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As a concept that emerged in Europe, a bio-district is an area where different
actors work together for the innovative and integrated transformation of rural
food systems and the sustainable management of local resources, based on the
principles of organic farming and with farmers playing a central role. Traditional
Chinese villages represent sustainable models for the management of rural
food systems and natural resources, developed by indigenous peoples who
have been in “dialogue” with the land over millennia and adapted to specific
geographical and ecological environments. These models encompass well-
established edible green infrastructure (EGI) ecological structures, rich in
indigenous knowledge and understanding of the environment that support food
supply and regional ecological sustainability. Our case study focuses on a well-
preserved village of the Dong ethnic group in southwest China, which maintains
traditional livelihoods and a local food system. We used field surveys, interviews,
participatory mapping to propose an EGI model of the traditional Dong village,
which comprises the following key elements: the “rice-fish-duck” cycle as a
key factor of traditional livelihoods, the hierarchical ecological structure of
"households-groups-village,” and corresponding management models. This
study aims to comprehensively understand the knowledge of sustainable food
systems and natural resource management derived from traditional China.
It achieves this by theoretically analyzing the traditional village EGI that has
evolved over China’s thousand-year agricultural civilization. The objective is to
apply this understanding to the construction of bio-districts in rural China. EGI
model in traditional villages worldwide have the potential to offer lessons from
millennium-old indigenous agricultural systems, which may have relevance
for current environmental and food crises faced by our industrialized world,
the construction of bio-districts and organic regions, and the sustainable
management of local resources.
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1 Introduction

In recent years, many European countries have aspired to establish
model regions of holistic sustainable development, in order “to
combine nature protection with economic development” in rural areas
(Kock et al, 2013; Hammer et al,, 2016). In 2018, the Food and
Agriculture Organization of the United Nations (FAO) introduced “20
Interconnected Actions” transforming food and agriculture to achieve
the Sustainable Development Goals (SDGs) (FAO, 2018). In 2009, the
Italian Association for Organic Agriculture (AIAB) launched the first
bio-district in Italy (Basile, 2018). According to Basile, a bio-district is
a non-administrative functional geographical area “where farmers,
citizens, tourist operators, associations and public authorities enter
into an agreement for the sustainable management of local resources”
(Basile, 2014). Bio-districts “contribute to the improvement of
environmental sustainability and climate resilience, triggering a
virtuous cycle and aiming for the development of a healthy, sustainable
(OEP, 2019). The framework of
bio-districts encompasses the concepts of organic farming and

and diversified food system”

endogenous development (Stotten et al., 2018). According to the
International Federation of Organic Agriculture Movements
(IFOAM), organic agriculture is defined as “a production system that
sustains the health of soils, ecosystems, and people” (Stotten and
Froning, 2023). The practice “focuses on local resources...and
(IFOAM, 2008).
development is a locally rooted, bottom-up management model with

provides ecosystem services” Endogenous
farmers and their associations playing a central role (Stotten and
Froning, 2023). Therefore, bio-districts focus on integrating organic
farming, local resources and development management into rural
territorial strategies (Schermer, 2005). In recent years, the bio-district
movement has become considerably widespread in Italy, expanding
across Europe and Africa (Dara Guccione and Sturla, 2021). These
emerging bio-districts are an important solution to the challenges that
have threatened the survival of rural villages (Dias et al., 2021).

We are facing an uncertain and challenging future marked by
climate change, ecological degradation, and food insecurity. The rapid
urbanization and industrialization in the last two centuries and the
unsustainable exploitation and use of natural resources have led to the
deterioration of the ecological environment and negatively affected
human societies (Matricardi et al., 2020; Xie et al., 2020; Betts et al,,
2022; Shi et al,, 2022; Zhang et al., 2022). Effective ecological design
models are desperately needed to address the massive challenges
we now face. In 1995, the first publications featuring the term “green
infrastructure” were recorded in the databases Scopus and Web of
Science (Seiwert and Rofler, 2020). Green infrastructure originated
from two important concepts: (1) connecting parks and other green
spaces for the benefit of people, and (2) preserving and linking natural
areas to benefit biodiversity, address habitat fragmentation and
manage stormwater (Benedict and McMahon, 2012). The concept of
green infrastructure has evolved into a multifunctional, integrated
approach to biodiversity conservation and ecosystem services (Basnou
etal., 2020), and this interconnected network of green spaces has the
potential to become a natural life support system (Escobedo et al.,
2019), furnishing ‘the ecological framework needed for environmental,
social and economic sustainability’(Lennon and Scott, 2014). The
number of scientific publications, books, and policy and planning
documents dealing with green infrastructure has increased rapidly in
recent decades (Shao et al., 2021), and its application occurs at
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multiple scales, including the national, regional, urban, and
community levels. For example, green infrastructure has been
promoted throughout the United States (Weber et al., 2006; Meerow
and Newell, 2017; Newman et al, 2022) and the European
Commission adopted its Green Infrastructure Strategy in 2013
(Chatzimentor et al., 2020). The research on green infrastructure
currently includes a diverse range of topics, comprising spatial
structure and elements of green infrastructure (Ferreira et al., 2021),
ecosystem services (Du Toit et al., 2018), response to climate change
(Matthews et al., 2015), stormwater management (Wild et al., 2017),
reduction of the urban heat island effect (Herath et al., 2018), carbon
sequestration and emissions (Kavehei et al., 2018), sustainable urban
planning (Liu et al., 2012; Vallecillo et al., 2018), human health and
well-being (Coutts and Hahn, 2015), food systems (Yacaman Ochoa
et al, 2020), public participation (Eilola et al, 2019), green
infrastructure governance and policy (Davies and Lafortezza, 2017),
GI assessment (Ferreira et al., 2021), etc.

Currently, green infrastructure studies are beginning to
acknowledge the roles that food systems and food supply play in
human health and well-being. The global industrial food system has
caused many issues related to food security and food supply (Hinrichs
and Lyson, 2007). The COVID-19 pandemic has been a catastrophic
event for the global food system on many levels, leading to complex
food crises on a global scale (Clapp and Moseley, 2020). There is
growing awareness of the need to increase food production while
protecting biodiversity and the natural environment (Francis et al.,
2003). A recent report by the High-Level Panel of Experts on Food
Security and Nutrition within the Committee on World Food Security
called for comprehensive policy reforms to build resilience in our food
systems, including promoting agroecology and shortening agricultural
supply chains (Crist et al., 2017). Some scholars in Europe and the
United States have called for the promotion of urban agriculture and
community agriculture to reconstruct “local food systems” (Hinrichs
and Lyson, 2007; Liu et al., 2013) and have proposed the concept of
edible green infrastructure (EGI) to encourage the integration of food
production into the green infrastructure (Russo et al., 2017). The EGI
system improves the resilience of food production systems (Galanakis,
2020; Russo and Cirella, 2020) and environmental resilience both in
cities and villages, along with improving the life quality of urban
populations. For example, EGI supports cultivation and gathering
practices in urban green spaces and the development of artificial green
spaces to increase food production and environmental health, which
also provide fresh food for urban residents and opportunities to
manage public natural resources and interact deeply with nature to
increase social empowerment (McLain et al, 2012; Shimpo
et al, 2019).

Previous studies focused on urban green infrastructure, but rural
green infrastructure has historical roots (Agnoletti, 2014) and offers
great potential to provide ecosystem services to both urban and rural
environs (La Rosa and Privitera, 2013). The research on rural green
infrastructure has been incorporated into the research fields of both
rural and agricultural landscapes. Rural landscapes are culturally and
biologically diverse, reflecting the diverse range of ways of managing,
perceiving and understanding “natural resources” by the indigenous
people (Alexandra and Riddington, 2007). This implies that rural
landscapes need to be studied from a micro perspective. Some scholars
have proposed that statistics about land use can give only general
information about landscape macrostructure and cannot provide a
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perfect idea of the actual spatial composition of landscape elements.
Landscape microstructure expressed in spatial arrangements, shape,
size, quality and connectivity of patches, lines and small interactive
elements plays the main role in landscape dynamics and it is the
principal influence on landscape stability (Lipsky, 1995). The
agricultural landscape is an important part of the rural landscape. In
1961, agricultural historian Emilio Sereni wrote: “The agricultural
landscape is the form in which man, in the course of his agricultural
production activities, deeply impacts the natural landscape”
(Alexandra and Riddington, 2007). In the study of agricultural
landscapes, the concept of multi-functionality has received increasing
attention in the last decade (Gimona and van der Horst, 2007).
Research in the Globally Important Agricultural Heritage Systems
(GIAHS) has shown that over thousands of years, many farming
communities have developed complex, diverse and locally adapted
agricultural systems that ensure food security for the community
while promoting the conservation of regional natural resources and
biodiversity (Koohafkan and Altieri, 2011). Generations of indigenous
people have created, shaped and maintained traditional agricultural
systems, using management practices that respond and adapt to the
local conditions and environments, and maintaining biodiversity (Jian
et al, 2011). Through these practices, a wealth of indigenous
knowledge embedded in practice-accumulated natural resource
management methods was passed down from generation to generation
(Wang et al,, 2021). Traditional rice-fish farming systems, for example,
are a multifunctional agricultural food landscape that is regarded as
environmentally sound (Xie et al., 2011). Understanding the ecological
heritage of traditional agricultural landscapes may help researchers
develop unique and efficient approaches to natural resource
management, and it will be of great benefit to the rural green
infrastructure research.

According to Chinese ecological anthropologists Yang Tingshuo,
Yin Shaoting and Luo Kanglong, traditional villages are sustainable
“cultural-ecological communities” developed by the interaction
between indigenous people and local ecosystems over the millennia
(Yang and Yang, 2015; Zhai, 2017). They contain a large amount of
indigenous knowledge, technologies and skills, which are crucial for
local ecosystem maintenance, management, and corresponding social
security (Yang and Lv, 2004; Yin, 2013). The traditional village is an
important human habitat, developed over thousands of years of
farming civilization, and adapted to the local ecosystem and
geographical environment. Traditional villages were once the main
models of human settlement worldwide. The ecological wisdom and
ecological technology of traditional villages maintain regional
environmental and food security while supporting the co-existence of
humans and “nature” (Hu et al., 2014). Traditional livelihood refers to
composite livelihood, including sedentary and nomadic farming,
animal husbandry, gathering, hunting and other livelihood types that
different ethnic communities have adapted to their specific ecosystems
and passed on from generation to generation (Wang, 2019). Scholars
in the field of ecological anthropology point out that traditional
livelihood contains detailed observation and proper utilization and
management of the ecosystem, which is directly related to ecological
security (Luo, 2009; Ma, 2009). The traditional livelihoods of local
ethnic groups represent a specific local form of a “cultural-ecological
community” that is often not immediately obvious (Zhai, 2017). It is
also the result of checks and balances of ecological and cultural factors
developed over thousands of years of agricultural civilization, which
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maintain environmental stability while contributing to the local
economy, especially in ecologically sensitive areas (Yang and Lv, 2004).
The EGI of traditional villages is a kind of community-scale green
infrastructure, whose main function is sustainable food production,
and emphasis on a balance between the supply of living materials and
environmental sustainability. It is a relatively mature life support
system, tested for a long time and adapted to the specific environment
and culture.

This study adopts the case study method, draws on the relevant
theory and methods of EGI and ecological anthropology, and
investigates the livelihood model of a traditional village in the Dong
area of southwest China. Through the methods of field investigation,
semi-structured interviews and participatory mapping, we attempted
to construct an EGI model of a traditional village. This study aims to
comprehensively understand the knowledge of sustainable food
systems and natural resource management derived from traditional
China. It achieves this by theoretically analyzing the traditional village
EGI that has evolved over Chinas thousand-year agricultural
civilization. The objective is to apply this understanding to the
construction of bio-districts in rural China. Through the methods, it
reveals the ecological wisdom and technology of indigenous people in
managing ecological resources across different geographical-
ecological conditions worldwide and provides an important
framework to address the severe environmental issues and food
security challenges currently being faced by contemporary society.
This finding may be relevant to the development of bio-districts and
organic regions, as well as the sustainable management of
local resources.

2 Materials and methods

2.1 The study area

This study focused on a region populated by the Chinese Dong
minority, located at the junction of three provinces, Guizhou, Hunan
and Guangxi, on the southeastern edge of the Yunnan-Guizhou
plateau. According to historical records, the Dong people have settled
in this area for at least 1,000 years (Zhang, 1985). The 2020 Chinese
census data shows that the Dong population is 3,496,000, which
makes it the 12th largest minority group in China (China,
N.B.o.S.0, 2021).

The terrain is mainly hilly and mountainous, with abundant
rainfall and is a typical subtropical humid monsoon climate. The
vegetation type is mainly evergreen broad-leaved forest, deciduous
broad-leaved forest and mixed coniferous and broad-leaved forest
(Chen and Deng, 2014). The traditional livelihood of the Dong
ethnicity includes the so-called “rice-fish-duck” agriculture model and
cedar forestry. To support the traditional rice-fish-duck agriculture a
“wetland system” comprising a large number of deep-water terraces
has been created. It has a great capacity to collect and store water,
which is very important for agriculture in these mountainous areas.
The cedar forest protects the soil from erosion and helps maintain
biodiversity (Yang and Luo, 2012; Cui, 2015). Yin and He pointed out
in their research that the traditional livelihood of the Dong, based on
this combination of the rice-duck-fish system, vegetables, and forest,
has protected the local environment and maintained the water security
of the upper reaches of the Pearl River (Pu and Long, 2012). In June
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2011, the Dong rice-fish-duck integrated farming system in Congjiang
County was listed as a GIAHS site by the FAO (Wu, 2014).

This study focuses on the Huanggang village, which still
preserves the traditional livelihood to a large extent. Huanggang
village dates back to the Song Dynasty, some 800years ago. The
altitude of Huanggang Dong Village is about 780 meters above sea
level, the total area of the village is about 29.7 square kilometers, and
the population is 1,629 people in 325 households. The average annual
16°C, the
1,100 mm ~ 1,300 mm. Surrounding the village, there are 103 hectares

temperature is and annual precipitation is
of rice paddy fields and 1910 hectares of forest. The forest coverage
rate is 64.3% (Luo, 2011). After generations of ancestral management,
Huanggang Dong Village has been transformed from a mountain
valley with poor arable land resources into an agroforestry landscape
with dense fish ponds, paddy fields and high forest cover, which
guarantees sufficient food for the indigenous people and maintains
the biodiversity and environmental sustainability of the local
ecosystem (Figure 1). Glutinous rice is the staple food for the Dong
people, and the villagers attach great importance to its cultivation.
The rice paddy fields that are scattered around the village produce 20
different varieties of glutinous rice (Cui, 2007). Due to its remote
location and poor road infrastructure, the Huanggang village has
remained relatively isolated from the rest of the world (Cui, 2009)
and preserved a relatively intact traditional livelihood. As a result, it
was listed in the first batch of national-level traditional villages in

China in 2012.

2.2 Methods

The methods used in this study included site surveys,

semi-structured  interviews, participatory mapping, and

prototype construction.

2.2.1 Site survey

After reviewing and analyzing the existing research literature and
the writings of local scholars on the Huanggang village, we conducted
two site surveys in Huanggang village in July 2019 and April 2020.

10.3389/fsufs.2024.1305094

During the site survey, the researchers collected information on the
spatial distribution of forests, water systems, rice paddy fields, and
buildings in Huanggang using 1:1,000 CAD topographic maps and
drones, as well as manual labeling and mapping by the researchers.

2.2.2 Semi-structured interviews

The Dong people do not have their own writing, and they pass on
their agricultural experiences and natural resource management
methods through oral transmission. Semi-structured interviews have
the flexibility to obtain information that the researchers may overlook.
In this study, semi-structured interviews were conducted with 22
people, including the main managers, elders, and ordinary villagers,
such as song masters, ghost masters, village secretary, the village head,
farmers, workers, inn owners, and the former deputy director of the
cultural and tourism bureau of the Liping County. The proportion of
men and women was 63.7 and 36.3%, respectively; 50% of participants
were aged 20-40, 36.4% were aged 40-60, and 13.6% were aged 60
and above. Since men aged 20 ~ 40 in Huanggang Dong Village often
have the experience of going to other parts of China for work, they
can generally speak the Chinese language. As a result of the absence
of a language barrier, they accounted for a comparatively large
proportion of interviewees. The interviews focused on the
management of the rice-fish-duck system, and natural and ecological
resource management and utilization. The interview questions were
as follows.

1. How is the village forests managed?

2. How is the village water resources managed?

. Have there been any natural disasters such as fires and floods
in the village? How did you deal with it?

4. How is the village rice-fish-duck system managed?

. How are the fish ponds, rice fields and vegetable plots in the
village managed?

. What poultry and livestock are there in the village and how are
they managed?

. How are the organic waste and garbage managed in the village?

. What village rules have been established to protect
the environment?

A B
hiles

0 125250 500 750 1000
N Legend

= & ®  Research Location
5 —— County Boundaries

—— Major Rivers
FIGURE 1

(A) The location and (B) the layout of Huanggang Dong Village, Liping County, Guizhou Province, China. The image was taken in July 2019.
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2.2.3 Participatory mapping
Participatory Geographic (PGIS)

emphasize community and public engagement. This approach

Information  Systems

involves local individuals in mapping places, converting cognitive
spatial knowledge into cartographic and descriptive data. This
enhances comprehension of the indigenous knowledge, practices,
and beliefs within the community (Ramirez Gomez et al., 2013),
thereby mitigating the limitations of expert-driven models (Van der
Jagt et al., 2019). In our investigation, we scrutinized the PGIS
methodologies proposed by Brown (2004), Ramirez Gomez et al.
(2013), and Brown and Fagerholm (2015). We employed qualitative
analysis for adapting to the specific context of the research site. After
completing our fieldwork, we conducted participatory mapping in
December 2021.

2.2.3.1 Participant selection and material preparation

In December 2021, we spent a month living with local villagers.
During this time, we conducted random household surveys (Talen,
2000), engaged in interviews, and held project discussions with
village officials and indigenous people, establishing close
connections. Having developed a deep understanding of the village,
we selected 40 participants with relatively comprehensive knowledge,
spanning ages from 18 to 78. To conduct our mapping activities,
we employed an intuitive paper map method, choosing satellite
imagery with a spatial resolution of 0.5 meters obtained from
Bigmap, covering various land use types such as village settlements
and village forest areas. The maps were printed on A0-sized paper for
mapping purposes.

2.2.3.2 Mapping process

We provided participants with basic training to ensure the
accurate identification of maps, local landscape features, and
familiarity with the mapping process (Damastuti and de Groot,
2019). We formulated guiding questions covering various forest
boundaries, distribution and flow of water resources, distribution of
paddy fields, vegetable plots, granaries, mother fish ponds, and fry
fish ponds, as well as the locations of livestock breeding and
firebreaks, and collection points for medicinal herbs, etc. Once the
mapping activity started, participants were instructed to use red
marker pens to mark single points or polygonal areas that met the

10.3389/fsufs.2024.1305094

criteria outlined in the guiding questions, numbering them
sequentially (Figure 2). They then elaborated on how traditional
livelihood practices and management were carried out in different
geographical spaces. Finally, we summarized the data and constructed
the EGI model for Huanggang Village.

3 Strategies of edible green
infrastructure construction in
traditional Chinese villages: the case
of Huanggang Dong Village in
mountainous southwest China

Based on theories related to EGI and eco-anthropological studies
on traditional livelihood, this study proposes an EGI model of
traditional Dong villages built on three aspects: core elements of
traditional livelihoods, a hierarchical ecological structure and
hierarchical management model. We hypothesize that this approach
to EGI model construction may be universally applicable to traditional
Chinese villages across different natural-geographical regions. The
core element of traditional Dong livelihoods is the rice-fish-duck
system, a well-established agricultural production model developed
over thousands of years. The hierarchical EGI system includes EGI at
the household-group-village level, which is the support and
management system for local livelihoods and ecological security. The
rice-fish-duck farming system and the hierarchical EGI system
complement each other to support the survival and development of
the village.

3.1 Strategy one: identifying the
“rice-fish-duck” system as a key factor of
traditional livelihoods adapted to local
conditions

The traditional “rice-fish-duck” co-culture model is widespread in
the Huanggang village. It is an important part of the artificial
ecosystem of the village and a core element of its EGI system, as well
as a major source of food for villagers (Figure 3). The following
ecological knowledge is demonstrated by the model:

FIGURE 2

and participatory mapping.

The mapping process with the participation of indigenous people: (A) Participation in the mapping process. (B) Process of semi-structured interview
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FIGURE 3

lllustration of the nutrient cycle of the rice-fish-duck system.

3.1.1 Nutrient cycling

The rice-fish-duck system creates a complete cycle of nutrients.
The Dong people planted glutinous rice in paddy fields for
sustenance and put in ducks and fish to be co-cultured with the
glutinous rice. Ducks and fish promote water aeration by swimming
in paddy fields and stimulate the tillering of the glutinous rice
seedlings. The excrement of ducks and fish provides organic fertilizer
for the paddy field, creating good conditions for the growth of
glutinous rice. Falling grains and floating plants provide food for fish
and ducks.

3.1.2 Pest and disease control in rice fields

In the rice-fish-duck rice paddy field system, the fish and ducks
bump against the rice stalks during foraging, which may cause rice
pests to fall into the water and become food for the fish and ducks. The
ducks also consume some harmful invertebrates (e.g., shellfish and
snails), effectively reducing pests and diseases in the rice field and
ensuring the health of glutinous rice. Frequent disturbance by fish
and ducks makes it difficult for weeds to set up, ensuring that glutinous
rice has sufficient nutrients. The biological control effect of the rice-
fish-duck system replaces the use of chemical fertilizers and pesticides
(Luand Li, 2006), preventing the pollution of soil and water resources,
and allows a wide range of organisms to survive, providing a reliable
zero-chemical fertilizer and zero-pesticide production model for
contemporary agriculture.

3.1.3 Paddy management

According to the conditions of light, heat, water and soil of
different paddy fields, the indigenous people have cultivated a
variety of traditional tall straw glutinous rice cultivars adapted to
specific habitats to ensure the yield of each paddy field. Glutinous
rice with tall straw is more tolerant of waterlogging and can
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be adapted to deep-water rice fields where fish and ducks need to
be kept, and enough space is reserved for ducks in the rice fields to
move around. The simple fish shelters built with tree branches in the
paddy fields provide fish with “shelter” from the hot sun and natural
enemies. The ducks are native duck and sheldrake; the fish are carp
and grass carp.

3.2 Strategy two: building a hierarchical
ecological structure of
households-groups-village

The EGI of three levels: household, group and village, is like the
“leaf-branch-trunk” hierarchy of a tree, with each level being relatively
independent and performing its own function, but closely related to
ensure the efficient operation of the system. The household is the basic
unit of the village, and its key functions are food production, nutrient
circulation and pest control, just like the “leaf” of a tree, which gets
sunlight, carbon dioxide and water from the outside world for
photosynthesis and accumulation of nutrients. A group is made up of
several families, which is an intermediate-level management unit
bridging village and household. There are several ponds per group, the
key function of which is rainwater collection and management and
fire protection, just like the branches of a tree, which can form the tree
skeleton and regulate the nutrition of the tree. The EGI at the village
level includes a forest-water-field ecological structure, the key function
of which is to ensure the organization of the water system and the
reasonable distribution and management of the woods to give full play
to their ecological efficacy, just like the “trunk” of a tree. The “trunk”
of a tree is the basis for the growth of “branches” and “leaves,” and
transports essential water and nutrients to the “branches” and “leaves”
(Figure 4).
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FIGURE 4
The "tree” structure of the EGI ecological network at the household-
group-village level.

3.2.1 Ecological network at the household level

The EGI at the family level is built around the daily life of the
Dong people. Family members need to master the whole set of
eco-agroforestry management techniques necessary to operate the
rice-duck-fish-vegetable-forest system. Food production, organic
waste management and pest and disease control are the key issues
to be solved in the management of EGI. The process of food
production requires the application of large amounts of organic
fertilizer, and households compost various kinds of domestic
organic waste as much as possible, which is a necessary part of the
operation of a stable artificial ecosystem, while the nutrient
recycling system of the village forms a closed loop. The organic
waste management in Huanggang village consists of two main
forms: firstly, toilets are built on ponds used to rear the broodstock,
to collect human feces and urine to form a fertile fish pond
substrate; secondly, manure from livestock and poultry and plant
materials are collected for composting and fermentation. Food
production is a complex artificial ecosystem, rich in a variety of
edible animal and plant materials, which guarantees a balanced diet,
while taking advantage of the inter-biological constraints and
controlling pests and diseases. This careful management of food
production, organic waste and pests and diseases is a low-tech
approach that effectively guarantees a sustainable supply of local
living resources (Figure 5). Each family manages their own fish
ponds, rice paddies, livestock and poultry, vegetable plots and
woodlands, which provide them with subsistence resources such as
food and timber (Figure 6).

3.2.1.1 Fish ponds

The fish ponds distributed in the village have the function of
collecting rainwater and being used as fire barriers. There are two
types of fish ponds: broodstock ponds and fish fry ponds. Broodstock
ponds have four types of functions. (a) Breeding male and female fish
for the production of fish roe. Female fish are only used for spawning,
and villagers are explicitly prohibited from consuming fish from
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broodstock ponds. (b) As water toilets to directly collect villagers’
excrement to provide nutrition for fish and as organic fertilizer for
vegetables and glutinous rice. (c) To grow vegetables and fruit for daily
use of nearby residents using bamboo frames or planting troughs. (d)
To cultivate plants such as Lemna minor Linn. and Trapa bispinosa
Roxb. as livestock fodder. The fish fry ponds have two types of
functions: to hatch fish fry and to grow vegetables. Fish pond
management starts in April every year. In mid-April, the villagers
place rattan strips in the mother fish pond, which adult fish use to
attach the fertilized roe to; after the end of the spawning season, the
rattan strips are lifted out of the water and placed into the fish fry pond
with roe attached to them; thereby eventually populating the fish fry
pond with roe.

3.2.1.2 Rice fields

Distributed on mountain slopes, hilltops, flatlands and next to
forests, they are cultivation sites for glutinous rice and rice-fish-duck
systems, and thus represent a staple food source for the villagers. The
indigenous people have built rice fields in accordance with the
topology, minimizing the ecological impact. They have selected and
bred a variety of traditional glutinous rice varieties to adapt to different
conditions of light, temperature, water and soil. The rice fields are
planted in early May. Within a week after the rice seedlings are
transplanted to the paddy field, the villagers relocate the newly
hatched (<5cm in total length) fry from the fish fry ponds into the
paddy fields. A week later, the ducklings, which had not hatched more
than 20 days earlier, are also placed in the paddy field. At this time,
the glutinous rice has already established its roots, and the activities
of the fish and ducks are not likely to cause damage to the growth of
the glutinous rice, and the rice, fish and ducks can live together in the
rice paddy.

3.2.1.3 Livestock and poultry

Livestock and poultry rearing pens are located downstream of
village settlements or next to residential houses. They include
chickens, ducks, pigs, cows and sheep, and provide a source of meat
for villagers. The poultry and livestock rearing process disposes of a
large amount of household food waste, makes efficient use of pasture
and provides organic fertilizer for agricultural production, which in
turn produces excess vegetables and fruits.

3.2.1.4 Vegetable patches

They are located in the hills and around the houses. The villagers
plant different kinds of vegetables in different seasons according to the
micro-environmental characteristics of each vegetable plot. For
example, leeks are planted in the forest depressions where the
environment is relatively moist; drought-tolerant varieties such as
peanuts and peppers are planted on the dry slope tops where there is
a lack of irrigation water; sweet potatoes, pumpkins and greens are
planted on the hillside vegetable plots. Oilseed rape is planted
in winter.

3.2.1.5 Woodlands

The cedar forests located on the outskirts of the village mainly
provide wood for households, to use as building materials or for fuel.
The indigenous people have planted cedar forests, which are carefully
managed in a sustainable way.
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mother fish pond.

Examples of household EGI management: (A) Growing vegetables in the fish pond; (B) villagers grazing livestock; (C) a renovated “eco-toilet” in the

3.2.2 Ecological network at the group level

Groups of households are centered around a fish pond. Each fish
pond serves as a fire barrier, food production unit and rainwater
storage. According to the geographical location and topographic
features, the household groups comprising the Huanggang village can
be divided into two categories: groups in residential areas and groups
in the valley area at the edge of the village (Figure 7).

3.2.2.1 Groups in central residential areas

Groups located in the central area of the village. Each group is a
village unit linked by a fire protection belt about 20 m wide and shared
by several families. The fire protection belt mainly consists of several
fish ponds, and a fire protection pond, which is a square-shaped water
storage pond built of stone masonry (Figure 8).

The main function of these groups is fire isolation and rainwater
storage, because all buildings in the village are constructed of wood.
Once such houses are ignited, they can become a major safety issue
for the whole village. The construction of a fire protection pond is thus
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a crucial safety element. A cooking stove is commonly built next to the
fire protection pond for cooking and alcohol distillation. The fire
protection pond also provides water for domestic use such as vegetable
washing, etc. The fish ponds in the group are interconnected to form
a group of small but biodiverse micro-wetlands. In addition to rearing
fish and ducks, the fish ponds are also used to grow vegetables such as
pepper, eggplant, taro, cucumber, konjac, loofah, and some wild herbs
for daily use, such as Dicranopteris dichotoma (Thunb.) Bernh.,
Senecio scandens Buch. -Ham. ex D. Don., Solanum nigrum L., etc.,
and some wild plants such as ferns, fishy ferns, mint, reeds, etc.,
(Figure 9).

3.2.2.2 Groups in the residential periphery

Groups located at the edges of the village in the valley area or
adjacent to forests. Each group comprises several fish ponds, often
with altitude differences and interconnections (Figure 10).

Due to their special geographical location and topographic
conditions, these groups also assume the functions of rainwater
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Spatial distribution of two types of EGI patterns at the group level.

retention and flash flood reduction. Rainwater runoff flows across the
valley at the edge of the village, where it is detained and buffered by
the fish ponds, reducing the risk of flooding in the village. Indigenous
people have built grain-drying chambers on the fish ponds to avoid
food loss due to the spread of fire and rodent infestation. Some
vegetables and herbs are planted in the fish ponds, along the ridge of
the ponds, and between the ponds. These include fishy grass,
amaranth, loofah, pepper, wild coronary, rice, taro, Dicranopteris
dichotoma (Thunb.) Bernh., etc. The residential houses and vegetable
plots are scattered between these fish ponds (Figure 11).

3.2.3 EGI at the village domain level

The traditional Dong livelihood model existing in the Huanggang
village has built an EGI ecological network of “forest-water-field” This
system organically connects the forest and water system with food
production to build the EGI framework of the village. As a sustainable
food production system, it provides various livelihood resources
(Figure 12).

A wider forest-water-field system was constructed in the village
area outside of the settlement managed by families and groups
(Figure 13). The dense forest provides abundant water resources and
reduces soil erosion. Streams, rice paddies, ponds and wells together
form the water system of the village and create a richly structured
wetland network. A large number of deep-water terraces built by
villagers comprise a large interconnected water harvesting system,
capable of storing large amounts of water. The entire forest-water-field
ecological network system efficiently utilizes water resources
(Figure 14), and maintains biodiversity and regional ecological
stability. This system supports agricultural production in the
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Huanggang village and provides villagers with a large number of
livelihood resources. These comprise food, such as fish, shrimp, celery,
raspberries, and chestnuts; medicinal herbs include Artemisia argyi
Levl. et Van., Paulownia fortunei (Seem.) Hemsl., Urtica fissa E. Pritz.,
Cornus officinalis Sieb. et Zucc., Aegilops sp. Linn., Cirsium japonicum
Fisch. ex DC,, etc.; the livestock fodder includes pastures; and finally
there are herbal dyes such as indigo, etc.

3.2.3.1 Spatial distribution and management of forests

There are three types of forests in the Huanggang village: Fengshui
Forest, miscellaneous woods, and cedar forest.

Fengshui Forest: Locally known as the Sacred Forest, is rooted in
the traditional belief and practice system of Fengshui, originating in
China. In this system, the flow of energy, referred to as ‘qi; is
inextricably linked to flows of wind and water (Coggins et al., 2012).
According to traditional Fengshui theory, ecologically sound
conditions, such as fertile soil, fresh air, clean water, and vegetation,
result from optimal spatial arrangement and connectivity aligned
with Fengshui principles (Hong et al., 2007). Consequently, this
theoretical approach is commonly employed in the geographical
assessment of village site selection and orientation (Needham, 1974;
Hong et al., 2007). Fengshui Forests serve various ecological
functions, contributing to protecting biodiversity and conserving
water sources. They are considered to have a significant impact on the
physical and mental health, as well as prosperity of the local
community (Guan, 2002). The Dong people revere forests, viewing
them as the source of Fengshui. The local rules and regulations of
Huanggang village stipulate that the woods within 500 meters
distance from the village is Fengshui Forest that shelters the village
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The spatial layout structure of EGI elements in residential areas.
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Examples of group EGI management: (A) Fish pond cluster; (B) plant diversity by the fish pond; (C) fire protection pond and cooking stove.

and nobody is allowed to damage them. There are also “grave hills”
belonging to each clan, which have existed for thousands of years and
host a wealth of medicinal herbs. According to the census data of the
Liping County Forestry Bureau in 2021, there are 79 surviving
century-old trees in the Huanggang village. Villagers have the custom
of worshipping certain trees as a “foster father” to bless the healthy
growth of the child.

Miscellaneous woods: the secondary forests located on the
periphery of the Fengshui Forest provide the village with a variety of
resources needed for daily life. For example, bamboo has a wide range
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of applications in traditional households. Poplar, raspberry, and
chestnut provide food sources. Medicinal herbs that grow in shaded
spaces in the forest include Litsea pungens Hemsl., Dicranopteris
dichotoma (Thunb.) Bernh., Blastus cochinchinensis Lour., Spatholobus
suberectus Dunn., Deutzia scabra Thunb., Melastoma dodecandrum
Lour, etc. Vegetables are grown next to the miscellaneous woods, as
well as indigo, which is a common dye plant in the region.

Cedar forest: these are forests located at the periphery of
miscellaneous woods, planted and managed by local villagers. The
cedar forest produces construction material and fuelwood. When
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diversity by the fish pond.

Examples of group EGI management: (A) Staggered fish pond clusters; (B) grain-drying chambers cluster on the periphery of the village; (C) plant

children are born, their parents plant cedar saplings in the cedar
forest. After the children grow up, the adult cedar trees can be used to
build new houses. The village has a tradition of “cutting one and
planting ten,” which ensures the sustainable use of forest resources.

3.2.3.2 Spatial distribution and management of water
resources

Streams, rice paddies, fish ponds and wells built in the villages
provide water for food production, fire protection and villagers’
livelihoods; while creating a variety of biological habitats.

Frontiers in Sustainable Food Systems

Streams: two streams, named Huanggang and Cengqiu, flow across
the village from the east and south respectively, converge in the center
of the village, and continue northward towards the Sizhai River. These
streams are the main drainage channels of the village, and villagers
sometimes enclose duck houses in the streams.

Rice fields: located on hillsides, hilltops, along flat streams and in
forests, rice fields serve as water infrastructure for the rice-fish-duck
system and as small reservoirs for collecting and storing rainwater,
slowing down the runoff during the rainy season and storing
water resources.
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FIGURE 12

Village EGI landscapes: (A) "Forest-water-field” system in the village; (B) glutinous rice field; (C) ancient well in the village.
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Spatial distribution of the forest-water-field ecological network in the village domain.

Fish ponds: mainly distributed on mountain slopes, in villages and
by the streams. The core function of these fish ponds is to keep fish
and for fire protection (fire barrier and a reservoir of water for fire
protection). In addition, these interconnected ponds at different levels
also assume the function of organizing the village water system and
rainwater detention.

Wells: there are 11 wells in the Huanggang village, which provide
the main source of water for drinking and cooking.

3.2.3.3 Spatial distribution and management of rice fields
Paddy fields are mainly located on slopes, hilltops, along streams,

and in forests, and they are the main place where farming activities are

carried out in the Huanggang village. The irrigation of paddy fields
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relies on rainwater and springs. The ponds or shallow grass strips in
front of the paddy fields increase the temperature of the spring water
entering the paddy fields.

3.3 Strategy three: building a
corresponding hierarchical management
model of households-groups-village
centered on households

Village elders manage traditional Dong ethnic villages, with
patrilineal kinship as the bond. Different clans are formed based on
the degree of blood relationship, which establishes a stable social
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Spatial distribution and management of forest and water resources in the village.

structure (Chen, 2012). The Dong people have a saying, “Old trees
protect the village, and old people manage the village” The villagers
elect the most experienced and respected elders as “village elders” who
are responsible for various village affairs and decision-making.
However, this role is obligatory and does not entail privileges or social
hierarchy (Luo, 2015). Village elders also participate in labor to obtain
resources for their livelihood. Huanggang Dong Village consists of five
“clans” that assist each other and jointly organize important
production, construction, and ritual activities. Within families,
members have relatively equal status, with the diminishing of paternal
authority. The collaborative model of “men farming and women
weaving, self-sufficiency” continues. Men primarily undertake
strenuous physical labor such as farming, logging, and construction,
while women mainly engage in household chores with lower labor
intensity, including food preparation, weaving, managing vegetable
plots, fish ponds, and raising poultry and livestock.

The EGI systems in traditional Dong villages are hierarchical
ecological structures that take food production into account. At the
household, group and village levels, EGI management is interlinked
to ensure the efficient operation of the artificial EGI ecosystem. EGI
at the household level is managed by members of a household, and
includes the “rice-fish-duck” food production system, composting of
human and animal waste, and management of cedar forests. EGI at
the group level is jointly managed by households in the same group.
Often, it is the different households within a clan, and mainly includes
fire protection of wooden buildings, rainwater management, green
space management and food production. EGI at the village level is
collectively managed by all villagers, which construction, management
and maintenance are organized by the leaders of the house clan,
village elders, village chiefs, and includes the “forest-water-field”
ecological structure.

Within the hierarchical EGI management model of traditional
Dong villages, various actors are involved, resulting in a management
system with reasonable division of labor and smooth coordination,
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ensuring the efficient operation of an EGI system that connects food
production with ecological and environmental protection. Without
such an intricate and effective hierarchical management model, the
EGI system cannot perform its productive and ecological functions.
Those in charge at all levels must have the knowledge and skills to
manage this artificial ecosystem.

4 Implications of EGI construction
strategies for rural bio-district
construction

4.1 Lesson learned 1: identifying key
agricultural species adapted to specific
ecological and geographical conditions
that can be organically integrated into EGI
systems

Huanggang Dong Village has preserved to this day a relatively
complete traditional livelihood model (“rice-fish-duck”). Relying on
this model, the village has established EGI systems with key food
production at their core. These systems have successfully addressed
multiple challenges in the Dong region, such as limited arable land,
landslides, and a humid climate with insufficient sunlight. The
resource-constrained hilly topography has been transformed into a
highly productive, water-rich ecosystem, ensuring a reliable supply of
water and soil resources for the community. In different geo-ecological
regions of the world, indigenous peoples have developed various
traditional livelihood models adapted to local geo-climatic
characteristics. An example is the Mulberry-Dike-Fish-Pond in
southern China (Guo and Situ, 2010). These traditional livelihood
models are good examples of sustainable natural resource management
that center on key agricultural species and can be organically
integrated into EGI systems.
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4.2 Lesson learned 2: building a
hierarchical ecological structure and
hierarchical management model for
sustainable agriculture

The EGI systems of traditional villages contain a households-
groups-village hierarchy. An efficient hierarchical management model
is formed in conjunction with rural grassroots organizations centered
on households. The hierarchical ecological structure and hierarchical
management model are the keys to EGI’s success, protecting natural
resources, providing villagers with the food and other living resources
they need, and mitigating the risk of disasters such as fire.

EGI management at the household level encompasses food
production as a traditional livelihood, efficient management of organic
waste and pest and disease control to detoxify the food system from
harmful water fertilizer. EGI management at the group level includes
public space management, rainwater collection and fire isolation to
ensure order and safety in the village. EGI management at the village
level includes the “forest-water-field” ecosystem, which provides a
wide range of ecosystem services on a sound ecological basis. This
hierarchical management model ensures grain yields and biodiversity.
For example, fish ponds and open spaces around houses use a
combination of farming practices for refined cultivation and increased
yields. Well-adapted local breeds are developed with regard to the
environmental features of each rice field and vegetable plot. At present,
there are more than 20 varieties of glutinous rice preserved in
Huanggang Dong Village. This well-adapted production method
enhances the biodiversity of mountain agriculture to meet different
environmental challenges and safeguard food production. Some

»

varieties local to the region, such as “Daohua carp,” “Kam Sweet Rice”
and “broadleaved leeks,” have the potential to contribute significantly
to local farmers’ income. EGI systems in Huanggang Dong Village
have created a multi-functional landscape, which plays an important
role in protecting regional ecosystems, building sustainable food
systems, and ensuring food security, thus confirming earlier research

findings (Russo and Cirella, 2020).

4.3 Lesson learned 3: integrating
environmental protection into agriculture
and forestry management

The bio-district approach emphasizes practices that reduce the
impact of agriculture on natural resources and the environment while
building diverse landscapes. In their farming practices, without access
to pesticides and chemical fertilizers, the indigenous people of
Huanggang Dong Village demonstrate their commitment to
environmental protection and fostering coexistence between humans
and nature by adapting to local conditions. This is mainly achieved in
the following ways: (1) The “rice-fish-duck” co-culture model provides
biological control, which replaces the use of pesticides, ensures food
safety and prevents water pollution. (2) The manure of poultry and
livestock is collected to be used as organic fertilizer for rice fields and
vegetable patches, which prevents environmental pollution and land
degradation caused by chemical fertilizers. (3) The village has
formulated regulations to protect forests. The commitment and tangible
actions taken for environmental protection have ensured the sustainable
development of agriculture and forestry in Huanggang Dong Village.
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5 Conclusion

The emergence of bio-districts is perceived as an important
opportunity for organic farming, especially in mountain areas with
complex topographical and microclimatic features (Schermer, 2005).
Bio-districts represent “an innovative approach for a sustainable,
integrated and participatory territorial development” that builds around
environmental, social and economic dimensions (Basile, 2018).
Traditional villages across ecological and climatic regions of China have
developed over millennia various EGI models that can protect the
surrounding nature and biodiversity and foster balanced growth of
agriculture and economy. These models contribute to environmental
protection and have the potential for long-term endogenous development.

The value of this study is reflected in the following aspects:

1. This study introduces the concept of EGI and relevant theories
of eco-anthropology. It proposes EGI construction strategies
for traditional villages, encompassing the selection of key
agricultural species, the establishment of multi-layered
ecological networks, and corresponding management models.
These strategies are presented within the framework of
“ecological technology - spatial structure - management
model” Insights are drawn from the experience of mountainous
rice farming in China to inform the creation of bio-districts.
The EGI construction strategies can be applied to rural regions
with a rich history of agricultural civilizations in various
eco-climate regions, such as China, East Asia, Southeast Asia,
South Asia, and even globally in southern regions. These
strategies can assist researchers or decision-makers in
systematically and conceptually understanding indigenous
sustainable food systems and natural resource management
wisdom rooted in local contexts, enabling their application to
the development of rural bio-districts worldwide.

. This study presents an innovative approach to local resource
surveys for developing bio-districts. Semi-structured

mapping

communication between experts and villagers, fostering a

interviews and  participatory facilitate
more comprehensive understanding of the traditional
livelihoods and ecological wisdom rooted in villages over
centuries. This benefits various stakeholders by protecting
rural traditions and culture, preserves the emotional ties of
villagers, and supporting policymakers at both the local and
national levels in planning the development of bio-districts
and formulating relevant policies in a more humane manner.
. This study contributes to enhancing cultural diversity and
attractiveness in traditional

villages, bringing about

development and economic benefits to the region.
The limitations and prospects of this study are as follows:

1. Conduct case studies on traditional villages in diverse eco-climate
regions, such as those formed by dry agriculture on the Loess
Plateau and traditional villages in the waterlogged rice cultivation
regions of the middle and lower reaches of the Yangtze River. This
expansion will provide a more comprehensive understanding of
EGI construction strategies in traditional Chinese villages, offering
more cases and multidimensional insights into sustainable local
food systems and the development of bio-districts.
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2. Based on research findings on EGI in traditional Chinese
villages, drive the construction and development of bio-districts
by promoting understanding and utilization of local resources.

Due to its geographical isolation, Huanggang Dong Village has not
fully tapped its rural organic branding to raise the economic value of
its products, putting the local industry at a disadvantage. Looking to
the successes of European bio-districts, the village could work with
various actors such as associations, and eco-tourism operators, and
build its own brand in organic farming and marketing channels both
within the region and outside of it, in order to revitalize the region’s
economy. For traditional Chinese villages, it is critical to establish
organic regions on the basis of existing traditional farming practices
and valuable experiences in natural management (Knickel and Peter,
2004). This could create new jobs for vulnerable groups, protect the
health of farmers and consumers, help to preserve cultural traditions,
foster social cohesion, and boost local economic growth (Groier, 2008).
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