Humans are disrupting the functioning of the natural environment to an alarming extent
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cientists today are making two

incompatible observations:

firstly, that nature — with its
geological, biological and ecological
components — is essential for the sur-
vival and evolution of all living beings
on Earth, including humans; secondly,
that humans, through technological
innovations and social organisation,
are disrupting the functioning of
natural systems to an alarming extent.
It is therefore important to recognise
the close links and interdependen-
cies between human health and the
health of domestic and wild animals,
plants and the environment in gene-
ral (including ecosystems), which
is the rationale behind the “One
Health” concept [1]. This vast sub-
ject demands that multiple sectors,
scientific disciplines and communi-
ties work together to overcome the
threats to health and to ecosystems?.
While non-exhaustive, this article
aims to shed light on the intercon-
nections between nature, biodiver-
sity and health. Understanding these
interconnections is something of a
prerequisite for committing to the
One Health approach (see article The
diversity of concepts that lie behind
the word “nature” in this issue).

The ways in which nature and
biodiversity contribute to human
health are best understood through
the anthropocentric prism? of “eco-
system services”. These fall into four
categories:

e Provision of resources (e.g. food,
materials)

e Regulation of ecosystems, to
ensure they function properly
(e.g. climate, pollination)
e Social and cultural services, which
are the non-material benefits of bio-
diversity in the relationship between
humans and nature (e.g. recreation,
inspiration)
e Support for all the other services
(e.g. soil formation, water cycle)
Ecosystem services are based on
the structures, processes and func-
tions of the biosphere?, which can be
represented using a cascade model
(see figure 1) to conceptualise the
causal pathways by which nature, bio-
diversity and ecosystems provide ser-
vices and benefits to human societies,
including health and well-being [2].
The notion of ecosystem services
reflects a utilitarian view of nature:
an ecosystem service is not a funda-
mental property of the ecosystem it-
self, but something useful to human
beings. However, beyond this instru-
mental value given to nature and bio-
diversity, there is also intrinsic value.

A web of interconnections

It is clear that nature is essential
for all of our planet’s ecosystems to
flourish. High biodiversity increas-
es the stability of the biosphere

KEY POINTS

Nature is a vital environment
for human societies. Water, air,
food production and therapeutic
resources are key to population
survival and human well-being
largely depends on the quality

of natural environments.

Yet the depletion of hiodiversity
jeopardises this balance, directly
threatening the health of humans
and other living beings.

and its ability to adapt to changes
in environmental conditions. The
biosphere supports the livelihood
and well-being of the human race.
However, the degradation of nature
and the loss of biodiversity can threa-
ten biosphere health, both directly
(zoonoses*, pollution) and indirectly
(effects of climate change). The main
links between nature, biodiversity,
ecosystems and human subsistence,
health and well-being [3] (see figure 2)
are presented below.

Fresh water

Freshwater systems are the source
of all life on earth. Biodiversity
contributes to freshwater systems
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Figure 1 — Simplified diagram of the cascade model of ecosystem structures, functions
and services that benefit human societies (adapted from M. B. Potschin, R. H. Haines-

Young [2]).

functioning smoothly by maintaining
and regulating the flow of surface
water, helping to purify water and
contributing to the atmospheric

cycle of water, reducing extreme
weather phenomena and soil ero-
sion through the sedimentation of
waterways. Inversely, the availability

of good quality fresh water supports
biodiversity, which in turn supports
other ecosystem services.

Healthy ecosystems reduce expo-
sure to water-related health risks.
Biologically diverse ecosystems such
as wetlands contribute to water
quality. They also protect people
from chemical and biological hazards
as filtration and sedimentation pro-
cesses remove pollutants and excess
nutrients [4].

Air quality

Nature, ecosystems and their
level of biodiversity play a key role
in regulating air quality for all living
beings. Through biosynthesis®, trees
and forests produce oxygen and store
carbon dioxide, cleaning up the atmo-
spheric environment both locally and
more widely. In urban environments,
vegetation can capture some of the
particulate and gaseous pollutants



(e.g. fine particles and nitrogen
oxide (NOx) emitted by combustion
engine vehicles), improving air qua-
lity in certain configurations and
proportions [5].

Reducing sources of air pollution
must be a priority [6]. This is because
poor air quality due to environmen-
tal factors is a cause of premature
death around the world [7], with
considerable economic repercus-
sions (increased medical costs, lower
productivity due to poor health of
workers). It damages crops, forests,
soils, lakes and rivers [8], threatening
biodiversity.

Coasts, seas and oceans

The oceans cover 71% of the
planet’s surface and make up 95% of
the space available for life. Seas and
coastal environments provide many
ecosystem services, the producti-
vity, stability and resilience of which
depend on biodiversity [9]. On a glo-
bal scale, aquatic ecosystems have an
impact on climate mechanisms, with
the circulation of ocean currents
helping to regulate extreme events.
They also store 16 times more carbon
than the terrestrial biosphere. Yet the
acidification and warming of oceans
are affecting this balance.

The services provided to humans
by these ecosystems include first and
foremost food production: in 2022,
20.7 kg of fish were consumed on
average per person worldwide, 51%
of which came from aquaculture.
In terms of marine stocks fished,
62.3% (2.3% less than in 2019) were
fished within biologically sustainable
levels [10]. In addition, access to high
quality blue spaces (such as unpollu-
ted beaches), marine biotechnologies®
and the pharmaceutical potential of
the seas [11] provide other physical
and mental health benefits.

Soil, agriculture, nutrition
and food security

Fertile soil is a prerequisite for
vegetation to grow, and this is impe-
rative for natural environments and
for food production. With popula-
tions and human activities being con-
centrated in small areas, combined
with changes in climate and land use,
there have been irreversible losses of
biodiversity through deforestation,

Figure 2 — Main links between nature and human well-being (adapted from The Global

Health Observatory, WHO [3]).

surface sealing in urban areas, soil
erosion, contamination, acidification,
salinisation, etc. Soil degradation,
caused by loss of land to urban cons-
truction and intensive agriculture,
means lower quality soils and fewer
nutrients available to plants [12],
which in turn leads to higher use
of chemical inputs’. Another conse-
quence is that the increase in surface
water run-off affects aquatic eco-
systems, in particular by dispersing
pollutants as far as the ocean - the
final spillway. The decline in genetic
biodiversity resulting from intensive
farming also poses a risk for food
and the economy (e.g. the depletion
of Penicilium camemberti, a microor-
ganism used in the manufacture of
Camembert cheese).

Healthy food must be accessible
and affordable for all in order to
maintain good health. This is because
a diet lacking balance, whether in
terms of food quality or consump-
tion behaviours, is one of the main
risk factors for non-communica-
ble diseases such as cardiovascular
disease, metabolic diseases (obesity,
diabetes), ischaemic strokes, and

so on. Furthermore, food waste in
rich countries — estimated at 20%
in France according to the French
Agency for Ecological Transition
(ADEME) - puts unnecessary pres-
sure on agriculture and on soils that
are already overstretched.

Infectious diseases

The links between biodiversity and
infectious diseases are complex [13].
They can be caused by exposure to
pathogenic organisms such as bac-
teria, viruses, fungi and parasites.
Zoonoses are infectious diseases
transmitted by vertebrate animals to
humans. Infectious diseases fall into
three categories:
e Direct transmission: the host, a sick
animal or human or an asymptomatic
carrier, transmits a pathogen directly
to a human through close contact
(HIV, Ebola, avian flu, Mpox, etc.);
e Indirect transmission by vectors®:
a vector (mosquito, tick) transmits a
pathogen, from an animal or a human
who may or may not be sick, to a
human (dengue fever, Lyme disease,
Crimean-Congo haemorrhagic fever,
malaria, etc.);
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e Indirect transmission via environ-
mental contact (water, soil): examples
include aspergillosis® and tetanus.
They may also be transmitted due
to temporary contamination of the
environment: drinking water con-
taminated by the cholera bacterium,
vegetable gardens contaminated by
echinococcus eggs'®, water and mud
contaminated by the leptospirosis
bacterium®?, and so on.

Biodiversity collapse can lead to an
increased risk of infectious diseases.
The reduced diversity of host animal
species increases the risk of transmis-
sion to humans. Furthermore, when
humans encroach on ecosystems,
they increase their exposure to zoo-
noses and the risk of new zoonoses
(see article Human health suffers from
a simplistic view of biodiversity in this
issue). The degradation of ecosystems
is giving way to invasive species,
reservoirs or vectors, which are sour-
ces of infectious disease outbreaks.

A high level of biodiversity tends
to regulate epidemics but it can also
entail a risk of infectious diseases,
either by encouraging pathogen reser-
voirs to develop, or through direct
or indirect contact with humans.
Consequently, sensitive environments
require management strategies in
order to promote biodiversity conser-
vation and simultaneously reduce the
risk of infectious diseases [14].

Microbes in the environment
and in the human body
Microorganisms include bacteria,
viruses, fungi, archaea'? and protists'®
(such as algae and protozoa'). In
humans and in natural environments,
microbes form complex communi-
ties made up of thousands of indivi-
duals belonging to multiple species.
Although invisible to the naked eye,
microbes are an important compo-
nent of global biodiversity and play a
fundamental role in the functioning
of all ecosystems [15], including
those in the human body. Disruptions
to microbial populations can have
lasting repercussions on ecosystem
services and human health [16].
Ecosystems that support and pro-
mote health include diverse microbial
communities. Those in the human
microbiome® inhabit the gastro-
intestinal, urogenital and respiratory

tracts, as well as the skin, and are an
extremely important determining
factor in various aspects of physical
and mental well-being. A high level
of biodiversity in the microbiome
contributes to the correct opera-
tion of various functions (metabolic,
immunological, etc).

Environmental and human micro-
biomes interact. Different environ-
mental exposures can introduce
factors that promote or suppress
the growth of certain microbes. A
lack of diversity in the human micro-
biome is associated with various
non-communicable pathologies such
as obesity, diabetes, asthma, allergies
and certain autoimmune diseases,
which are observed in urban envi-
ronments [17]. There is also growing
interest in the interaction between
the microbiome and psychiatric
disorders [18].

Medicine and healthcare

Biodiversity provides pharma-
ceutical and cosmetic active ingre-
dients. Plants, animals and certain
ecosystems are used in traditional
medicine, the beneficial functions
of which have yet to be fully explo-
red [11; 19]. Around a third of modern
pharmaceuticals are derived from
compounds found in the natural
world, and many other medicines
are designed to mimic natural pro-
ducts. Penicillin, aspirin and quinine
are well-known examples. Thanks to
these medicines derived from nature,
many previously fatal diseases can
now be treated. The discovery of new
compounds derived from the biodi-
versity of natural ecosystems will
also play an important role in future
healthcare [19].

Access to nature

Being out in nature and interacting
with quality green and blue spaces is
good for physical health and mental
well-being. Greater exposure to green
spaces is associated with indicators
of good health (lower cortisol®
and blood pressure) and better self-
reported health [20]. Spending time
in nature is also associated with a
lower risk of health problems and a
reduced risk of death from all cau-
ses [21]. These benefits stem from the
availability of safe spaces for physical

activity, enjoying food, relaxing and
socialising with friends and family.
In dense and artificial urban envi-
ronments, access to natural spaces is
key to a better quality of life, health
and well-being for humans. However,
this access to nature must not com-
promise the ecosystems and all the
communities that live there.

Key messages that call
for action

Nature provides the basic condi-
tions for the survival and health of
all organisms, including humans. It
is essential for regulating the water
cycle, maintaining air quality and
enabling soil formation and food
production, both on land and in the
oceans. It is a resource with poten-
tial therapeutic properties awaiting
discovery. The natural environment
is a setting conducive to a healthy
lifestyle.

Although nature can present
health risks, it is not a hostile world
that is set apart, but a living envi-
ronment that is indispensable to
humans. A healthy, functional and
resilient natural environment plays
a role in mitigating extreme events
and the effects of natural disasters,
limiting exposure to pathogens and
protecting health.

The pressures exerted on natural
environments threaten the health of
humans and other living organisms.
Climate change, overexploitation
of soils, depletion of resources and
biodiversity loss mean an increase in
extreme events, the threat of eco-
logical collapse and impacts on food
systems as well as access to drinking
water. Environmental degradation
also leads to conflict and population
displacement, with health conse-
quences for the people concerned.

Measures to protect nature
— and therefore human health - are
becoming a vital necessity. Strengthe-
ning “environmental resilience” and
ensuring diverse and functional eco-
systems will help to mitigate long-
term health effects. To achieve this,
all sectors need to take the following
action: consider and communicate
the links between nature, biodiver-
sity and health; prepare long-term
strategies for sustainable manage-
ment of the natural environment;



integrate nature, environment and
health considerations into all policies,
both national and local, taking a One
Health approach; seek nature-based
solutions to societal, economic,
environmental and climate challen-
ges; compile and use environmen-
tal data; share information on best
practices. W

I

1. A community of living beings,animals and plants,
and the environment in which they live. (Editor’s
note.)

2. A view that sees humans as the centre of the
universe. (Editor’s note.)

3. The zone of the Earth where the conditions for
life are found. (Editor’s note.)

4. Infectious diseases passed from animals to
humans. (Editor’s note.)
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