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Abstract: The Three Gorges Reservoir Area (TGRA) is typical of an ecologically vulnerable
area, comprised of rural and mountainous areas, and with high immigration. Because of its
economic and ecologic importance, studying the traditional agroecosystem changes in the
TGRA is key to rural development and revitalization. In this study, we apply a framework of
theoretical analysis, empirical study, and trend prediction to the Caotangxi River watershed
within the TGRA. Using QuickBird high-resolution remote sensing images from 2012 to 2017
to evaluate natural resources and farmers’ behavior, we analyze the transition and trends in
the traditional agroecosystem in mountainous areas of the TGRA at spatial scale of the
man-land relationship. We find that the agroecosystem in the TGRA can be divided into four
modes using 100 m interval buffer rings: high-low-low, high-low-high, low-high-low and
low-low-high mode where the different modes represent the agricultural development stages
in the TGRA. Furthermore, the traditional agroecosystem in TGRA, represented by system
elements such as farmers and sloping farmland, is transforming to accommodate the diversi-
fication of farmer livelihoods. For example, sloping farmland, which was dominated by a
production function, now has equal emphasis on ecological and economic functions. Spatially,
the range of the agroecosystem transition has migrated beyond high mountain areas to flat
valley areas. Generally, this study provides an overview of land use in rural areas, controls on
soil and water loss in mountainous areas, and better rural living environments in the TGRA.
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1 Introduction

Agroecosystem is a complex ecosystem with high degree of human intervention that inte-
grates natural resources such as cultivated land, woodland and water (Wang et al., 2015). As
the basis for human sustenance (Guzman et al., 2017), its functions and services provide
important contributions to human well-being (Fisher et al., 2009; Potschin and
Haines-Young, 2011). Rural areas are typical carrier units of this agroecosystem. Developing
social productive forces and continued urbanization have forced a change from traditional
rural characteristics (Liu and Li, 2017; Tu and Long, 2017; Liu, 2018), which are reflected
in the evolution of population structure, planting organization, settlement patterns, and rural
spaces (Liu et al., 2008; Long et al., 2010; Liu et al., 2016).

In the mountainous areas of western Japan, due to social changes that include population
decline, grassland and farmland exposed to “slash and burn” have been transformed into
coniferous forests, while other areas have been completely abandoned and transformed into
deciduous forests through succession (Kamada and Nakagoshi, 1997). In eastern China,
most of the new economic crop land types, including tea and fruit plantations, were estab-
lished in areas previously covered by forest or woodlands (Su et al., 2016). In southwestern
Ethiopia, traditional forest-based farming systems are turning to agricultural systems based
on grain cultivation (Kassa ef al., 2017). In the typical karst region of Slovenia, a grassland
landscape with almost no trees has been converted into a forest-dominant landscape in just
250 years (Kaligari¢ and Ivajnsi¢, 2014). Generally, most existing research has focused on
the evolution and laws of individual typical elements of the agroecosystem. However, few
studies have addressed the agroecosystem as the main body to spatially evaluate the trans-
formation of the traditional agroecosystem in mountainous areas using the changes or char-
acteristics of its various internal factors in response to economic and social influences.

The Three Gorges Reservoir Area is typical of an ecologically vulnerable area, comprised
of rural and mountainous areas with high immigration. It also has the highest concentration
of poor counties in China (Hui et al., 2015). With high-intensity human activity, land
use/cover changes in the TGRA are significant, with clear forest transition trends. That is,
forest areas have transitioned from a sustained decline to restorative growth through a vari-
ety of micro-mechanisms, including cultivated land abandonment and fruit forest planting
(Shao et al., 2015; He et al., 2016). Nonetheless, we do not fully understand how hu-
man-land interactions in the TGRA, including land function changes, spatial reconstruction
of rural settlements, and changes in farmers’ livelihoods, have transformed the agroecosys-
tem in the TGRA. Revealing the transition and characteristics of the agroecosystem in this
region has implications for the future development of rural areas in the TGRA and the evo-
lution of traditional land use in typical mountainous areas. Accordingly, this study analyzes
the characteristic changes in natural resources and farmers in the rural traditional agroeco-
system at the micro-scale using a theoretical analysis, empirical study, and trend prediction
framework. We then evaluate the transition and trends in the agroecosystem within the
TGRA. The overarching goal of this analysis is to provide a new research idea for agricul-
tural development and rural revitalization in the TGRA.
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2 Theoretical analysis
2.1 A theoretical model for agroecosystem evolution in mountainous areas

In recent years, mountainous areas have shown a reversing land use trend, from an initial
expansion of cultivated land and shrinkage of forest land to the contraction of cultivated
land and expansion of forest land. Differing factors, such as the abandonment of cultivated
land and development of fruit forest, are the microscopic mechanisms that lead to these for-
est transitions in mountainous areas. In addition, a large-scale shift in labor demand due to
socio-economic factors has alleviated human disturbances of land, influenced farmer liveli-
hoods, and is the most direct driving force for changes in mountain land use (Li et al., 2016;
Li and Li, 2017).

During the traditional agricultural livelihood period, sloping farmland was the primary
source of production in the agroecosystem. However, the characteristics of sloping farmland
have caused significant ecological and environmental problems in the development and
utilization of mountain land. During the transitional period of agricultural social develop-
ment, cultivated land area has been decreasing with economic fruit forests and abandoned
farmland replacing the reduced area of sloping farmland, which has generally improved the
stability of the agroecosystem (Figure 1).
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Figure 1 The evolution theoretical model of the mountain agroecosystem
2.2 The evolution of the agroecosystem in the TGRA

Recently, the rural human—land relationship in the hinterland of the TGRA has changed sub-
tly (Figure 2), gradually shifting from the traditional agricultural system to non-agricultural
and new agricultural systems; the agroecosystem of the TGRA is transforming. The charac-
teristics of this transition are the result of two important factors: food crop production is the
core of the traditional farming system and improving ecological conservation in the TGRA
has become a priority. Thus, changes in land use patterns correspond to different socioeco-
nomic development stages driven by economic and social changes and innovation (Foley ef
al., 2005; Lambin and Meyfroidt, 2010; Rudel et al., 2010). As various elements in the
agroecosystem of the TGRA have evolved, the ecosystem stability has gradually improved,
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represented by the transition from the traditional grain system to the fruit forest ecosystem in
the mountainous agricultural areas of the TGRA.

The goal of this study is to deconstruct the multiple elements of the traditional agroeco-
system in mountainous areas from the perspective of dynamic landscape change, evaluating
the interacting mechanisms driving human—land relationship change in the TGRA. Different
from the traditional land use transformation research framework, we emphasize the farmer
subject in pursuit of ecological and economic benefits as the basis for explicit changes in
land use. We propose that focusing on this subject will provide an important supplement to
forest and land use transition research.
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Figure 2 Agroecosystem transition in the Three Gorges Reservoir Area (photographs from August 2017)

3 Materials and methods
3.1 Geography of the study region

The Caotangxi River Basin is located in Caotang Town, east of Fengjie County, Chongqing
Municipality, which is in the hinterland of the TGRA. It belongs to the first tributary of the
Yangtze River. The total length of the river is 33.3 km and encompasses a total area of ap-
proximately 210 km? (Figure 3). The settlements in the study area are widely distributed,
and the implementation of a resettlement project has resulted in a gradual downward migra-
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tion of the distribution center of settlements from high elevations. In addition, soil erosion in
the study area is serious because cultivated land within the watershed is mainly distributed
on slopes of 6°-25°. To enhance the soil erosion resistance of sloping farmland, a number of
soil and water conservation projects have been implemented in this area, such as biological
measures that include economic fruit forest planting. In summary, this study watershed is
typical of mountainous watersheds in the TGRA, and thus can represent its vast area.
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Figure 3 Location of the study area in the mountainous hinterland of the Three Gorges Reservoir Area

3.2 Data sources and processing

This study used QuickBird high-definition remote sensing imagery as the data source,
mainly Google Earth remote sensing data from 2012 and 2017 with a resolution accuracy of
0.51 m. Referring to the land use classification methods described in the Resource and En-
vironment Information Database of the Chinese Academy of Sciences, land use in the study
area was divided into 12 types including cultivated land, shrub land, forest land, orchard,
abandoned farmland, township settlements, and rural settlements, using the man-computer
interactive interpretation. Finally, the land use interpretation results were sampled and veri-
fied by field inspection in August 2017; the interpretation accuracy of land use types in each
period was over 92%.

3.3 Research methods

3.3.1 Classifying settlements attributes

The development status and characteristics of spatial distribution of settlements can be re-
vealed by analyzing changes at different stages. Therefore, the activity and status of different
settlements were determined according to field reconnaissance and literature describing the
study area. We used Wang’s (2007) proposed energy exchange process between mountain
settlements and the external environment and a landscape ecology perspective to consider
the ecological vitality of the surrounding environment and settlement age to divide the wa-
tershed settlements into four types: Decline, Stagnation, Development, and Vigor (Table 1).
Because of the internal ecological energy acquisition and consumption in a town, township
residential areas, such as urban construction land showing a homogenization of the sur-
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rounding landscape, were classified as stagnation-type settlements.
3.3.2 Spatial identification of farmer livelihoods

Matching spatial results of farmer livelihood patterns with survey data can improve the au-
thenticity of farmer livelihood data. Based on the characteristics of the study area and after
repeated simulations, the ratio of the cultivated land to the total area within the 300 m buffer
zone centered on the settlement was 95.2%. Therefore, the 300 m range around the settle-
ment was regarded as the farmer’s tillage radius. Spatial association technology was then
used to calculate the land use ratio of the abandoned land within the tillage radius range of
each settlement. These parameters combined with the settlement attributes were used to de-
termine farmer livelihood classifications. As indicated from previous work, a greater settle-
ment recession rate correlates with a lesser likelihood that a migrant farmer will return (Ran
et al., 2017). Therefore, settlement recession and a change to a farmer’s livelihood has a
one-to-one correspondence. Additionally, we conducted a sample survey of settle-
ment-farmers in a field survey in April 2018, where we found that we correctly interpreted
farmer livelihoods at a rate exceeding 85%.

Table 1 Reference standards for different settlement attributes

Settlement type Identification standard Sources Interpretation reference

Signs of cultivation near settlements are disappearing
and abandoned land trends are clear; the landscape

Decline tends to be monotonous; the colors of residential loca-
tions are dim; and surrounding roads are gradually
replaced by “forest-shrub-grass”.

The distribution of the surrounding farmland is scat-

tered and there are no signs of consolidation; the
Stagnation overall landscape pattern is balanced; the colors of

residential locations are generally dark; and infra-

structure construction is declining. CNES
Astrium
Quick Bird
The surrounding farmland shows order and there are (0.51 m)

signs of consolidation; a weak fruit forest planting

Development  trend appears; the ecological landscape tends to be
diverse; the colors of the residential locations are
white; and individual homes are clear.

Clearly fruit forest planting trend near the settlements;
the surrounding infrastructure is complete; the land-

Vigor scape is diverse; the colors of residential locations are
bright; and the stereo perception of the settlements is
strong.

The specific judgement criteria are shown in Figure 4 based on the abandonment rate.
When the abandonment rate within the tillage radius of a single settlement is greater than the
average value of the abandonment rate within the tillage radius of all settlements, there are
three farmer classifications:

(1) Working. Generally, no cultivated land is found around the decline-type settlements,
and the abandonment rate is high; the farmers are more likely to go out to work.

(2) Part-time.
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a) Due to the lack of consolidation of cultivated land around the stagnation-type settle-
ments, the abandonment rate increases; that is, traditional farming and migrant workers co-
exist.

b) The vigor-type settlements are mainly surrounded by economic fruit forest. At the same
time, the abandonment rate increases, and the area of cultivated land shrinks; that is, modern
agricultural and working farmers coexist

(3) Diversified. The proportion of cultivated land around the development-type settle-
ments decreases and the proportion of economic fruit forest and abandoned farmland in-
creases; the cultivated land changes to forest and grassland, and the vegetation coverage in-
creases; modern agricultural development coexists with farming and working.
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Figure 4 Framework to classify farmer livelihoods

When the abandonment rate within the tillage radius of a single settlement is less than the
average value of the abandonment rate within the tillage radius of all settlements, there are
three farmer classifications:

(1) Part-time. The abandonment rate around decline-type settlements has decreased al-
though some cultivated land remains; that is, the traditional type and working type coexist.

(2) Traditional. The abandonment rate around stagnation-type settlements is low, the ve-
getation coverage rate is low, the landscape type is simplified, and the cultivated land area is
large.

(3) Intensive. The abandonment rates around development and vigor settlements are low,
the cultivated land is concentrated, the degree of fragmentation is reduced, and the fruit for-
est area is larger.

3.3.3 Division of agroecosystem research units

To integrate different agroecosystem components, the land use degree (LUD) model pro-
posed by Han et al. (2015) for areas surrounding each settlement in the study area was con-
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structed. We comprehensively compared and identified the applicable scope and characteris-
tics of the land surface disturbance degree index for human activities based on the rural set-
tlement space unit (Table 2). The specific formula is as follows:

L:Z”:Aixcizzn:Aix% )
i=1 i=1

where L is the LUD within a single quadrant; 4; and C; are respectively the i-th land use in-
tensity grading index and the percentage of the area in the quadrant; S; is the i-th land use
type area within the quadrant; and S is the total area of land in the quadrant.

Table 2 Classification of land use degree

Land grade Unused Natural Agricultural Construction
Forest land, grass Sloping farmland, Urban land, rural residential
land, water and . . ..
Land use type Unused land orchard and eco- land, industrial and mining
abandoned farm- . .
Jand nomic fruit forest land and transport land
Graded index 1 2 3 4

Taking into account the coverage of the 300 m tillage radius, each settlement farming area
was used as a research unit for the agroecosystem. Given that the actual area of each buffer
ring is small, the calculated LUD values are relatively close; if a large-scale quantitative
classification is conducted, it will affect the judged regularity of the data. Therefore, the
LUD values of the buffer rings were compared to assign values to the agroecosystem model.
Concurrently, based on the size of the
LUD in the 100 m equal-distance
buffer ring, the agroecosystem was

1. Low-Low-High: L, <L,<L;

divided into four modes: low-low-
high (LLH), low-high-low (LHL),
high-high-low (HHL), and high-low-
high (HHL). The definitions of high
and low values are relative concepts,

2. Low-High-Low: L;<L,>L,

3. High-High-Low: L,>L,>L,

4. High-Low-High: L, >L,<L,

and the main purpose is to present
the dynamic evolution of the agroe- Figure5 Classification criteria of agroecosystem modes
cosystem (Figure 5).

Micro-scale changes in agroecosystems are often difficult to observe using objective
measures. In this case, we use the settlement as the core and the LUD around it to represent
the degree of human disturbance on landscape changes, including human or natural land-
scape evolution on sloping farmland and forest land. In our four defined modes, a high value
indicates that the buffer ring has a higher proportion of human landscape, the proportion of
sloping farmland and construction land is large, the ecological vitality of the settlement sys-
tem is weak; here, farmers behave simply and focus on the traditional cultivation of sloping
farmland. In contrast, a low value indicates that the proportion of natural landscape is high,
e.g., forest, shrub, and grass areas are large; here, farmers show diverse behavior, the eco-
logical awareness of land use is better, and the ecological vitality of the settlement system is
strong.
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3.3.4 Landscape transect analysis

The micro-scale agroecosystem transition modes based on settlement units focuses on ana-
lyzing changes in individual systems; therefore, it cannot show dynamic changes in the
overall traditional agroecosystem within a regional context. To address this limitation, the
evolution trend of agroecosystem was analyzed by selecting some regions with severe dis-
turbances from human activity. The transect selection covered the typical geomorphology of
the study area and the dynamic
landscape changes were relatively
significant. The specific orientation
is northwest-southeast, with the
trend generally parallel to the ridge-
line. The transect window size was
set to cover the range of slopes with
the most significant human distur-
bances and subsequent changes, so
the bandwidth was set to 0.5 km,
length to 1.5 km, and window size
to 500 x 500 m (Figure 6).

./ A Center point
[ Landscape transect
[JVillage boundaries

0 2km
4 Results

Figure 6 Selection of the landscape transect
4.1 Agroecosystem transition

mode

The resource elements centered on settlements were integrated into a complete human—land
system using the LUD model, and are regarded as independent agroecosystem units. Exam-
ples of different agroecosystem modes are shown in Figure 7 for the 2012-2017 study pe-
riod. Subsequently, the typical landscape proportions in different buffer rings in each system
mode were calculated, including economic fruit forest (EFF), abandoned farmland (AF),
sloping farmland (SF) and forest-shrub-grass land (FSGL) (Table 3). Among them, the
proportions of EFF and AF in the HLL mode are relatively evenly distributed in each buffer
ring, and the ratio of both increase over the 5-year study period; the ratio of SF to FSGL has
a significant negative correlation. In the HLH mode, the SF and the FSGL have the highest
proportions in the 100 m and 300 m buffer rings, respectively, and the proportion of the EFF
is generally higher than that in the HLL mode. The typical landscape characteristics of the
LHL model change more significantly, with a significant change in the EFF in the 100 m
buffer ring and SF in the 200 m buffer ring showing the highest value. The typical landscape
features of the LLH mode are similar to those of the LHL mode. The average ratio of SF is
the lowest among the four modes, and the average EFF ratio is the highest. Overall, the cha-
racteristics of HLL and HLH, LHL, and LLH are similar, and in the four modes, EFF and AF
show different increases over the 5-year study period, SF shows the opposite, and FSGL is
relatively stable. In addition, the reduction in SF is generally consistent with the increase in
EEF and AF.
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Figure 7 Examples of different agroecosystem modes
Table 3 Typical landscape characteristics of the agroecosystem
Economic fruit forest Abandoned farmland Sloping farmland Forest-shrub-grass land
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Note: Y-axis represents the proportion of typical landscape, and X-axis represents the buffer ring with different distances.
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4.2 Evolution of the agroecosystem spatial distribution

The agricultural transformation trends in the study area at the landscape level were analyzed
with the moving window method (Figure 8). We used Fragstats4.2 software to calculate
landscape pattern indexes of Contagion Index (CONTAG) and Shannons Diversity Index
(SHDI) for each window. The average CONTAG value for 2012 is larger than the average
for 2017, while the SHDI showed the opposite trend. With the center point as the origin, the
SHDI value is peak-shaped in the middle- and low-elevation areas. With the passage of time,
the classes of predominant patches in transect gradually decrease, and the landscape types
tend to diversify. Additionally, human activities at high-elevation sites have low disturbance
intensity, and the landscape types are relatively simple compared to the middle- and
low-elevation areas; that is, the landscape diversity is basically negatively correlated with
elevation.
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Figure 8 The landscape characterization of the agroecosystem transition

Due to limitations of topography and geomorphology in the high-elevation areas of the
study area, humans have difficulty exploiting the natural landscape and the landscape type
remains dominated by forests. The middle-elevation areas are dominated by traditional set-
tlement-cultivated agricultural landscapes. In contrast, the landscapes of cultivated land near
the low-elevation valley flatland areas gradually changes, with the more degenerative culti-
vated land landscapes that include substitution types, such as AF and EFF. This phenomenon
is closely related to the binding factors, such as the natural slope of the mountain. Concur-
rent with the transformation of the traditional agroecosystem, forest land in the middle and
high elevation areas has changed from cultivated land abandonment to restorative growth.
Therefore, the landscape types in the middle- and low-elevation areas are more diverse and
characterized by the modern mountainous agricultural landscape, combining EFF-Settle-
ment-Cultivated Land-FSGL. The transition process defined by the traditional agricultural
landscape is gradually transforming into a natural forest landscape dominated by FSGL due
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FSGL due to the limitation of natural conditions. That is, a transition from a degenerative
cultivated land landscape to a semi-naturalized modern agricultural landscape through agri-
cultural land use conversion and farmland abandonment.

4.3 The regularity of the agroecosystem transition

By analyzing the relationship between different agroecosystem modes, topographical fea-
tures, and various resource elements, we explore the agroecosystem transition in more detail
(Figures 9 and 10). Due to terrain constraints, settlements in the study area have been mainly
concentrated in the slope range of 10°-35°. Between 2012 and 2017, the number of LLH
and LHL modes in the low-elevation areas gradually decreased; the LLH and LHL modes
shifted from stagnation-type and development-type settlements to vigor-type settlements,
and more farmer livelihoods were of the intensive type. The HLL and HLH modes became
concentrated in development, stagnation, and decline-type settlements, and the farmer live-
lihoods generally transitioned from traditional to the part-time and intensive types. In the
100 m range through the EFF planting region, the modes ranked as: LLH >LHL >HLH
>HLL; the relationship between each mode and distance from the AF changed from an in-
verted U-shaped distribution to a negative correlation trend.
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Figure 9 The changing relationships between system elements during the agroecosystem transition
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Figure 10 The changing modes of the agroecosystem transition from 2012 to 2017 in the Three Gorges Reser-
voir Area

In summary, there are certain coupling relationships between different modes of agroeco-
systems and their subsystems. Combining the results described in sections 4.1 and 4.2, we
find that the agroecosystem in the study area is gradually transforming from Form-A (pure
agricultural livelihood for extensive use in traditional farming areas) to Form-B (intensive
use for logical planting structures and species diversity around settlements) through eco-
logical restoration methods, such as SF abandonment and EFF planting. Overall, the LLH
and LHL agroecosystem modes are more applicable to agricultural development in the
TGRA.

5 Discussion
5.1 Transition mechanisms and agroecosystem trends in the TGRA

The transition of Form-A to Form-B can be viewed as a process of transforming rural land
use and farmer livelihoods from traditional farming to modernized new agriculture and di-
verse livelihoods (Figure 11). This transition process is a response to social and economic
development and policies. Land use change is reflected in the (1) planting structure progres-
sion from production of primarily grain crops to mixed cultivation of grain and cash crops,
(2) the transition from extensive to intensive land use, and (3) farmer livelihoods evolving
from purely agricultural to diverse; each has promoted the agricultural and rural develop-
ment of the TGRA to varying degrees. Under the intervention of human activities, the SF in
the TGRA will gradually shrink and the planting structure will be transformed; the devel-
opment of the agroecosystem will shift to the low-elevation valley flatland area, continuing
the trend from traditional livelihood to eco-economic complexes. Concurrently, the hu-
man—land relationship will become less contradictory, which will provide benefits to society
and ecology.

5.2 Research prospects

At present, sustainable intensification of agroecosystems has gradually become a paradigm
for agroecosystem development on a global scale, which emphasizes the sustainability and
resilience of landscapes, biospheres, and the Earth system (Tittonell, 2014; Rockstrom et al.,
2017). Effectively using natural functions provided by ecosystems to design multi-functional
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Figure 11 Trends in the agroecosystem transition

agroecosystems is an important aspect of this sustainable agricultural intensification (Liu et
al., 2017). In our study area, agroecosystem evolution is gradually catering to the develop-
ment of sustainable intensive agriculture, which is the ecological and economic development
goal of agriculture in the TGRA.

Rural agricultural development in the TGRA is representative of rural land use transition
on a small scale and reflects the evolution process of rural agroecosystems in mountainous
areas. The vitalization of settlements structure, the diversification trends in farmer liveli-
hoods, and the evolution of SF-EFF-AF’s mountainous agroecosystem are key elements of
the transition from traditional agroecosystem in typical mountainous areas such as the
TGRA, which are different from agroecosystem changes in other areas. These observations
provide additional regional evidence for the conclusion that “China is turning green” (Maci-
asfauria, 2018). In addition, the vegetation coverage increases in the low-elevation areas are
slightly larger than in the high-elevation areas, which further explains the process of forest
transformation in rural China at the community level (Zhang et al., 2017).

Nonetheless, our research has some limitations. First, the basis for the spatial evaluation
of farmer livelihoods was the settlement-based farmer livelihood status. Although there is a
certain empirical error using this metric, the slight adjustment after field verification can be
generally applied to the evaluation process in large-scale mountainous areas. Second, the
spatial characterization of the traditional agroecosystem in this mountainous area was based
on dividing buffer units around the settlement; then, smaller scale changes in elements
within the regional agroecosystem were integrated. Therefore, the limiting factors of the
farming distance in the study area may have impacted the definition of the agroecosystem,
although it would not have affected its own reference value.
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6 Conclusions

Using a framework of theoretical analysis, empirical study, and trend prediction, this study
analyzed the evolution of the traditional agroecosystem in the TGRA from the perspective of
changing human—land relationships. We obtained the following conclusions:

(1) Taking the typical watershed of the Caotangxi River as our study area, we found that
farmland abandonment and expansive fruit tree planting in rural areas of the TGRA resulted
in changes to the sloping farmland landscapes. Rural settlements in the high-elevation areas
gradually migrated to valley flatland areas and farmer livelihoods have also changed from
traditional to diverse and modern agriculture. High-elevation settlements with poor natural
conditions in the region tend to be abandoned, while the ecological vitality of the
low-elevation settlements with good site conditions is gradually improving.

(2) Selecting a settlement and its surrounding 300 m buffer zone as the research unit, we
divided the agroecosystem into four modes, HLL, HLH, LHL, and LLH, using a 100 m buf-
fer interval. These represent the four modes of agricultural ecological transition in the TGRA
and corresponding to different stages of agricultural social development. HLL and HLH
represent traditional agroecosystems and LHL and LLH represent modern agroecosystems,
with an evolution from the former to the latter.

(3) The agroecosystem in the TGRA is gradually transforming from Form-A (pure agri-
cultural livelihood for extensive use in traditional farming areas) to Form-B (intensive use
for logical planting structures and species diversity around settlements) through ecological
restoration methods, such as SF abandonment and EFF planting. This observed change indi-
cates that the mountain agriculture represented by the TGRA is transitioning from the tradi-
tional grain system to EFF ecosystem.

These results have implications for rural land use in the TGRA, soil erosion control in ru-
ral areas, and the optimization of rural dwelling environments.
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