binding sustainability standards and targets are necessary. This applies
to certifications, for example. The need for action (in the EU and worldwide) is becoming
increasingly urgent.

4

Biodiversity conservation must no longer be one goal among many. In future, the protection and
improvement of biodiversity must be given greater (including legal) weight in key policy-making
decisions: A clean and healthy environment is a human right.1 This fundamental right must be
supported with binding international, national and municipal targets, as well as clearly delineated responsibilities.

In order to preserve biodiversity, a sustainable use
of resources is required, in particular, a sustainable
use of land and water resources by direct users, as
well as a clear political and legal framework.
Existentially critical land use-, water- and biodiversity
crises can only be solved in coordinated, cooperative
and integrated processes. Without a social discourse
on viable ways for more resource protection, and
without a clear political prioritisation of this issue,
these major crises remain the elusive “problems of
others”. Water and agriculture are part of the solution
here. They are considered central stakeholders (>
MustKnow6). However, serious adaptation measures
are needed, e.g. a complete change of subsidies in
European agricultural policy.2 However, European (and
ultimately global) policy can only be implemented effectively if regional and local stakeholders are actively
involved. In this way, pioneers of change – from niche
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to mainstream – can establish themselves and shape
future decisions for biodiversity, more sustainable water and land use (agriculture and forestry) and greater
climate protection.
For coordinated, cooperative and integrative procedures to work, a binding attribution of joint responsibility and corresponding tasks is required. Known,
feasible alternatives to “business as usual” must
be seriously considered as solutions. An integrated
discussion approach, in order to avoid interventions in
biodiversity, is indispensable, if only because considerable financial resources will be necessary, for example,
to renaturalise and protect ecosystems, or to design
effective solutions to compensate for use. However,
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Agricultural policy – the key
ingredient: Pesticide use has an
immense impact on biodiversity.
Researchers found significantly
higher plant biodiversity in fields
that had been cultivated organically for many years than in conventionally cultivated fields.25

53:3

77%

of land area (excluding Antarctica)
and 87 per cent of the ocean have
been altered by direct impacts
of human activity (50 per cent
of which are considered very
intense). And the knock-on effect:
83 per cent of the biomass of wild
mammals and 50 per cent of the
biomass of plants.23

these investments can pay off quite quickly, e.g. by the
accompanying benefits of climate change adaptation,
or the mitigation of its impacts3 (> MustKnow1, 8).
Stopping the (excess) use of resources and its
effects – for example, on species composition within
biocoenoses, biotopes or ecosystems, on their dynamics, stability and interconnections – has not yet been
sufficiently successful. However, they are shifting more
clearly into political and social focus because of their
scale and speed. More sustainable water management
is needed to end the ever-increasing rate of excess
use, damming, pollution and eutrophication of natural
waters, and to pay more attention to blue infrastructures (water bodies).
The TEEB study can be regarded as an approach to
illustrate the value of ecosystems. It has provided the
impetus for further projects on the recording and valorisation of ecosystem services.4 In this context, it also
became clear that the importance of ecosystems and
biodiversity for human well-being (Human and Ecosystem Health) is difficult to grasp in financial terms
– many ecosystem services cannot be expressed in
monetary terms. Follow-up projects concretise this
topic explicitly for planning and spatial development
(e.g. ÖSKKIP-Project).5 But even if the economic value

Aquatic biodiversity is also confronted with serious changes due
to climatic changes or (international) intensification of use. In the
meantime, for example, more than

80%
of the living organisms in the
Rhine are invasive species
(including small organisms such
as larvae, mussels or snails).24

of biodiversity and resources – such as soils and waters – cannot be fully captured, this is no excuse not to
work hard for their protection, health and sustainable
development (> MustKnow3, 5, 9).
Resource-damaging economic models are “business as usual” with strong inertial forces. In order to
minimise the (excess) use of resources, responsibilities
and jointly defined, binding goals must be identified
and consistently implemented. For this, it is important to have a binding monitoring function in place
to ascertain how resources are used.6 Decoupling
economic growth from resource use is a goal of the
European Green Deal. The EU Biodiversity Strategy
2030 identifies four approaches to reduce the effects
of resource use in its Target No. 6 “Help stop the loss
of global biodiversity”.2 Changing European production
and consumption patterns are cruxial to this concern.
This is because conservation concepts (on “exclusive”
areas) alone cannot stem the loss of biodiversity.
Especially given that, even in nature reserves, insects,
for example, are heavily contaminated with pesticides.7
Protected areas must be redesigned; they need to
be surrounded by large-scale buffer zones that are
managed ecologically and without the use of synthetic
pesticides. Overall, the hugely extensive use of pesti-

An integrated discussion approach that aims to
avoid interventions in biodiversity is indispensable,
if only because considerable financial resources
will be needed, for example, to renature and protect
ecosystems, or to design usage compensation
measures.
29
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Protected areas need to be redesigned.
For example, they must be surrounded by largescale buffer zones that are managed ecologically
and without the use of synthetic pesticides.
cides must be reduced. Worldwide, however, protected
status is defined, interpreted and implemented very
differently, zoning concepts do not necessarily include
all necessary ecosystems. (>MustKnow3) Often, there
are not enough resources (financial, logistical and human) available to manage protected areas effectively
and sustainably, and to integrate the local population.8
Biodiversity conservation must be an integral
part of responsibilities and actions at all levels. The
socio-ecological transformation requires the state to
commit to the conservation, protection and development of the resources of soil, water, air and biodiversity. Laws, planning bases and instruments must be
extended, in order to prioritise the protection and development of functioning ecosystems, at all planning
levels. Existing compensation instruments should be
adapted accordingly. The strongest instrument of area
nature conservation is the Intervention Compensation
Regulation, which follows the prohibition of deterioration.9 This prohibition should be supplemented by
an improvement requirement (Net Gain)19/11, in order to
achieve a plus or an increase in biodiversity and ecosystem services at the end of interventions in nature
and landscape within the framework of compensation
– and not only to prevent a net loss. The European
Soil Strategy includes the goal of net zero land use by
2050.12 However, this ambitious goal is not being addressed in a coordinated or multidisciplinary manner in
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the Member States. On the contrary, it seems unrealistic due to progressive new land use, soil sealing and
degradation. The EU Member States have committed
themselves to protecting 30 per cent of the area of
the North and Baltic Seas for marine flora and fauna.
In Germany, the management plans for the protected
areas in the German Baltic Sea came into force in February 2022 and must be implemented quickly.13

Background
Finally it is unclear what resource consumption humanity can still “afford” if the biosphere is to remain
stable. The factors on which an assessment depends
are extremely diverse. With a growing world population, changing per capita consumption, the catching-up
of mechanisation and industrialisation, political
instability in many key countries to biodiversity and
the manifold, incalculable effects of climate change on
ecosystems, types of land use and societies, effects
are taking on a life of their own, and social, political
or economic consensus must be sought to manage
them.14 However, a “business as usual” approach is by
no means conceivable.15; 16
Climate change, loss of biodiversity and the crisis
of water and land use are interrelated phenomena
whose projected development accelerates other crises
(including migration, poverty, global injustice, lack
of access to basic foodstuff). 17;18 Climate change and
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biodiversity loss are mutually reinforcing; addressing
one problem requires addressing the other.19 Thus,
biodiversity hotspots are increasingly threatened in
their central functions for the global climate by the
regional and local consequences of climate change (>
MustKnow1).
Restoring carbon and species-rich freshwater,
terrestrial and marine ecosystems helps to mitigate
climate change, increase water retention, protect biodiversity and support adaptation to climate change.20;21
Due to the complexity of ecosystems, scenarios that
project their development are not yet as advanced
as scenarios on climate change. Climate protection
measures can, therefore, not yet be fully assessed
with regard to their impact on biodiversity scenarios.
In order to increase the effectiveness of biodiversity

conservation measures, science is working to improve
biodiversity scenarios.
For political engagement, it is central to initiate
processes of social understanding based on scientific
findings, to overcome post-factual illusory discussions
and to point out possible solutions in a comprehensible
way. For this, global goals must be jointly defined and
addressed or operationalised at national, regional and
local level. The World Biodiversity Council (IPBES) has
presented a blueprint for this, in which progress with
regard to resource use can be methodically recorded
and globally balanced. Binding and accepted data base
is necessary for this. This strategy can overcome the
strong forces of inertia and promote the global and
effective protection of biodiversity, as well as a fundamental change in land and water use.

!

Policy recommendations

1. Given that all human activities affect soil, water and ecosystems, resource protection must
be seen as an interdisciplinary goal and responsibility. It must be afforded prioritised consideration as a global task in all political and planning decision-making processes, and must
not be undermined by individual interests.
2. The promotion of innovative social forces (Change Agents, multipliers and creative science-based projects) is a central building block of a transformation to becoming a resource-conserving society and economy that understands natural resources as finite and
precious, consistently protects them and constructively supports the dialogue on this matter.
3. The implementation of the planned Action Programme “Natural Climate Protection” is
important because it should create synergies between nature and climate protection and
strengthen the resilience of ecosystems. Concepts such as the circular economy should be
implemented in as low-threshold a manner as possible, with adequate funding and in dialogue with society as a whole.

Societal recommendations
1. Resource protection must be more deeply anchored in the general conscience as a central
social concern, and it must be more effectively promoted. A profound, transformative
change in the management of biodiversity and natural resources is needed.
2. Critical reflection and changes in the individual’s own consumption behaviour, eating habits
and sustainable use of natural resources are also good examples of people’s capacity to
contribute to the protection of biodiversity and limit climate change. This requires clear
political backing (see above).
3. Courage and the will to innovate are needed and must be explicitly supported in the political
sphere. The vision of a good life that sees responsibility vis-a-vis nature as central, and
which promotes the common good and health is realisable: for a turnaround in prosperity
and consumption.22
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8

Expanding transnational
infrastructures and education
for sustainability

1

Comprehensive biodiversity conservation requires going beyond traditional, state-based
considerations. Outsourced biodiversity losses must be tracked along the production chain
and taken into account in the life cycle assessment of products.

2

The EU Biodiversity Strategy 2030 can only be successful if other policy sectors incorporate
nature conservation, e.g. through sustainable agriculture, the reduction of environmentally
harmful subsidies and integration into climate, health or foreign policy.

3

Standardised biodiversity monitoring and open data exchange (> MustKnow9) are indispensable
for developing transnational and global strategies. Standardised biodiversity monitoring
systems that combine established observation methods with modern, automated methods such
as eDNA, automatic image recognition or remote sensing, enable the recording and analysis of
global trends in a timely manner. They create the basis for taking effective measures to protect
and restore biodiversity.

4

More than 70 per cent of all biodiversity data is collected by people active outside academic
science. Citizen Science can, on the one hand, collect extensive, large-scale data sets in space
and time, and complement governmental biodiversity monitoring. Citizen Science, on the other
hand, can also contribute to facilitating an increased awareness of the value of biodiversity
among the population.

5

Based on existing national and international structures, transregional biodiversity monitoring
systems and global networks need to be developed. Collecting biodiversity data on a global scale
allows us to capture changes in biodiversity and its drivers. At the same time, regional and local
citizen science networks and national professional societies need to be strengthened, in order to
train more people and build capacity in taxonomy, in order to carry out collaborative monitoring.

Biodiversity and ecosystems know no political
boundaries: Biodiversity research and monitoring,
specific measures to protect biodiversity and communication between different stakeholders require
cooperation that extends far beyond national borders.
Socio-economic and ecological interactions between
distant, yet coupled human and natural systems
have increased in scale and intensity in the era of
globalisation (> MustKnow1). The integrated framing
of telecoupling1 examines the flows of information, energy, matter, people, organisms and other things such
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as financial capital, goods and products around the
globe. It reveals the causes and effects resulting from
the engagement of different stakeholders in a global
space. This approach also makes it possible to identify
outsourced biodiversity losses. Trade agreements
must explicitly take into account the negative impacts
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More than 1,600 dams and weirs
have been removed in the USA,
and in Europe the number
is almost

5,000
Nevertheless, many free-flowing
rivers remain threatened by dam
projects.

Cititzen-Science programmes in
seven states in the USA deliver
more than

The Natura 2000 network is the
world’s largest network of nature
conservation areas and currently
includes (as at end of 2020)

50% 18.5%
of observations for common water
quality measurements (visible
water depth, nutrients and algal
biomass). They contribute to the
majority of the long-term monitoring (more than 15 years) for
selected measurements in lakes.

on the environment and people, and contain sustainability commitments.2
Natura 2000 is the largest coordinated network of
protected areas in the world. It includes inland waters,
marine and terrestrial systems and shows how nature
and species conservation can be implemented at
international level, for example, in the EU Biodiversity
Strategy 2030. Prioritising protected areas based
on scientific evidence leads to greater coherence.
Standardised evaluations allow comparisons to be
drawn between countries and the aggregation of data.3
Nevertheless, this network is not sufficient to halt biodiversity loss.4 Moreover, it does not compensate for
the effects of climate change, the influence of land-use
change and overexploitation, and the immigration of
invasive species. In the EU Biodiversity Strategy 2030,
coordination between states needs to be strengthened, e.g. by harmonising the protocols for recording
biodiversity and the underlying data.5 In addition, easily
accessible infrastructures are needed to make the data
collected available and comparable across the EU.6 The
collection of data on farmland, as well as a quantitative assessment of direct drivers of biodiversity change
on the ground, must be ensured. Biodiversity conservation must be taken into account in other policies and
sectors and funding must be increased, especially in
biodiversity management.4
The implementation of global goals at national level
must be traceable and verifiable. This should be done

of the land surface area and 8.9
per cent of the ocean area of the
European Union.21

through coordinated national and global biodiversity
monitoring systems, combined with evidence-based
indicators.7,8 However, the collection of data is limited
to certain taxa that are easily detected and recorded.9,10
Systematic monitoring across countries should include
coverage of invisible diversity (> MustKnow3). It plays
an important role in the conservation of ecosystems,
ecosystem functions and ecosystem services.
Biodiversity monitoring must include the monitoring
of ecosystem integrity and function, and provide information on the drivers of biodiversity change. Capturing
the drivers at the location of monitoring allows for the
identification and attribution of those factors affecting
biodiversity, tracking progress and prioritising actions.
For Citizen Science, three topics related to biodiversity are particularly important: 1. Sampling biodiversity
on large spatial and temporal scales, 2. Promoting an
understanding of biodiversity in countries of the Global
South and remote areas, and 3. Sampling underrepresented and often inconspicuous taxa.11 Citizen Science
provides robust, high quality data that can support
decision-making12, it can fill gaps in biodiversity monitoring13 and it supports the collection of data over
long periods of time.14 Involving the public in research
allows local knowledge to be included and the needs of
the population to be addressed.15
At the same time, transregional biodiversity monitoring systems and global networks must be expanded. LTER (Long-Term Ecosystem Research) monitoring

Trade agreements must explicitly take into account
the negative impacts on the environment and
people, and contain sustainability commitments.
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Citizen Science makes a valuable contribution
to science and integrates local knowledge.

sites bring together different research groups and
enable scientists to record and assess current developments in biodiversity in a timely manner. The selected location profiles are intended to be representative
of global development. In the field of freshwater, for
example, GLEON (Global Lake Ecological Observatory
Network) fulfils this role and investigates the effects
of global change on lakes. Although these networks
claim to capture global development, they are not
geographically representative and not systematically
distributed across continents and ecosystems. The
networks must, therefore, be expanded and strengthened.
Biodiversity monitoring must be organised and networked at different regional levels. In order to enable
systematic, global biodiversity monitoring, national
networks and biodiversity monitoring must be more
robustly interconnected and linked to regional and
global networks (e.g. Global Biodiversity Observation
Network (GEO BON) or EuropaBON). The harmonious
integration of systems (interoperability), data and
protocol harmonisation and communication between
the networks must be improved by way of regular
exchange. National infrastructures support the collection of data; regional and global information systems
should not only function as data portals. Rather, they
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should integrate databases that offer the possibility of
evaluating and explicitly displaying the data. (> MustKnow9)
International protected areas and wildlife corridors
must be promoted. The green and blue ribbons – or
the idea of dark infrastructures to protect corridors
from artificial light barriers16 (> MustKnow3) – are in
urgent need of transnational cooperation to ensure
the linkage (connectivity) of protected landscapes,
wildlife corridors and waterways. In highly urbanised
areas, the implementation of protected infrastructure
is important, in order to improve living conditions and
counteract the negative effects of climate change17
(> MustKnow1).
Best practice examples are valuable, for example,
in the planning and implementation of infrastructure projects (e.g. hydropower plants, restoration
measures). The assessment of such infrastructures
and their functioning urgently requires transnational
cooperation and regulations, as, among many other
reasons, the increasing interconnectedness of watercourses increases their water storage capacity.18
Freshwater ecosystems should be managed and delineated at the catchment level, which are not defined
by national boundaries, but by their drainage networks,
catchment areas and adjacent systems.19 Instances
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of connectivity in ecosystems – vertical, lateral and
longitudinal – can often only be achieved through
international cooperation and form the basis for
comprehensive biodiversity conservation, because the
foundation of our ecosystems are often hidden away
(> MustKnow3).

Background
The essential biodiversity parameters (Essential
Biodiversity Variables, EBVs)20 provide a standardised
framework to capture biodiversity data at different
levels of (biological) organisation – from genes, to
populations, to ecosystems. EBVs form the foundation for indicators that can be used at national and
international level to register and compare changes in
biodiversity.8
Existing national infrastructures include, for example, the National Research Data Infrastructure for
Biodiversity or the Distributed System of Scientific
Collections (DiSSCo). Regional and global information
systems include the Biodiversity Information System

for Europe (BISE) and the Global Biodiversity Information Facility (GBIF).
There is a lack of international organisations for
species monitoring, for early warning systems
(> MustKnow3) and for the participation of “citizen scientists” in monitoring not only species but also drivers
of global change. The UN Office for Outer Space Affairs
(UNOOSA), as well as the UN Environment Programme
for the Protection of Migratory Species of Wild Animals, call for international cooperation to reduce the
negative impacts of artificial lighting. Not only nighttime illumination, but also communication satellites in
low-Earth orbit are becoming brighter, larger and more
numerous. Calls are growing louder for transnational
regulations that stop the negative impact on night sky
visibility, the orientation of affected organisms, nocturnal habitats and human health. Different disciplines
have already made proposals for this. Global guidelines
would be essential for the conservation of species,
for the protection of migration routes and also for the
protection of the climate (> MustKnow1).

!

Policy recommendations
1. A supra-regional, global and systematically stratified biodiversity monitoring approach
(including drivers) must be established and secured in the long term. Knowledge transfer
to underrepresented areas worldwide must take place, in order to close the expansive
spatial gaps in global monitoring.
2. An area-wide early warning system for biodiversity (e.g. via eDNA, quasi-real-time recording) must be established. Existing monitoring networks must be expanded, strengthened
and secured in the long term.
3. Intergovernmental coordination and cooperation must be strengthened and instances
of impact that go beyond national borders (telecoupling) must be taken into account
in protection strategies.

Societal recommendations
1. Citizen Science makes a valuable contribution to science and integrates local knowledge.
Citizen scientists in possession of in-depth species knowledge are essential for monitoring
species and the drivers of global change.
2. Decisions in one’s own country always have an impact on other countries –
these must be included in decisions (e.g. in environmental policy).
3. The global drivers of biodiversity loss are not limited by national borders, meaning
that transnational action is also needed to counteract species loss.
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9

Ensuring access and open use
of research data

1

Openly shared and freely accessible scientific data on the distribution, composition and
status of biodiversity is an essential prerequisite for addressing the biodiversity crisis.

2

International data standards combined with the principles of open science (Open Science)
enable the efficient, sustainable use and integration of biodiversity data and information
at local, regional and global levels.

3

Modern technologies are now enabling researchers for the first time to identify newly
discovered organisms or alterations in known organisms (e.g. variants in pathogens) with
genetic sequences so that they can be identified sooner, characterised more quickly and
analysed more thoroughly. This linkage and integration of biological and genetic knowledge
requires the free availability of (and access to) digital sequence data.

4

Broad-based and joint international efforts are required to make all existing biodiversity
data digitally and openly accessible, and to develop and maintain relevant information
infrastructures at an international level. At present, substantial parts of our existing
knowledge and data on biodiversity have not yet been digitised, or are only accessible to
a limited extent. Political, administrative and technical restrictions also limit the use of
existing data. This hinders science and development.

5

Digital technologies enable active participation in the discovery, observation and monitoring
of biodiversity by society as a whole (Citizen Science). Digitisation and outreach work anchor
science and research in our society and foster an understanding of biodiversity.

Biodiversity and ecosystems know no political
boundaries – a global, open exchange of primary
data and scientific information about life on Earth
is essential, in order to successfully address the
biodiversity crisis and shape a sustainable future.
Biodiversity and ecosystems do not adhere to political
boundaries; instead, the current occurrence and
dynamics of all organisms are determined by climatic,
geographic, other natural factors and gradients.
These rarely coincide with current political entities,
except perhaps for some large islands (Australia,
Cuba, Madagascar) (> MustKnow8). The availability of
(and access to) reliable data and information on the
state of biodiversity is central to the advancement of
science and to our ability to respond successfully to
major environmental challenges, especially in light of
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the continuing decline of species and habitats worldwide, and the increasing threats facing ecosystem
functions.
Leading international efforts to create structures
and mechanisms for open access to large amounts
of biological data through both centralised (International Nucleotide Sequence Database Collaboration,
INSDC)1 and decentralised (GBIF)2 data repositories
are fuelling science and development.1-4 Important
advances in biodiversity discovery and characterisation5,6 and monitoring of biodiversity changes (espe-
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The February 2022 version of
GenBank, as one of the three major
genome sequence data repositories under the INSDC umbrella,
includes

1,173,984,081,721

gene sequences24 that are freely
accessible and used worldwide.

GBIF currently provides open
access to 1,927,599,238 records of
finds and occurrences of all groups
of organisms on Earth. They originate from the databases of
1,789 institutions and facilities
from all regions, and can be used
free of charge.23
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TRY – A plant trait database
whose data has been openly
accessible under the Future Earth
umbrella since 2019 – currently
offers over

11 million
measurement points for 2,100
different characteristics of
160,000 plant species worldwide.25 It enables global vegetation
models to be decisively improved
and contributes to Earth system
research.

States jointly fund this globally
unique, open and distributed data
infrastructure, which has existed
since 2001.

cially for nature conservation)7-9 have been made possible by these global and open data infrastructures.
Further breakthroughs are expected when different
data domains are integrated, e.g. In-situ-data from
extensive biological collections with remote sensing
data, as well as the combination of complete genome
and large metagenomics datasets. (> MustKnow8)
Digital information science has now matured to the
point where it increasingly provides the necessary
concepts (and often even the tools) for a holistic
view of individual ecosystems and, ultimately, the
entire Earth system. In this context, the considerably
improved modelling capabilities, in particular, require
ever larger, standardised and machine-readable data
sources on as many life forms on Earth as possible.
Insights from basic science will advance agriculture,
forestry, fisheries, biotechnology and biomedicine,
all of which rely on new, accurate, timely and openly

accessible data on living organisms.
While rapidly developing technologies and tools
for digital data collection and analysis are driving
progress in the biological and medical sciences and
the emergence of
more open and participatory science, much relevant
biodiversity data is still not available in digital format.
Rather, existing data sources and knowledge are
widely dispersed, often not interconnected and/or not
openly accessible (the “dark matter” of biodiversity
knowledge).5,9
In addition, increasing tendencies to restrict open
access or to “nationalise” biodiversity data and
knowledge, e.g. under the Convention on Biological
Diversity (CBD), pose a serious challenge to scientific
progress and the development of effective plans and
actions to address the biodiversity- and environmental crises at hand.10,11 A protectionist approach to data

Just as the open and rapid availability of reliable
weather and climate data is essential to address
climate change, fully open and internationally shared
and managed biodiversity data and information is
essential, in order to conserve and sustainably use
biodiversity – indeed the foundation stone of our
existence.
37
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Insights from basic science will advance
agriculture, forestry, fisheries, biotechnology
and biomedicine, all of which rely on new,
accurate, timely and openly accessible data
on living organisms.
is counterproductive to those efforts aimed at addressing biodiversity loss and restoring ecosystems.
Therefore, existing and emerging international data
networks and infrastructures must be strengthened
and kept openly available and re-usable in the long
term. Any and all attempts to restrict access to (and
the exchange of) biodiversity data must be rejected.
Just as the open and rapid availability of reliable
weather and climate data is essential to address
climate change, fully open and internationally shared
and managed biodiversity data and information is
essential, in order to conserve and sustainably use
biodiversity – indeed the foundation stone of our
existence.

Background
Examples of important achievements and developments related to biodiversity data sharing include
(among others):
a) GBIF provides free access to more than
1.9 billion bio-datasets of individual organisms
worldwide – for all organism groups and countries
or areas, respectively. This ever-growing infrastructure for the shared, open use of primary data
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has significantly increased scientific productivity.
Currently, there is an average of one new publication per day based on GBIF-mediated data.2
b) Researchers worldwide use digital genome sequences from the three large, open repositories
linked to more than 1,600 databases worldwide
under the umbrella of the International Nucleotide
Sequence Database Collaboration (INSDC).12 A
recent study on the re-use of 263 million genetic
sequence datasets reveals that data feeds and use
are globally balanced and highly collaborative.3
Open access to this networked data is thus enormously beneficial to science.
c) Openly accessible data is relevant for global food
security. The analysis of digitally available genetic
diversity data, combined with integrating predictive
models on environmental traits, lays the foundation for new varieties. Big Data and thus openly
accessible data sets form the foundation of knowledge-based plant breeding.13
d) New technologies and thematically oriented
portals enable the integration of heterogeneous
data from different sources. This opens up new
ways to preserve biodiversity. For example, the
global FishBase portal14 links basic research data

38

with population and stock forecasting tools for
all known fish species, and the Edaphobase15 data
warehouse links data for research and applications
on soil zoological biodiversity in Europe.
e) Openly accessible biodiversity data such as, e.g.
from the TRY Plant Traits Database, greatly improve predictions of how climate change will affect
the future distribution and diversity of animals and
plants.16 This strengthens scientific policy advice
and helps to develop better and more sustainable
management strategies for many regions of the
world.
f) Big Data applications in biodiversity research
enable questions about ecosystem functioning
to be addressed with high spatial resolution and
simultaneously global coverage.17

Recent attempts to restrict open access to, and, in
particular, the international sharing of, scientific biodiversity data, go back mainly to the Nagoya Protocol
under the CBD10,18, as well as corresponding national
laws and regulations.19,20 Open access to digital genome sequence data is at stake in the ongoing CBD
negotiations.21,22 This represents a major obstacle to
international research and development, it contradicts the principles of open science and international
scientific cooperation, and risks (further) isolating
biodiversity researchers and institutions in the countries and regions concerned – while increased international cooperation is essential for the conservation
of biodiversity.

!
Policy recommendations
1. International information infrastructures and systems (e.g. GBIF, INSDC, EMBL Bank, OBIS,
FishBase), which enable fast and open access to scientific biodiversity data and information,
as well as their shared use, must be strengthened, expanded and maintained in the long
term worldwide.
2. All attempts to restrict access to (and the exchange of) biodiversity data must be rejected.
Open access and unrestricted sharing of scientific biodiversity data from public sources shall
be secured through relevant international mechanisms, conventions and agreements.
3. In order to fully digitise and openly share biodiversity data, incentives and adequate resources need to be provided to institutions, infrastructures and stakeholders involved, and
relevant information infrastructures and initiatives need to be supported. The use of positive
feedback loops (rewards) will further encourage open data sharing.

Societal recommendations
1. The stronger involvement of different societal stakeholders in the collection and analysis
of biodiversity data, as well as in biodiversity research (Citizen Science), is required.
2. Support the free and rapid exchange of biodiversity data and information by
making the best use of new and emerging digital technologies and services.
3. Wider access to biodiversity data for all actors is called for, which must respect the rights
of individuals and organisations, as well as relevant data protection regulations.
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10

Setting biodiversityfriendly incentives

1

Scientific evidence underscores the high economic value
of ecosystem services and biodiversity conservation.

2

Ecosystem accounting tools are now available as the statistical standard
and should be used to incorporate the value of biodiversity into national accounts.

3

Policies to conserve biodiversity must take into account
the cross-sectoral nature of biodiversity.

4

Trade-related linkages make biodiversity conservation
an inherently international task.

5

Policymakers must remove harmful subsidies that fuel the biodiversityand climate crisis at hand, and create incentives for public and private
investors to invest in biodiversity conservation and restoration.

Policies that direct market and investment behaviour
towards biodiversity conservation and restoration are
crucial to solving the crisis.
The economic value of biodiversity is multi-faceted.1
Biodiversity underpins and stabilises the provision of
environmental public goods, including provisioning,
and regulating, and cultural ecosystem services.2 It can
substitute for financial insurance, e.g. against climate
shocks3,4 and – by providing a portfolio of potential
future uses – offer an option value.5,6 Moreover, biodiversity values are sensitive to economic inequality
– poorer people tend to benefit more from biodiversity
conservation.7 These welfare effects vary greatly from
location to location, depending on the given ecological
and socio-cultural context. A global shadow price that
covers the societal costs of biodiversity, comparable to
the price for CO2 emissions, is, therefore, not feasible.
A full mainstreaming of the value of biodiversity requires
a profound reform of national accounts to adopt the inclusive wealth framework.1 Initial steps in this direction
have already been taken. Tools for the Convention on
Biological Diversity’s (CBD) goal of incorporating the value of biodiversity into public decision-making are now
standard statistical practice. The United Nations Statis-
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tical Commission has adopted ecosystem accounts as
part of its system of environmental economic accounts.8
The German Federal Statistical Office has started to implement the Ecosystem Extent Account and has initiated
the Ecosystem Condition Account.9 Further efforts are
required in government statistical offices to incorporate
the monetary accounting of ecosystem services and
ecosystem assets.
Biodiversity is influenced by a wide range of policies.
Not only are direct biodiversity conservation measures
important – such as protected areas – but the spillovers
from other sectors and policies, including harmful
subsidies, need to be given greater consideration. For
example, agriculture, fisheries and the food industry,
as well as the energy, industry and transport sectors,
are responsible for the decline in biodiversity.10 Sectoral
interdependencies also create challenges, as well as
opportunities for policy-making. For example, policies
that promote the transition to healthier food systems
can simultaneously improve outcomes for biodiversity11
(> MustKnow6), and climate policies can support bio-
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Global funding for biodiversity
(public and private) is to up to

143bn. 2.6
USD per year (calculated with
data from 2015 to 2017).1,14

Public subsidies that harm
biodiversity amount to

In 2019, private financiers
invested more than

trillion

US dollars in sectors that have a
negative impact on biodiversity.24

500bn.
USD per year.23

The full inclusion of the value of biodiversity in
national accounts requires profound reform, in order
to shape the framework for inclusive prosperity.
diversity conservation12 (> MustKnow1). Similarly, trade
and trade policy can affect biodiversity, for example, by
influencing the import of agricultural commodities from
other countries.13 A holistic, cross-sectoral policy framework is, therefore, urgently needed to halt biodiversity
loss.
Globally, public subsidies of between USD 78 and
143 billion are spent annually on biodiversity conservation.1,14 Most of this funding comes from the USA and
the EU, where it is often embedded in other policies.
For example, agricultural policy in the USA allocates
EUR 5.5 billion annually to important conservation
programmes.15 In the EU, agricultural and fisheries policies, as well as parts of the Natura 2000 network, are

regulated at EU level, while other policy areas fall under
the responsibility of Member States.16 Under the EU’s
Common Agricultural Policy (CAP), EUR 5.3 billion (out of
EUR 63 billion, i.e. 8.5 per cent) is allocated to biodiversity conservation.17 While most of the public money spent
under the CAP does not achieve positive environmental
impacts, the most effective biodiversity conservation
measures tend to receive the least funding.18
Environmentally damaging activities shift between
countries on a global scale, in order to avoid regulation
(leakage). Leakage is difficult to regulate from the perspective of biodiversity protection.19,20 Unlike the costs
of carbon emissions, which are the same regardless
of where the emissions occur, damages to biodiversity

Investments that harm biodiversity outweigh
investments that promote biodiversity.
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The prevailing legal framework contributes
to misguiding investment decisions in favour
of environmentally detrimental activities.
critique. This shows that the information requirements
for biodiversity protection that address leakage is large
and regulating product value chains with a biodiversity
equivalent to adjustments for CO2 emissions is difficult
to conceive.

Background
The current rate of biodiversity decline is clearly unsustainable.1 If environmental consumption continues beyond safe planetary limits, it is only a matter of decades
before global GDP per capita falls due to environmental

© Wende/IÖR 2021, licensed under CC BY-NC-ND

vary by location and spatial scale. Furthermore, it has
to be decided as to whose value standards should be
used.21 For example, should the valuations used in German policymaking be based on the German values for a
particular species, or on the values of the population in
the area where the species has been lost due to imports
into Germany? The most thorough approach is to add
up all use and non-use values arising from any biodiversity loss anywhere. However, placing an economic
value on non-use values – especially existence values
for species in distant habitats – is open to substantial
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scarcity.22 This can only be prevented by significantly
reducing the conversion of natural capital and thus the
decline in biodiversity.
The financial sector represents the epicentre of this
crisis. The loss of biodiversity – and the associated
reduction of ecosystem services and resilience – can
have a significant adverse economic and financial
impact. Nevertheless, investment returns do not reflect
these risks due to a lack of information and missing (or
incorrect) regulations. The prevailing legal framework
also contributes to misguiding investment decisions in
favour of environmentally damaging activities. Currently, public investments associated with biodiversity loss
and ecosystem degradation amount to USD 500 billion
per year. This is six times higher than the public and
private funding allocated to biodiversity conservation
worldwide.14.23 Private finance that damages biodiversity

is five times higher still, estimated at USD 2.6 trillion in
2019.24 The financial sector must, therefore, play a central role in solving the biodiversity crisis.
Initiatives aimed at improving investment opportunities for financial institutions offer great potential to
mobilise capital flows for biodiversity protection and
conservation
(> MustKnow6). In order to steer resource allocation in
this direction, new investment incentives are required
that reflect the economic value of changes in natural
capital and biodiversity. Policymakers must set the
framework to steer these investments, provide results-oriented incentives for action and work towards
international harmonisation, in order to avoid displacement between countries due to ambitious national
policies.

!
Policy recommendations
1. The current scale of biodiversity decline is unsustainable. An urgent and fundamental
correction is needed, in order to align economic incentives with biodiversity conservation.
2. Policymakers should remove biodiversity-damaging subsidies and create incentives for
economic actors and the financial sector (both private and public) to channel investments
into biodiversity protection and conservation.
3. The value of biodiversity is highly context-specific and requires cross-sectoral policy
coordination; strengthening ecosystem accounting will provide critical information for
policy and investment decisions.

Societal recommendations
1. Biodiversity underpins and stabilizes the provision of numerous ecosystem services
to society, and thus provides society with an insurance against external shocks.
2. Private consumption, as well as household savings- and investment decisions influence
the state of biodiversity, and can also support the conservation of biodiversity.
3. Pressure from the electorate should influence policymaking in such a way as to realign
economic incentives, in order to reflect the value of biodiversity to society as a whole.
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Glossary
Where possible, the explanations of the Intergovernmental Panel on Climate Change (IPCC), the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) and
the Convention on Biological Diversity (CBD) have been used for the following terms.
Action programme
“Natural Climate Protection”
An action programme proposed
by the German political party
BÜNDNIS 90/DIE GRÜNEN in 2021,
which explicitly aims to protect
peatlands and floodplains, forests
and soils, as these systems fulfil relevant climate protection functions
(e. g. carbon storage). The renaturation of the above-mentioned areas
is also intended to strengthen local
biodiversity.

Change agents
Consulting experts who steer and
push for constructive clarification
in decision-making and conflict situations, as well as innovations and
changes in organisational, social,
political or technological disciplines.

Citizen science

Benthos

An approach in which scientific
knowledge is generated by individuals who are not full-time professionals in the respective science,
with or without the involvement of
full-time researchers.

The totality of all organisms living in
the bottom zone of a water body.

CO2 equivalents

Biodiversity offsets
Compensatory measures for unavoidable (or irreducible) sources of
impact on biodiversity and ecosystem services. They lead to measurable results in the enhancement of
nature and biodiversity.

A unit of measurement used to
standardise the climate impact of
different greenhouse gases. Emissions of greenhouse gases other
than carbon dioxide are converted
into CO2 equivalents (CO2=1) according to their global warming potential, for the purpose of improved
comparability.

Bioeconomy
The production, development and
use of biological resources, processes and systems to provide products,
processes and services in all economic sectors within the framework
of a sustainable economic system.
It thus holds the potential for sustainable solutions that conserve resources and simultaneously create
wealth.

Biocenosis
A community of living organisms
within a delimited habitat (biotope).
Biocenosis and biotope together
form an ecosystem.
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Digital sequence data (also Digital sequence information, DSI)
The digital result of the molecular
biological decoding (sequencing)
of genomes or proteins. Thus, the
information about the molecular
composition of genetic resources.

eDNA (Environmental DNA)
Traces of free DNA that organisms
release into the environment and
that can be detected using environmental samples. Living organisms
release DNA in the form of mucus,
scales, fur or cell remnants, among
other things.

Intervention compensation
regulation
An instrument of nature conservation law for the enforcement of
nature conservation concerns in
so-called “normal landscapes”. The
aim is to secure and maintain the
functional capacity of the natural
balance and the landscape even
outside of special protection areas.

Eutrophication
An accumulation of nutrients in ecosystems caused by human activities.
In water bodies, this causes accelerated growth of unicellular algae.
The consequences include: e. g. toxic
algal blooms, a decrease in water
quality and water oxygen content,
death of flora and fauna.

Genetic sequence
The sequence of genetic building
blocks (bases) that compose a gene.

Gene expression
A process in which the genetic
information of a gene is converted
into a gene product (for example, a
protein or RNA molecule) and thereby appears.

Genome, metagenome
and genome sequence
The genome is the entire genetic
material of a living being. A metagenome is the totality of the genomic
information of the microorganisms
of a habitat at the time of the study.
A genome sequence contains the
totality of the genetic information of
a living being.
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Gradient (ecological)

Cascading effects

Leakage

The gradual change of an environmental factor (temperature, light,
humidity). It is often of interest how
certain components, e.g. the species
composition, of an ecosystem behave as a function of a gradient.

A step-like effect, similar to the
domino effect. The triggering is
followed inexorably by a series of
effects.

In the case of carbon leakage, for
example, companies relocate their
production to other countries where
emissions regulations are less strict.
Thus, greenhouse gas emissions
may decrease in one country but
increase in another.

Holobiont, holobiontic
A unit consisting of a host and many
other species that live in (or around)
it and together form a closed biological system. Humans, for example,
are holobionts because they interact
closely with many microorganisms
(in the gut, on the skin).

Intensive and extensive
agriculture

Tipping points
A level of change in system properties beyond which a system
reorganises – often abruptly – and
does not return to its original state,
even if the drivers of change are
dismantled. In relation to the climate
system, this term refers to a critical
threshold of transition for the global
or regional climate from one stable
state to a new stable state. The tipping point event may be irreversible.

Intensive (also referred to as conventional or industrial) agriculture
aims to maximise the yield per unit
of agricultural land. In contrast, the
more ecological and environmentally friendly “extensive” agriculture
is characterised by a low input of
capital and labour (e. g. fertilisers,
pesticides, machinery) in relation
to the area. The yields per unit of
land are lower than in intensive
agriculture.

Climate stabilis ation areas
(CSAs)

In-situ-data

Climate-resilient forests

Observational data based on measurements taken on-site. Examples
of this include surveys of mountains, seabeds or river flows.

Climate resilience describes the
ability of an ecosystem to adapt its
structures to climate change in the
long term. Climate-resilient forests
consist of tree species with different
forest-geographic and climatic
origins, which increases the potential to adapt to changing climatic
conditions.

Invasive species
Species whose introduction by
human activity outside their natural
range threatens biodiversity, food
security, human health or welfare.

Areas that store enormous reserves
of carbon and other greenhouse
gases, and whose protection thus
plays a major role in stabilising
the climate. In line with the Paris
Climate Agreement, those areas
would focus on habitats such
as mangroves, the tundra, other
peatlands, and boreal forests and
tropical rainforests.

Megafauna
The proportion of fauna (animals)
of a region, habitat or period that
constitutes the physically largest
organisms weighing more than 45
kg.

Meta-ecosystems
A variety of ecosystems connected
by spatial flows of energy, materials
and organisms across ecosystem
boundaries.

Microbiome
Totality of all microorganisms (bacteria, fungi, viruses) that colonise
humans or other living organisms.

Molecular high throughput
method
A method with which molecular
substances – such as DNA, RNA,
proteins and metabolites from biological samples – can be comprehensively examined in a short time
in a largely automated process.

Mutualism, mutualistic symbiosis
A form of interrelationship between
species-different living beings in
which all individuals involved derive
a benefit from the structure or way
of life, respectively.

Coherence
An inner or outer connection, or
cohesion of something.
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Ecosystem functions

Open science

Ecological footprint

The flow of energy and materials
through living and inanimate components of an ecosystem. Ecosystem functions are many processes
and functions of an ecosystem, such
as biomass production, nutrient
cycling, water dynamics and heat
transfer.

This term bundles strategies and
procedures that aim to consistently
use the opportunities of digitisation
to make all components of the
scientific process openly accessible,
comprehensible and reusable via
the internet.

A sustainability indicator that
describes how much of the Earth’s
surface a person needs to meet
their resource requirements (raw
materials and energy). Factors that
are incorporated into the calculation
include the origin and type of food
consumed, the means of transport
used or the production conditions of
consumer goods.

Nature-based solutions
Ecosystem accounting
Ecosystem accounting is a self-contained approach to valuing the environment by measuring ecosystems
and the services provided by ecosystems for economic- and other
human activities. This basis on the
benefits of ecosystems for humans
should enable decision-makers in
politics and society to adequately
consider the services rendered by
the environment.

Ecosystem health
Ecosystem health is defined as the
state of an ecosystem when it is
stable and sustainable, i.e. when it
is active, maintains its organisation
and autonomy over time, and is
resilient to stress.

Ecosystem services
The benefits that people derive
from ecosystems. This can be of
monetary or non-monetary value
to individuals or society. Ecosystem
services are divided into supporting, regulating, provisioning and
cultural services. Examples include
regulating the climate, providing
food, water, building materials and
pollinating crops.
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Measures to protect, sustainably
manage and restore natural (or
modified) ecosystems that can
address societal challenges in an effective and adaptive manner, while
serving the purposes of human
well-being and biodiversity.

Natural capital
Natural capital describes the world’s
stock of natural resources, which
includes minerals, soil, air, water
and all living things in the biosphere.
Natural capital provides valuable
goods and ecosystem services that
make human life possible.

One Health
The term stands for a holistic,
interdisciplinary approach to health,
based on the recognition that
human health is closely linked to
the health of plants, animals and
the environment, and the healthy
balance of their impact on the ecosystems they share.

Ecological resilience
The ability of an ecosystem to
withstand a certain level of stress
without significantly altering its
structure, organisation, function
and identity. Ecological resilience is
primarily determined by the resistance and resilience properties of a
system.

Spillover events
This describes the point in time
when a virus has overcome the
many naturally occurring barriers
and has been transmitted from one
species to another, i.e. has “jumped
over”.

Planetary health
That of human civilisation, and the
state of the natural systems on
which it depends.

Primary data
Primary data is based on a survey,
observation, measurement or other
type of direct data collection. Therefore, it enables direct reference to
the object of study, as well as extensive evaluations. This contrasts
with the derived secondary data
(processed data).

Primary pandemic prevention
Preventive measures that minimise
the risk of pandemic outbreak
and spread. Primary pandemic
prevention includes measures such
as more effective monitoring of a
pathogen’s spread, better regulation
of the wildlife trade and a significant
reduction in deforestation.
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Primary production

Secondary forest

Animal pathogens

The biomass produced by primary
producers such as plants, algae and
photosynthetic bacteria.

Forest that forms after the destruction of the original primary forest,
e. g. through road construction,
logging or slash-and-burn, and
whose composition often consists
of fast-growing species that differ
from the primary forest.

Organisms capable of causing disease in animals.

Primary forest (primeval forest)
Forest that is not been (or only
slightly) touched by human influence.

Renaturation
All intentional activities that initiate
or accelerate the recovery of an
ecosystem from a degraded to
a healthy state. Often, the active
restoration of landscapes or their
individual elements to as close to
their natural state as possible is
also the intended meaning.

Repository
A document server operated at
universities or research institutions
on which scientific materials are
archived and made accessible
worldwide and free of charge.

Resilience (ecological)
The regenerative and adaptive
capacity of an ecosystem that is
exposed to stress, disturbances or
other external influences.

Resistance (ecological)
The resistance capacity of an ecosystem to stress, disturbance or
other external influences. Together
with resilience, resistance determines the ecological durability of a
system.
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Stratified
biodiversity monitoring
A form of monitoring in which the
monitoring intensity varies depending on the spatial and temporal
level. It is often used when detailed
monitoring is not possible for time
or financial reasons.

Taxa (singular: taxon)

Vector-borne diseases
Diseases transmitted by vector organisms. A vector is a living organism that transmits pathogens from
an infected animal (e. g. mosquitoes,
ticks) to a human or another animal.
Many vector-borne diseases are
zoonoses.

Zoonoses
These are infectious diseases that
can be caused by bacteria, parasites,
fungi, animal proteins or viruses
and can be transmitted reciprocally
between animals and humans.

A group of living organisms that
form a unit within biological systematics on the basis of certain criteria. Examples of taxa are species,
genera, families, classes.

Telecoupling
A process that connects distant
systems via networks and streams.
Examples include trade, migration,
tourism or technology transfer. This
can include raw materials or energy,
as well as people, information or
technology. Telecoupling thus describes the fact that human-induced
processes in one part of the world
affect a distant part (or parts) of the
rest of the world in a certain way.
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