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Rich biological diversity inmountains provides ample benefits to people locally and beyond. However,moun-
tain biodiversity is decreasing rapidly, often as a result of geographically distant demands. We can achieve
the transition to sustainable development only by accounting for the drivers and benefits of mountain biodi-
versity from a local to global level.
Growing evidence shows that people

depend on well-conserved and sustain-

ably managed biodiversity for their well-

being.1,2 With that in mind, the conserva-

tion, sustainable use, and restoration of

biodiversity are key components of the

United Nations Sustainable Development

Agenda.3 In many developing countries,

biodiversity and healthy ecosystems are

the ‘‘wealth of the poor,’’4 providing basic

resources (such as trees, fish, or arable

land) that are essential to subsistence ac-

tivities. Accordingly, we can eliminate

poverty only if we conserve and sustain-

ably use biodiversity. Similarly, given

that diverse and intact mountain ecosys-

tems provide food, domestic crops, and

ecosystem functions that underpin food

production (e.g., pollination), they play a

critical role in achieving food security.3

Despite biodiversity’s importance to sus-

tainable development, most contempo-

rary development and economic agendas

threaten it by ignoring it or supporting ac-

tivities that endanger it.5

Mountains host biodiversity that is crit-

ical to humankind and to achieving a sus-

tainable future in mountains and beyond.

Yet, human pressure on mountains (e.g.,

through land-use change and unsustain-

able exploitation of mountain resources)

is growing, and mountain ecosystems

are increasingly degraded. Concomi-

tantly, we are rapidly losing mountain

biodiversity and with it the ability to pro-

vide water, safety, and food for commu-

nities in mountains and in vast low-

land areas.

In this commentary, we first illustrate

the importance and challenges of safe-

guarding healthy mountain ecosystems.
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We then outline how integrated strategies

that enable transformative changes

across socio-economic sectors and seg-

ments of society can place well-

conserved mountain biodiversity at the

core of a just, equitable, and sustain-

able world.

Importance of Mountain
Biodiversity
Species diversity is exceptionally high in

mountains, which (depending on how

they are defined6) cover 12%–30% of

Earth’s land surface outside of Antarctica.

Mountains are cradles and sanctuaries of

the world’s biodiversity7 and home to

around half of the world’s ‘‘biodiversity

hotspots’’—areas of particularly rich,

unique, and threatened biodiversity—and

about 30%of theworld’s ‘‘key biodiversity

areas,’’ sites that contribute significantly

to the global persistence of biodiversity.8

With an estimated 4,300 known varieties

of potatoes in the central Andes alone9

and about 5,000 varieties of wild Arabica

coffee (Coffea arabica) in the Afromontane

cloud forests of southern Ethiopia,10

mountains are also the origin and living

museums of genetic diversity for many

crop species farmed and consumed all

around the world.

Mountain biodiversity is important to

people who live there and far beyond in

the lowlands. Locally, mountain biodiver-

sity is often indispensable as a source of

income, food, medicinal products,

energy, and building materials. In the

cloud forests of Ethiopia, for example,

local peoples’ livelihoods depend on the

harvesting and local sale of wild-growing

coffee cherries, lianas, commercially valu-
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able spices, and wild bee honey.10 The in-

habitants of Mount Kilimanjaro (Tanzania)

depend on mountain forests for fuel and

medicine.11 Intact mountain ecosystems

also enhance resilience to climate change

both locally by stabilizing soils and glob-

ally by sequestering carbon. By absorbing

and filtering water, intact mountain eco-

systems are crucial to water regulation

and provision both within mountains and

far into the surrounding lowlands. For

example, the over 1.5 million inhabitants

of Ecuador’s capital, Quito, derive most

of their water from the mountainous

Condor Bioreserve.12

Despite their importance, mountain

ecosystems remain largely under-pro-

tected, and we are not on track to meet

the 2030 goal of ‘‘ensuring the conserva-

tion of mountain ecosystems, including

their biodiversity, to enhance their capac-

ity to provide benefits which are essential

for sustainable development’’ as set out in

the United Nations Agenda 2030. In the

European Alps, for instance, where the

Alpine Convention offers a rigorous

framework for nature protection and sus-

tainable development and where 35% of

the area has some protection status, the

existing protected areas still cover only

about 70% of the key biodiversity areas

(Figure 1). Extents of environmental

degradation and levels of species de-

clines in mountains are enormous. Defor-

estation has left just 20% of the original

forest cover in the East African Mountains

of Tanzania and Kenya and destroyed

about 38% of the habitat of 162 endemic

plant and vertebrate species in the

Albertine Rift Mountains.9 Cropping and

pastures have transformed around 16%
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Figure 1. Key Biodiversity Areas and Their Protection in the European Alps
Key biodiversity areas (KBAs, orange), protected areas (PAs, light green), and their overlap (dark green) in the European Alps. Themap shows that, although about
35% of the Alps are protected, these PAs still cover only about 70% of the KBAs. It also illustrates regional differences in PA coverage of KBAs. Sources: Key
Biodiversity Areas,15 World Database on Protected Areas,16 and Global Multi-resolution Terrain Elevation Data 2010 (https://catalog.data.gov/dataset/global-
multi-resolution-terrain-elevation-data-2010-gmted2010).
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of the species-rich grasslands of

Colombia (páramos), and 20 years of agri-

culture and afforestation have modified

26% of the Jalca grasslands of Peru with

profound consequences for local liveli-

hoods.13 Current models estimate a

30%–40% loss in suitable habitats for

northern Andean birds,13 and within just

over a decade, bird populations in four

major European mountain regions have

declined by 7%.14 Iconic and already crit-

ically endangered species, such as the

mountain gorilla (Gorilla beringei) and

eastern chimpanzee (Pan troglodytes

schweinfurthii) in Africa and the snow

leopard (Panthera uncia) in the Himalayas,

are on the verge of disappearance.9

Mountain biodiversity has been shaped

by a range of environmental factors, of

which pronounced elevational gradients,

rapid change in climatic conditions with

elevation across very short geographical

distances, and strong contrasts in life

conditions with varying topographies are

the most obvious. Because of its critical

importance for human livelihoods and

well-being, it is increasingly shaped by

the actions of people both in mountains

and beyond. Population increases in

many mountain regions—such as

Rwanda, where the population living in

mountains increased by 45% in only 5

years17—have increased the pressures

on mountain biodiversity. So too have

distant economic pressures. Demand for
mountain biodiversity—for traditional

medicines, crops (e.g., coffee), and

roundwood across the world—can

extend many thousands of kilometers

away from the source. As the world econ-

omy becomes more interconnected and

its ecological footprint becomes larger,

mountain ecosystems are increasingly

shaped by factors such as the unsustain-

able extraction of biodiversity; land-use

change to meet growing crop, wood,

and energy demands; nitrogen deposition

from lowland fertilizer use; and climate

change.

The central challenge to conserving and

sustainably using mountain biodiversity is

that the benefits from biodiversity, the

costs of conserving it, and the forces

driving changes in biodiversity all origi-

nate or accrue in different communities

and places. Many mountain communities

depend economically on local mountain

biodiversity, often to meet distant de-

mands for products and services,

including water, recreational opportu-

nities, food, and medicinal products,

such as the African cherry (Prunus afri-

cana), whose bark is widely used to treat

prostate cancer.10 These demands can

create pressures to unsustainably extract

biodiversity in the short term, creating

economic booms but undermining the

long-term opportunities for sustainable

development and ultimately harming

communities who depend on mountain
biodiversity for their survival. For instance,

the harvest of caterpillar fungus (Ophio-

cordyceps sinensis, used in traditional

Chinese medicine for the treatment of

various ailments ranging from cancer to

impotence) in Nepalese mountains

currently provides up to 65% of the in-

come of poor households.9 Yet, although

high demand from distant regions is likely

to keep supporting a highly profitable

retailer market, ongoing declines in fun-

gus populations in response to overhar-

vesting and climate change18 put local

livelihoods at risk. Conversely, non-local

pressures to conserve mountain biodiver-

sity—for example, to protect water sup-

plies and threatened ecosystems—could

also impose costs on mountain commu-

nities, particularly in terms of the opportu-

nity costs of prohibited economic

activities.

Biodiversity-Related Pathways to
Sustainability
Our current trajectory of unsustainable

mountain development will continue to

harm nature and people alike. To achieve

sustainable development, we need to do

something radically different. Because

biodiversity ultimately underpins human

well-being, sustainable development in

mountains requires integrated strategies

for people and nature centered around

the conservation, restoration, and sus-

tainable use of biodiversity (Figure 2).
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Figure 2. Biodiversity-Related Pathways to Sustainability
(A) The importance of mountain biodiversity for selected Sustainable Development Goals at different scales. Mountain biodiversity loss and degradation are
currently ongoing.
(B and C) Different pathways (B) lead to different mountain biodiversity futures (C): ‘‘business as usual’’ (bottom) leads to low and degradedmountain biodiversity
and exacerbates the negative effects of differences between scales; ‘‘transformative change’’ can lead to high and intact mountain biodiversity and reconcile
scales. Between a no-change and a transformative-change scenario, a continuum of pathways leads to different states of and trends in mountain-biodiversity
intactness and in intermediate social and ecological achievements (middle).
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These strategies must acknowledge the

manifold interactions between nature

and people across a wide range of spatial

scales and account for them by promot-

ing measures and instruments to

conserve and sustainably manage and

use biodiversity in ways that are tailored

to the relevant scales.19

Recent assessments of the state of and

trends in biodiversity and ecosystems

worldwide have taught us that transfor-

mative change is most likely to happen if

diverse actors prioritize a common set of

entry points for interventions.1,19 These

actors include intergovernmental and

non-governmental organizations, govern-

ments, citizen and community groups,

Indigenous peoples and local commu-

nities, donor agencies, science and

educational organizations, and the private
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sector. A key entry point is addressing the

mismatch between the places that benefit

from biodiversity and those that bear the

costs of conserving it. This must be

accompanied by the adoption and

fostering of responsibility, stewardship

and care for nature both locally and at a

distance with changing behaviors and ac-

tions, the embrace of diverse visions of a

good life without high environmental im-

pacts, and the acceleration of education

and knowledge generation and sharing.

Most importantly, from our point of view,

addressing cross-scale interactions re-

quires that local mountain dwellers be

recognized and valued as indispensable

partners and custodians of biodiversity

who strongly depend on it for their liveli-

hoods and visions of a good life. The

effective and inclusive conservation and
sustainable use of mountain biodiversity

are possible only through the inclusion of

mountain communities and their values

in planning, financial rewards, compensa-

tion schemes, or conservation funds. The

FONAG fund in Ecuador, as one example,

collects payments from water users in

Quito and surrounding lowlands and

channels the money to protect the

Condor Bioreserve watersheds.12 Such

incentives and arrangements allow

distant beneficiaries of environmental ser-

vices (e.g., watershed protection for clean

water, forest conservation for disaster risk

reduction, carbon sequestration, and cul-

tural and spiritual services) to reward and

engage with the custodians of the land

providing these services and to improve

their livelihoods. Such arrangements

appear as a fundamental component of
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biodiversity-related pathways for sustain-

able development in mountains.

A Mounting Challenge
For all that we know about the importance

of mountain biodiversity, both for its own

sake and for its importance to people in

mountains and beyond, conserving it re-

mains increasingly challenging. We argue

that the key challenge we need to resolve

is that benefits and costs of conserving

mountain biodiversity are often spatially

mismatched. What happens in the low-

lands and in places far removed from

mountains can dramatically affect moun-

tain biodiversity and the benefits that

mountain communities gain from it.

Conversely, short-term economic gains

from unsustainable development in

mountains locally can ultimately impair

people both in mountains and far beyond.

We urgently need to follow pathways of

conserving, sustainably using, and

restoring biodiversity in mountains in a

way that respects and preserves the

diverse values—including cultural, spiri-

tual, and economic—that people living in

and beyond mountains share. However,

achieving sustainability while safeguard-

ing mountain biodiversity requires more

than individual initiatives and the scaling

up of what we have already been doing.

It requires the strategic action of a diver-

sity of important actors integrating multi-

ple values and objectives and seizing op-

portunities for transformative change

from cities to untouched ecosystems

and from mountaintops to the lowlands.

Such strategies are necessary for

inspiring and realizing transformations

that halt mountain biodiversity loss and

ecosystem degradation, reconciling the

scales at which mountain biodiversity

matters for people, and thus enabling

sustainable development in mountains

and beyond.
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Fjeldså, J. (2019). Humboldt’s enigma: What
causes global patterns of mountain biodiver-
sity? Science 365, 1108–1113, https://doi.
org/10.1126/science.aax0149.

8. UNEP, GRID-Arendal, GMBA, and MRI.
(2020). Elevating mountains in the post-2020
Global Biodiversity Framework 2.0. https://
www.grida.no/publications/473.

9. Payne, D., Snethlage, M., Geschke, J., Spehn,
E.M., and Fischer, M. (2020). Nature and peo-
ple in the Andes, East African Mountains,
European Alps, and Hindu Kush–Himalaya:
current research and future directions. Mt.
Res. Dev. 40, https://doi.org/10.1659/MRD-
JOURNAL-D-19-00075.1.

10. M.F. Price, G. Gratzer, L. Alemayehu Duguma, T.
Kohler, D. Maselli, and R. Romeo, eds. (2011).
Mountain forests in a changing world: realizing
values, addressing challenges (FAO/MPS SDC).
http://www.mountainpartnership.org/fileadmin/
user_upload/mountain_partnership/docs/FAO_
Mountain-Forests-in-a-Changing-World.pdf.

11. Baer, R., Heinimann, A., and Ehrensperger, A.
(2017). Assessing the potential supply of
biomass cooking fuels in Kilimanjaro region
using land use units and spatial Bayesian net-
works. Energy Sustain. Dev. 40, 112–125,
https://doi.org/10.1016/j.esd.2017.05.007.

12. A. Bovarnick, F. Alpizar, and C. Schnell, eds.
(2010). The importance of biodiversity and
ecosystems in economic growth and equity
in Latin America and the Caribbean: an eco-
nomic valuation of ecosystems (United
Nations Development Programme). https://
www.undp.org/content/dam/undp/library/
Environment%20and%20Energy/biodiversity/
Report_ENG.pdf.

13. IBPES (2018). The IPBES regional assessment
report on biodiversity and ecosystem services
for the Americas, J. Rice, C.S. Seixas, M.E.
Zaccagnini, M. Bedoya-Gaitán, and N.
Valderrama, eds. (Secretariat of the
Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services).
https://doi.org/10.5281/zenodo.3236252.

14. Lehikoinen, A., Brotons, L., Calladine, J.,
Campedelli, T., Escandell, V., Flousek, J.,
Grueneberg, C., Haas, F., Harris, S.,
Herrando, S., et al. (2019). Declining popula-
tion trends of European mountain birds. Glob.
Change Biol. 25, 577–588, https://doi.org/10.
1111/gcb.14522.

15. Key Biodiversity Areas Partnership (2020). World
Database of Key Biodiversity Areas. Developed
by the KBA Partnership: BirdLife International,
IUCN, American Bird Conservancy, Amphibian
Survival Alliance, Conservation International,
Critical Ecosystem Partnership Fund,
Global Environment Facility, Global Wildlife
Conservation, NatureServe, Rainforest Trust,
Royal Society for the Protection of Birds, World
Fund, and Wildlife Conservation Society. http://
www.keybiodiversityareas.org/.

16. UNEP-WCMC, and IUCN. (2020). Protected
Planet: the World Database on Protected
Areas (WDPA), https://www.protectedplanet.
net/.

17. F. Bachmann, A. Maharjan, S. Thieme, R.
Fleiner, and S. Wymann von Dach, eds.
(2019). Migration and sustainable mountain
development: turning challenges into opportu-
nities (Centre for Development and
Environment, University of Bern, with Bern
Open Publishing). https://doi.org/10.7892/bo-
ris.130222.

18. Hopping, K.A., Chignell, S.M., and Lambin,
E.F. (2018). The demise of caterpillar fungus
in the Himalayan region due to climate change
and overharvesting. Proc. Natl. Acad. Sci. USA
115, 11489–11494, https://doi.org/10.1073/
pnas.1811591115.

19. Chan, K., Boyd, D., Gould, R., Jetzkowitz, J.,
Liu, J., Muraca, B., Naidoo, R., Olmsted, P.,
Satterfield, T., Selomane, O., et al. (2020).
Levers and leverage points for pathways to
sustainability. People Nat. 2, 693–717,
https://doi.org/10.1002/pan3.10124.
One Earth 3, November 20, 2020 533

https://ipbes.net/global-assessment
https://ipbes.net/global-assessment
https://livingplanet.panda.org/en-us/
https://livingplanet.panda.org/en-us/
https://sustainabledevelopment.un.org/content/documents/18277CBD_input_to_2018_HLPF.pdf
https://sustainabledevelopment.un.org/content/documents/18277CBD_input_to_2018_HLPF.pdf
https://sustainabledevelopment.un.org/content/documents/18277CBD_input_to_2018_HLPF.pdf
http://refhub.elsevier.com/S2590-3322(20)30543-1/sref4
http://refhub.elsevier.com/S2590-3322(20)30543-1/sref4
http://refhub.elsevier.com/S2590-3322(20)30543-1/sref4
http://refhub.elsevier.com/S2590-3322(20)30543-1/sref4
http://refhub.elsevier.com/S2590-3322(20)30543-1/sref4
https://www.paulsoninstitute.org/key-initiatives/financing-nature-report/
https://www.paulsoninstitute.org/key-initiatives/financing-nature-report/
https://www.paulsoninstitute.org/key-initiatives/financing-nature-report/
https://doi.org/10.1659/MRD-JOURNAL-D-17-00107.1
https://doi.org/10.1659/MRD-JOURNAL-D-17-00107.1
https://doi.org/10.1126/science.aax0149
https://doi.org/10.1126/science.aax0149
https://www.grida.no/publications/473
https://www.grida.no/publications/473
https://doi.org/10.1659/MRD-JOURNAL-D-19-00075.1
https://doi.org/10.1659/MRD-JOURNAL-D-19-00075.1
http://www.mountainpartnership.org/fileadmin/user_upload/mountain_partnership/docs/FAO_Mountain-Forests-in-a-Changing-World.pdf
http://www.mountainpartnership.org/fileadmin/user_upload/mountain_partnership/docs/FAO_Mountain-Forests-in-a-Changing-World.pdf
http://www.mountainpartnership.org/fileadmin/user_upload/mountain_partnership/docs/FAO_Mountain-Forests-in-a-Changing-World.pdf
https://doi.org/10.1016/j.esd.2017.05.007
https://www.undp.org/content/dam/undp/library/Environment%20and%20Energy/biodiversity/Report_ENG.pdf
https://www.undp.org/content/dam/undp/library/Environment%20and%20Energy/biodiversity/Report_ENG.pdf
https://www.undp.org/content/dam/undp/library/Environment%20and%20Energy/biodiversity/Report_ENG.pdf
https://www.undp.org/content/dam/undp/library/Environment%20and%20Energy/biodiversity/Report_ENG.pdf
https://doi.org/10.5281/zenodo.3236252
https://doi.org/10.1111/gcb.14522
https://doi.org/10.1111/gcb.14522
http://www.keybiodiversityareas.org/
http://www.keybiodiversityareas.org/
https://www.protectedplanet.net/
https://www.protectedplanet.net/
https://doi.org/10.7892/boris.130222
https://doi.org/10.7892/boris.130222
https://doi.org/10.1073/pnas.1811591115
https://doi.org/10.1073/pnas.1811591115
https://doi.org/10.1002/pan3.10124

	Mountain Biodiversity Is Central to Sustainable Development in Mountains and Beyond
	Importance of Mountain Biodiversity
	Biodiversity-Related Pathways to Sustainability
	A Mounting Challenge
	References


