
Inle Lake in Myanmar.— Image: Xu Fayi







Inle Lake in Myanmar.— Image: Xu Fayi



Aerial photo of  the Himalayas, Lhasa Valley and Ya River. – Image: Wang Ning







Mountain  Futures





Zhagana crop-tree-livestock system in Gansu, China, designated as an  
FAO Globally Important Agricultural Heritage System in 2017. – Image: Deng Chonggang 
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Smiling boy, Kangding, Sichuan, China. – Image: Guo Siyu 







Reconstructed Tibetan Village in Li County, Sichuan, China after the Wenchuan Earthquake (2008). – Image: Guo Siyu



and reconstructed by indigenous and political 
economic powers throughout history.

Mountainscapes are the product of  primal geological 
forces which remain active: the Himalayas were born 
from a collision of  the Indian subcontinent with the 
Eurasian continent about 40 million years ago, and 
are still rising today. The Andes were formed from the 
collision of  the Antarctic and American plates, and 
Mount Kilimanjaro, the “King” of  African mountains, 
is the product of  thousands of  years of  volcanic 
activity. Mountains can mean death in the form of  
volcanic eruptions, �ash �oods and earthquakes, but 
they can also lead to new life. The nutrients deposited 
by lava �ows and �oodwaters ensure that plants and 

Mountains can be viewed in different ways and 
from multiple viewpoints. Alone, each viewpoint 
is unique� together, they create a mountainscape. 
The mountainscape can be examined from different 
perspectives. From the biophysical perspective, 
mountain terrain is steep and high relative to its 
surroundings, while its slope, aspect and altitude 
determine the fundamental characteristics of  
mountain habitats. From the ecological perspective, 
mountain environments respond dynamically to 
tectonic activities and the movement of  air, water 
and soil. They incorporate wide variations in climate 
according to altitude and exposure, as well as high 
levels of  biological diversity. From the socioeconomic 
perspective, mountain societies have been constructed 



animals return to devastated landscapes, and like the 
legendary phoenix, new life rises from the ashes of  the 
old. 

Mountains are rich in biodiversity: the highlands 
are home to nearly half  of  all global biodiversity 
hotspots. Mountains are also “water towers” – their 
glaciers, snow, wetlands and lakes provide two-
thirds of  Earth’s freshwater. And mountains provide 
40% of  global ecosystem services� not only water, 
biodiversity, carbon storage and climate regulation, but 
also foods, �bers, medicines and building materials. 
Mountains harbor cultural diversity in languages, 
cultural beliefs, architecture, settlement patterns, and 
livelihood practices. Mountainscapes are mosaics 
of  forests, home gardens, wetlands, farmlands, and 
high pastures: a range of  habitats for all life forms 
and livelihoods. The varied ways of  life followed by 
mountain peoples around the world demonstrate 
their intimate relationships with the environment 
and their knowledge of  plants, wildlife, vegetation, 
and ecosystems. In Africa�s semi-arid regions, Maasai 
nomads live in harmony with wildlife. In Asia, 
mountain communities practice a combination of  
shifting cultivation and terraced paddy farming which 
have both shaped the landscape and been shaped by 
it. In the high Andes of  South America, farmers draw 
on cultural and agricultural traditions stretching back 

thousands of  years to preserve both their way of  life 
and the local environment. When humans �rst came 
out of  Africa and into Asia, Europe and the Americas, 
they found new resources in the mountains to sustain 
them, from bananas and coffee in Africa, to tea, oats 
and wheat in Asia, and potatoes, corn and tomatoes in 
the Americas.

Mountain people are hard working, optimistic, and the 
keepers of  valuable traditional ecological knowledge. 
Highland people strive to use, nurture and sustain 
the diverse mountainscapes in which they live and 
on which they depend. Mountain communities share 
several important features, including a deep respect for 
life and a holistic view of  nature. They often practice 
methods of  farming which use few outside inputs and 
carefully recycle scarce resources, and their cultures 
place a high value on the maintenance of  forest 
and agricultural diversity. Traditional cultures in the 
mountains often incorporate the sustainable use of  an 
ama�ing variety of  wildlife, plants and fungi� and they 
share a cultural heritage which venerates the spiritual 
aspects of  nature and farming. 

Historically, highland-lowland linkages have been 
shaped by political ideologies about land use and 
property rights which originated from lowland political 
centers. In the past, mountains were perceived by 



lowland people as sources of  strategic resources for 
lowland development, including hydropower, timber, 
non-timber forest products, and minerals. Logging, 
mining, and power generation have been operated by 
state-owned or private enterprises which are usually 
directed from lowland power centres. Construction 
of  hydropower dams has directly caused the loss of  
mountain biodiversity and has many negative social 
impacts. Thus, whereas lowlanders have pro�ted 
from mountain resources, mountain people have 
resorted to selling their labour in the plains and in 
foreign countries. In some mountain areas, male out-
migration is so widespread that women are now the 
de facto heads of  households managing forests and 
farms. Today, people’s views toward mountains are 
still fractured: some see them as a place of  threat and 
danger, while others revere them as a paradise. 

More than half  a century on from Hillary and 
Tensing�s 1953 �conquering� of  Mt. Everest, humans 
have become the most important actors in the 
mountainscape, and we now live in the era of  the 
Anthropocene. Recognizing this allows us insight into 
different understandings of  human-nature, human-
human and human-knowledge interactions, and 
how they exist in a coupled social-ecological system. 
In particular, we have much to learn from the rich 
cultural-ecological histories and systems of  knowledge 

possessed by indigenous mountain societies. This 
exists in many forms, from environmental knowledge 
gained from empirical observation and varied concepts 
of  natural agencies, to socio-environmental creativity 
derived from both local traditions and interaction 
between rural mountains and urban centres. The 
valuable stores of  knowledge safeguarded by 
mountain communities have yet to be fully appreciated 
or harnessed for their potential to generate new 
innovations and ideas.

In 2016, participants from over 30 countries came 
together to hold the Mountain Futures Conference 
in Kunming, China, and to design the Mountain 
Futures Initiative. Mountain Futures provides a vision 
and working principles to foster local innovation 
in support of  resilient livelihoods and society in 
mountain regions worldwide. The Initiative is a global 
effort to foster innovative solutions which contribute 
to prosperous and sustainable mountainscapes. Its 
mission is to work with societal partners to co-develop 
knowledge and solutions which can help build a 
shared futures for mountains, their people and beyond. 
As part of  the Future Earth program of  research in 
global sustainability, in 2017 the Global Land Program 
endorsed a new working group on �Land Systems for 
Mountain Futures”.





We are the �rst generation with knowledge of  how 
our activities in�uence the Earth system, and thus the 
�rst generation with the power and the responsibility 
to change our relationship with the planet . Yet 
development proposals for the mountain regions 
are frequently in con�ict with local cultural values, 
practices and belief  systems or cosmos. Mountain 
Futures will strive to create a shared vision in a 
fractured socioeconomic world through participatory 
processes and intercultural dialogue. The cosmovisions 
explain how we engage with nature and culture. 
Prevailing scienti�c methods, tools and technologies 
often do not adequately capture diverse ways of  
understanding natural, spiritual and social interactions 
in mountainscapes. Development solutions should 
respect prevailing indigenous knowledge systems and 
respond to the needs and future visions identi�ed 

by local communities. Speci�c attention should be 
given to the synergy between locals and outsiders 
in co-designing and co-producing knowledge 
which promotes and enhances innovations. Thus 
Mountain Futures will support the links between 
cultural and biological diversity (the cosmos), 
develop opportunities for intercultural exchange and 
interregional collaboration (the corpus), and also 
foster innovations which build a shared mountain 
future (the praxis�. We need once again to look to the 
mountains for the tools and lessons with which to 
face an uncertain future. The resilience and adaptation 
displayed by mountain peoples in this book can inspire 
the ideas and innovations needed in a rapidly changing 
world. If  we listen to them, the mountains can provide 
the seeds of  a brighter future for all.
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Terraces formed after repeated earthquakes in Sichuan, China. – Image: Liu Qiankun
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Farms and villages next to Gonggar airport, Lhasa, China. – Image: Xie Gang
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Irrawaddy River in eastern Himalaya. – Image: Zhang Fan
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Mother and child in Himachal Pradesh, India. – Image: Guo Siyu





Photo left: 
A journey from the Stone Age to the Human Age: making iron tools in northern Myanmar. Image: Zhang Fan



Mountain people and mountain life have always faced 
the challenges of  a rugged environment. Now, as the 
Earth shifts under the unprecedented pressures of  
Earth’s newest “great force of  nature”, the mountain 
world has much to teach and much to learn as our 
societies endeavor to conserve Earth’s remaining 
cultural and natural heritage in a time of  unparalleled 
transformative change.

The resourcefulness of  the mountain world has long 
served as one of  its most essential assets. Now, some 
of  the greatest planetary opportunities for guiding 
mountain futures towards better outcomes may 
depend on embracing and reshaping the social forces 
emanating from the largest scale human societies in 
history - and into the future15. As the global forces 
unleashed by the industrial world ascend into the 
mountains, the mountain world will need to ascend 
with them. 
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Livestock being led along a path. – Image: Switzerland Tourism
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Photo left: 
Sacred Mt. Meili or Kawagebo in Tibetan language, in China's Yunnan Province. – Image: Xu Jianchu



Mountains of  the World – Asian Highlands and Biodiversity Hotspots
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Mountain trails weave montane social and ecological 
processes in good ways. They are conduits for the 
resilience and spread of  biodiversity and ecological 
knowledge� they act as circulation systems that support 
public awareness of  interconnectedness and the 
value of  diversity� and they are strong threads that 
bind together connected conservation corridors and 
protected area patchworks.

Before the advent of  wilderness tourism, mountain 
trails broadly followed three shapes: they could link 
lowland and upland agroforestry regions, cross a 
mountain range for long-distance trade and travel, 

or run along a mountain range linking communities. 
Examples of  the �rst include transhumant routes in 
the Pyrenees, Atlas, �agros, Himalaya-Hindu Kush 
and Altai ranges. Examples of  the second include 
the Patna-Kathmandu-Kyirong-Lhasa branch of  the 
Silk Road, the Tea Horse Road from the Yunnan 
lowlands to the Tibetan plateau, the Great St Bernard 
Pass in the Alps, or the Donner Pass across the Sierra 
Nevada. The old postal road from Sikkim to Kumaon 
connecting communities along the middle hills of  
the Central Himalayas and the Camino Inca in the 
Andes are examples of  the third kind of  mountain 
trail. Mountain trails have changing uses through the 
seasons: transhumant trails that access high summer 
tarns in the Himalayas are also pilgrimage routes that 

Photo left: 
Herders in Taxkorgan, Xinjiang, China. – Image: Xu Jianchu





bring thousands of  pilgrims, revellers and traders 
to seasonal fairs such as Gos��kundaa in Langtang, 
named for the itinerant Gos�� trader-monks who 
wandered throughout northern South Asia.

With the advent of  mountain regions as destinations 
in themselves, new kinds of  trail that connect areas 
of  scenic or cultural importance have emerged. These 
include one-day walks and lifetime challenges such as 
the Appalachian Trail in the USA, the Milford Track 
in New �ealand, the GR10/11 along the Pyrenees, 
the West Highland Way in Scotland, and the Great 
Himalayan Trail that runs from Pakistan through 
India, Nepal, and Bhutan and ends in China. Such 
trail networks, which serve no direct material need 
such as trade or transhumance, are nonetheless vital 
for rural montane economies that now depend on 
high-end tourists for income. Low-impact and high-
value, they are far more intimate and powerful than 
automobile journeys for connecting urban tourists 
to the value of  montane landscapes and the absolute 
necessity of  biological and cultural diversity. In many 
cases these new trails actually incorporate ancient trail 
systems and allow for the preservation of  traditional 
trail architecture and ecological knowledge in a post-
industrial economy.

Mountain chains are inherently dif�cult to govern. 
They form borders and buffer zones between lowland 
political and cultural regions while supporting much 
higher levels of  biological and linguistic diversity. 
Careful stewardship and crafting of  mountain trails in 
politically, culturally and ecologically complex regions 
can thus be a powerful diplomatic tool for creating 
international understanding, connecting protected 
areas across transboundary protected area networks, 
and promoting awareness of  the value of  cultural and 
biological diversity. At the same time, mountain trails 
in an era of  of�cial mechani�ed transport are often 
conduits for informal movement, including refugees, 
small-scale commerce, and smuggling.

As trade routes, mountain trails have generally been 
too steep for wheeled or horse-borne transport 
and thus require either skilled porters or specialised 
domesticated animals: along with transhumance, this 
creates a distinctive mountain-trail type of  animal 
husbandry (using, for example, mules, yaks, camels 
or llamas� and/or human endurance that can be 
compared across mountain regions. The advent of  
tunnelling and massive viaducts for rail and motorable 
roads made many ancient trans-montane routes 
obsolete, but in rugged mountain areas trails are still 
vital lifelines connecting rural communities to main 
roads. In areas undergoing revitalisation such as the 

Photo left: 
Camels being led up the Karakoram Pass. – Image: Hao Pei



Alps, the loss of  traditional trail routes through disuse 
and forgetting is a serious challenge� in developing 
countries with poor regulation, such as Nepal, the use 
of  heavy machinery to carve out unsustainable motor 
roads along traditional footpath routes creates serious 
landscape damage. 

Transhumant pastoralists in montane regions follow 
trails up and down slope, herding livestock with 
them. As the animals move, they carry seeds in their 
fur and dung. When they pause, they create pasture 
areas and ecosystem edge effects, nurtured with 
dung and populated with seeds from up and down 
slope, thus helping plants disperse to more suitable 
habitats as the climate changes. As the humans move 
together with the animals, they carry knowledge 
about ethnoveterinary practices and medicines that 
can be found along the trail� they observe the effects 
of  climate change� they too create ecosystem edges 
in crafting and recrafting the paths themselves, and 
even by deliberately cultivating valuable medicine, 
fodder and shelter species along the way. Studies in 
Iberia especially, but also elsewhere in Europe, Africa 
and Asia, have shown that transhumant pastoralist 
paths are long, thin hotspots for ants, vultures, and 
traditional ecological knowledge1,2,3.

Mountain trails that connect conservation areas, link 
lowland regions across mountain passes, or carry 
trade along mountain chains also serve as pathways 
for diversity. Plants and animals, through deliberate or 
accidental human acts, exploit mountain trail systems 
to move along altitudinal and latitudinal gradients in 
response to pressures such as climate change or habitat 
loss4. Anthropogenic mountain landscapes such as 
swidden sites, medicine mountains, ancestral shrine 
woods, national parks, or conserved mountaintop 
forests are connected through mountain trails. This 
connectedness across altitudinal bands, exposures, 
soils, watersheds and culture areas creates a long-term 
culturally mediated capacity for spatial variation and 
adaptation. Although whole ecosystem assemblages 
may not be able to shift away from deforestation, 
rising temperatures or changing precipitation patterns, 
mountain trails do offer the possibility of  individual 
species moving into new habitats and forming novel 
assemblages over time.

Ancient mountain trail networks are an unrecognised 
and effective means of  protecting and enhancing 
biocultural diversity. They facilitate intergenerational 
transfer of  traditional knowledge and create 
connected landscapes that include a system of  access, 
maintenance and upkeep across hundreds, and in 
some cases thousands of  kilometres of  trail shared 

Photo right: 
Crossing the bridge with focus. – Image: Xu Jianchu
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among many different local communities who may 
well share no common language or currency. They are 
therefore a special kind of  indigenous/community 
conservation area in themselves5. As these ancient 
networks are integrated into globalised mobility, 
tourism, wilderness pilgrimage, and economies, it 
is vital that we understand their deep history, their 
complexity and their effectiveness in creating and 
stewarding biocultural diversity as well as their newly 
found capacity to allow species under pressure to 
adapt.

Photo left: 
Mountain Road in Xishuangbanna, China. – Image: Han Xiaobao
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Reading while on horseback.  
– Image: eBilim Mobile Digital Library

Over millennia, land users have acquired speciali�ed 
and in-depth knowledge of  how to cope with the 
highly variable and extreme conditions found in 
mountain areas. This knowledge constitutes a rich 
repository of  traditional knowledge and carefully 
adapted land use practices. In dryland mountain areas, 
for example, land users continue to select and breed 
drought-tolerant and locally-adapted crop varieties. 
For generations, mountain farmers have constructed 
and maintained irrigation systems and terraces which 
are often highly culturally signi�cant. While mountain 

Indigenous man in NE India. – Image: Malcolm Cairns



livelihoods are often highly diverse, agriculture is an 
important source of  livelihood options for about half  
a billion people worldwide. 

Mountains are particularly susceptible to soil erosion, 
landslides, and rapid loss of  habitats and biodiversity. 
The associated degradation of  ecosystem services 
and goods can have devastating consequences. For 
example, large downstream populations depend on 
mountains for their supplies of  fresh water. Freshwater 
availability in downstream areas can be further 
threatened by climate change effects that accelerate the 
melting of  glaciers. Indeed, climate change constitutes 
a major challenge to the adaptive capacity of  local land 
users. Projected rises in temperatures and increases in 
extreme weather events are expected to directly affect 
crops, livestock, forests, �sheries and aquaculture. 
Mountain populations dependent on agriculture in 
developing countries face some of  the highest risks. 
However, climate change may also yield bene�ts 
including increased timber growth and crop yields 
as well as expansion of  pasture at higher altitudes. 
Mountainous areas are also affected by economically 
driven migration that can lead to poorer management 
or even abandonment of  land, resulting in the loss of  
traditional knowledge. Signi�cant changes in land use 
and land cover may aid regeneration of  natural species, 
but also carry the risk of  spreading invasive species. 
Changes may also occur in biodiversity and soil fertility.

Climate and environmental changes mean that land 
users in mountains will need to adapt ever more 
rapidly. Mountain topography drives changes to land 
and livelihoods that vary considerably from place to 
place, requiring context-speci�c adaptation. While 
there have been many achievements in managing land 
sustainably and in preventing and combating land 
degradation in mountains, this valuable knowledge is 
scattered, not well documented nor easily accessible, 
which causes dif�culties in sharing knowledge, 
comparison and analysis of  experiences. 

The World Overview of  Conservation Approaches and 
Technologies (WOCAT) has developed standardized 
methods and tools for documenting, monitoring, 
evaluating and sharing knowledge on Sustainable 
Land Management (SLM� as well as disseminating it 
worldwide. The objective of  WOCAT is to support 
evidence-based decision-making and scaling-up of  
good practices. WOCAT de�nes SLM as the use of  
land resources - including soil, water, vegetation and 
animals - to produce goods and provide services to 
meet human needs, while ensuring the long-term 
productive potential of  these resources and sustaining 
their environmental functions. 



WOCAT methods and tools to document, share and 
evaluate local SLM successes are included in many 
national and regional strategies, and mainstreamed 
in programs at all levels. These ‘WOCAT initiatives’ 
operate in an autonomous, decentrali�ed, and self-
funded manner. WOCAT has a vibrant SLM specialist 
network and operates what the United Nations 
Convention to Combat Deserti�cation (UNCCD� 
recognizes as the primary recommended database for 
SLM practices. WOCAT supports quality assurance 
of  the documented SLM practices and the use of  this 
valuable data in decision-making and adaptation to 
speci�c contexts (such as mountains� and emerging 
challenges (such as climate change).

WOCAT can contribute at different levels of  
development, as illustrated by the following statements 
by a high-ranking of�cial from China, and a farmer in 
Kenya:

“After several years of  application of  WOCAT we think it 
is a good tool and local farmers, the government, and academics 
have�bene�tted�from�it.�WOCAT�is�eas��and�sim�le�to�
disseminate.”

— Song Zengming, Partnership on Land Degradation in 
Dryland Ecosystems, Global Environment Facility  

(PRC-GEF), PR China

“If  I compare the yields from my farm from this year with 
other farmers‘ yields who have not done the work I have 

done, I see a big difference. I have harvested something 
and they, nothing! They ask: does this person have his own 

rain? Yet, the rains are the same everywhere!”

— David Njeru Kibuthi, farmer, Kenya

Figure 1 shows the global distribution of  the SLM 
Technologies in mountain areas documented under 
WOCAT. Most Technologies are from Ethiopia, 
Nepal and Tajikistan. 

Local stakeholders and land users evaluated the on-site 
bene�ts of  the Technologies as well as the positive 
impacts in areas further away, i.e. off-site bene�ts. On-
site bene�ts considered in their evaluation included 
positive effects on crops, fodder and wood, and on 
product diversi�cation. Evaluations also revealed 
positive impacts on community institutions, con�ict 
mitigation, food security and self-suf�ciency, as 
well as ecological bene�ts related to water quantity, 
surface runoff, hazard mitigation, greenhouse gas 
emissions, soil loss, and habitat diversity. Off-site 



Sustainable management of  alder (Alnus nepalensis) landscape 
in Nagaland, NE India. –  Image: Malcolm Cairns

Alder (Alnus nepalensis) fallow system in NE India.  
– Image: Malcolm Cairns



bene�ts included increased water availability, reduced 
downstream �ooding, reduced downstream siltation, 
and reduced pollution of  groundwater or rivers. 

The results of  these evaluations revealed that on-site 
bene�ts of  particular importance included increased 
crop yields, reduced soil loss, and con�ict mitigation. 

Off-site bene�ts including reduced downstream 
�ooding and reduced downstream siltation were 
also highlighted. On-site bene�ts were noted more 
often than off-site bene�ts, as the latter are often 
less apparent, more dif�cult to observe, and less 
directly important to the land users implementing the 
Technologies.





Photo left: 
Mountain village in the Kalpa region of  Kinnaur Kailash, Himachal Pradesh, northern India. – Image: Diyben/Shutterstock



SLM in mountains is gaining increasing 
attention. One of  the key reasons is the 
relatively recent, but now widespread, 
acknowledgement of  interconnectedness 
within landscapes. This includes a growing 
understanding of  upstream-downstream 
linkages, and the variety of  services and 
goods that mountain areas provide – 
particularly in their function as water 
towers, biodiversity habitats, and for their 
aesthetic and cultural value and tourism 
potential. Their global importance is 
re�ected by the Sustainable Development 
Goal 15 of  the 2030 Agenda which 
explicitly highlights mountains among 
the ecosystems to be conserved, restored 
and used sustainably, and their role in 
providing freshwater and biodiversity. 
Whether the crucial services and goods 
provided by mountains can be sustained 
or not will depend on how these areas 
are managed – as well as the rate with 
which effective adaptation to changes 
takes place. To ensure the adaptive 

Farmer raking soil and dry leaves to make 
organic compost, Thailand.  
– Image: Stephane Bidouze/Shutterstock
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capacity of  land users in mountains, and to provide 
them with knowledge of  SLM and good prospects 
also for economic development, measures will be 
needed at various levels to facilitate land users’ access 
to knowledge, capacity building, support services, 
resources and markets. 

The WOCAT database is already providing a 
�rst glimpse into the positive impacts that SLM 
Technologies in mountains can achieve. For a deeper 
understanding, more rigorous analysis is required that 
also looks into major land management challenges 
including changes in climate, economy, environment, 
and demographics in mountain areas and lowlands. 
This is needed to help improve the design of  SLM 
Technologies and better inform decision-making for 
different land uses and contexts, in order to achieve 
the best possible results and bene�ts in these fragile 
and important geographic areas. The fundamental 
basis for further analysis is the continued, worldwide 
documentation of  SLM Technologies from mountain 
areas. With its methodology and standardized 
knowledge base on SLM, WOCAT provides both the 
mechanism and a solid foundation for further data 
collection and analytical work. 

All data documented through WOCAT are available 
in the openly accessible online global SLM database 
(https://qcat.wocat.net/en/wocat/�.
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Mount Kenya is Kenya’s central water tower. It 
provides water to over 7 million people, and feeds a 
series of  large dams that account for about 80% of  
Kenya’s domestic electricity generation. Water is a 
major development issue all around the mountain, 
but particularly so in the semi-arid area northwest of  
Mt. Kenya. Rural in-migration, growth of  urban areas, 
and commercial horticulture producing for European 
markets have resulted in a dramatic increase in water 
demand and a looming water crisis over the last few 
decades.

Mount Kenya, a water tower for over 7 million people  
– Image: Urs Wiesmann
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This crisis led to user con�icts, which occasionally 
transformed into open violence between smallholder 
farmers upstream and pastoralists in the dry lowlands 
downstream. Other, similar con�icts involved 
smallholder farmers, rural and urban dwellers, 
pastoralists and large-scale ranches, and the tourism 
industry. There was no effective �homegrown user-
based� approach to forestall such con�icts and 
violence, or to resolve them when they occurred. Most 
common were ad hoc interventions enforced by the 
central government through its local administration. 
These often failed or back�red because they used 
coercion, were seen as biased, did not have a platform 
for level-headed negotiations, and therefore lacked the 
necessary grassroots backing. The other alternative 
was litigation, which was also disliked because of  
the length of  time and costs involved, and a general 
feeling that the outcome would favor those with 
political in�uence and economic power. Violent 
con�icts therefore became a common feature during 
the dry seasons when water scarcity reached critical 
levels.

In order to address these con�icts, local authorities, 
with the support of  external partners, have engaged 
in multi-stakeholder campaigns since the mid-
1980s to promote sustainable and equitable water 
use. As more con�icts took place, these efforts 
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gained momentum. The campaigns relied heavily 
on long-term hydrological records and continued 
research-based monitoring, and addressed all levels: 
policy and decision-making, technical aspects and 
implementation, as well as user needs. The most 
important outcome from these campaigns has 
been the establishment of  Water Resource User 
Associations (WRUAs). 

The �rst WUA in the region emerged in 1997. WRUAs 
are initiated and led by the water users along a river 
segment, and their memberships are based on existing 
Community Water Projects in catchment areas. On 
formation WRUAs �rst developed their agendas, 
operation approach and basic of�ce infrastructure. 
Then, with support from organi�ations like CETRAD, 
WRUAs built capacity in group management, 
negotiation skills, �nancial resource mobili�ation and 
management, and basic legal knowledge on water 
sector governance. This helped WRUAs develop into 
effective grassroots institutions capable of  negotiating 
water-sharing and con�ict resolutions. The WRUA 
approach is built on inclusive negotiations� coercion 
and peer pressure only come in as a measure of  

The regular monitoring of  water use is crucial for adherence to  
rules set by WRUAs. – Image: Hanspeter Liniger



last resort. WRUA members at individual as well 
as corporate levels do not only react to con�ict� 
they proactively address symptoms of  tension and 
impending con�ict. 

Initially WRUAs were merely tacitly tolerated by 
district authorities, which participated in association 
meetings. At that time, the central government 
considered such civil society institutions to be illegal 
and a challenge to state authority. Furthermore, the 
WRUA agenda was not well understood in political 
circles because the formation of  pioneer WRUAs 
coincided with a national election period. WRUAs 
were viewed as a campaign vehicle for those with 
political (rather than development) aspirations, and 
as a result faced obstacles created by those who saw 
WRUAs as a threat to their own political ambitions, or 
a barrier to accessing river water. 

However, these negative views weakened when 
WRUAs persisted beyond the campaign period. In 
spite of  their precarious political and legal status, 
their numbers grew from 5 in 1997 to 13 by 2003, 
and to 32 by 2007. The number of  members grew 
as well, and began to include small-scale farmers, 

large horticultural companies, and representatives of  
small townships. WRUAs became the most effective 
platform for negotiating and enforcing water-sharing 
schedules at the sub-catchment level, especially 
during dry seasons. They operated a level playing �eld 
where even socio-economically and politically weaker 
actors received the same attention. Consensus-based 
decisions such as interventions to deal with the major 
causes of  con�icts (over-extraction of  river water, 
illegal water extraction, and wasteful transportation 
of  water,) – were implemented strictly based on clear 
rules and regulations. When necessary, peer pressure 
was applied to de�ant members. The results were 
impressive: between 1997 and 2003, WRUAs resolved 
48 out of  52 local con�icts over water, contributing 
to local peace and saving their members large sums 
that would otherwise have been spent on litigation. 
WRUAs also lobbied the authorities for speedy 
issuance of  water permits. In light of  these results, 
the government shifted its stance: the new National 
Water Law (enacted in 2002� explicitly recommended 
the creation of  such associations in the whole country, 
thus creating the potential for across institutional 
scale-up. By 2013, the number of  WRUAs in the area 
northwest of  Mt. Kenya alone had grown to over 80.



As water issues often transcended the jurisdictive 
boundaries of  individual associations, WRUAs 
resolved to move up in terms of  institutional 
structure, and to form a Forum to address trans-
boundary issues and incorporate a basin-wide outlook. 
After three years of  intense lobbying and negotiations, 
the Forum was formed and institutionalized as a 
legal entity in 2015. The idea of  WRUA Forums was 
later adopted as a policy requirement and supported 
by the government for country-wide replication. 
Meanwhile, technical and management support from 
WRUAs, which bene�ts the staff  of  local authorities, 
has been expanded to include participatory spatial 
data collection and provisioning through interfacing 
with web-enabled applications, making it possible 
for WRUAs to develop early warning systems and 
carry out timely interventions before water crises and 
con�icts set in. Besides earning legal statuses, WRUAs 
have also increasingly caught the attention of  domestic 
and international donors, who have begun to provide 
support for improving water supply and management, 
catchment protection, diversi�cation of  livelihoods, 
fundraising and �nancial resource management, and 
other �elds of  development. 

Research done by institutions rooted in the region, 
such as CETRAD, provides professional and impartial 
support. These institutions monitor waters and the use 
of  water resources, involve members of  WRUAs, and 
make long-term and current data available to WRUAs 
and water authorities. Recent promising developments 
include the further involvement of  WRUAs in setting 
water level thresholds and linking these thresholds 
to changes in water use and management, as well as 
supporting WRUAs in setting up their own monitoring 
systems. However, continued monitoring of  water 
resources and their uses requires a strong commitment 
from research-based institutions. Additionally, WRUAs 
face challenges such as maintaining equity among 
members and a rapidly increased membership� but in 
general, they have provided an encouraging example 
of  a grassroots initiative supported by laws, of�cial 
policies, local administrations and long-term research 
and monitoring.

The success of  WRUAs in the basin is a bright light 
shining through an arid darkness. The testimonies 
included in this “Seed” recognize the effectiveness of  
WRUAs. They have been replicated in other regions 
in Kenya, and in neighbouring countries such as 
Tanzania. However, their potential for replication 
has not yet been fully reached. A fully scaled-up and 
replicated WRUA system could mitigate water con�ict 



and spur development in many mountain regions in 
Africa and beyond, as such areas are often trapped 
in conditions of  water scarcity. What is required is 
collaboration among all concerned stakeholders � 
national policymakers, public authorities, legal actors, 
researchers, and the full spectrum of  users, large and 
small.
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– An Ogiek community member from Mount Elgon, Kenya1

Environmental conservation efforts across time 
and space often look remarkably similar. Measures 
taken to protect nature are increasingly the result of  
a one-si�e-�ts-all approach: using ex situ knowledge 
sources and research which fails to take into account 
the many nuances that exist within a particular 

situation. In addition, many conservation efforts 
limit or prohibit human use of  the protected land 
for any purpose. This type of  approach overlooks 
the positive in�uence human inhabitants can have on 
conserving natural spaces. Abolishing the rights of  
indigenous communities to land they have inhabited 
from time immemorial acts to discredit traditional 
knowledge and responsible land usage as valuable 
factors for effective conservation. This traditional 
method of  environmental protection has created an 
either-or situation that pits conservation practices 



against community rights. Such an approach threatens 
to exterminate the very factors that could be most 
valuable in conserving a particular area – including 
indigenous community structures and livelihood 
practices. Failure to make changes to the existing 
model will only lead to the loss of  critical knowledge 
sources, and the cultural and biological diversity that 
accompanies them. 

In Mount Elgon, Kenya, this either-or approach 
toward conservation is being challenged with the 
implementation of  the Whakatane Mechanism. The 
Whakatane Mechanism was born out of  the 2011 
�Sharing Power� conference held by the International 
Union for Conservation of  Nature (IUCN) 
Commission on Environmental, Economic, and 
Social Policy (CEESP� in Whakatane, New �ealand2. 
The conference recognised that although numerous 
international agreements, resolutions and action 
plans3 support the full and effective participation 
of  indigenous peoples in conservation policy and 
practice, the actual implementation of  these decisions 
has been limited. 

The Whakatane Mechanism seeks to assess and 
improve the condition of  indigenous peoples in 
protected areas. The assessment of  a protected area 
begins with a multi-stakeholder roundtable discussion 

with international, national, and local bodies to 
introduce the Whakatane Mechanism and discuss next 
steps. Next, a �eld assessment takes place to better 
understand what is happening on the ground from 
local communities. Lastly, a second roundtable is held 
to present and discuss �ndings. Ultimately, the goal 
is to create a space where conservation practices and 
indigenous community rights do not compete, but 
instead can coexist to be mutually bene�cial. 

In Mount Elgon, the Whakatane Mechanism is being 
used to do just this. Over the course of  the 20th 
century, Mount Elgon�s Ogiek community became 
the target of  several major nature conservation 
efforts. The establishment of  Mount Elgon Forest 
Reserve in 1938, Mount Elgon National Park in 
1968, and the Chepkitale National Reserve in 2000 
gradually decreased the amount of  land to which the 
Ogiek community could claim as their own. Despite 
having a legal right to the land under Kenya’s 2010 
Constitution, each new conservation effort led to 
the eviction of  the Ogiek people from land they had 
inhabited since ancestral times. Although they returned 
to the land after each eviction, the Ogiek were again 
faced with eviction from the Chepkitale area in 2011. 

Upon receiving this eviction threat, the Ogiek 
community turned to the Forest Peoples Programme 





(FPP� for help. FPP, together with the Ogiek 
organi�ation, Chepkitale Indigenous Peoples� 
Development Project (CIPDP�, and the IUCN, 
presented the Whakatane Mechanism to the Chepkitale 
communities, who voted to have their area assessed. 
These three organizations joined forces with the Kenya 
Wildlife Service, Kenya Forest Service and the World 
Bank to prepare for and complete the assessment 
of  the Ogiek�s conserved land. After the completion 
of  the two multi-stakeholder roundtables and a �eld 
assessment, it was concluded that the presence of  
the Ogiek, including their community structures and 
livelihood practices, play a critical role in conserving the 
�ora, fauna, and waterways of  the region. In addition 
to providing conclusions about the positive impact 
of  the Ogiek on the protected land, the assessment 
also provided a way for the community to enter into 
a dialogue with the Mount Elgon County Council 
and other governing bodies. As a result, not only has 
government hostility toward the Ogiek people declined, 
but an increasingly positive, supportive relationship 
between the Mount Elgon County Council and the 
Ogiek has begun to take shape.

With of�cial recognition of  Ogiek in�uence over their 
own lands, the Ogiek community set out to put their 
age-old bylaws into writing. These written bylaws were 
adopted in the form of  the 2013 Laboot Declaration. 

The declaration begins as follows:
 

“The Ogiek have lived in their ancestral lands, 
Chepkitale, governed and bound by their traditions 
being the unwritten law. This is what is captured in this 
document in the simplest language possible. This is a 
product of  the community, by the community. It has been 
written with all input coming from the community and 
agreed on and endorsed by the community. It brings a 
governance structure relevant to the community today as it 
has been for centuries.” 

Although the bylaws contained in the declaration are 
not new to the Ogiek people, the declaration contains 
explicit information about the nature of  the Ogiek 
culture vis-a-vis their environment. Some of  the key 
bylaws state: the written community’s bylaws form 
the customary laws of  the Ogiek community of  
Chepkitale are binding to each and every member of  
the community� charcoal burning is totally prohibited� 
poaching is strictly prohibited� commercial farming 
is prohibited� the community�s governing council is 
installed� the struggles to reclaim all our territories 
continues. Following the adoption of  the Laboot 
Declaration bylaws, the Ogiek community shared 
their governing principles with area authorities in 
order to increase policing, and thus protection, of  
their lands. Ultimately, allowing the Ogiek community 
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to take ownership of  the land led to an increased 
commitment to protect the natural areas they inhabit. 
Not only will Ogiek practices that have protected their 
lands since time immemorial continue to persist, but a 
new, conscious conservation effort can begin to take 
shape. 

The success of  the Whakatane Mechanism in Mount 
Elgon, Kenya, demonstrates the immense value of  
a collaborative, human rights based approach to 
conservation. This approach recognizes the role 
of  indigenous communities and the importance of  
land ownership in protecting natural ecosystems. It 
also creates a space for many different stakeholders 
to work alongside each other toward a shared goal. 
Although it is a long-term process that requires 
continued dialogue and commitment from all parties 
involved, there is certainly signi�cant pay-off. As the 
Whakatane Mechanism spreads to other countries, 
including Thailand and the Democratic Republic of  
Congo, it continues to give indigenous communities 
a path to securing their rights, which in turn helps 
to ensure the conservation of  invaluable ecosystems 
around the world. 

1 Kenrick, J. (2013�. Chepkitale Ogiek community document their 

customary bylaws for the �rst time in order to ensure the continued 

conservation of  their ancestral lands and natural resources. Forest 

Peoples Programme. November 2013. 
2 http://www.forestpeoples.org/topics/customary-sustainable-use/

news/2013/11/chepkitale-ogiek-community-document-their-customary-

by.
3 These decisions, including resolutions of  the 4th World Conservation 

Congress (WCC4� in 2008, in Barcelona, Spain� the Durban Action 

Plan, an outcome of  the �fth IUCN World Parks Congress� and the 

Programme of  Work on Protected Areas (POWPA� of  the United 

Nations Convention on Biological Diversity (CBD) are often referred to 
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Virunga National Park in the Democratic Republic of  
the Congo (DRC) is a UNESCO World Heritage site, 
Africa�s oldest national park and one of  the world�s 
most biologically diverse areas1. The park includes 
nearly every type of  habitat found on the planet, from 
forests to savannas to lava plains and active volcanoes 
to swamps, valleys, and snow-capped peaks. It is 
perhaps most famous for its population of  critically 
endangered mountain gorillas. However, the park also 
boasts over 2,000 plant species, numerous rare �sh 
and bird species, and si�able communities of  okapi, 
elephants, hippos, and lions2. 

Covering 7,800 square kilometers, Virunga National 
Park is bordered by Uganda to its east and Rwanda 

to the south. Over the past few decades, civil unrest 
within the DRC and in bordering countries has placed 
increased pressure on the park and its resources. Not 
only has there been an in�ux of  migrants to the area, 
but a lack of  economic development and stability 
in the DRC has resulted in extractive, often illegal, 
human activities in and around the park. In particular, 
people have increasingly been using valuable arable 
land to gra�e livestock and cultivate fast-growing 
single-species woodlots outside of  the park. This 
reduces and degrades areas that could otherwise be 
used to produce perennial cash crops and important 
food crops. Due to the increasing inability of  park-
side communities to meet their subsistence needs 
outside of  the park, they are increasingly turning 
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toward the exploitation of  resources within the park 
to survive. One of  the most common avenues of  
exploitation is the illegal removal of  trees for charcoal 
and timber production. As a result, the lands and 
especially the forest ecosystems of  Virunga National 
Park have experienced severe degradation and loss of  
biodiversity. This, in turn, further limits the ability of  
communities to survive and sustain themselves. 

In an effort to put an end to this vicious cycle 
of  environmental degradation and unsustainable 
livelihoods, the Forests and Climate Change in the 
Congo (FCCC) project, a partnership between the 
World Agroforestry Center (ICRAF), the Center for 
International Forestry Research (CIFOR), the World 
Wildlife Fund (WWF), and the European Union’s 
Global Climate Change Alliance (GCCA), launched 
the initiative to improve livelihoods by increasing 
forest cover and tree diversity outside of  Virunga 
National Park. This initiative, which is based in the 
territories of  North Kivu province (eastern DRC), 
strives to compile knowledge about tree species 
and agroforestry practices that can then be used by 
community members on a case-by-case basis. The 
project began with participatory research workshops, 
facilitated by World Agroforestry Center staff, that 
brought together scientists, farmers, environmentalists, 
and extension agents. These disparate actors were 
encouraged to share and discuss local knowledge, 

information about changes in land use, obstacles and 
possible solutions in the context of  agroforestry. 

Lead ICRAF scientist Emilie Smith Dumont:
�What stood out from these workshops is that people 
really increased their understanding of  agroforestry as 
offering diverse options and opportunities for tree-
planting, more than just woodlots of  monoculture and 
focusing on a few so-called agroforestry species of  
fast-growing shrubs.� 

Up to this point, fast-growing, single-species woodlots 
(usually composed of  non-native eucalypts� were being 
promoted as pro�table investments for community 
members and as a viable way to help protect the 
park�s resources3. Although this may provide people 
with a relatively stable livelihood in the short-term, 
it provides very few bene�ts (environmental or 
otherwise) when compared with the propagation of  a 
diverse array of  tree species. 

From the information collected during the 
participatory research workshops, a technical guide 
for tree selection and management was produced for 
community members living in the DRC’s North Kivu 
Province. This guide for the eastern areas of  Virunga 
National Park followed a similar toolkit produced in 
the Lake Tanganyika region of  the DRC in 2012. 





The vegetation around Lake Tanganyika was much like 
that of  areas in and around Virunga National Park: 
sparse. The hills surrounding the lake faced severe soil 
erosion due to the type of  agricultural practices used 
and the frequent harvesting of  trees for charcoal4. 
Erosion of  the soil surrounding Lake Tanganyika had 
a multi-level effect, resulting not only in the loss of  
topsoil in the hills but also in the decline of  �sh stocks 
in the lake due to sedimentation and eutrophication. 
ICRAF scientists found that extension agents were 
generally unaware of  native tree species necessary 
for rebuilding the vegetation in the hills of  the Lake 
Tanganyika region. The local residents, on the other 
hand, proved to be storehouses of  knowledge. 

After gathering local farmer knowledge and combining 
it with scienti�c knowledge about the area, native tree 
species, and appropriate nonnative species, ICRAF 
scientists produced an electronic resource titled Useful 
Trees for the Lake Tanganyika Basin Toolkit. This resource 
provides farmers and other community members 
with a user guide and �eld manual that allows them 
to select and manage the tree species that best suited 
their situation. 

ICRAF scientist Emilie Smith Dumont provides 
an example: �Let�s say a farmer wants to grow trees 
which provide timber but is also keen on getting 

honey. Using the tool kit, he or she can identify which 
species, suited to her or his farm conditions, produces 
timber and good forage for bees.� In the Lake 
Tanganyika region of  the DRC, this toolkit drove the 
establishment of  numerous tree nurseries, in addition 
to the planting of  over two million trees in just one 
year. 

The success of  the Lake Tanganyika Basin Toolkit 
led to the launch of  a similar manual in the territories 
of  North Kivu. The knowledge and partnerships 
gained during the creation of  the Lake Tanganyika kit, 
combined with insights gained during the participatory 
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research workshops in North Kivu provided the 
necessary elements for a successful North Kivu guide. 

According to Subira Bonhomme, co-author of  
North Kivu’s technical manual (Guide technique 
d’agroforesterie pour la selection et la gestion des arbres au 
Nord-Kivu): “The current recommendations cover a 
list of  120 species of  trees, shrubs and vines, 78 of  
which are of  native origin. They give options on how 
these species can be incorporated into agricultural 
production systems, pastures and forests, at low, 
medium and high altitudes.� This manual seeks to 
offer people in North Kivu a path toward more stable, 
sustainable livelihoods through a wide range of  highly 
contextualized agroforestry options. 
In order to bene�t the widest audience possible, 
ICRAF went to great lengths to include multiple 
stakeholders in the making of  the guide. In particular, 
the participatory research workshops that were held 
across North Kivu province before the creation of  the 
guide provided authors with an opportunity to gather 
invaluable knowledge from a diverse set of  sources. 

1 Baxter, J. (2014�. Outside a national park, agroforestry helping to 

save forests inside the park. Forest News. https://forestsnews.cifor.

org/25453/outside-a-national-park-agroforestry-helping-to-save-forests-

inside-the-park�fnl�en. 
2 Mamo, A. (2015). Beyond eucalyptus woodlots: what’s on the 

agroforestry menu for communities around Virunga� World 

Agroforestry Centre. http://blog.worldagroforestry.org/index.
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agroforestry-menu-for-communities-around-virunga/. 
3 Pye-Smith, C. (2013�. Trees for Life, pp44-46. Nairobi: World 
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agroforestry-menu-for-communities-around-virunga/. 
4  Pye-Smith, C. (2013�. Trees for Life, pp44-46. Nairobi: World 

Agroforestry Centre.

It also provided participants with an opportunity to 
learn from each other. Integrating a diverse array of  
knowledge through hori�ontal knowledge exchange 
ensures that there will be a varied set of  solutions that 
can be tailored speci�cally to meet the needs of  many 
different community members, including people of  
different genders and from different ethnic groups. 
The �hybrid knowledge� captured in the North Kivu 
technical guide gives people the tools they need to not 
only to protect and enhance the landscape in which 
they live, but to develop more resilient livelihoods 
through agroforestry. 



The world’s population is expected to reach 9.8 billion 
people by 20501. This raises an urgent question: how 
do we ensure that we have enough food to meet the 
needs of  the world�s expanding population� Any 
solution to this problem must also address the need 
for better nutrition: according to the WHO Global 
Nutrition Report 2017, 123 countries face a serious 
burden in either two or all three major types of  
malnutrition2. These questions may only �nd answers 
in plants and crops. This is a global challenge 
that requires global cooperation.

Throughout history, human beings have relied on an 
astonishing variety of  plants for energy and nutrition. 
Although between 5,500 to 7,000 plant species have at 
some point been cultivated or collected for food, today 
fewer than 150 species are commercially cultivated for 
food purposes, with just 30 species providing 95% of  
the food energy consumed by humans. Half  of  the 
protein and calories we get from plants come from 
just three ‘megacrops’ – rice, wheat and maize3. 

This narrowing of  dietary diversity is partly a result 
of  decades of  intensive research, focused on just a 
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few species, which has successfully produced higher-
yielding varieties of  the major crops. However, these 
yield increases have slowed drastically, raising the 
possibility that megacrop yields are close to reaching 
a ceiling. If  we are to diversify the global food supply, 

raise agricultural productivity and tackle malnutrition, 
some researchers believe we ought to focus more on 
plants which have so far been kept out of  the scienti�c 
spotlight. 



This is the goal of  the African Orphan Crops 
Consortium (AOCC�, an international public-private 
partnership which aims to sequence, assemble and 
annotate the genomes of  101 traditional African food 
crops by 2021. These neglected or orphan crops have 
hitherto been little studied by science, but are of  
major importance in many African countries. They 
are usually grown by smallholder farmers, either for 

consumption or local sale, and are a major food source 
for 600 million rural Africans4. The list of  crops to 
be sequenced includes species such as cassava, sweet 
potato, coconut and oil palm, as well as lesser-known 
plants such as the chocolate berry tree (Vitex doniana), 
the elephant ear plant (Xanthosoma sagittifolium) and the 
horned melon (Cucumis metuliferus).

The AOCC grew out of  a chance 2010 conversation 
between Howard-Yana Shapiro, agriculture director 
of  the US food products company Mars, and Ibrahim 
Assane Mayaki, CEO of  the African Union body New 
Partnership for Africa's Development (NEPAD�. Mars 
and its partners had recently sequenced the cacao 
genome and released the data into the public domain, 
and Shapiro and Mayaki thought that similar efforts 
could help eliminate malnutrition. In sub-Saharan 
Africa, the problem of  providing adequate nutrition 
and assuring food security is particularly acute: 
while some countries in the region have made major 
progress in recent years, chronic undernourishment 
still affects approximately 30% of  the population, 
with particularly severe consequences for children. 
Forty percent of  children in sub-Saharan Africa 
suffer from childhood stunting – the failure to 
grow both physically and cognitively as the result of  
malnutrition6. Stunting results in diminished mental 
ability, poor school performance and reduced earnings, 
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Bicentina Auma, chairperson of  a small farmer's co-operative in the 
Northern�Region�of ��ganda,�holds�a�handful�of �harvested��nger�millet.���
Image: UK Department for International Development/ 
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while at the same time increasing the risk of  chronic 
diseases including hypertension and diabetes.

If  the crops grown by African smallholders could be 
improved in terms of  nutrition, yields and resilience in 
the face of  climate change, drought and pests, it would 
improve the lives of  millions of  Africans, particularly 
children. In order to achieve this, the AOCC has 
brought together an unlikely partnership of  research 
institutions, biotech companies, universities and 
governments including NEPAD, Mars, ICRAF, 
Illumina, Google, BGI, UNICEF and many others. 
These partners work together to sequence the crop 
genomes and place them in the public domain: by May 
2017, eight different species had been fully sequenced, 
with 21 more being prepared. Another 19 AOCC-
nominated crops were being sequenced by other 
organi�ations. In total, 44 crops were on track to have 
been sequenced by the end of  20177.

The AOCC has a parallel educational component: 
its partners are working to train a new generation 
of  African plant breeders using the latest genomics 
techniques and equipment at the African Plant 
Breeding Academy (AfPBA�. Set up in 2013 and 
hosted by the World Agroforestry Centre in Nairobi, 
Kenya, the AfPBA is managed by the University 
of  California at Davis. It has trained more than 80 

top African scientists in genomics, marker-assisted 
selection, and other crop improvement applications. 
Many AfPBA graduates have already returned to 
their countries to set up breeding centres, research 
programmes and education initiatives.

Finally, the AOCC also seeks to mainstream orphan 
crops into food supply systems Activities such as value 
chain development, advocacy and promotion are all 
designed and implemented to boost the production 
and consumption of  these neglected food resources.

Harnessing the genetic information contained in 
orphan crops could result in fast-growing, high-yield 
new crop varieties resistant to heat, drought, salinity, 
pests and diseases: improvements that are urgently 
needed to address Africa’s nutritional challenges and 
safeguard livelihoods in the face of  climate change. 
However, efforts to improve and promote neglected 
crops could have other bene�ts as well. Expanding 
the variety of  crops available to farmers could help 
them build more diverse, resilient cropping systems 
that are less reliant on chemical inputs and which 
help conserve biodiversity. It would also help counter 
genetic erosion, which occurs when the diverse 
array of  plants and landraces found in traditional 
agricultural systems are replaced by a few modern 
crops.
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The renewed interest and investment in orphan crops 
af�rms what many local African communities have 
known for generations: that a wide range of  crops, 
uniquely adapted to their local environments, provides 
the foundation for sustainable, secure livelihoods. 
The AOCC�s work is a step towards a world in which 
safe, nutritious and affordable foods are suf�ciently 
available to all Africans – a world in which Africa’s 
children can �nally reach their full potential.





The story of  coffee is an example of  how to provide 
answers to global challenges, such as global warming, 
which need to be addressed collectively. In providing 
solutions to such problems, it is important to consider 
approaches which can reach beyond social fractures. 
These divides might include divisions between those 
who do and don�t have access to new technologies� 
between urban dwellers and rural communities� and 
between different groups of  societies with different 
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ethnicities, beliefs and values. The coffee ceremony 
symbolizes the ways in which divisions between 
these groups can be bridged: by sitting together 
round a table to share a cup of  coffee. Mountain 
crops can provide the core elements around which 
discussions can easily take place, deals can be made 
and relationships can be cemented – and few crops are 
as important as coffee beans in ful�lling this role. 

Coffee is known to conquer the hearts of  people 
across different continents. Each culture invents its 
own way to prepare and drink it and thus, each helps 
make coffee one of  the most popular beverages in the 

world. Whether it is the mysteries of  Istanbul conjured 
by the taste of  a Turkish coffee, a dream of  Paris 
captured in a “café au lait”, a Viennese coffee spiced 
with the melodies of  Mozart and Beethoven, the vigor 
of  Latin America infused in small cups of  strong 
black coffee, or the centuries of  tradition poured 
into each cup during an Ethiopian coffee ceremony, 
coffee triggers social bonds in cultures around the 
world. Coffee is more than simply an international 
commodity: it is a tie that binds cultures together. 

The origins of  coffee can be traced back to the rich 
tropical mountain forests of  Ethiopia, where coffee 
plants grow naturally in the shady understory of  
natural forests. In Ethiopia, coffee is said to have 
been discovered sometime between the 10th and 12th 
centuries, in a place called Caffa. The legend goes 
that a herder called Kalid noticed that his goats began 
dancing around after eating the energizing red coffee 
cherries. Coffee beans were soon domesticated in 
Yemen and used in Su�sm ceremonies to extend 
physical endurance and long prayer sessions. Pilgrims 
to and from Mecca spread its consumption throughout 
the rising Ottoman Empire in the 14th, 15th and 16th 
centuries, and this was followed by the emergence of  
the �rst coffee shops. Because of  the alternating trade 
and crusades between Muslims and Christians, coffee 
arrived in Europe where it went some way to replacing 





the widely-consumed alcoholic beverages of  the day. 
The plant then followed Europeans in their conquests 
around the globe, eventually becoming established 
all across “the coffee belt” between the Tropics of  
Cancer and Capricorn.

The journey of  this crop around the world triggered 
cultural innovations in all the societies it visited. It 
is dif�cult to keep track of  all the rituals attached to 
coffee preparation and consumption: for example, 
as an espresso, a pour-over or �ltered� drunk black 
or with sugar, milk, cream or spices� made with a tin 
can and a camp�re or with a machine that costs tens 
of  thousands of  dollars� a quick caffeine boost in 
the morning or slowly sipped after lunch� a hot cup 
cradled in the hands on a cold day, or an iced drink to 
cool off  with in the sun� they re�ect cultural diversity 
and offer unique insights into our social interactions 
and our relationships with time. 
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Perhaps the most fascinating ritual of  all is found back 
in the birthplace of  coffee: the coffee ceremony of  
Ethiopia. This ritual, strongly anchored in the East 
African mountainous landscapes and passed down 
for generations, is a key part of  Ethiopian hospitality. 
The rituals for drinking coffee can be carried out up 
to 3 times a day. Flowers and fresh aromatic herbs 
traditionally associated with riverbanks are spread on 
the �oor to welcome visitors. As part of  the coffee 
ceremony, the host washes green coffee beans with 
clean water in front of  the guests, before roasting 
them in a traditional pan on a brazier. A second 
smaller brazier is used to burn incense, which mixes 
with the aromas from the roasting coffee and attracts 
guests who are drawn by the rainbow of  scents. A 
mortar is used to grind the roasted coffee beans, which 
then go into a traditional pot with boiling water. The 
�rst and strongest servings of  coffee are given to the 
most honoured visitors, who loudly sip the beverage 
in small cups with no handle. The second and third 
rounds of  coffee get weaker as the pot is re�lled 
with more water. At the end of  the ceremony, when 
discussions fade away along with the aromatic smoke, 
participants leave the coffee room with their minds at 
peace, their bonds of  friendship strengthened. 

In recent history, Ethiopia faced divisions between 
ethnicities as well as between Christian and Muslim 
communities. Many in the country feel that the red 
coffee cherries eased these con�icts and helped to 
bring reconciliation by reuniting the one-time enemies 
around the shared ritual of  a coffee ceremony. Former 
enemies were able to make peace and �nd common 
ground while enjoying a cup of  coffee. This mountain 
crop is a true example of  how traditional knowledge 
and resources can safeguard not only cultural diversity 
but also social bonds. The smell and taste of  coffee 
should therefore help to deliver a message: of  the 
need to conserve previous biodiversity, help others in 
the face of  global warming and work together to bring 
prosperity and security to those who need it most. We 
may not �nd the answers at the bottom of  a coffee 
cup, but by sharing this drink with new friends, we 
may move some way down the path towards a more 
sustainable and united world. 
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Formal education and traditional knowledge are usually 
thought of  as two entirely separate systems: they often 
ignore each other, sometimes compete with each other, but 
they rarely cooperate. They happen in different spaces, use 
different languages, are transmitted by different people, and 
re�ect different ways of  understanding the world. In many 
indigenous mountain communities, education through the 
school system is divorced from traditional knowledge which 
has traditionally been passed on by the community’s elders. 
This is aggravated by the dominance of  one knowledge 
system over the other, as formal education is often 
considered by both teachers and parents to be superior to 
traditional knowledge. As a result, in many places traditional 
knowledge has been denigrated as primitive or backwards. 
This has two potentially damaging consequences: �rst, 
younger generations are in danger of  being cut off  from 
invaluable knowledge about the environment and how to 
manage it� second, the unique forms of  social organi�ation 
and agrobiodiversity associated with this knowledge are at 
risk of  being lost.

In the mountains of  Peru, a network of  universities and 
local NGOs is trying to reverse this trend by working 
with rural school teachers and local farmers to integrate 
agrobiodiversity-related traditional knowledge into formal 
education. Funded by the McKnight Foundation, the 
project �Agrobiodiversity and traditional knowledge: 
linking seeds with schools for climate change adaptation� 

Berta Ñaupay proudly shows agronomists the varieties of  potatoes she 
grows in her community. – Image: Sarah-Lan Mathez-Stiefel



is implemented by the Centre for Research on 
Arid �ones (CI�A� of  the National Agricultural 
University La Molina, together with the partners 
of  the Coordination for Science and Technology 
in the Andes (CCTA� in Piura (Northern Peruvian 
Andes�, Apurímac (Southern Peruvian Andes�, and 
Huánuco (Central Peruvian Andes�. The project�s 
main objective is to promote the in situ conservation 
of  local agrobiodiversity management systems, with 
special emphasis on seed diversity and associated 
local knowledge and exchange networks. The project 
partners aim to do this by developing the role of  
primary schools in the transmission and promotion of  
traditional ecological knowledge. 

In order to achieve this, however, those involved had 
to tackle some challenging issues, such as how to 
establish bridges between the formal education and 
traditional knowledge� and how to foster productive 
dialogue between local teachers and traditional 
knowledge holders. Social learning tools such as the 
ones developed by the Centre for Development and 
Environment (CDE) of  the University of  Bern proved 
vital in answering these questions. In May 2017, the 
CDE held a social learning workshop in Huayllacayan 
in Kichki District, Huánuco, with the participation of  
the project coordinators, researchers, rural teachers, 
and farmers from local communities. The objective 

Local farmers, school teachers and researchers learning together in a school in 
Huayllacallán, Kichki, Peru.  
– Image: Sarah-Lan Mathez-Stiefel



of  the workshop was to increase the participants� 
communication, re�ective and interactive skills. 
Using an adapted version of  the �Promoting Local 
Innovation� toolbox, the workshop took the form of  a 
joint exploration of  themes related to agrobiodiversity, 
climate, and traditional ecological knowledge.

During the workshop, interactive learning techniques 
helped foster a process of  social learning: as the 
participants were taken through a set of  creative 
exercises, discussions, �eld visits and interactions with 
local people, they were able to build a new, collective, 
understanding of  the multiple dimensions of  
agrobiodiversity. Mini-research projects were carried 
out by the group of  local farmers, school teachers and 
NGO workers on topics such as the exchange routes 
of  native crop seeds, knowledge about �señas� and the 
agricultural calendar, wild relatives of  Andean tubers, 
vegetation and land use changes, local perceptions of  
climate change and adaptation strategies, and gender 
roles in agricultural production. The results from 
these research projects were then presented at the 
Huancapallac secondary school to an audience of  
students and teachers. The workshop closed by giving 
Andean farmers and school teachers an opportunity to 
jointly re�ect on mechanisms that could help connect 
their respective knowledge systems. The resulting 
ideas referred not only to the inclusion of  traditional 
knowledge in schools, but also to the importance of  

Local varieties of  Andean tubers – mashwa (Tropaeolum tuberosum), oca 
(Oxalis tuberosa), and ulluco (Ullucus tuberosus).  
– Image: Sarah-Lan Mathez-Stiefel



bringing students to the �eld and integrating them 
in practical agricultural activities. Suggestions made 
by the participants included changing the content 
of  teaching materials� inviting local farmers to speak 
in schools� serving traditional food crops in school 
canteens� planting native and medicinal plants in 
school gardens� and involving students in sowing and 
harvesting activities, seed fairs, and other events where 
they would have opportunities to observe and learn 
from their elders. 

Thanks to the workshop, teachers have begun to value 
traditional knowledge and also to start interacting with 
local farmers. Victor Lurquín, who teaches �rst grade 
in Huancapallac, explained: �I think it is fantastic, 
because we are recovering the knowledge of  our 
ancestors in order to value our community’s natural 
resources. Education cannot be divorced from the 
community’s reality. Our pupils are children from the 
countryside � traditional knowledge is part of  their 
lives.” Victor also stressed the fact that they all learned 
to �speak the same language � the engineer, the 
peasant, the teacher, the parent, and the technician.”

These attempts to bridge knowledge systems in 
Peruvian Andes re�ect a broader trend in the country. 

�Times have changed,� says Prof. Juan Torres from the 
Agrarian University La Molina in Lima. �SENAMHI 
is about to publish a book on señas! This would 
have been unimaginable a few years ago� they would 
have never recognized traditional meteorological 
knowledge as valid. We, the university professors, have 
also changed. We now know that there is this other 
knowledge we need to learn about, the rich knowledge 
held by Andean farmers about agrobiodiversity and 
climate. This knowledge was invisible to us, or maybe 
we did not want to recognize it.” 

The formal Peruvian education system is slowly 
changing as well. Until recently the school material 
used nationwide - including in Andean communities 
- featured �Coquito�, a city boy with a lifestyle totally 
foreign to the reality of  most rural children. However, 
the new national curriculum now requires primary 
school teachers to contextualize their lessons, opening 
up space for more culturally relevant materials. The 
dif�culty for these teachers lies in knowing how to 
integrate the values and knowledge of  mountain 
communities into the relatively rigid formats of  formal 
education. Social learning tools such as the ones 
developed by CDE and applied by the CI�A team 
offer promising way for people from different parts of  
the community to tackle this challenge together.





The territory of  the Andean Chocó Commonwealth 
(ACC) is located on the western slopes of  the 
northern Ecuadorian Andes, from 500 to 4,700 
metres above sea level, where the landscape transitions 
between the extremely biodiverse bioregions of  the 
Chocó and the Tropical Andes. With an area of  
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124,000 hectares, the ACC’s territory maintains a 
natural forest coverage of  approximately 52% (65,000 
hectares), produces large amounts of  water, and 
supports the livelihoods of  around 18,000 people 
distributed between 80 communities. However, these 
communities face threats including the impacts of  
deforestation, unsustainable production practices 
and the possibility of  large-scale mining projects. 
Coordination between different state actors for 
designing public policies and interventions is still 
insuf�cient. Farmers and communities continue to 
experience poverty and limited access to basic services.

In 2014, a group of  six parishes (Ecuador´s smallest 
administrative unit) began discussing the creation of  
a platform to coordinate their activities. The initial 
motivation was that the different actors working in the 
area tended to develop their agendas in a fragmented 
way, resulting in high transaction costs and a lot of  
unnecessary duplication of  one another’s efforts. In 
addition, the discussion between the parishes revealed 
that their different local perspectives recognized a 
common inheritance in terms of  occupation of  the 
territory, similar problems and challenges in delivering 
key services, and an interest in valuing the natural 
capital of  these mountain landscapes. Although 
collaborative arrangements among local governments 
is not new in Ecuador, the ACC is unique in focusing 

its members’ efforts on sustainability goals. For 
Washington Benalcázar, president of  the ACC and of  
the member parish of  Nanegal: 

“While the parishes had intended to work together 
for many years, attempts to do so had failed due 
to lack of  internal agreement. Fortunately, there 
are still leaders who are willing to pursue the idea 
of  uniting their peoples. The separation of  our 
communities is basically a result of  administrative 
borders, but we share environmental, health, and 
road issues. The Northwestern region of  Quito is 
a treasure for the city and for the whole world, and 
now we are together to support this territory and its 
people”

The ACC was created as a governance platform and 
is rooted in three main principles: �rst, effective 
participation from the bottom up� second, enabling 
all actors operating at different scales to articulate 
their needs and visions� and third, pursuing regional 
sustainability through multi-stakeholder dialogue and 
collective action. In addition, the ACC prioritizes 
downward accountability to ensure that any actions 
correspond to the speci�c needs of  local communities, 
to variations in environmental conditions along the 
steep environmental gradient found in the local 
area, and to the diversity in production systems that 



results from these needs and conditions. This is 
complemented with efforts to enhance local capacities 
through the provision of  technical support, and 
strengthen governance at the local level to create an 
enabling environment for sustainability.

An additional goal of  the ACC is to help young 
people get involved in platforms for collective 
action, sustainable livelihoods and managing both 
ecosystems and production systems. As observed in 
other mountain areas around the world, migration to 
urban areas and international migration is affecting 
opportunities for livelihoods, and young people are 
particularly affected by these impacts. The ACC is 
creating spaces for young leaders, providing them with 
opportunities to create new, sustainable economic 
activities, and strengthening their capacities in areas 
such as communication of  social and ecological topics. 
For Alberto Guamaní, one of  the young leaders that 
participated in a training cycle in social-environmental 
communication:

“As a young person in the ACC, it was fantastic to 
�nd�a�s�ace�to�develo��ourselves�and�strengthen�our�
friendship and collaboration with young people from 
the other parishes in this territory. This process goes 

further than training sessions – it is transforming 
into a live platform for communication and collective 
efforts, all united under the same concept of  defense 
of  our territory and development of  sustainable 
proposals that contribute to a better quality of  life 
for our communities”

Local and external actors are using the ACC to plan 
and implement programs and policies at local and 
landscape scales. In three years of  operation, the 
governance platform has consolidated its planning and 
decision-making processes. What�s more, the ACC has 
made substantial progress in implementing activities 
with substantial impacts on the sustainability of  this 
territory. Some examples are given in the box below.

 � Coordination in the development of  land use 
plans across the territory of  the six parishes, 
incorporating sustainability goals at different scales.

 � Declaration of  the Andean Choco Model Forest, an 
international category that promotes governance to 
support sustainability in highly important territories 
for conservation at the global level.

 � Recognition by the municipality of  Quito of  
the ACC as a territory of  ecological and cultural 



importance and sustainable production.
 � Implementation of  a locally coordinated waste 

management system in partnership with the 
Municipality of  Quito, adapted to the realities of  
rural landscapes in mountain areas.

 � Strengthening capacities of  local young leaders to 
generate and communicate information regarding 
conservation and restoration of  ecosystems, 
sustainable production alternatives, and initiatives 
of  local organizations.

 � The ACC has worked in the promotion of  
sustainable production practices and restoration in 
more than 60 farms.

 � ACC partners are monitoring 17 research plots 
to study biodiversity and carbon dynamics in the 
context of  climate change in different ecosystems 
covering the whole altitudinal range of  the territory.

The rapid consolidation of  the ACC has not gone 
unnoticed. In May 2017, the Development Bank 
of  Ecuador awarded the platform the Green Pri�e 
in the category of  organized local governments. In 
terms of  future challenges and perspectives, a balance 
between running existing operations and planning new 
activities is necessary. The ACC has been successful as 

a governance platform, and has demonstrated how the 
different perspectives of  locally grounded actors can 
be combined in the design and validation of  programs 
and policies. For Inty Arcos, Technical Coordinator of  
the ACC:

“The [Andean Choco] Commonwealth is becoming 
the consultative space that supports the six parishes 
in all environmental and sustainability issues. 
Given the cross-cutting nature of  these topics, the 
ACC has the potential to have a multiplier effect, 
where local governments improve their capacity to 
respond to local needs in other areas of  action such 
as education, health and land use planning”

More work is needed to strengthen the mechanisms 
through which the ACC supports local governments 
and their constituencies. It is vital to engage in a long-
term effort to promote the active participation of  local 
people, with particular emphasis on vulnerable groups 
such as women and the elderly. No less important 
is the role of  this platform in providing an enabling 
environment for young people to show their initiative 
and innovation� for these qualities constitute the true 
seed of  sustainable development in the mountain 
landscapes of  the Andes.
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The declaration of  the International Year of  Quinoa 
in 2013 by the United Nations marked the rapid rise 
in the pro�le of  this sacred Andean grain, known as 
Kinwa in the vernacular Quichua language of  runashimi. 
Quinoa has great potential for enhancing food security 
in mountain areas, particularly in areas where other 
crops struggle to grow. However, the explosive growth 
in demand for this highly nutritious crop threatens to 
divorce the crop from its socioecological origins. 

The ancestral domesticate of  modern quinoa 
(Chenopodium quinoa Willd) originated in the South 
American Andes. Domesticated around �ve thousand 
years ago, it is widely recognized around the world 
for its nutritional qualities as well as its tolerance for 
unfavorable environmental conditions. Quinoa is a 
�complete protein food�: that is, unlike most plants, 
it contains all of  the essential amino acids. It is also 
a good source of  minerals, such as iron, calcium and 
magnesium, and of  polyunsaturated fatty acids and 

Quinoa products take advantage of  the  grain's 
superfood status. – Image: J Gonzalez



oleic acid. Furthermore, quinoa is an important source 
of  vitamin E, and its rivo�avine, tiamin and vitamin 
C content is unusually high1,2,3,. Per gram, quinoa 
grains contain 10 times more folate than wheat. Folate 
de�ciency during early pregnancy is associated with 
neural tube defects in the baby, and a folate-rich diet 
can help reduce congenital defects such as cardiac 
attacks. The fact that quinoa does not contain gluten 
makes it an ideal food staple for those suffering from 
celiac disease.

Quinoa thrives in environmental conditions that 
would defeat most other crops. It can survive cold 
fronts, long periods of  drought, and high salinity4,5,6. 
In addition, cultivating quinoa requires little water, 
and acceptable yields are possible with as little rainfall 
as 100 to 200 mm/year7,8. This species is therefore an 
important resource for mountain communities whose 
land is unsuitable for other crops. 

Quinoa kernels are covered in a sour compound called 
saponine, which must be removed through washing 
or another physical method before consumption. 
Research has shown that these compounds act in 
the plant as a defense mechanism against insects 
and birds. Saponines have a wide range of  potential 

uses: as insecticidal, antibiotic, antiviral and fungicidal 
agents and possibly also as natural anti-cholesterols 
and antioxidants,. Further research into the possible 
applications for these compounds could deliver 
additional monetary bene�ts to quinoa producers.

The growing appreciation for quinoa�s taste and 
nutritional bene�ts has led to large-scale cultivation 
outside of  its place of  origin. Such large-scale 
production may be commercially successful� 
however, it is often far removed from quinoa�s social, 
cultural, and ecological origins. In the cultivation of  
quinoa, we must remember to honor its roots by 
maintaining and promoting the extensi�cation of  
production in the Andean highlands and preservation 
of  ancestral varieties. Traditional quinoa and other 
agricultural varieties are an invaluable resource for the 
maintenance of  crop genetic diversity, and could prove 
critical in helping farmers adapt to extreme weather 
and other consequences of  climate change. 

In order to help build awareness among consumers 
of  such traditionally-grown varieties, a quinoa seal of  
origin could be established. There is also a need to 
establish micro enterprises and cooperatives that could 
boost both high-quality, traditional quinoa production 



and explore non-traditional options for quinoa 
consumption. Saponine-free quinoa could be sold as 
a soup, in pre-cooked form, or as �our for bread or 
cookies, sometimes mixed with wheat �our. Quinoa 
can also be used in salads (as preferred by former U.S. 
president Bill Clinton�� to emulsify juices� mixed with 
local fruits to make natural energy bars� as artisanal 
ice cream� or as a food supplement mixed with milk 
or yogurt for school-age children. The inclusion of  
quinoa in food security programs could allow its 
nutritional bene�ts to reach a large array of  people, 
especially with the inclusion of  local quinoa-producing 
communities and the school systems in such programs. 
In this way, diets that currently heavily depend on 
grains such as corn, wheat, oats, rice and barley, could 
be effectively complemented, and in fact, improved by 
the addition of  quinoa.

The byproducts of  quinoa cultivation, weeding, and 
harvesting can all be utilized in productive ways. The 
stems and branches of  the quinoa plant can be fed 
to goats or llamas where grazing is sparse, or where 
traditional pastureland cannot be cultivated because 
of  climatic or edaphic limitations. Quinoa could 
therefore be used to provide valuable nutrients to 
cattle or camelids. Another possibility includes the 
production of  organic non-toxic pigments such as 

betalains (red pigments) for use as a source of  dye and 
natural coloring in wine, cheese and yogurt-making. At 
present, the majority of  red pigments come from beets 
or from arti�cial colorants. As the betalains present 
in many quinoa varieties are water soluble and very 
stable over time, it is possible to manufacture them 
using simple methods. This could provide mountain 
communities with a lucrative livelihood option that 
requires little capital investment or training and could 
be carried out in the same place as quinoa cultivation. 

Quinoa is a valuable, multipurpose species, and 
its cultivation should be promoted as part of  
multifunctional agroecological practice. Furthermore, 

Quinoa grains before harvest. – Image: Naluwan/Shutterstock





we ought to acknowledge the wisdom of  the mountain 
people that have conserved quinoa throughout the 
ages. As the wider world comes to value quinoa as a 
superfood, it would be �tting if, in return, mountain 
communities were fully supported in their efforts to 
achieve food and nutritional security, protect their 
culture and continue to practice sustainable, resilient 
agriculture. 

Photo left: 
Flowering quinoa plants, Bolivia. – Zenobillis/Shutterstock

1 Ko�iol, M.J. (1992�. Chemical composition and nutritional evaluation of  

quinoa. J. Food Compos. Anal. 5:35-68.
2 Ruales J. & Nair B.M. (1992�. Nutritional quality of  the protein in quinoa 

(Chenopodium quinoa, Willd) seeds. Plant Foods Hum. Nutr. 42:1-11. 

3 Repo-Carrasco, R., Espino�a, C. & Jacobsen, S.E. (2003�. Nutritional 

value and use of  the Andean crops quinoa (Chenopodium quinoa) and 

Kañiwa (Chenopodium pallidicaule�. Food Rev. Intern. 19:179-189.
4 Schoenlechner, R., Wendner, M., Siebenhandl-Ehn, S. & Berghofer, E. 

(2010�. Pseudocereals as alternative sources for high folate content in 

staple foods. J. Cereal Sci. 52:475-479. 
5 Jacobsen SE, Monteros C, Christiansen JL, Bravo LA, Corcuera LJ, 

Mujica A. 2005. Plant responses of  quinoa (Chenopodium quinoa Willd.) to 

frost at various phenological stages. Eur. J. Agron. 22:131-139.
6 Jacobsen, S.E., Monteros, C., Corcuera, L.J., Bravo, L.A., Christiansen, 

J.L., Mujica, A. (2007�. Frost resistance mechanisms in quinoa 

(Chenopodiumquinoa Willd.). Eur. J. Agron. 26:471- 475.
7 Vacher, J.J. (1998�. Response of  two main Andean crops, quinoa 

(Chenopodium quinoa ld.� and papa amarga (Solanum ju�epc�ukii B.� to 

drought on the Bolivian altiplano: signi�cance of  local adaptation. Agric. 

Ecosyst. Environ. 68:99-108.
8 Garcia, M., Raes, D. & Jacobsen, S.E. (2003�. Evapotranspiration analysis 

and irrigation requirements of  quinoa (Chenopodium quinoa) in the 

Bolivian highlands. Agric. Water Manag. 60:119-134.
9 Garcia, M., Raes, D., Jacobsen, S.E. & Michel, T. (2007�. Agroclimatic 

contraints for rainfed agriculture in the Bolivian Altiplano. J. Arid 

Environ. 71:109-121.
10 Solí�-Guerrero, J.B., Jasso de Rodrigue�, D., Rodrígue�-García, R., 

Angulo-Sánche� J.L. & M�nde�-Padilla, G. (2002�. Quinoa saponins: 

concentration and composition analysis. In Janick J, Whipkey A, editors. 

Trends in new crops and new uses. Alexandria, USA: ASHS Press. pp.110-114.
11 Kuljanabhagavad, T., Wink, M. (2009�. Biological activities and chemistry 

of  saponins from Chenopodium quinoa Willd. Phytochem. Rev. 8:473-490.
12 Tetsuya, T., Watanabe, N., Yuhara, K., Itoh, S., Suda, S., Tsuruoka, Y., 

Nakatsugaa, K. & Konishi, Y. (2005�. Hypocholesterolemic Efect of  

Protein Isolated from Quinoa (Chenopodium quinoa Willd.� Seeds. Food 

Sci. Technol. Res. 11 (2�: 161 - 167. 
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After having been ignored for many years, the spiritual 
and cultural dimensions of  biodiversity conservation 
are �nally receiving growing recognition. In the 
tropical Andes, many domesticated plants are valued 
for food production and consumption, but this value 
extends beyond their agricultural advantages and 
health bene�ts. Some foods are associated with rituals 
or religious practices, and many communities have for 
years preserved heirloom varieties and landraces, as 
well as the knowledge of  how best to prepare them. 
These traditional foods include colorful, locally-
adapted corn and potatoes, delicious yet hardy quinoa 
varieties, rare lupines, and many tropical fruits and 
�bers. These once grew within the vast cloud forests 
that have now been reduced to scattered patches 
amidst the Páramo highlands. The traditional Ecuadorian drink colada morada. 

– Image: Fotos593/Shutterstock



The majority of  the food staples used globally today, 
including wheat, rice, corn, potatoes, beans, and 
peppers, were domesticated within mountain areas1. 
In the past, descriptions of  mountain societies by 
outsiders merely recorded these foods as existing 
in mountain areas due to suitable environmental 
conditions. More recent, ethnographically informed 
descriptions of  mountainscapes, however, consider 
‘sacred foods’ to be a manifestation of  the intricate 
relationship between nature and culture: a symbiotic 
and time-tested interaction that has secured the best 
possible nutrition using the best possible crops for 
local conditions. Many mountainous countries show 

pride in their food staples by registering them as 
speci�c mountain products or as from a designated 
region. Others have gone a step further by recognising 
sacred foods or food products which occupy a special 
place in the cultures of  South America. 

Located in northern Ecuador, Imbabura province’s 
many Andean lakes have given it the name �the 
Switzerland of  Ecuador”. The largest and most 
densely populated lake is Imbakucha, previously known 
as San Pablo Lake. This name change is symptomatic 
of  the indigenous revival and political clout of  the 
Utawallu runakuna people, part of  the Kichwa nation in 
the tropical Andes2. Also known by the Castilliani�ed 
name of  Otavalos, they have a well-deserved 
reputation as successful entrepreneurs. Since before 
the Spanish conquest and during the colonial era, 
Otavalo handicrafts were sold by traveling merchants 
(mindala) throughout the late Inka Empire and colonial 
Andean towns. Skilled in textile making, basketry, reed 
works, and many other handicrafts, Otavalos can often 
be seen selling their goods in the central plazas of  
major capital cities. In Ecuador, Otavalo city holds the 
largest thriving indigenous market of  South America� 
it attracts mass international tourism in numbers 

The sacred grain kinwa, or quinoa in Bolivia (Chenopodium quinoa)

The sacred vine yagué, or ayahuasca in the Castillianized language in 
Peru (Banisteriopsis caapi)

The sacred bread ngülliw, or pewen in the Mapuche language (Araucaria 
araucana)

The sacred drink chicha de kura, or Zea mays in Ecuador

The sacred root Chuñu, or potato, in Peru (Solanum tuberosum)

The sacred fruit Parchita, or passion fruit, in northern Argentina 
(Passi�ora�edulis) 



Fields of  quinoa, Chimborazo, Ecuador. – Image: Ecuadorpostales/
Shutterstock

second only to the Galapagos Islands. No visit to 
Ecuador is complete without touring the watershed 
of  the Imbakucha and getting to know the Utawallu 
runakuna3.

After three centuries of  Spanish colonial rule, followed 
by two centuries as a republic, Ecuador is increasingly 
recognising the human rights of  indigenous people 
and is revaluing native belief  systems and religious 
practices. Most people in the Imbakucha watershed 
are Catholics, although Evangelicals of  various 
denominations are part of  the fabric of  the Otavaleño 
lifestyle. Many in the area are now Protestants, while 
those of  the younger generation are increasingly non-
practicing Catholics. Several Otavaleño academics are 
involved in indigenous affairs at the governmental 
level. Some have obtained advanced degrees and a 
few are pursuing graduate school in the USA. Yet 
despite decades of  research by Instituto Otavaleño 
de Antropología, much remains to be learned about 
the Utawallu runakuna people. The transmission of  
cultural heritage remains fragile: through attendance 
at technical colleges and a local university, many of  
the young generation of  Otavaleños now speak only 
Spanish, prefer fast food to traditional dishes, and 
know far more about Hollywood movies and Youtube 
stars than about their own traditions.

Grandparents are now the guardians of  traditional 
ecological knowledge and bear the burden of  
maintaining the foodscape that underlies their 
Andean cultural identity. For example, the practice 
of  consuming guinea pigs or kuy provides healthy 
animal protein that is integrated into a nutritious 
diet. A survey of  medicine men or Yachaj in the town 
of  Ilumán (which has the highest concentration of  



Indigenous Ecuadorian woman in national clothes selling food in a market, Pujili village, Ecuador. – Image: Rafal Cichawa/Shutterstock



traditional healers in Northern Ecuador), found 
that almost 82% were over 50 years old. None were 
younger than 25 years old. These Yachaj showed 
Andean features in their garb, physical appearance, 
political activism and self-governance. However, their 
Andean identity markers are becoming less sustainable: 
many Utawallu are losing their spiritual connection to 
the mountainscape. 

Some practices associated with the syncretism of  
Catholic rites and vernacular beliefs still persist. For 
instance, the ‘Day of  the Dead’ on November 1st 
of  each year is marked with a visit to the cemetery 
and preparation of  the strikingly colored drink chicha 
“morada”. The chicha is made using purple corn and 
mortiño, also known as Andean blueberries (Vaccinium 
meridionale). These are collected in the nearby páramo 
and are a sacred food, only prepared at this time. 
Other “sacred foods” include llapingachukuna or potato 
patties made with fresh cheese and red coloring from 
the seeds of  the Achiuti tree (Bixa orellana), which are 
consumed during the celebration of  the Inti Raymi 
(solar solstice� each June. Preparation of  Kinwa as a 
�sacred grain� is most prevalent in Bolivia and Peru, 
but also practiced in Ecuador. Some families still 
follow the tradition of  having kinwa soup or kinwa 
salad on Sundays, after returning from Mass. A dye 

which is obtained from the seed coats of  quinoa 
(black, blue, maroon, brown, or yellow� is used to 
colour belts (watu) or other textiles that are placed 
as decorations over saint statuettes on the altar. To 
meet the new markets arising from ecotourism and 
ethnotourism, healthy recipes are being used to 
prepare “empanadas” made from Kinwa �our, �lled 
with organic vegetables directly harvested from the 
house garden and served in colorful arrays with hot 
sauce (ají or rukutu) and “encebollado”. Another 
element of  the sacred foodscape is the preparation of  
dried, fried corn kernels (saramishki or “tostado”) and 
fresh, boiled lupinus beans (tarwi or “chocho”) that are 
eaten together in a symbolic combination of  the dark 
with the light, the dry with the wet, and the old with 
the new. It is eaten throughout the day, particularly 
after laboring in the �elds nearby. 

In chaya or “pagamento” ceremonies, blessings are 
sought for starting a new job, with a tribute to bring 
favor to the soon-to-start project. Corn beer (and 
powerful moonshine alcohol) is ceremoniously shared 
with mother Earth (Pachamama� to make good wishes 
for the success of  the enterprise. After an arduous 
trail or a dif�cult project is concluded, the wasishka 
or “pagamento” or payment for a good conclusion 
is required. One Pinllu tree (Euphorbia latifolia) in 
particular plays a special role in these rituals and the 



local mythology of  the Imbakucha watershed. Growing 
strongly in the highest point of  the interior valley 
and nested between the telluric presence of  the two 
tallest volcanoes (Tayta Imbabura and Mama Cotacachi), 
this sacred gum tree of  the Otavalo stands atop an 
ancient fort known as the �Pukara of  Reyloma” (the 
hill of  the king�. The white sap of  the gum tree is 
considered a mythical symbol of  renewal, sanation and 
purity, making it a place of  pilgrimage for couples to 
be wed, or for newly-weds to pray for good fortune 
for their marriage and for healthy, numerous children. 
Previously, �pagamentos� to the sacred tree were 
made in the form of  coins inserted into the bark 
of  the old tree, until sacrilegious acts of  theft and 
vandalism forced an end to the practice. However, 
other items continue to be respectfully deposited 
around the sacred tree, including placentas. At present, 
the sacred tree is visited by tourists who enjoy a half-
day trek to the top of  the pyramidal pukara, visiting 
the sacred Piguchi waterfall along the way. However, 
eucalyptus trees now obscure the sacred gum tree, 
leading inattentive hikers to dig �re pits on the pukara, 
even at the base of  the tree. This is a grave threat 
to the spiritual dimension of  the mountainscape of  
the Utawallu runakuna. The community did, however, 
succeed in blocking the municipality of  the city of  
Otavalo from installing a series of  communication 
towers planned for the top of  the pukara of  Reyloma.
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Maintaining respect for the sacred landscape of  
the Imbakucha watershed offers the prospect of  a 
sustainable future not only for the landscape itself, 
but also for traditional practices associated with the 
production and consumption of  sacred foods by the 
Utawallu runakuna. As a manifestation of  the changing 
patterns of  the socioecological system of  the tropical 
Andes, especially in the territory of  the Otavaleños 
(Utawallumanta�, preserving knowledge and practices 
related to sacred foods can help promote food security 
for mountain people. It will also promote a more 
enjoyable eco- and ethno-tourism experience for 
visitors, and more �exible incomes and successful 
subsistence agricultural practices for mountain people. 



Mate is typical of  South American landscapes. Take 
a walk in the streets of  Asunci�n, the capital city 
of  Paraguay, ga�e at the locals and your eyes will 
invariably settle on car drivers with a hand on the 
wheel and the other around the traditional gourd. 
Travel south to the famous Argentinean pampas and 
ranchers will provide a similar scene, except that they 
will have traded seats for saddles and wheels for reins. 
Similarly, in Brazil, Chile, Uruguay and Bolivia, the 
consumption of  this beverage is part of  daily life, a 
symbol of  South Americans’ culinary culture and a 
reminder of  a tradition passed down from the old 
residents of  the grasslands.

The commercial production and consumption 
of  mate (also known as yerba mate, with �yerba� 
meaning “herb”) rose to prominence in 17th century 
Paraguay. Historically, the leaves were harvested from 
wild stands of  Ilex paraguariensis Saint Hilaire (a type 
of  South American holly� by Paraguay�s Guarani 
people to produce the mate beverage. It is unclear 
exactly what role mate played early on in the lives 
of  the Guarani, but reports suggest that it was likely 
consumed for medicinal purposes as well as for 
enjoyment. After the arrival of  Spanish colonists and 
Jesuit missionaries to Paraguay in the 16th and 17th 
centuries, mate became an important South American 
export. Production, consumption, and trade of  mate 
amongst neighboring countries began to grow, and 
mate became a booming business for the foreign 



Mate gourd and bombilla. – Image: Nika Art/Shutterstock



settlers who forced the native Guarani to produce it 
for them. Eventually, mate was domesticated and most 
production shifted from wild harvesting to plantations. 
Today, the drink is an important part of  South 
American history and culture. 

The preparation of  mate follows a strict ritual and 
requires two characteristic pieces of  equipment: a 
hollowed calabash gourd, often painted and decorated, 
and a bombilla, which is a metal straw equipped with 
a �lter at the lower end to separate the beverage 
from the yerba mate leaves and stems. When mate is 
prepared in family or friend gatherings, all participants 
share the same gourd and the same bombilla. Two-
thirds of  the gourd is �rst �lled with yerba mate and 
then inverted and shaken to get �ne particles away 
from the bottom. Next, it is tilted and gently agitated 
to get the leaves to deposit onto one side in a layered 
fashion. The bombilla is inserted into the dry leaves, 
and then the gourd is �lled �rst with cold water to 
soak the plant materials, and then with hot, though not 
boiling water, up to the edge of  the gourd. The layers 
of  leaves are infused one after the other so that the 
gourd can be re�lled several times and passed around 
to the participants in what is still a widespread social 
ceremony. 

The beverage is not only sought after for its 
characteristic aromas, �avors and textures� it is 

also an important cultural heritage and, although 
not strictly categorized as a medicinal plant by its 
own virtues (though it is often mixed with other 
medicinal plants), sipping the infusion is recognized 
as bringing about numerous health bene�ts. Indeed, 
an increasing number of  studies now link yerba 
mate with Paraguayan Guarani and Mesti�o folk 
medicine, recognizing that these communities have 
used it for centuries. The yerba mate plant and 
processing methods are also under great scrutiny by 
the biochemical scienti�c community in the search 
for biological compounds that can be used in the 
pharmaceutical industry. A range of  polyphenols, 
xanthines such as caffeine, and caffeoyl derivatives 
such as chlorogenic acid, saponins and minerals, 
have already been identi�ed. It has also been shown 
that the consumption of  mate increases the intake 
of  antioxidants that are known for their bene�cial 
health effects. Combined ethnobotanical and chemical 
analysis suggests that the consumption of  mate 
can help with digestive issues and the “modern 
epidemics” of  diabetes, hypertension, and high levels 
of  cholesterol. 

Mate offers an illustration of  the profound links 
between culinary heritages, social ceremonies and 
health bene�ts. The unrushed, social ritual of  mate 
drinking provides a counterpoint to the modern 
tendency towards over-speciali�ation, in which 



progress is too often towards narrowly-de�ned 
ef�ciencies: in farming monocultures, producing 
processed foods, interacting with social networks, 
and concocting arti�cial energy drinks. Mate is a 
natural drink, best enjoyed with friends, and requiring 
no additives. It reminds us that age-old practices of  

Yerba mate blends: left "con palo" or with stems and leaf  fragments, and right "sin palo" or without stems.  
– Image: Dante Busquets/Shutterstock

consumption and celebration often unite the social, 
cultural and economic spheres, bringing bene�ts 
to each. These traditions still have the power to 
teach us important lessons, and to anchor us in our 
cultural and natural heritage, one sip at a time.
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School students under the guidance of  professor A.I. Martynov copying petroglyphs in the Karakol valley. 
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1 HELVETAS Swiss Intercooperation is an international network of  

independent af�liate member organisations working in the �eld of  

development cooperation and emergency response.
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From our earliest history, human societies have 
marked the passage of  time. The Gregorian solar 
calendar is now the most widely used system, but 
elsewhere lunar calendars are also followed. Calendars 
had several purposes: to provide a common reference 
for dates and times, but also to mark signi�cant events 
in the natural world that de�ne the seasons of  the 
year. Indeed, in many societies that directly depend 
upon the land, this is still the primary purpose of  what 
can be called �ecological calendars�. These knowledge 
systems use a combination of  astronomy and 
ecological events to mark time, allowing their users to 
carry out seasonal activities at the correct time. Such 
events might include the arrival of  a certain species 

of  migratory bird, the blooming of  a particular type 
of  �ower, or �sh beginning to spawn. As the seasons 
turn, sowing and harvesting crops, moving livestock, 
hunting, �shing and gathering foods are synchroni�ed 
with the ebb and �ow of  the natural world. 

In Australia, the Warlpiri people note that koalas mate 
at the time the star Arcturus is seen on the northwest 
hori�on soon after sunset. For the Yaraldi, �owering 
of  the coastal tea tree tells �shermen to expect the 
entry of  snapper �sh into Port Philip Bay. As Australia 
lacks the long-term phenological datasets recorded 





in some other countries, such indigenous seasonal 
knowledge can be used as a valuable guide to baseline 
ecological conditions when assessing environmental 
change1. 

In the Pamir mountains of  Central Asia, a unique 
�calendar of  the human body� is still used. Parts of  
the year are counted using a mnemonic of  human 
body parts that represent the passage of  the sun. Early 
spring and the blossoming of  apricots begins with the 
foot, and the days are counted by working upwards 
to the heart, which marks the vernal equinox. The 
passage of  seasons continue up to the head, where 
a pause is observed (chillas), before returning down 
to the heart and the autumnal equinox, and back 
to the foot (autumn and winter chillas). Counting is 
suspended in the chillas during the growing season and 
mid-winter. Exiting the chillas is determined by weather 
patterns which trigger planting and harvest2. 

However, as the use of  the modern, standardized 
calendar spreads across the world, the practice of  
using ecological events to mark time is fading. In 
Central Asia, these calendars were largely lost under 
Soviet rule. This loss of  culture has reduced the ability 
of  local communities to anticipate the changes of  
the seasons, and so mark the appropriate timing for 
agricultural activities3. This is a serious loss indeed in 

Photo left: 
Elder at a village meeting in Gilgit Baltistan, Pakistan. – Image: Muhammad Asad Salim

mountainous areas where local topography determines 
weather patterns, and global meteorological models are 
rarely accurate. In the Pamirs, the thawing of  winter 
ice, ploughing, sowing and harvest have shifted 15 to 
40 days earlier than in the previous decade. A revival 
of  indigenous knowledge offers the possibility of  
monitoring, predicting and adapting to environmental 
change on a local scale.

A team of  scientists from the World Agroforestry 
Centre and Kunming Institute of  Botany, Chinese 
Academy of  Sciences have recently begun conducting 
research into ecological calendars at three study sites 
in China, Nepal and Pakistan4. Each site is located in 
high mountain ranges where climate change is faster 
than the global average, and where indigenous people 
still depend directly on the land5. 

Documenting an ecological calendar starts with 
interviews which establish a community’s monthly 
social and agricultural activities. For the herdsmen 
of  Taxkorgan County, Xinjiang in China, the most 
important seasonal activity is migration between 
seasonal pastures. The researchers talked to people 
from every part of  the community, but found that 
Imams, elders and village heads showed the greatest 
depth of  local knowledge.



Marco Polo Argali in Pamir, Xinjiang, China. 
Image - Yi Mingjiang



In Mustang, Nepal, a farmer from Thini village 
told the team “Our surroundings tells us when we begin 
our agricultural activities. When the Dhe-Dhe [dandelion] 
sprouts, we know the soil is now ready”. Members of  every 
generation were involved in the discussions, with 
the idea that school students who helped research 
and record their community�s traditional knowledge 
would become more interested in their own heritage. 
One community leader welcomed this initiative: 
“Grandparents will be happy that the children will spend more 
time with them listening to their stories. They will learn and 
understand the value of  the resources available here.”

Knowledge is also being lost in Nagar District, Gilgit 
Baltistan, Pakistan. Mr Muhammad Basheer, now 90 
years old, was an advisor to the ruler of  Nagar State 
in the 1970’s. He told us: “30 years back we were fully 
dependent on the resources within the village and valley. We 
would get nothing from outside and had learned to survive 
with what we used to have. Now things have changed, we get 
everything on our doorstep. The new generation is forgetting 
about the elders and gain nothing from our experience. They 
consider�themselves�more�scienti�c�and�intelligent,�but�I�
know that we lived for what we had at our time”. Nagar’s 
traditional festivals can serve as a bridge between the 
impacts of  climate change on ecological indicators 
and rapidly depleting associated traditional knowledge. 

Helping thresh the grain, Mustang, Nepal.  
– Image: Sailesh Ranjitkar



The timing of  festivals has changed over the years, 
giving an important indication that climate change has 
affected the seasons. According to Mr Asghar Ali from 
Hunza: “we used to sow our crops before the Navroz festival 
[in March] but now we wait until afterwards”.

Throughout Gilgit-Baltistan, apricots are an important 
food crop that are especially sensitive to climate 
change. Although they require cold weather for 

dormancy, their buds and �owers are sensitive to 
frost, and over the past three decades climate change 
has affected apricot growth, productivity and disease 
resistance. The researchers conducted experiments on 
apricot phenology and found that major events in the 
apricot tree’s life cycle were occurring up to 15 days 
earlier at lower elevations. Similar experiments are 
being conducted back in Taxkorgan to measure the 
impact of  climate change on an endemic dandelion 
species that is a key ecological indicator. 

The results of  the ecological calendars project will 
be used to map the traditional knowledge, practices 
and adaptions of  mountain communities, so that the 
experience of  one indigenous community can be used 
to provide others with options for adaptation. As 
temperatures at high elevations rise, best practices at 
lower areas can help those living at higher elevations to 
anticipate and prepare for what may lie ahead.

In addition, traditional knowledge and scienti�c data 
will be combined to produce new, dynamic calendars 
which will be taken back to the communities for 
feedback and cross-validation. Identi�cation of  the 
most important indicators could drive future research 
not only by scientists, but also by local organisations 

Sketching seasonal cycles in Pakistan.  
– Image: Muhammad Asad Salim
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and even students and schoolchildren. Locally-
recorded results can be fed back into the calendars, 
improving their accuracy and usefulness in preparing 
for an uncertain future. 

Boy carrying potatoes, Baoxing, Sichuan, China.  
– Image: Guo Siyu
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A Tibetan woman watering her crops on the Tibetan Plateau. – Image: Xu Jianchu
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Photo left:  
Ingredients for traditional Tibetan incense. – Image: Wang Ning

�Yak poop is so dirty,� the child says.

�Don�t say that. The water that yaks drink is not dirty, 
and the grass that they eat is also not dirty. Grass-
eating animals without upper teeth don’t have dirty 
poop,� his mother replies while washing yak manure 
off  her hands. �Without yak poop, we Tibetans would 
not be able to live on these grasslands.”

The documentary �Yak Dung� shows nomads in a 
Tibetan area using yak dung to build houses, surround 
stoves, and make dog kennels� in winter, the dung is 
even used for the walls of  a container to store fresh 

meat. The resourceful nomads, who often live in 
areas where few other natural resources are available, 
use yak dung as eye medicine for yaks and horses, 
and to make toys for children playing on the fro�en 
river beds. At the premiere of  the documentary, a 
Tibetan member of  the audience who had long left his 
hometown for city life was on the verge of  tears: “I 
feel like I smell the scent of  my childhood, of  burning 
yak dung.�

�Yak dung� ended up on the shortlist for the 
2nd Phoenix Video Documentary Award, yet its 
��lmmaker� Lan �e had only recently picked up a 





camera for the �rst time in his life. After completing 
his monastic studies, Lan �e had returned to yak-
herding - watching movies or television simply wasn�t 
part of  his life. Like most videographers recruited by 
the Centre for Indigenous Documentary and Cultural 
Perspectives (CIDCP�, Lan �e�s transformation from 
herdsman to documentary �lmmaker was prompted 
by a simple training workshop that only lasted two 
days.

CIDCP aims to support rural indigenous peoples 
in recording and preserving their local cultures. 
Compared to professionals, these rural project 
participants might not have the best techniques in 
videography. But the Centre�s founder, L� Bin, is not 
worried. He is more concerned with getting cameras 
into the hands of  the process he works with, and with 
the meanings conveyed by their images.

Viewers of  �Yak Dung� can see that it is not a 
nostalgic art project, but rather an attempt to clarify 
reality and the future through a review of  traditional 
norms. As Lan �e says in his introduction to the �lm, 
�days without yak dung would also be days when we 
have lost ourselves, when disasters are brought upon 
us, when we would be at odds with Mother Nature. By 
then our compassion, understanding of  karma, and 

kindness would have left us.�

��Yak Dung� would never have received such wide 
acclaim if  it had been �lmed by an outsider,� L� Bin 
explained. “Compared to someone from outside 
his community, Lan �e � a former Tibetan monk, a 
resident of  the grasslands – has far more insight into 
the culture of  the herders.”

L� Bin is a graduate from Yunnan University, with 
a degree in biology. As a student, he would organize 
expeditions for the university photography society. 
After spending extended amounts of  time in 
Tibetan and other ethnic minority areas in Yunnan 
and Guizhou, he developed strong feelings for 
those landscapes and their people. He admires the 
respect locals pay to the land, nature, and traditional 
culture, and sees it as a sense of  awe inherited at 
birth. Unfortunately, this traditional viewpoint is 
facing drastic changes under the in�uence of  crude 
economic development.

“The marginalized villages of  western China are being 
heavily impacted by the current tide of  modernization. 
The previously harmonious relationship between man 
and nature is being severed,� says L� Bin. �One almost 
cannot keep up with all the changes in the countryside. 

Photo left: 
Lan��e,�a�rural��lmmaker�from�Qinghai,�and�a�screening�of �his�award-winning�documentar���Yak�Dung�.� 
– Image: Guo Siyu



A lot of  things that used to be abundant and familiar 
are vanishing without even being recorded.”

Videography has become an active tool in guiding 
villagers to deeper observations of  what is happening 
around them. As a videographer himself, L� Bin is 
well aware that the act of  �lming itself  is already a 
process of  putting reality into focus. For villagers who 
do not usually use cameras, they might have become 
too used to or even ‘blind’ to what surrounds them. 
On the other hand, when they view things through the 
lens of  a camera, they pay more attention, and are led 
to deeper re�ections.

CIDCP began as a workshop in western China 
organized by Shan Shui Conservation Centre, a 
Beijing-based NGO. The workshop focused on 
ecological themes and the use of  video images to 
depict issues such as grassland degradation, river 
pollution, and endangered wildlife. L� Bin was the 
coordinating of�cer. Motivated by the awareness 
villagers and herders had towards their indigenous 
cultures, and the sincerity they had towards 
videography, L� Bin decided to make this project his 
career. 

Even today, L� Bin is moved when he recalls his �rst 
visit six years ago to the Nianbaoyuze Mountains 
in Guoluo, Qinghai Province. It was the �rst time 

someone approached him and asked if  he could train 
herders back home on techniques for videography. 
�It was like getting ready for a battle. We assembled 
all kinds of  equipment that could be used to �lm, 
even cameras as small as a shaving razor.” Before the 
training started, L� Bin had asked participants, �Why 
do you want to pick up a camera�� Most had a strong 
desire to express themselves, and hoped to record 
the changes in their lives and cultures, even if  what 
they held in their hands were the simplest pieces of  
equipment.

Tashi Sange, head of  the Nianbaoyuze Environmental 
Protection Society, was later asked why he had 
approached L� Bin and invited him to organi�e the 
workshop. �Our environment is changing so rapidly, 
sometimes at such a breakneck speed that we cannot 
preserve and protect it,” Tashi replied. “But we can 
�lm our environment and show it to those who are 
inheriting it from us. In the past people used words 
and photography, but I don’t trust words. There are 
many falsi�ed written records, in Tibetan history as 
well.” 

Developments in communications technology have 
allowed villagers who have not ventured far from 
home to gain an understanding of  the wider world, 
but the villagers’ personal perspectives do not usually 
have an avenue for expression. As L� Bin says, �for 



CIDCP�s�mobile�screening�unit�allows�nomadic�and�distant�communities�to�enjo��documentar���lm�screenings. 
– Image: Dan Zeng Da Ji



cultural preservation and natural conservation, local 
communities should be the principal driver, not 
outsiders seeking to �protect�.� This eventually became 
a guiding philosophy for the work of  CIDCP.

After two training sessions, the Nianbaoyuze project 
participants were able to produce six documentaries 
including �Yak Dung�, �Saddle�, �Pottery�, and 
�Snow Leopard by Suorijia River�. These works 
captured local mountains, rivers, local festivals, 
handicrafts, families, cultural shifts and even the 
despair that comes from a sense of  loss. L� Bin 
showed the �lms at the �South of  the Clouds 
Documentary Film Festival” to an enthusiastic 
response, with Lan �e�s �Yak Dung� viewed by many 
as the most important documentary to have come out 
of  the project.

On seeing the documentaries, L� Bin came to 
reali�e that the villagers were not merely �lming 
for artistic expression, but were focusing their lens 
more on issues concerning public welfare in their 
community: for example, the trash and water pollution 
problems in Tibetan areas. He does not consider the 
documentaries� quality to be of  much importance. It 
is more important to him that through discussions on 
the �lms� themes, the process of  �lmmaking, and the 

impact of  showing these �lms, villagers are inspired 
to participate in rural development and community 
affairs. �Our goal is not to make critically acclaimed 
�lms that win awards at international �lm festivals. 
That kind of  impact is on the outside and is of  no use 
to us. It is stripped from the locations where the �lms 
were made, and the social issues the �lms discuss.�

This approach is similar to how the Nianbaoyuze 
Environmental Protection Society �lmed �Disquieting 
Blessings” over the course of  three years. The subject 
of  the �lm is a lake that has sacred status: people were 
making offerings of  �treasure bottles� �lled with grains, 
and so contributing to a mounting trash problem in 
this holy body of  water. As production of  the �lm 
went on, and through dialogues with local herders, the 
herders gained awareness that they were damaging the 
holy lake, and one by one started to initiate clean-up 
efforts. The Society also invited a few dozen ‘living 
Buddhas� in the area to participate in picking up 
trash, which created quite a stir among local circles. 
The increased attention herders gave to their living 
environment in�uenced the government as well: trash 
in the grasslands was recognized as a problem, and the 
government set up specialized waste collection and 
recycling stations.



In 2014, to respond to a growing demand for 
videography training in rural communities, CIDCP 
was formalized as an independent organization with 
the support of  Shan Shui Conservation Centre, 
with the following mission statement: �We work 
with community partners in the villages of  western 
China, apply videography as a means to record and 
enlighten, build local capacity for ecological and 
cultural preservation, and promote the sustainable 
development of  western villages and equal dialogue 
between East and West China.”

CIDCP has developed from a simple training 
workshop to a service project that not only provides 
videography training to village locals, but has also 
established �lming stations in areas such as Yunnan, 
Qinghai, and Tibet. In addition, the organization 
actively seeks out dissemination channels for the 
produced �lms. With the understanding that �from 
villages we have come, and to villages we will return”, 
the Centre has screened the documentaries of  villagers 
to locals through mobile movie theaters and village 
�lm festivals. These screenings not only convey the 
full intention behind each �lm� the events also bring 
villagers together and spark re�ections and discussions 
on public matters happening around them. The �lms 
become tools for self-education.

CIDCP provides a window into western China, and 
a bridge leading to the outside world. L� Bin has 
organi�ed �lm exchange events with partners from 
Taiwan and Canada, allowing those on the outside to 
understand and pay attention to the most prized yet 
vulnerable ecosystems in China, and the challenges 
of  preserving natural environments and cultural 
heritage. L� Bin�s greatest wish now is to use new 
technology to create �video boxes� which would make 
it easier for rural audiences to view CIDCP and other 
documentaries. With these �video boxes� L� Bin also 
hopes to establish a �lm depository for rural western 
China.

In recent years rural in-migration for entrepreneurship 
and rural development has gained some measure 
of  popularity. Looking forward, L� Bin says, �Rural 
development has taken many forms � old models and 
new innovations, ones that lament rural demise and 
others that create art. But what should be fundamental 
is the protection of  the rights of  indigenous peoples, 
and a respect for their aspirations. We shouldn’t be 
quick to place value judgments, because after all they 
should be the principal drivers of  development. Even 
if  they adore the viral hit song �Little Apple�, we 
should respect that. We can�t critici�e �Little Apple� for 
being this and that, and direct locals to only cherish 
things that we think are traditional.�





Yunnan, had long aspired to develop a botanic 
garden for alpine plants near to Lijiang. For RBGE 
the Jade Dragon Snow Mountain featured strongly 
in the photographs and plant collections brought to 
Edinburgh almost a century before by George Forrest. 
Joseph Rock, who lived at the foot of  the mountain, 
also brought it and the culture of  its predominantly 
Naxi people, to the attention of  the wider world. 
Once an important staging post on the Ancient 
Tea Horse Road, the chama gudao, Lijiang has seen a 
rapidly growing modern city spring up around the 
World Heritage core of  its old town. It represents a 
microcosm of  the global changes and developments 
that put pressure on nature and is therefore an ideal 
place to focus research and conservation.

Two of  the most effective contributors to protecting 
biodiversity and the natural environment around the 
world are �eld research stations and botanic gardens. 
At the dawn of  the new millennium two twinned 
institutions, the Kunming Institute of  Botany (KIB) 
and the Royal Botanic Garden Edinburgh (RBGE), 
conceived of  creating a combined research station 
and botanic garden in the Hengduan Mountain 
Biodiversity Hotspot. The site selected was the Yulong 
Xue Shan, the Jade Dragon Snow Mountain, one of  
the most iconic places in the region – with its 5,596 
metre peak a dramatic presence over the ancient 
city of  Lijiang. It was a place of  historic importance 
to both institutions. KIB, which had given rise to 
Xishuangbanna Tropical Botanic Garden in southern 

Photo left:  
The Jade Dragon Mountain as backdrop to Lijiang Old Town. – Image: Stephen Blackmore



In May 2001, a stone laying ceremony and the planting of  
a specimen of  Picea likeangensis marked the launch of  the 
Lijiang Alpine Botanic Garden. The following year saw 
the completion of  the Jade Dragon Field Station in the 
upper reaches of  the Botanic Garden at 3,200 m. The �eld 
station was built by hand and constructed in traditional Naxi 
architectural style. There being, at that time, no road to the 
site, horses were used to carry in all of  the heavier materials. 
The local people who carried out this arduous work have 
been central to the subsequent success of  the project with a 
number of  them becoming long term staff  members. In 2004 
the �eld station was recognised as the China and UK�s �rst 
Joint Scienti�c Facility and since then it has continued to grow 
steadily. In 2009 a range of  glasshouses for plant propagation, 
some of  the highest in any botanic garden, was constructed. 
Advanced meterological equipment, new laboratories and 
a nearby 25-hectare Forest Dynamic Plot have followed, 
bringing the infrastructure to a high standard.

As a high vantage point for research, the �eld station has 
supported projects in a wide variety of  disciplines from plant 
phenology to pollination biology and from remote sensing to 
vegetation history. We can now look back over 22,000 years 
of  history, recovered from pollen cores, and use a detailed 
baseline of  knowledge about the current vegetation to begin 
to look into the future for people and biodiversity on the 
mountain and in the region. In this sense, the �eld station is 
an observatory for investigating and monitoring change during 

The��eld�station,�constructed�in�traditional�Naxi�architectural�st�le.� 
– Image: Stephen Blackmore



the Anthropocene. From the outset, the conservation 
of  threatened species and ecosystems was one of  
the strongest motivations for the project. As in so 
many other places, the most threatened plants on the 
mountain are essentially those of  most immediate 
value either as medicines or for their timber. The 
trade in plants for Traditional Chinese Medicine, 
once harvested for local and domestic use, now 
�nds a global market. A continuing preference for 
wild-harvested plants has rapidly depleted many rare 
species and represents their most immediate threat. A 
long-term trend of  habitat loss continues with much 
of  the lower elevation forest replaced by agriculture, 
urban development and tourist amenities including 
golf  courses. A ban on logging has tended to drive 
illegal logging further up the mountain and into less 
conspicuous places. Over and above all of  these 
threats looms climate change, the effects of  which are 
already being felt across the mountainous regions of  
the world.

Fortunately, there is also good news. As has often been 
the case elsewhere in the world, the mere presence 
of  a �eld station with a mission to protect nature 
has already produced bene�ts. At the Jade Dragon 
Research Station, one now wakes to the call of  the 
pheasants which have become more abundant in the 
protected vegetation of  the botanic garden. A growing 
collection of  rare plants is in cultivation around 

the station itself, ready to take their place in the 
botanic garden which has plans for a rhododendron 
collection and a primula collection, among others. 
Numerous seed acquisitions from the mountain are 
now protected in the Seed Bank at KIB. Best of  all, 
a strong cohort of  young scientists are growing their 
scienti�c careers on the mountain which becomes ever 
more important as an oasis of  biodiversity as time 
goes by. The most innovative aspect of  the project is 
the potential it offers by placing both a botanic garden 
and a �eld research station into a mountain region 
undergoing rapid development and experiencing the 
effects of  climate change. This combination of  factors 
creates the possibility of  using the botanic garden 
to grow and provide large numbers of  appropriate 
native plants for ecological restoration projects 
throughout the region. Where necessary it can provide 
a platform for the assisted migration of  plant species, 
which in turn can help to maintain the wider web 
of  life. Looking further into the Anthropocene, it is 
anticipated that novel ecosystems will progressively 
emerge and once again knowledge of  past vegetation 
coupled with access to a wide diversity of  living plants 
can be applied to increase both their resilience and 
diversity. The potential of  a single botanic garden and 
�eld station is enormous, so imagine what a network 
of  such facilities in the mountainous regions of  the 
world could achieve by working closely together.





China’s southwestern Yunnan province borders 
Myanmar, Laos and Vietnam. For centuries, this area 
had a reputation as a wild, lawless place, far from the 
reach of  Beijng and covered by forests and mountains. 
Yunnan�s mountainous terrain ranges from snow-
capped peaks in the northwest to tropical hills in the 
south� in western Yunnan, the altitude variation between 
mountain peaks and river valleys can reach as much as 
3,000 meters. This topographical diversity still shelters a 
wide range of  �ora and fauna and an equal abundance 
of  cultural diversity: 38% of  Yunnan’s population is 
made up of  25 ethnic minority groups. The province 
also has the highest number of  ethnic groups among all 
provinces and autonomous regions in China. 

Although mountains have historically provided safety 
from attack by other social groups, this comes at 
the cost of  other practical challenges such as a lack 
of  �at arable land, dif�culties in transportation, and 
isolation from the outside world. As a result, Yunnan’s 
minority communities have had to rely on their own 
resources, and this has led to the evolution of  unique 
systems of  belief  and practice. These systems have 
enabled Yunnan’s mountain peoples to manage their 
natural environments without damaging or over-
exploiting them. Over time, these systems have come 
to express cosmologies, cultural value and belief  
system for ecological management, and de�ne rules 
and community contracts.

Photo left: 
A view of  Jade Dragon Mountain from the Black Dragon Pool. – Image: Stephen Blackmore



The painting 'Ecological farmhouse' by Zuo Liping



These worldviews, experiences and principles can 
be observed in the beliefs and traditions of  minority 
peoples. In northwestern Yunnan for example, the 
Naxi people of  Lijiang worship the nature god Shu. 
According to Naxi Dongba (shamanic) legends, Shu 
is a spirit presiding over the natural world, with a 
human body and the tail of  a snake. Man and Shu 
are actually brothers from different mothers, and 
when the half-brothers split their inheritance, Man 
was given the plains, �atlands, �ve grains and six 
kinds of  domesticated animal, while Shu inherited 
the mountain ranges, river valleys, forests and wild 
birds and beasts. Unfortunately, greed got the better 
of  Man, who repeatedly intruded on Shu’s territories. 
Shu in his anger exacted revenge, casting Man out of  
his home and into poverty. The desperate Man begged 
for the intervention of  the Dongba shaman Shiluo, 
who managed to subdue Shu. In the aftermath of  this 
con�ict, Shiluo acted as mediator and established a 
pact of  non-aggression between Man and Shu. Under 
this pact, humans cannot exploit more than their 
fair share of  resources from Nature, and every year 
before a certain time, they must pay off  their debts to 
Shu. Thus, in the second month of  the Chinese lunar 
calendar, each Naxi village traditionally held a mass 
ceremony to pay off  their accumulated debts from the 
past year.

The Naxi worship of  Shu is but one instance of  
embedding ecological wisdom within indigenous 
culture: there are many other ethnic minority groups 
in Yunnan whose traditions remind us of  the need for 
fairness, restraint and reverence in our interactions 
with Nature. If  preserved, these beliefs and practices 
could be combined with modern-day scienti�c work in 
the mountains. Mutual learning and exchange between 
the two systems could yield innovative answers to 
pressing challenges such as climate change, land 
degradation and poverty. 

One way to preserve these indigenous visions or 
cosmovision is through ethno-ecological art � 
drawings, paintings and other artwork that illustrate 



The future is uncertain, but building it can start today. Image: Xu Fayi



the ways in which minority communities maintain 
and manage their environments. Ethno-ecological 
illustrations developed historically as a means 
of  record-keeping and story-telling: traditional 
illustrations covered a wide range of  topics, from 
natural landscapes, community developments and 
livelihoods to myth, cosmology and dreams of  the 
future. These drawings are often created in realistic 
styles, and present to the viewer natural elements – 
plants, animals, topography � and markers of  the 
ethnic community including traditional dress and 
costumes, tribal symbols, characters from the local 
written language, and characteristic color palettes and 
styles.
 
Professor Xu Jianchu is the Director of  the Centre 
for Mountain Ecosystem Studies (CMES), a joint 
laboratory between the World Agroforestry Centre 
(ICRAF) and the Kunming Institute of  Botany, 
Chinese Academy of  Sciences. Professor Xu �rst 
became interested in indigenous and minority art 
almost 20 years ago:

“I remember it was towards the end of  the year in 1998. 
I was at Bamei Hani Village in Honghe County in the 
southeast of  Yunnan. I was involved in an environmental 
protection and community development project funded 
by the European Union, and I was absolutely blown 
away by the drawing skills of  the villagers there. I had 

The painting 'Honghe terraces'. – Image: Yang Jiankun



organized village representatives to meet in a primary 
school, and because many local women from the Hani and 
Yi ethnicities had never been to school and couldn’t write, 
I had them use simple drawings to describe their homes, 
villages and livelihoods. At the end of  the day, there were 
more than a hundred pictures hanging around the entire 
school,�each�with�their�own�st�les�and��ourishes���it�was�
quite a sight! The women illustrated their future hopes 
and�dreams�with�such��assion�and�focus.�The��nished�
product was romantic and blissful, as if  the future they 
yearned for was right in front of  them.”

As an ethno-ecologist, Professor Xu has visited many 
different minority communities in Yunnan in order 
to study and learn from their cultures. He has also 
witnessed the decline and erosion of  many traditional 
practices, and was alarmed by the impending loss of  
unique worldviews, values and traditional ecological 
knowledge, which revere and protect the natural 
world. His experience with the artists of  Honghe 
made him realize that something needed to be done to 
protect indigenous visions in the present and propel 
them into the future. 

A few years ago, Professor Xu and his colleagues 
visited with more than 50 ethnic minority folk 
artists and villagers in the southwest provinces of  
Yunnan and Sichuan, collecting more than one 

hundred illustrations on the themes of  “home”, 
“the environment”, “livelihoods” and “visions for 
the future”. The artists came from a variety of  
backgrounds, including farmers, students, teachers, 
veterinarians, doctors, priests and tribal chiefs. They 
contributed prints, watercolours, relief  carvings, 
fountain pen drawings and other types of  art. In early 
2015, with support from ICRAF and the Yunnan 
of�ce of  Partnerships for Community Development 
(PCD, a Hong Kong-based social organi�ation�, these 
illustrations were collected in the Chinese-language 
book �Ethno-ecological Illustrations from Southwest 
China: Ecological Culture and Civilization through 
Indigenous Perspectives�. The book calls for a greater 
appreciation of  ethnic cultures and ethno-ecology 
among the general public and even members of  ethnic 
minority groups themselves. It provides a model for 
the use of  art in helping communities articulate their 
own needs and priorities. In March 2017, a further 
collection of  paintings by Yunnan minority artists was 
exhibited in Honghe County as “Mountain Futures – 
Ecological Illustrations of  an Ideal Honghe Valley”. 
The artists, many of  whom were from the local area, 
illustrated a variety of  subjects including Honghe’s 
famed Hani Rice Terraces and the traditional four-
fold farming system of  forests, fresh water, terraces 
and houses. The artworks express both the need to 
preserve Honghe�s agro-cultural heritage and illustrate 



different visions for Mountain Futures in southeastern 
Yunnan.

Indigenous visions are a combination of  the past and 
future. They re�ect traditions that have been evolving 
since humans �rst arrived in Yunnan�s mountains, 
and they articulate the desire for a secure, prosperous 
future that is rooted in the land. These illustrations 
bring indigenous voices to the public in beautiful and 
accessible forms, and can both educate and inspire. 
Perhaps if  we listen to these voices, we can help the 
mountain artists of  southwest China realize their 
visions of  a brighter, greener future.

The painting 'Vegetable planting'. – Image: Liu Qiongli





In China, this phrase can often be overheard at 
graduation ceremonies, weddings, in �lms and on 
television shows. Indeed, much of  China’s population 
come from the country’s vast expanse of  mountains 
and plateaus. However, the phrase’s real meaning is 
that the person in question comes from somewhere 
deprived and isolated, and they therefore deserve 
special recognition for having made it out of  the 
mountains and prospered.

Unfortunately, this negative view of  mountains is not 
restricted to China. Despite the fact that many of  the 

world’s most important crops originated in mountain 
areas, when compared to coastal and lowland areas, 
mountains have often been regarded as lacking 
strategic or economic assets. Issues such as climate 
change and environmental degradation continue to 
generate pessimism regarding highland areas. Between 
2000 and 2012, the global mountain population 
increased by 125 million. As this rising population 
depends on limited resources, the number of  people in 
mountain areas who are considered vulnerable to food 
insecurity also rose by 30 percent1. The challenges 
faced by mountain peoples are widely reported, 
including poverty, natural disasters, lack of  education 
and access to healthcare. No wonder people are 
congratulated for �coming out from the mountains�!

Photo left: 
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Yet others are choosing to move to the mountains. 
�When I �rst came to work in the mountains of  
Xishuangbanna, it would take me a week to travel 
there,� said Professor Xu Jianchu as he recalled the 
beginnings of  his career in the 1980’s. “I’m originally 
from the eastern coast, so the train to Yunnan took 
three days. Then I would travel by bus and on foot 
for another four days.� Long journeys did not deter 
him from working in the mountains. After three years 
at the International Center for Integrated Mountain 
Development based in Kathmandu, Nepal, he became 
the director of  the Centre for Mountain Ecosystem 
Studies (CMES), a joint venture between the World 
Agroforestry Centre and the Chinese Academy of  
Sciences, that is hosted by the Kunming Institute 
of  Botany. Xu�s belief  that mountains can be places 
of  resilience and opportunity is a key driving force 
behind Mountain Futures, a new initiative which seeks 
to transform our view of  mountains and realize their 
untapped potential.

“How can a place with rich biodiversity and cultural 
diversity be �poor��� Professor Xu argued. �We 
need to stop viewing mountains as simply places of  
natural beauty with poverty-stricken communities and 
instead recognize their role as sources of  ideas and 
innovations. Mountains can help us �nd new solutions 
to local problems – solutions that, if  scaled up, can 
address global challenges.” 

In 2016, CMES hosted the �rst International 
Mountain Futures Conference – “Nurturing Seeds 
for Change in the Anthropocene” – in Kunming, 
China. The event promoted a new vision for mountain 
landscapes and peoples: one in which traditional 
knowledge and scienti�c research can be combined to 
realize brighter visions of  the future. The conference 
examined how researchers, mountain peoples, the 
private sector and governments can work together 
to identify, develop and disseminate good practices, 
innovation and experiments – “seeds for change” – to 
build a better Anthropocene.

This approach has now been incorporated into 
the Mountain Futures project. Launched at the 
conclusion of  the 2016 conference with the support 
of  stakeholders from 35 countries, Mountain Futures 
aims to create and share innovative solutions that will 
secure a safe, just and prosperous future for mountain 
peoples and their homelands. Its distinctive emphasis 
is on the ingenuity, diversity and wisdom of  mountain 
peoples.

“Mountain peoples often emphasize the potential for 
positive change in the future,� explained Professor 
Xu. �Over the centuries, they have learned to survive 
in harsh environments, and their livelihoods still rely 
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heavily on water, soil, plant and animal resources. 
Many mountain cultures therefore retain complex and 
dynamic systems of  knowledge about the management 
of  resources.”

In 2017, Mountain Futures was endorsed by the 
Global Land Programme (GLP�, part of  the 
Future Earth research partnership. GLP is �an 
interdisciplinary community of  science and practice 
that promotes the study of  land system changes as 
a cause, consequence, and solution to global change 
processes�. A new Working Group on Land Systems 
for Mountain Futures will work to strengthen the 
knowledge and practice of  land systems to contribute 
to the sustainable management of  land resources in 
mountain regions.

Mountain Futures provides a platform for the creation 
and exchange of  solutions which combine local 
ecological knowledge with scienti�c understanding. 
Currently, many such ideas have not been adequately 
tested at a large scale, or lack suf�cient technical 
and �nancial support. Mountain Futures offers a 
way to identify and develop these ideas and share 
them with communities and researchers in mountain 

areas around the world. In addition, it aims to assist 
mountain communities in promoting and revitalizing 
their own unique cultural heritage. These activities 
will be coordinated from a new base: the Honghe 
Innovation Centre for Mountain Futures.

Honghe Hani and Yi Autonomous Prefecture, Yunnan 
Province is in the far southwest of  China. Seven of  
its counties are considered “poor”, with six of  these 
targeted in the �National-level Poverty Alleviation 
Programme�. The Hani, Yi and Dai ethnic groups 
which make up the majority of  the local population 
have their own histories, languages and traditions. 
Many local people have left their homelands in search 
of  prosperity elsewhere. 

Honghe prefecture was once a vital stopping point on 
the Yunnan-Haiphong Railway, an international trade 
route built by the French to connect Yunnan’s natural 
and mineral resources with Indochinese products 
and European goods. Honghe is also the location of  
the Hani Rice Terraces, a UNESCO World Heritage 
Site since 2013. From the Ailao Mountains, the rice 
terraces cascade down towards the Red River for 
which the prefecture was named (�� Hóng Hé). 

Photo right: 
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An integrated system of  forests, village, terraces and 
the river valley form the cultural landscape of  the 
Hani people. They are a stunning example of  the 
indigenous wisdom of  mountain-based communities. 
The Hani have mastered water and soil conservation, 
micro-climate management and sustainable resource 
use.

Urban residents get their hands dirty on a farm in Baoxing, Sichuan, China. – Image: Guo Siyu

The natural, cultural, geographic and historical 
conditions of  Honghe make it an ideal base to test 
and develop new ideas and solutions, ranging from 
social initiatives and institutional innovations, to new 
technologies and improved agricultural techniques. An 
international team of  mycologists is already working 
in Honghe to identify, domesticate and cultivate new 
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types of  fungi for food and medicine. This research 
is being combined with traditional knowledge to 
help communities bene�t from mushrooms through 
sustainable harvesting and home cultivation. Other 
projects aim to improve agroforestry systems in 
Honghe.

In 2017, the Chinese government dedicated 200 
hectares to a ground-breaking project: a new home 
for the Mountain Futures initiative, the Honghe 
Innovation Centre for Mountain Futures. The 
Centre will support knowledge transfer among 
mountain regions and host projects such as regional 
Agroforestry Parks with plants from South American, 
Andean and East African mountains� China-Africa 
cooperation on sustainable trade of  plant resources 
through research on African rare trees, orphan crops 
and grasslands� and development of  under-storey 
forest products in Southeast Asian tropical forests.

The 20-hectare Centre for Technological Innovations 
will sit at the heart of  the Mountain Futures research 
area. The Centre for Technological Innovations 
will focus on capacity-building, and will eventually 
include a Mountain Futures Training Institute, a 
monitoring station for mountain dynamics, ethno-
botanical gardens, and an experimental nursery. The 
nursery will be used to implement recently-developed 
techniques to turn agricultural waste products into 

seedling substrate and to test methods for large-scale, 
rapid seedling production suitable for ecological 
restoration, agroforestry systems and sustainable 
resource utilization. This offers a new approach to 
rehabilitation of  degraded mountain land.

�Because of  the unique vertical geography of  
mountain areas, technological innovation cannot be 
based on machinery,� said Professor Xu. Accordingly, 
Mountain Futures is cooperating with private sector 
�rms to employ technological innovations to develop 
concepts such as a “smart cloud farm” that enables 
better management, tracking and sales of  crops and 
agricultural products. Such programmes aim to protect 
and revitalize traditional villages, through collaborative 
sharing of  innovations. 

Mountain Futures aims beyond technical advances, 
to a deeper shift in perspective. �What we need �rst 
is a mindset change � in policymakers, scientists 
and the private sector, but also in some mountain 
peoples,� explained Professor Xu. �Mountains are 
misunderstood and dismissed. We want to show 
everyone that mountains are not stuck in the past � on 
the contrary, they can be instrumental in building a 
brighter future.”



Mountains of  gold: Lahu women gather tea in the mountain forests of  Yunnan. 
Image: Duan Zhaoshun



The Kam people are descendants of  the Baiyue, 
one of  the earliest people to grow rice. The Kam 
themselves are famous for the cultivation of  a unique 
kind of  glutinous or sticky rice, and it is said that the 
history of  this rice is the history of  the Kam. The 
Kam’s food culture and customs have been passed 
down through the generations, and in songs about the 
origins of  the Kam people, their special rice always 
plays a key part. The Kam�s love for their rice is well 
known throughout their homeland of  southern China, 
and is captured in the old Kam saying: “rice nurtures 
the body, song nourishes the heart.” The Kam cannot 
go without glutinous rice� it is as much a dietary habit 
as it is a cultural need.

The Kam’s system of  rice production is deeply 
embedded in their culture and relies on a symbiotic 
relationship between rice, �sh and ducks. The rice 
stalks are tall and adapted to deep waters � providing 
ideal conditions for rearing �sh and ducks. Meanwhile, 
the animals protect the rice crop from pests and 
weeds, while their excreta provides valuable nutrients. 
This creates an integrated system that minimizes waste 
and the need for external inputs, and produces healthy, 
delicious food. The Kam discovered this relationship 
long ago, and have passed on through the generations 
various techniques to grow glutinous rice and rear �sh 
and ducks in concert.





Huanggang in Gui�hou Province is a Kam village 
famous for its cultivation of  glutinous rice, particularly 
a sweet variety, and is a model for the preservation 
of  indigenous culture. Huangguang is situated on the 
border between the counties of  Liping and Congjiang, 
and has successfully maintained its traditional culture 
to the present day. Over 90% of  the village �elds grow 
glutinous rice. and over 90% of  villagers still wear 
traditional clothing. The Kam method of  cultivating 
rice, �sh, and ducks together is still popular here, and 
the customs, rituals, and habits of  the Kam are still 
observed.

Wu �hengguo, 76, is a respected village elder. He is 
involved in the resolution of  many village problems, 
and can be considered a key �gure in the preservation 
of  Kam cultural heritage in Huanggang Village. Mr. 
Wu is proud of  how Huanggang has been able to 
preserve more than ten varieties of  glutinous rice. 
He remembers how these were almost lost during 
the 1960s and 70s, when there was a push to replace 
glutinous rice with non-glutinous, long grain indica 
rice.

“The villagers were very much against replacing 
glutinous rice with indica rice. First, the Kam have 
always eaten glutinous rice: we are used to it. No one 
enjoys indica rice: we �nd it too bland, and feel hungry 

really quickly after eating it. Our rice �elds are rather 
far from our homes – with indica rice we would get 
hungry over these distances. It is also not convenient 
to take indica rice up into the hills, because at 
mealtimes you would need lots of  dishes to go along 
with it. 

“Second, the soil and climate we have here are 
suited to growing glutinous rice, and not indica rice. 
Compared to other places, we don’t get good harvests 
for indica rice in Huanggang� we do much better with 
glutinous rice.

“At the time, the Han Chinese cadres thought that 
glutinous rice yields were too low and involved too 
much effort. He wanted us all to grow indica rice. The 
villagers realized that if  we all grew indica, we wouldn’t 
have access to glutinous rice seeds in the future. And 
so we secretly planted small quantities of  glutinous 
rice in �elds in the middle of  mountain forests � and 
that’s how we have glutinous rice seeds in Huanggang 
today.

�There�s a variety called �Ju Yang Dang�, which in 
our language means ‘fragrant rice’. When steamed, 
it smells really good� when one family is cooking 
this rice, the entire village will be able to smell its 
aroma. Everyone in the village loves this rice variety. 
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It is suited to growing in the depths of  the forest, in 
muddy paddies where the water and soil temperatures 
are lower, and the soil is barren. It takes quite a long 
time to grow, more than two hundred days. Back in the 
day, quite a few villagers couldn�t bear to part with this 
type of  rice. They would grow it in secret in muddy 
paddies, and hide it from outsiders. With more of  it 
being grown, there was more than enough to save 
seeds, and some households cooked it to eat in private. 
Of  course, they were found out by the outsiders. 
The entire village was searched, and those who were 
intimidated obliged and handed over all of  their seeds. 
The de�ant ones still kept theirs.

“I remember at the time, we had varieties such as 
�Di Men�, �Dong La�, �Jiu Na�, and �Yang Xian�. �Di 
Men� was suited to �elds at low altitudes� it was lost 
in the seventies. Grains from �Dong La� did not 
have prickles, which is quite rare among varieties of  
glutinous rice. There were twenty-odd types of  rice 
back then, but now several have been lost: we paid a 
high price for the preservation of  native-bred rice.�

The cultivation of  glutinous rice requires not only 
that multiple varieties are grown simultaneously, but 
also that there are exchanges between the varieties. 
Mr. Wu continued, �Each variety suits a speci�c type 
of  �eld. Youngsters these days, their favorite rice to 
grow is �Lie �hu�. This variety is broadly adaptable, 

suited to all �elds, and fragrant. In addition, it has high 
yields, short prickles, and doesn�t jam the rice thresher. 
However, us old folks would often tell the young 
people, “You should still select different varieties 
according to the different �elds! We used to hear 
from our elders that it is good to grow a little of  each 
variety. It�s like us humans: every year some will fall 
sick, or every time a plague comes along, there are sure 
to be some who die, and others who survive. Likewise, 
every year there are rice varieties that are plagued by 
pests and diseases, while there are some varieties that 
are completely �ne. It�s safer to diversify!� But the 
youngsters didn�t quite believe us.�

�Then there was a year when our crops were attacked 
by pests, and while the other varieties were completely 
�ne, �Lie �hu� was severely damaged. The farmers 
who only grew �Lie �hu� had much smaller yields 
that year. After that, young people tend to listen to us 
more.”

�Besides using large areas for growing �Lie �hu�, I�m 
also growing �Lao Niu Mao� and a few other varieties. 
A few years ago, I was the only one growing �Lao Niu 
Mao’. But in recent years, people have come to realize 
the bene�ts of  growing more varieties, and are using 
�Lie �hu� grains to exchange for my �Lao Niu Mao�. 
There are now more and more people growing �Lao 
Niu Mao�. Another elder, Wu Laodan, has grown 



�Xiao Niu Mao� for a long time, and many villagers 
swap seeds with him. Of  course, the elderly in other 
households cultivate other varieties. In general, 
households with elders would grow more varieties 
compared to other households, because the old folks 
worry that seeds would be lost if  no one grew them. 
We Kam often say, ‘When a cow dies it leaves its 
horns, when a man dies he leaves his name.’ For an 
old person, it is quite a good thing to leave his legacy 
in this world. There�s another Kam idiom: �Never kill 
an egg-laying duck when you�re hungry, never eat rice 
grains when you’re starving.’ Our lives are so good 
today� all the more reason we should plant more seeds, 
and leave them for our children and grandchildren.” 

Following Deng Xiaoping�s reforms which began in 
the late 1970s, villagers were able to retrieve lost rice 
varieties from other Kam villages. Unfortunately, some 
old varieties were also missing in the other villages. 
A cursory survey revealed that Huanggang now has 
nineteen varieties of  glutinous rice, but the challenge 
to maintain this biodiversity is daunting. Traditionally, 
the Kam exchanged seeds with outside villages to 
prevent the degradation of  local varieties and to 
promote and maintain diversity in rice cultivation. 
However, many of  the villages that Huanggang used 
to exchanged seeds with no longer grow glutinous rice. 
The traditional structure for seed swapping can no 
longer ful�ll the needs of  Huanggang, and if  only one 

Village elder Wu Zhengguo. – Image: Pan Yongrong



village holds on to its old varieties, these varieties will 
eventually degrade and be lost.

Since 2015, Partnerships for Community Development 
(PCD� has brought together �ve Kam villages 
from different environments with the hope that 
these dissimilar villages can establish a network for 
seed exchange. The �ve villages include two from 

Rice varieties. – Image: Pan Yongrong

Rongjiang County that had abandoned the growing of  
glutinous rice for several years. Under the in�uence 
of  exchange activities organi�ed by PCD, a few 
households have started growing glutinous rice again. 
Huanggang villagers have also begun swapping seeds 
with other communities in the network, and have 
garnered praise from other Kam villagers for their 
efforts to save this valuable piece of  their heritage.



The indigenous Akha people in Xishuangbanna, south 
Yunnan, are traditionally animist: they believe that all 
things have souls, and that only the gate to the village 
separates Man from the world of  the supernatural. 
The Akha are a subgroup of  the Hani people, and 
divide their living environments into seven landscapes, 
as spaces to manage and constrain Man’s actions. The 
human landscapes are made up of  stockaded villages, 
forests and sacred wells, scenic forests containing 
mountain cemeteries and sacred trees, �rewood-
gathering forests, land for rearing livestock, and 
cropland� the wilderness belongs to the animal world. 
However, in recent years, these traditional landscapes 
have been replaced by the large-scale cultivation of  
rubber, bananas and other cash crops. As a result, the 
Akha�s culture is being gradually lost.

In 2008, a retired teacher from Mengla County in 
Xishuangbanna began his work with the Akha. To 
document and organi�e local Akha genealogy, Wang 
Mingsheng travelled all over Mengla County at his own 
expense, visiting village after village. By 2010, he had 
been to 73 different locations and engaged with many 
of  the Akha. What he found made him concerned 
about the problems the communities were facing. 
Akha communities were on the one hand losing their 
traditions, and the moral restraints formerly exerted by 
ancestral culture, customs, and ethical codes� and on 
the other, the Akha were limited in their acceptance 
and practice of  the new “modern” culture – they did 
not know how to abide by these new moral and ethical 
codes. There was a thought and cultural vacuum in the 
lives of  the Akha.



The Akha traditionally celebrate new year with a 'swing festival'.  – Image: Lifestyle Travel/Shutterstock



In 2010, Wang Mingsheng established the Mengla 
County Hani Institute, with the aim of  restoring the 
Akha people�s cultural inheritance. He believes that 
the Akha face three main problems in revitali�ing their 
heritage. First, many locals view their own traditional 
culture with apathy, and people only follow the old 
customs for festivals, weddings and funerals in a 
haphazard manner. Second, moral standards are being 
eroded. Third, people are unable to live in harmony 
with the natural environment, and are motivated above 
all by economic interests. People today exploit nature 
without restraint, and have abandoned their ancestors’ 
belief  that "all things have souls", and that they should 
live in harmony with nature.

Starting in 2011, with the support of  the Hong 
Kong-based NGO, Partnerships for Community 
Development (PCD�, the Hani Institute has begun to 
carry out activities aimed at restoring and preserving 
the legacy of  Akha culture and spirit. At the village 
level, the Institute has conducted surveys and �eld 
studies that call on villagers to rediscover their own 
traditional culture and spirit of  respect for nature. The 
surveys gathered information on cultural practices 
such as ancient Akha songs which relate to the 
creation of  the world, stories, genealogy, traditional 
community management structures, traditional village 
layouts and calendars. Historically, Akha communities 
were organi�ed into three groups, known as Ju, Pi and 

Ji. Ju is where elders, each of  whom represents a clan, 
hold their meetings. Ju Ma refers to the tribal chief, 
a hereditary position responsible for the gate to the 
stockaded village, the village swing used in ancestor 
offerings, holy wells, sacred trees and other important 
spiritual landmarks, and the maintenance of  spiritual 
faith. Pi refers to someone who safeguards the spiritual 
knowledge of  the community, and is responsible for 
important customs such as chanting after births and 
deaths and the treatment of  mental illness. Lastly, Ji is 
someone with skills to meet material needs.

An Akha woman in Keng tung, Myanmar.  
– Image: Costas Dumitrescu/Shutterstock



Unfortunately, over the past half-century, these 
distinctions have vanished, with much of  traditional 
Akha culture ravaged by various political movements 
and the mainstream dominant culture. In addition, 
over time the Akha cultural memory has become 
rather vague, and with the in�uence of  �modern� 
and foreign cultures, disagreements have arisen over 
what does or does not constitute traditional culture. 
It is a challenge to revive a culture on the basis of  
many different cultural understandings. Meanwhile, 
the traditional landscapes and layouts of  most Akha 

stockaded villages in Mengla County have been 
damaged. While locals might agree with and accept 
the spirit behind traditional landscaping, they are also 
driven by economic interests� it will be a huge effort to 
restore traditional Akha landscapes.

In response, the Hani Institute created Song Sha Man 
Ma, a team of  folk artists, and tasked these artists with 
replacing the duties that Ju, Pi and Ji had performed 
for thousands of  years. Song Sha Man Ma represents 
the “three harmonies”: interpersonal harmony, 

An Akha community in Myanmar celebrates a festival in traditional dress. – Image: Faer Out/Shutterstock



harmony between people and nature, and harmony 
among branches of  the Akha family tree. The Song 
Sha Man Ma has performed in Akha communities 
across Mengla, Xishuangbanna and Southeast Asia.

At the county level, the Hani Institute organizes 
regular Akha cultural discussions, activities, and 
demonstrations for the purpose of  exploring how 
to restore and organi�e Akha cultural activities. 
For example, the Institute has supported some 
communities in restoring their De Xing (the village 
square, a space for public activities, community 
education and cultural inheritance� and Lang Kang 
(the gate to the stockaded village, a spiritual divider 
and guide to ethical human behavior). In these 
communities, the Institute has also organi�ed A-Pei 
(festivals). In addition, the Hani Institute has brought 
members of  the Akha community in Mengla to Akha 
communities in countries such as Thailand, Laos, 
and Myanmar to discover their common roots. These 
exchanges and discussions with foreign Akha help to 
revive the cultural and spiritual aspects the Mengla 
Akha had left behind.

The Institute has selected a total of  six communities 
in Mengla to be experimental demonstration 
sites: Guangnanli, Baluo, Hongmaoshu, Heluo, 
Xiahuibian, and Shang�hongliang. The hope is that 
by conducting community-based surveys, restoring 
traditional festivals, and staging county and district-
level cultural activities in these communities, other 
Akha communities will be able to see the value of  
promoting and supporting their heritage.

With the support of  the Hani Institute, some 
communities have already revived some traditional 
festivals and rituals, and restored the holy wells and the 
gates to their stockaded villages. Others have moved 
from the mindset of  organizing traditional activities 
for show to one of  self-motivation. There is a more 
pleasant community atmosphere and sense of  order, 
and these communities are eager to visit other Akha 
people and promote the bene�ts of  Akha cultural 
revival.



Communicating with nature is part of  daily life in Tibet. – Image: Peng Jiansheng
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1 Chongqing Environmental Protection and Cultural Center for Public 

Rivers, or Public Rivers, is a not-for-pro�t organi�ation focusing on 

the protection of  river ecology. The center’s mission is to promote the 

healthy restoration, natural conservation, and cultural heritage of  rivers� 

and connect people with rivers in bene�cial, meaningful, and spiritual 

ways. Since 2013 Public Rivers has been working in the Heishuitan 

Community of  Beipei District on community-oriented river protection 

and capacity-building. 
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The steep slopes of  Eastern Tibet were once largely 
forested with conifers. However, over 50 years of  
unsustainable logging dramatically decreased forest 
cover in the area from 30% to 6.5%. Deforestation 
changes local hydrology and creates climatic 
�uctuations that increase runoff  into the rivers 
and exacerbate �ooding downstream. The massive 
�ooding of  the Yangt�e River that occurred in 1998 
was at least partly due to widespread deforestation, 
and the Chinese government subsequently enacted 
wide restrictions on logging. While large-scale logging 
was banned, small-scale operations continue at the 
local level.

Tibetan style buildings. – Image: Thupten Wodzer



The villagers of  Eastern Tibet fell trees for two 
reasons: for construction of  traditional Tibetan houses 
and for fuel. As in many cultures, having a large house 
and a large stove have become status symbols among 
villagers. To secure the best wood for construction, 
the loggers target the mature trees that remain in the 
forests. For �rewood, they cut birch trees. As sun-
loving pioneers, birches grow into the spaces left by 
felling other trees. With constant harvesting, the birch 
trees are being moved into a coppice system, which 
slows the forest�s succession back towards its natural, 
conifer-dominant species mix.

A local environmental group called Double Tree 
Conservancy (DTC) has begun to adapt traditional 
cultural practices in an effort to conserve forests 
in eastern Tibet. The most important principle of  
Buddhist codes of  conduct is to refrain from taking 
the lives of  others. This code is manifested in a 
popular Buddhist practice called “tsetar” in Tibetan, 
which means “freeing captive lives”. Freeing a captive 
life is considered to be the most compassionate deed 
in Buddhism. Thus, Tibetans free yaks, sheep, and 
�sh on special occasions. The lucky animals, which 
are marked as tsetar, become so “untouchable” that 
the owners would never consider butchering or 
selling them. Even yak thieves spare them. The group 
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designed a tag called “green amulet”, on which is 
written a tsetar mantra. This is a modi�cation of  the 
traditional red thread amulet used to mark freed yaks 
and sheep. The QR code of  DTC’s wechat account 
is also printed on the backs of  the green amulet, so 
anyone with a smartphone can scan the code and have 
access to Tibetan-language forest ecology materials. 
Hanging the green amulet on trees lends them a 
powerful degree of  spiritual protection, and the group 
tagged 10,000 trees with the amulet in 2014.

In fall 2015 Thupten Wodzer, a member of  
DTC, enrolled in Yale School of  Forestry and 
Environmental Studies where he took courses 
on religion and ecology in an effort to widen 
his understanding of  religious approaches to 
conservation. For his summer internship, he built on 
the existing project with a slightly different approach. 
The DTC team had noticed that freeing many trees 
in a blanket fashion might present an obstacle to 
people’s livelihoods in the long run. Instead, tsetar-
ing trees selectively allows the forests to become 
multifunctional� if  a stand of  forest is serving an 
ecological, aesthetic or other important purpose, then 
that stand can be permanently protected by tagging 
with green amulets. At the same time, villagers are 
allowed to collect �rewood or necessary construction 
material from untagged working forests.

However, acknowledging that people need wood in 
their daily life does not mean people have the right to 
fell trees unsustainably. In order to halt such practices 
and restore the reverence that Tibetan people have had 
for nature at a landscape level, the group also worked 
with the forested communities to revive a unique 
Tibetan cultural practice, labtse. Labtse is an altar in 
which the area’s mountain gods reside. The mountain 
god is called ��hi dak,� which literally means, �the 
landlord.” Tibetans believe that there is spirit in 
everything� the mountains have spirits, and so do the 
springs. Those spirits are socially connected to human 
communities. The human communities think of  
themselves as tenants, not the landlords. The trees and 
wild animals belong to the landlord spirit. Therefore, 
the communities are only allowed to use resources 
mindfully.

Tsetar and labtse have deep roots in Tibetan culture, 
so compared to restrictions imposed by outside 
authorities, they are more likely to be accepted by 
locals when applied to forest conservation. The 
combination of  these two traditional practices can 
protect forests at both coarse (landscape� and �ne 
(stand) levels and help maintain a balance between 
ecological and human needs. This dual-scale, religious 
approach avoids extreme policy measures such as 
forced relocation in the interest of  conservation and 



allows time for the communities to understand the 
forest ecology from a scienti�c perspective. Once the 
communities rediscover their reverence for nature and 
connection to landlord spirits, the group’s planned 
next step is to formally introduce silviculture, the 
practice of  cultivation and management of  trees. 
In the meanwhile, this are also encouraging the 
communities to use more resource-ef�cient designs 
for houses and stove construction.

Indigenous people and their beliefs could provide 
the conservation community with valuable lessons. 
Scientists and indigenous communities need to work 
together in order to conserve limited natural resources, 
and conservation efforts that are divorced from local 
communities have a history of  failure around the 
world. Innovative blends of  cultural and scienti�c 
practices can restore local people’s cultural pride and 
sense of  connection to the land, encouraging local 
communities to engage with and own conservation 
efforts. Tsetar and labtse may be uniquely Tibetan, but 
the concept of  leveraging indigenous beliefs to protect 
nature can be replicated globally in order to balance 
local people’s livelihoods and the environment.

Completed labtse. – Image: Thupten Wodzer



Plastics are ubiquitous in the modern world. From 
the phone or computer on which you’re reading this 
article, to the car, bus or bike you use to get around 
and even in many clothes, plastic is likely to play a big 
part in your life. However, the tremendous increase in 
the production and use of  various plastics is a huge 
threat to the environment: plastic waste can choke 
waterways and soils, release harmful chemicals, and 
poses a threat to animals which can mistake plastic 
debris for food. 

Plastic waste is now so ubiquitous that it exists 
almost everywhere, from the highest mountaintops 
to the farthest reaches of  the oceans. A 2015 study 
estimated that by 2010, the volume of  plastic debris 

Mountains of  rubbish.  – Image: Mikadun/Shutterstock



being dumped into the oceans alone would be 
enough to cover every foot of  coastline in the world1.  
Researchers have found that fragments of  plastic 
known as �microplastics� contaminate bottled water 
and table salt all around the world2,3.  The long-term 
health and environmental effects of  this pollution are 
at present unknown. Even climbing the world�s highest 
mountain offers no escape: the slopes of  Mount 
Everest are littered with tonnes of  oxygen tanks, 
tents, bottles, batteries food packaging and camping 
equipment. The UN Environment Programme 
estimates that 140,000 kg of  waste, much of  it plastic, 
remains in the Mt. Everest region4.  Rubbish dumped 

at high altitudes takes even longer to decompose than 
normal, and must be cleared by hand in a process 
that can be both expensive and dangerous for those 
doing it.

Although it is now dif�cult to imagine a life without 
plastic, the large-scale production of  plastics only 
began in the early 1950s. Since then, humans have 
created 8.3 billion metric tonnes of  plastics, nearly 
80% of  which now exists either in land�lls or the 
natural environment. Only 9% was recycled, while 
12% was incinerated. If  current trends continue, 
roughly 12 billion metric tonnes of  plastic waste will 
be in land�lls or the natural environment by 20505. 

How did we get into this position� One major reason 
is plastic’s ability to persist in the environment. Due 
to their xenobiotic nature – meaning that they did 
not exist before their synthesis by humans – plastic 
polymers are not easily broken down by the bacteria, 
fungi and small creatures that feed on other waste 
matter. As a result, plastic waste can take hundreds or 
even thousands of  years to fully degrade. Attempts to 
deal with plastic waste through burying it in land�ll 
sites, recycling or incineration are either unsustainable, 
costly, or can result in toxic byproducts, especially in 
developing countries which often lack the resources to 
safely dispose of  plastic waste.

Boy standing on a heap of  rubbish. Image: hajime/Shutterstock



However, a team of  researchers from the World 
Agroforestry Centre and Kunming Institute of  
Botany, Chinese Academy of  Sciences believe that 
this unnatural problem may have a natural solution. 
They are looking at a range of  organisms, from fungi 
to insects, which can consume and break down the 
tough bonds that hold plastic molecules together. The 
scientists argue that investigating the ways in which 
these organisms digest seemingly inedible materials 
could inspire and inform new ways to tackle the global 
plastic problem. In a 2017 paper6, the researchers 
described how they went looking for possible 
candidates.

“We wanted to identify solutions which already existed 
in nature, but �nding organisms which can do the 
job isn’t easy”, explained the study’s lead author, Dr 
Sehroon Khan. �We decided to take samples from a 
rubbish dump to see if  anything was feeding on the 
plastic in the same way that other organisms feed on 
dead plant or animal matter”.

The team�s investigations eventually revealed a plastic-
eating fungus:  ordinarily lives 
in the soil, but laboratory trials showed that it also 
grows on the surface of  plastics. It secretes enzymes 
onto the surface of  the plastic, and these break the 
chemical bonds between the plastic molecules. Using 

advanced microscopy and spectroscopy techniques, 
the team found that the fungus also uses the physical 
strength of  its mycelia � the network of  root-like 
�laments grown by fungi � to help break apart the 
polymers. As a result, plastics which would otherwise 
persist in the environment for years can be broken 
down by A. tubingensis in a matter of  weeks.

The fungus’ performance is affected by a number of  
environmental factors including pH levels, temperature 
and the type of  culture medium used. The research 

The mouthparts of  a mealworm (tenebrio molitor).  
– Image: Sehroon Khan
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team say that identifying these could pave the way for 
large-scale use of  the fungus in, for example, waste 
treatment plants, or for application in soils already 
contaminated by plastic waste. 

After their initial success with fungi, the researchers 
are now looking at other organisms with similar 
potential, including crickets, waxworms and 
mealworms. These invertebrates use specialized 
gut enzymes to digest extremely tough substances, 
and the researchers are looking to identify exactly 
which en�ymes are used, how they work, and what 
conditions they require. According to Dr Khan: 
“applying different enzymes from different organisms 
in a series of  bio-reactors could break down plastic 
waste far faster and more thoroughly than using a 
single method”. 

The team’s research provides an exciting example of  
how the natural world can provide the ingredients 
for solutions to pressing global problems. Other 
such solutions surely exist, waiting to be found 
in species we have yet to discover. In fact, some 
scientists estimate we have described less than 15% 

of  species that now exist, meaning that vast numbers 
of  potentially useful species remain to be discovered, 
particularly in lesser-studied �elds such as fungi7.  
Protecting biodiversity is therefore a way of  not only 
ensuring healthy, resilient landscapes, but of  ensuring 
that we can take advantage of  millennia of  evolution 
in seeking the answers to global challenges.



Since the conclusion of  World War II, pesticide use 
in agriculture has risen dramatically, driven in part 
by the need to protect monoculture crops from 
insect pests. As a result, traditional means of  pest 
control have in many places been forgotten. These 
methods are frequently both more knowledge and 
labour intensive than chemical means, which are 
marketed to farmers as a seemingly simple solution 
to a potentially devastating problem. As time has 
passed, however, the overuse of  chemical pesticides 
has proven to have undesirable consequences. First, 
pesticides require a capital investment that may be 
particularly burdensome for small farmers. Secondly, 
pesticide use can have signi�cant negative impacts 
on human and environmental health. In particular, 
contamination of  soil and water, the elimination of  

Weaver ants building a nest.  
– Image: Yongkiet Jitwattanatam/Shutterstock



bene�cial organisms, and long-term health problems 
for farmers and their families are commonly observed 
as a result of  insecticide use. Finally, insecticides are 
often over-applied and used without proper training 
and instruction, further exacerbating these negative 
effects. 

In response to this situation, scientists are increasingly 
exploring alternate means of  pest control, including 
biological controls or ‘biocontrols’: enlisting the help 
of  other organisms to destroy or discourage the pest 
species. One such method is gaining traction as a 
viable means of  controlling pests that attack tropical 

tree crops: the weaver ant. The use of  the �ercely 
territorial weaver ant (genus Oecophylla) to control 
insect pests is not a new idea. In fact, weaver ants may 
be one of  the oldest forms of  biocontrol, �rst used by 
Chinese farmers up to 1700 years ago1. The weaver ant 
is itself  millions of  years old, and has evolved a highly 
organized, complex society. The ants live in treetop 
colonies that span large areas of  the forest canopy. 
Their aggressive nature and undiscriminating palate 
mean little else is able to coexist in their territory, 
making them a prime candidate for insect pest control. 

Charles Darwin University (CDU) researchers 
Dr. Renkang Peng, Professor Keith Christian and 
Professor Karen Gibb have carried out extensive 
research on the use of  weaver ants as a biocontrol 
method in Northern Australia, Southeast Asia, and 
Africa2. Tropical tree crop farmers in these areas face 
pest pressures from an array of  insects including 
beetles, caterpillars, and fruit �ies. The CDU team 
has focused on understanding the workings and 
characteristics of  weaver ant colonies to better 
implement them as a method of  pest control. 
Speci�cally, Dr. Peng notes, the researchers �explored 
the social organisation, foraging behaviour and 
territorial behaviour of  weaver ants in relation to the 
basic biology of  numerous pests, and to tree-crop 
physiology and phenology�. In numerous �eld studies, 

Weaver ants and prey. – Image: CPM Photo / Shutterstock



the ants have shown great promise as a safe, effective, 
inexpensive means of  controlling pests in cashew, 
mango, and even timber production sites. 
The ants are not only much cheaper to implement 
than insecticides� they also lack the signi�cant negative 
impacts on soil, water, coexisting organisms, and 
human health that insecticides can have. Their ef�cacy 
is partly due to their ability to target pest species. 
While insecticides are often developed to target one 
type of  insect pest (and yet may still kill off  other 
bene�cial fauna�, weaver ants prey on a variety of  
pests while leaving bene�cial organisms in place. 
Furthermore, while pests frequently evolve resistance 
to insecticides, farmers need not worry about pests 
becoming resistant to weaver ants.

Weaver ants are also high in protein and fatty acids, 
and in some countries are highly valued as a protein 
and food source. In Thailand, weaver ant larvae fetch 
high prices in local markets, and enterprising farmers 
have been able to simultaneously use the ants as both a 
biocontrol and a sustainable food source3.

Weaver ants, however, do not come without their 
�aws. One of  the main obstacles to using weaver 
ants as an effective biocontrol is the dif�culty of  
maintaining their numbers in the face of  competition 
from other ant colonies. However, this challenge, 

along with other minor obstacles to using weaver ants, 
has been tackled head-on by Peng and his colleagues: 
“To ensure that weaver ant populations remain high 
and effective as biological control agents, we have 
studied the colonies closely and developed techniques 
to manage the ants at the level of  the colony, so that 
they spend more time protecting the trees and less 
time �ghting different weaver ant colonies and other 
ant species,� Peng said. These management techniques 
have given farmers the tools necessary to maximize 
the ef�cacy of  weaver ants in various locations and in 
the production of  different crops.

Weaver ants attack a caterpillar. – Image: CPM Photo /Shutterstock
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Implementation of  the CDU’s weaver ant technology 
on cashew farms in northern Australia and Vietnam 
has resulted in higher pro�t margins for farmers and 
better nut quality for consumers. The weaver ants both 
eliminate the presence of  insecticide residues that are 
passed onto the consumer with insecticide use and 
result in improvements in nut quality through frequent 
cleaning during nut development. Mango producers 
using weaver ants have experienced similar increases 
in pro�ts, and further bene�ts could be captured by 
marketing the tree products as organically grown. 

The case of  the weaver ant as an ancient, extremely 
successful means of  controlling pests illustrates the 
necessity of  traditional knowledge in modern society. 
Using traditional knowledge to inform scienti�c 
research maximizes the number of  potential solutions 
to any problem, and can often create more viable 
options than scienti�c research alone. Tapping into 
traditional knowledge sources may be the key to 
unlocking answers to some of  today�s most complex 
problems. 



Say you desire a cup of  steaming hot tea. All you 
need is some leaves from the Camellia sinensis plant, 
water, a source of  heat, and a way to steep the leaves, 
releasing their �avour. Given that tea is drunk more 
than any other beverage besides water, people all over 
the planet �nd countless ways to bring together leaves, 
water, and brewing materials millions of  times a day 
in as many places. The result is one of  the greatest 
and simplest of  satisfactions that humans can enjoy: 
a drink which seamlessly brings together nature and 
culture.

But this act, which is at once enjoyable, calming, and 
simple, can also hide as much as it reveals.

Camellia sinensis is a product and a commodity. But 
especially in China, tea is so much more. In China, a 
cup of  tea is a sign of  welcome, an act of  hospitality, 
a deep expression of  thanks, and an honorable way 
to show respect. Drinking tea binds families and 
friends together. This drink is food, and also, at times, 
a medicine. Tea is one of  the best ways to pass some 
time with friends, either on a hot summer day when 
the cicadas are calling, or on a frigid winter night as 
the snow begins to fall. Tea is a drink that can support 
any number of  social roles, but it is also one of  the 
deepest roots of  the oldest ongoing cultures in the 
world. 





At least, this has been the traditional role of  tea for 
many centuries. But any mountain tea farmer would 
tell you that you cannot forecast the future simply by 
looking back into the past. Times change, the rains 
may or may not fall, the price of  tea goes up and 
down, the world does as it pleases. And the future of  
tea culture is increasingly uncertain.

On the surface in China, much looks good 
surrounding this great and simple act of  drinking tea. 
The production of  tea has increased some 50% over 
the last ten years. The Chinese drink far more tea than 
any other people, and growers still have enough to 
export 80% of  all the green tea drunk in the rest of  
the world. The globalization of  the tea trade, one of  
the �rst such markets to appear in the 19th century, has 
led today to demand for specialty teas like oolong and 
pu�er. Around the world, more people are drinking 
more kinds of  tea.

But while all this growth has helped local farmers 
in China�s Yunnan, Gui�hou, and other tea-growing 
provinces, these trends in global commerce have also 
created two distinct paths for the future of  tea culture. 

We are at a crossroads between an older tea culture 
path, that of  integration and diversity, and a more 
recent path of  segregation and simplicity. This either/
or characterization of  two paths for tea may present 
an oversimpli�cation, but looking at how these two 
paths diverge gives us some insight into the choices we 
face.

In China, old tea culture conveys a reverence for 
unbroken connections between a plant and a people. 
This is the root for drinking tea culture, where a sip 
almost always means more than the act of  imbibing 
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a beverage. Tea is family, health, and status, and also 
place and livelihood, and so much more. As the 
Chinese proverb goes: 

��������������
n�ngk� s�nr� wúyán, b�k� wúchá
Better to go three days without salt than one day without tea.

On this path, tea comes from a speci�c place that is 
loaded with meaning: you don’t buy blended orange 
pekoe tea in bags in China. Instead, you obtain  
���lóng j�ng from West Lake, in Hang�hou. These 
delicate leaves are best picked in early April, the period 
called �Before Brightness�. Now you can drink the 
emerald leaves and taste the lake waters and humid 
spring air of  �hejiang Province. The same would 
apply to drinking �� p��r, Yunnan�s famous dark 
fermented tea. Only with pu�er, you could be drinking 
����d� sh� chá, wild forest tea tree leaves from 
mountainous ��� b�lǎngsh�n. With both of  these 
teas and others grown throughout China, you are 
drinking the history of  your country stretching back 
at least 500 years. And, though the current market 
price is high for long jin and pu’er, there really is no 
expense that is too high for drinking the roots of  your 
motherland. 

On the traditional tea path, each mountain, each 
plantation, and every season shows you a different 
aspect of  your culture as well as another facet of  the 
diversity of  life. Single-origin teas are treasured, and 
so are whole leaves. One of  the marvels of  drinking 
tea culture in China is watching dried, twisted whole 
leaves unfold in your cup or pot as the hot water 
revitalizes them. By contrast, in India, the country 
where the British �rst established the mechanical, 
industrialized processing of  tea leaves, there are four 
general grades of  tea, three of  which are based on 
broken leaves. And most tea is captured in teabags 
where, even if  broken leaves unfolded (they do not�, 
you could not observe the process. 

India, along with most other tea-producing countries, 
epitomizes the modern path of  tea production. 
This path tends to favor the commercial aspects of  
growing and consuming tea. Segregation is the general 
rule because, as often as not, deep cultural links are 
missing. Tea is, well, just tea. Blending is favored 
over place-speci�c origin, and quantity often replaces 
quality. Production employs the standard practices 
common to mainstream agribusiness—the use of  
pesticides, herbicides, and chemical fertili�ers. Mixed-
species plantations are replaced with monoculture 

Photo left: 
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tea gardens. Production goes up, prices go down, and 
drinking tea culture is replaced by the bottom line. Is 
this the future of  tea�

Of  course, the story of  tea is not as simple as my 
description of  these two tea pathways. Despite the 
persistence of  traditional tea culture in China, farmers 
and merchants are quite susceptible to market forces. 
Chemical pesticides and fertilizers are not uncommon, 
and the resulting poor-quality tea is often passed off  
as something better to unwary buyers. As the Chinese 
middle class grows in size, tea culture can be exploited 
by wealthy buyers who are willing to pay exorbitant 
prices for tea in their quest for social status. China may 
resist globali�ed tea culture by continuing to drink the 
vast majority of  the tea that is grown in the country, 
and by selling export tea without centralized auctions, 
but the future of  tea practice depends on upholding 
its traditional values. Tea is not only a tradeable 
commodity� it is a means of  integrating people with 
nature, from the plantation to the cup steaming on the 
table in front of  you. 

The future of  tea culture in China remains uncertain, 
but there are many reasons to hope: in plantations 
large and small, there remains a focus on the taste of  
individual places, with tea grown without undue use 
of  chemicals in mixed polycultural plantings using 
local people�s knowledge. Such tea is still sold in the 
market for a fair price that allows farmers to maintain 
stable livelihoods, and shared in cups around the world 
along with stories that heighten appreciation for the 
history, culture, and diversity of  the people who grow, 
pick, and enjoy this beverage. This vision lives on in 
different forms, suited to the many places where tea is 
grown, from lowlands to mountains. Tea culture lives 
on with it, and will continue to evolve into the future.



It is estimated that in an average year, over 20 million 
hectares of  grazing land are damaged by grasshoppers 
in the northwest of  China, where they compete with 
yaks and sheep for food resources. This leads to losses 
of  about 1.6 billion kg of  dry biomass, or enough 
forage to feed 30 million sheep for a year1. Over 
200 species of  grasshoppers have been recorded on 
China�s rangelands, of  which only about 20 are known 
to cause serious economic losses to pastoral areas. 
In order to control the rapid growth of  grasshopper 
populations, huge resources including chemicals, 
biological agents and human labour are used every 
year. The annual cost of  these grasshopper control 
measures is over 16.3 million USD. Yet such prevention 
and control measures, which are based mainly on 
chemical agents, not only consume a lot of  manpower Closeup of  grasshopper. – Image: Asian Images/Shutterstock





and material resources but also damage the resilience 
of  grassland ecosystems through adverse effects on 
the food chain. Furthermore, the accumulation of  
chemical residues poses the potential threat of  soil 
and water contamination. Global warming and other 
human activities which result in grassland degradation 
may further favor the growth and development of  
grasshopper populations. Recent decades have seen a 
rise in the frequency of  rapid booms in grasshopper 
populations and resulting large-scale damage to the 
northwestern pastoral areas of  China. 

However, according to the work of  the Food and 
Agriculture Organization of  the United Nations, 
locusts can not only be used as food for humans, but 
also as high-quality feed for poultry. In the grass-
growing season of  northwestern pastoral areas, the 
numbers and biomass of  grasshoppers represent an 
untapped resource. Recent research in China’s Qiliang 
mountains has examined an innovative model which 
uses chickens to control grasshopper populations. 
After �ve years of  experiments, the results con�rmed 
that foraging birds can effectively control grasshopper 
populations while also producing high quality 
organic chicken meat, improving herders� livelihood 
and enhancing the resilience of  alpine grassland 
ecosystems2. 

From the end of  June onwards, �ve to six-week-
old chicks were introduced into alpine steppes and 
restocked until the end of  September. At the same 
time, chicks of  the same breed and age were cultured 
in an intensive-farming setting as a control. During the 
stocking period, the chickens relied mainly on foraging 
for grasshoppers on the grasslands. One hectare of  
steppe contained enough grasshopper biomass to 
feed about 15 chickens. The average live weight of  
each free-ranging bird was about 2 kg at the end of  
September, compared to a live weight of  more than 
3 kg for the intensively-reared birds. However, the 
color and �avor of  the meat from the gra�ing birds, 
the ratio of  fat to muscle as well as other indicators 
were superior to the intensively-raised chickens3,4. As 
a result, the market price of  the gra�ing birds was 2-3 
times higher than the intensively-raised birds.
 
Compared with Beta-Cypermethrin (a broad-
spectrum insecticide) and Metarhizium (a fungus 
which parasitizes the grasshoppers), the growing 
chicks can effectively control grasshopper populations 
for up to 5 years by being allowed to forage during 
the grasshopper development period from June to 
September. However, whereas the chickens only 
have to be used over a single period during the year, 
Beta-Cypermethrin and Metarhi�ium have to be 
repeatedly applied, with consequent negative impacts 
to ecosystems. 

Photo left: 
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The unique phenological conditions of  alpine pastures 
mean that the lifecycles of  different grasshopper 
species occur at different times5. Early-developing 
species appear in mid-May, while late-developing 
species appear in late August. The grasshopper’s entire 
development period lasts for 90 to 110 days. When 
Beta-Cypermethrin and Metarhi�ium are applied, it 
is only possible to control the species which develop 
during or prior to spraying, while those that develop 
after application will remain unaffected. Furthermore, 
the effects of  these control agents are easily disrupted 
by environmental and weather conditions. In contrast, 
once the foraging birds are introduced into the 
grassland habitat, they will prey on grasshoppers 
whenever they appear, thus controlling all species of  

grasshoppers over the entire development period.
Today, some local herdsmen are joining with local 
entrepreneurs to maximi�e the bene�ts of  this method 
of  biocontrol. In the summer, when the herdsmen 
move their livestock to higher pastures, they rent the 
lower pastures to chicken farmers who use the land 
� and its grasshoppers � to raise high-quality birds. 
Promotion of  this model could not only improve 
herder incomes, but could also partially replace 
traditional livestock husbandry, thereby reducing the 
number of  livestock and restoring degraded gra�ing 
land. Thus, these results have the potential for wider 
application in the future, including similar rangelands 
in north-western China and other parts of  the world.

Chick foraging for insects. – Image: eurobanks/Shutterstock



We are only just beginning to realise how much life on 
earth depends on the partnership between fungi and 
forests. New research into fungi in the Mekong region 
highlights how local communities can bene�t from 
harvesting and cultivating mushrooms – and how 
these bene�ts are linked to protecting forests.

Most people would agree that forests are a vital part 
of  a healthy planet: around 1.6 billion people directly 
depend on forests for their livelihoods, and forest 
trees help provide us with healthy soils, clean water 
and even breathable air. The role of  fungi is less well 
known. Yet without fungi, forests would not exist. In 
fact, without fungi, it�s unlikely that there would be 
much life on land at all – over 500 million years ago, 

it was a partnership between fungi and plants that 
allowed marine plants to colonize the land. Today, 
fungi continue to help forests grow by supplying trees 
with nutrients and breaking down organic matter.

Fungi are also a vital source of  nutrition and income 
for many communities around the world, and are 
particularly important in the Greater Mekong Region, 
which comprises parts of  China, Myanmar, Laos, 
Thailand, Cambodia and Vietnam. This area contains 
an astonishing variety of  fungi, including many species 
which produce edible and medicinal mushrooms. Yet 
according to mycologist Dr Samantha Karunarathna 
of  the World Agroforestry Centre (ICRAF) and 
Kunming Institute of  Botany (KIB), “while local 





people are keen to make use of  this resource, they 
often don�t know how to identify wild mushrooms 
that are safe to consume – and they can struggle to sell 
their harvest for a good price.” In addition, each year 
there are numerous deaths throughout the region due 
to the consumption of  poisonous mushrooms. It is 
therefore apparent that not all traditional knowledge 
relating to mushrooms and their use is as reliable as it 
should be.

In response, ICRAF and KIB are training rural 
communities in mushroom identi�cation, cultivation, 
harvesting and trade, and have established the 
Southeast Asian Fungal Network to help communities 
and researchers share information. These scientists 
are also in the process of  establishing a social 
media platform that will allow members of  rural 
communities in remote areas to share pictures of  
mushrooms and solicit knowledge from a wider online 
community, helping them to reliably identify species. 
As KIB soil biologist Dr Peter Mortimer points out, 
�the project aims to give Mekong communities not 
only a reliable source of  income and nutrition but also 
an incentive to conserve natural forests, which are 
the source of  many of  the most valuable mushroom 
species”. In the end, a healthy forest will yield the best 
range of  mushrooms and a steady supply.

Furthermore, in order to promote a sustainable 
income from the use and trade of  mushrooms, Peter 
Mortimer and his team are providing technical support 
to small businesses aiming to cultivate mushrooms. 
These businesses can be established in the form of  
rural development cooperatives, whereby farmers 
in rural areas can begin cultivation programs under 
the guidance of  more experienced practitioners. 
This offers a low-risk form of  income generation 
that requires little investment and can help diversify 
and enhance livelihoods in areas where few such 
options exist. The researchers are also identifying and 
domesticating mushroom species that have not been 
cultivated in the past, including species entirely new to 
science. The addition of  such species helps to broaden 
the market and provides a novel advantage to the small 
business enterprises in an otherwise well-established 
industry. This work is being carried out at the Honghe 
Innovation Centre for Mountain Futures (see chapter 
26 of  this book�. 

ICRAF and KIB are also working together to 
catalogue the Mekong region�s fungal diversity: over 
3,000 species are known to exist in this region, and 
over the past �ve years, 20% of  the species collected 
have been new to science. Naming and describing 
so many new species is a massive undertaking, 
requiring research funding and many skilled scientists, 
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The mountains of  Yunnan are a treasure-trove of  fungi. 
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as each new species can take weeks or months to 
fully describe. This abundance of  new species also 
highlights the impacts of  continued deforestation 
and habitat loss: we are most likely losing species 
that we have not yet even had the opportunity to 
learn about. Besides the fundamental knowledge that 
such species could contribute, in practical terms this 
means that the potential use and application of  these 
fungi in medicine, agriculture and industry are rapidly 
being lost. National and international support for 
further research and conservation efforts is therefore 
urgently needed to safeguard the future of  this ancient 
partnership between forests and fungi.

Photo right: 
Training session for mushroom cultivation in Honghe.  
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Xerula mushroom, Yunnan, China.  – Image: Stephen Axford

Coprinus mushroom, Yunnan, China. – Image: Stephen Axford











Inle Lake in Myanmar.—


