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Peninah Murage and colleagues argue that biodiversity is the cornerstone of healthy natural
habitats. Its preservation is vital to human health and should therefore be embedded into
medical and healthcare studies

The restoration and protection of natural habitats enhance biological diversity
(biodiversity; box 1). These two concepts natural habitats and biodiversity are
interdependent because complex symbiotic interspecies relationships are the foundation of
thriving natural habitats. Nearly every aspect of our survival depends on exploiting natural
resources—when land is converted for food production and housing, for example, or for the
extraction of energy, raw materials, and water. The unsustainable use of natural resources has
led to short term improvements in human health characterised by increases in life expectancy
and a global decline in poverty.! But these are matched by an unprecedented alteration of the
natural world characterised by loss of primary forests, species extinction, concentration of
greenhouse gases, and ocean acidification, among others.! This has perilous consequences to
the planet and to human health in the long term.

Box 1: Biodiversity and ecosystems

The Convention on Biological Diversity defines biological diversity (biodiversity) as the
variability among living organisms from all sources (including terrestrial, marine, and other
aquatic ecosystems) and the ecological complexes of which they are part. This includes
diversity within species, between species, and of ecosystems. Ecosystem means a dynamic
complex of plant, animal, and micro-organism communities and their non-living environment
interacting as a functional unit. Habitat means the place or type of site where an organism or
population naturally occurs.

Biodiversity should be preserved at three levels: ecosystem, species, and genetic. In other
words, we should preserve a diversity of ecosystems on Earth, and within those ecosystems
we should preserve a diversity of species, as the more biodiverse ecosystems are resilient to
change. Genetic diversity within a species refers to all the genes and alleles contained in the
individuals of that species. It serves as a reservoir of development possibilities, and it can
help species adapt to future environment changes.
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A study looking at the distribution of the global biomass (total weight of organisms) gives
a sobering account of our effect on species diversity.? It shows how humans and livestock
have dominated the mammalian biomass and substantially altered the species balance leading
to a major loss of plants, a sevenfold loss of large land mammals, and a fivefold decrease in
marine mammals. This is despite humans accounting for a rather insignificant 0.01% of the
total species biomass (fig 1). Humans and livestock outweigh all vertebrates combined
(except for fish) and make up 96% of all mammalian biomass (fig 1)%; a phenomenal
imbalance in the mammalian species that could be attributed to agriculture and food

production.

Fig 1 Global biomass by biological classification showing the relative distribution of the ~550 gigatons of
carbon (GtC) of biomass.[2]

Species dominance disrupts the functioning of ecosystems [to A: such as? can you
briefly define ecosystem functions and ecosystem services?] by endangering ecosystem
services or the countless benefits [such as? Aren’t ecosystem services the same as
benefits?] that the natural environment provides us free of charge.’ The Millennium
Ecosystem Assessment provides a framework for understanding the complex links between
these ecosystems services and human health by broadly categorising the services as provision
of resources, regulating the environment, providing recreational spaces, and supporting
ecosystem functioning through, for example, soil formation and nutrient cycling.?

In this paper we discuss the role of four ecosystem services (drug discovery, regulation of
zoonotic diseases, food provision, and supporting wellbeing) in revolutionising medicine and
the population health consequences of their imminent decline. We describe how contact with
nature is increasingly sought to manage and treat physical and mental conditions through
green prescriptions and argue that medical and health education curriculums should be

overhauled to incorporate ecological considerations.

Biodiversity and drug discovery

Biodiverse ecosystems have been the source of numerous pharmaceutical compounds
over millennia. Drug discovery currently includes sourcing natural bioactive molecules from
land and marine based plants, animals, and microorganisms. These original molecules often
serve as inspiration for synthetic ones that are later produced as components for new drugs.

Some notable land based examples include penicillin, an antibiotic that was originally
sourced from the fungi Penicillium spp; aspirin, derived from a compound originally
extracted from the bark of the willow trees Salix alba °; paclitaxel, a chemotherapy drug

originally extracted from the Pacific yew tree Taxus brevifolia, which is now endangered®;
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and tacrolimus, an immunosuppressant drug used in organ transplants to prevent rejection,
discovered from soil samples that contained the bacteria Streptomyces tsukubaensis.”

Marine natural products also show an interesting array of diverse and novel chemical
structures with potent biological activities. Many agents derived from marine organisms are
currently in various stages of preclinical development for a broad range of potential
applications. Examples of currently used marine derived drugs include: antibiotics from
marine fungus (cephalosporins); compounds isolated from marine sponges used in cancer
treatment (eribulin and cytarabine) and to treat viral infections such as herpes (vidarabine);
and a neurotoxin isolated from a marine snail with painkiller properties that make it 10 000
times more potent than morphine and without the side effects (ziconotide).

Marine habitats rich in species are likely to hold many more compounds that could be
used to treat debilitating diseases and alleviate pressures on health systems. Ocean
acidification, which occurs when carbon dioxide emissions dissolve in oceans,® poses a major
threat to many marine biomes and species, risking a permanent loss of reservoirs of potential
molecules. The genetic diversity in biodiverse habitats makes them more resilient to changes
such as climate variability, although the climate extremes predicted pose major challenges to

the adaptive capacity of even the most resilient habitats.

Pandemics, zoonotic diseases, and biodiversity loss

An estimated 75% of all emerging infectious diseases in humans have a zoonotic origin,’
meaning they are caused by pathogens from animal hosts. These diseases are a major
challenge to human health, commonly resulting in endemic diseases (leptospirosis,
helminthiases, Lyme and hantavirus diseases) and sometimes resulting in epidemics such as
Ebola and HIV/AIDS? ' and pandemics such as covid-19 (box 2). The spread of zoonotic
diseases also threatens economies; the true economic cost of covid-19 is incalculable, but
early estimates indicate that the cumulative financial costs could amount to $16tn (£12tn;
€14tn).!!

Box 2: Emerging zoonotic disease and coronaviruses

The United Nations environment programme’s Frontiers report in 2016 defined emerging
zoonotic diseases as those that newly appear in a population or have existed previously but
are now rapidly increasing in incidence or geographical range.” Coronaviruses are a family of
viruses that cause respiratory and intestinal infections in animals and humans.'¢ They include
SARS-CoV and MERS-CoV viruses, which were responsible for the outbreaks of SARS
(severe acute respiratory syndrome) and MERS (Middle East respiratory syndrome),
respectively,'® and more recently SARS-CoV-2, which is responsible for the covid-19
pandemic. Although the primary source of SARS-CoV-2 has not been identified, the virus
shares up to 90% genetic similarities with other viruses that have been found in horseshoe
bats and pangolins.'?
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The role of biodiversity in animal-to-human transmission has been contested: on the one
hand, biodiversity has been traditionally seen as a source of new pathogens,'? but in other
circumstances it can decrease the transmission of zoonotic diseases that have already become
established in humans through the “dilution effect,” by which biodiversity regulates the
populations of susceptible hosts and decreases the abundance of parasites.'?

The view that species rich environments can serve as sources for new pathogens—thereby
supporting higher rates of animal-to-human transmission and the emergence of new
disease—would mean that biodiversity is a hazard to human health.'? But emerging evidence
shows that some animal species, such as domesticated animal, primate, rodents, and bats, are
far more likely to be zoonotic hosts than others.!? 14 Increases in abundance of these
populations is responsible for a much higher rate of virus spillover.!?* In short, the next
emerging infectious diseases is fare more likely to come from a rat than a rhino.!> As we
transform natural habitats to croplands, grazing lands, and cities, we inadvertently increase
domesticated and fast lived species, which thrive in these altered environments and are more
likely to harbour pathogens transmissible to humans.!® In other words, altering natural

habitats increases the probability of transmission of zoonotic infectious diseases '

Food security and nutrition

Approximately 43% of the earth’s land surface is currently used for food production.!”
Sustaining sufficient nutritious food for everyone (food security) without placing pressure on
natural resources is a phenomenal feat. The environmental effects of producing food for over
7.8 billion people are staggering and include degraded land and aquatic ecosystems, depletion
of water sources, and climate change (an estimated 27% of anthropogenic greenhouse gas
emissions can be attributed to the food supply chain).!”

Biodiversity is indispensable to food security and nutrition and vital for sustainable food
production.'® Attempts to maximise food production through pesticides and fertilisers disrupt
ecosystem regulating services such as insect pollination and profoundly affect food security
by reducing the yield derived from pollinator dependant crops.'® The full loss of natural
pollinators would lead to a 22.9% decline in global fruit supplies, 16.3% decline in
vegetables, and 22.1% decline in nuts and seeds, leading to an estimated 1.42 million annual
deaths from non-communicable diseases and malnutrition related diseases globally.?

Soil is the foundation of food production and nutrition; it is a vital yet underrated
biodiverse ecosystem. Soil is home to interacting communities of microorganisms, fungi, and

invertebrates that contribute to soil health and nutrient richness, thereby nourishing plants and
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supporting all life on earth. Soil ecosystem services such as soil formation and nutrient
cycling are foundational to all other ecosystem services—without soil, almost all other
ecosystem services would fail to function.? The health effects of declining soil ecosystem
services occur over very long periods of time, which might explain the lack of empirical
evidence.?

Loss of marine ecosystems also has major implications for food security, nutrition, and
livelihood. Unsustainable fish farming threatens marine ecosystems such as mangrove
forests, which are vital habitats for fish populations,?' and has implications for the many
coastal communities who depend on fish as a source of protein and for livelihood. In addition
to nutritional and economic effects, declining fish populations disrupt marine food webs
resulting in ecological imbalances, with knock-on effects on other coastal habitats such as

coral reefs.!'®

Health and wellbeing
Access to nature promotes healthy lifestyles such as walking, cycling, and sports. This in
turn helps prevent cardiovascular diseases, diabetes, and some cancers by lowering blood

2223 and by enhancing immune system function.?® Access to nature

pressure and cortisol levels
also benefits mental health and has been shown to reduce anxiety, improve mood, and boost
self-esteem.?? These health benefits have made a case for nature prescribing as a
complementary therapy for managing mental and physical illness. In England, a national
initiative spearheaded by Department for Environment, Food, and Rural Affairs and NHS
England has been awarded £5.77m to develop ways of scaling up green social prescribing.?*
The natural environment also encourages community cohesion, which has been
associated with lower crime rates in urban areas.>> Greenspaces in urban settings also provide
critical regulatory services that minimise environmental risks associated with poor health,
such as air quality, flooding, and exposure to heatwaves.?? Evidence shows that biodiverse
urban ecosystems characterised by multiple species and multiple layers of trees and shrubs
offer more effective cooling of urban environments than single layered single trees species.?®
Before we can achieve the full potential of nature’s effects on human health, we must
tackle the existing inequities in access, allocation, and management of natural resources.
Inequality in access is a barrier to realising health benefits when the most deprived and
marginalised groups have the least access to urban greenspaces.?? Likewise, rapid loss of

natural habitats and environmental degradation disproportionately affect indigenous

communities who rely on these habitats for livelihood.
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Nature based solutions

Human health is fundamentally dependent on healthy biodiverse ecosystems.
Unfortunately, the prosperity of our species is matched by declining natural systems. Our
debt to nature is vast; the global cost of the ecosystem services provided by natural crop
pollinators is $195bn-$657bn?’ and the use of penicillin and other antibiotics is estimated to
have extended the average human lifespan by 23 years.?® The covid-19 pandemic is a
reminder that our exploitation of nature might be reaching a tipping point.

The enormous challenge we now face is safeguarding population health and meeting
development goals within the safe limits of existing natural systems. Achieving this will
require transformational changes in nearly every aspect of society. Nature based solutions are
a viable means of restoring natural habitats without compromising human health and
prosperity (box 3). They have gathered momentum over the years because of their potential
to enhance the natural environment while tackling multiple societal challenges.?

Box 3: Types of nature based solutions and their effects on human health
Nature based solutions can be grouped by the degree of intervention involved.? Type 1
involves minimal intervention, such as keeping wetlands intact to restore habitats, sustain
food supplies, and reduce risk of flooding. Type 2 includes moderate interventions such as
integrating trees and shrubs in cropland (agroforestry) to prevent soil erosion, improve water
catchment, and increase crop yields, which has nutritional, economic, and carbon
sequestration benefits. Type 3 is much more intrusive and might involve creating new
ecosystems in urban areas such as installing green roofs to provide cooling, reduce heat
exposure, improve air quality and if implemented at scale, these interventions can also
sequester carbon.

In food production, proposed solutions include a wide range of sustainable intensification

agricultural techniques that maximise productivity while taking environmental effects into

account.'®

One technique is diversification, which entails the intentional integration of crop,
livestock, forest, and aquatic resources to deliver multiple socioeconomic and biodiversity
benefits.!® When properly implemented, diversification supports positive interactions
between species and minimises the environmental effects of food production. Examples
include using livestock to provide manure for crop fertilisation and using trees and shrubs to
provide improved nutrient cycling and nitrogen fixation, which reduces the use of
fertilisers.'® The climate mitigation potential of integrating trees in croplands is now widely
acknowledged,*® as are the climate resilience benefits through increased crop yields and
income for climate vulnerable populations.'®

The sustainable management of wetlands and aquatic systems is also key to restoring

biodiversity, improving livelihoods, and reversing climate change. Mangrove restoration

efforts improve the productivity of fisheries, enhance coastal safety by offering protection

Page 6 of 10



Item: BMJ-UK; Article ID: murp066453;
Article Type: Analysis/RMR; TOC Heading: Analysis; DOI: 10.1136/bmj.n2329

from flooding and tsunamis, and sequester carbon from the atmosphere.?! Likewise, in
marine systems, biodiversity conservation actions that promote intact ecosystems and
increase species abundance are vital in mitigating the effects of ocean acidification and
promoting climate change resilience.® In urban areas, green infrastructure is increasingly used
to build resilience against heatwaves and flooding, with many biodiversity benefits. Green
roofs in densely populated cities offer transformative solutions that show the potential to co-
exist with nature even in limited spaces. Some of the largest urban green roofs span hundreds
of acres,*! with many discernible benefits including urban cooling, pollution reduction, and
protection of wildlife species that would otherwise not thrive in the harsh urban
environments. Species diversity is at the very heart of implementing nature based solutions.?’
Approaches that encourage species dominance such as large scale single species tree planting
(monoculture) do not fit the criteria for nature based solutions as they result in ecosystem
collapse and the loss of ecosystem services that support human wellbeing.

Working with nature to solve societal challenges will also require reimagining our cross-
discipline relationships. The covid-19 pandemic has created an opportunity to unify health,
economics, and environmental objectives, but only radical and transformational thinking will
keep the momentum going. Part of this will include a curriculum overhaul to integrate
“threshold concepts” from biodiversity and ecology into medicine, nursing, public health,
economics, and development studies. Current public health models, though credited for
advancing population health (through vaccination programmes and improved sanitation, for
example), are ill equipped to tackle the problems that we face in the Anthropocene era.* To
paraphrase Albert Einstein, ‘No problem can be solved using the same thinking that created
it.” Human population growth is a public health success story, but, when uncontrolled, it is
devastating for the environment; planetary health presents an alternative and promising
approach by reminding us of our interconnectedness with nature and by blurring the artificial
disciplinary boundaries that limit cross disciplinary collaborations. Fields like such as
environmental epidemiology and disease ecology are pioneering cross disciplinary work.

Health professionals can build on the tremendous success of public health to deliver the
ambitions set by planetary health and propel us to a future where we co-exist harmoniously
with nature. This can be achieved by championing behaviour changes that promote human
health and reduce negative environmental effects, such as “planetary healthy diets,”
characterised by less meat and more fruits, vegetables, and whole grains, and active travel to
combat obesity, reduce carbon emissions, and improve air quality.

Key messages
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* Biological diversity supports the health of ecosystems and is a cornerstone to thriving
natural habitats

* Ecosystem destruction significantly challenges human health in terms of drug discovery,
zoonotic diseases, food security and nutrition, and health and wellbeing

* Nature based solutions can achieve multiple health and environmental objectives, thereby
benefiting humans and nature, but successful implementation requires cross disciplinary
efforts

* We need a curriculum overhaul to incorporate the teaching of biodiversity and ecology in
medicine, nursing, public health and other related studies
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