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Abstract

In the field of world heritage conservation, there has been broad consensus on carrying out heritage conservation
research on the basis of spatial integration and interregional and international cooperation. However, there are still
many deficiencies in the integration of culture with the environment, regional economic and social development,
and the regional, holistic and multimodal conservation and utilization of cultural heritage sites. In China, the Dongji-
ang-Hanjiang River Basin is a representative area of substantial cultural and ecological value for both Guangdong
Province and the whole country. This paper uses the morphological spatial pattern analysis and the minimum cumu-
lative resistance model to integrate cultural ecology sources and establish a cross-regional and large-scale cultural
ecology network system that includes 1 main corridor, 22 important corridors and 17 secondary corridors. In addition,
based on identified cultural landscape nodes and cultural ecology services, the economy of the cultural ecology cor-
ridor could be developed with large-scale co-construction, co-governance and shared working mechanisms to over-
come administrative limits and realize the conservation and utilization of multimodal and large-scale heritage sites.
This approach has strong theoretical and practical significance for innovative methods in cultural ecology research,
as well as for new content in the research of Lingnan culture, ecosystem restoration, and the economic and social
development of towns and villages. This article supplements unilateral studies of regional culture and ecology

and demonstrates an in-depth application of cultural ecology theory.

Keywords Cultural ecology, Corridor network system, Lingnan culture, MSPA, MCR

Introduction

Cultural heritage, characterized by its longevity, diversity,
rich artifacts, wide distribution and exceptional value to
society [1, 2], is an important carrier of historical line-
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and the environment still maintain a strong level of vital-
ity and continue to evolve temporally and spatially [3]. In
the field of world heritage conservation, there has been
broad consensus that heritage conservation research
should be carried out on the basis of spatial integration
with interregional and international cooperation [4].
However, at present, China’s cultural heritage traditions
face the following challenges: (1) the isolation and sepa-
ration of heritage from the environment [5, 6]; (2) a lack
of connection between heritage traditions [7]; (3) a sin-
gular conservation and utilization mode for individual
traditions, such as heritage museums and cultural tour-
ism villages [8, 9]; and (4) in addition, due to the limita-
tions posed by administrative divisions and departments,
governance tools at all levels, such as conservation poli-
cies, conservation works, and conservation funds, can-
not be coordinated across the whole system, so that it is
difficult to identify the objects of conservation, including
material and nonmaterial cultural resources, and coordi-
nate conservation and utilization plans [10]. Therefore,
an important part of the conservation and utilization
of cultural heritage in China at this stage is to carry out
broad investigations, analyses and plans based on unique
regional culture that will break through the prevailing
style of “classification” research in cultural heritage of the
past few decades [11] and construct an “overall” frame-
work for research on a large scale across regions [12-15].

The essence of the decline and demise of cultural herit-
age is the incompatibility between heritage and environ-
mental development. In the conservation of historical
and cultural heritage, international attention on the his-
torical environment began very early. The conservation
criteria included “urban or rural setting” (ICOMOS,
Venice Charter, 1964) [16]; “historic areas and their sur-
roundings” (UNESCO, Nairobi, 1976) [17]; “the town
or urban area and its surrounding setting” (ICOMOS,
Washington Charter, 1987) [18]; and “historic cities,
towns and urban areas as important elements of urban
ecosystems, noting that conservation not only entails the
enhancement and management of these areas but also a
synergistic development that promotes sustainable and
holistic conservation and the harmonious development
of historic towns as integral parts of urban ecosystems”
(ICOMOS, Valletta Principles, 2011) [19]. The trend of
regionalization and integration of heritage conserva-
tion is further manifested in the integration of heritage
sites with the surrounding environment. In 1955, Julian
H. Steward, an American cultural anthropologist, pro-
posed the term "cultural ecology”, which emphasizes the
interaction between culture and the environment, focus-
ing on the relationships among the environment, bio-
logical organisms and cultural elements [20]. It focuses
on the mutual “adaptation” of culture and environment,
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which is a methodology of cultural research [21]. On
this basis, the cultural ecology system further empha-
sizes the organic unity of the cultural community and its
environment. There are three characteristics of adapt-
ability, variability and integrity between culture and the
environment. Adaptability refers to the cultural factors
that shape a good living and development environment
for one’s own needs; variability refers to the adjustment
and change in cultural factors according to changes in the
natural and social environment, which may manifest as
the variation and integration between cultures or cultural
adaptation and decline under changes in the natural envi-
ronment; and integrity refers to the mutual influence and
adjustment of cultural and environmental factors in an
open cultural ecosystem. Through the adjustment of the
development direction of the two systems, cultural ecol-
ogy factors are integrated into a stable system, that is, the
cultural ecology system [22-25].

In recent years, research on cultural ecology in the
study of cultural heritage has involved the following
aspects, among others: heritage corridor construction
[26-28], ecological network construction [6, 29, 30],
delineation of heritage conservation areas [31], cultural
landscape mapping of traditional villages [32-34] and
cultural landscape security patterns [35, 36]. The impor-
tance of holistic heritage conservation and the integra-
tion of heritage and the environment has been widely
recognized worldwide. However, several issues still need
to be discussed continuously, such as the following: (1)
How can cultural heritage be better integrated into the
regional environmental network and an organic network
that closely combines culture and the environment be
formed? (2) How can a single heritage point and a single
pathway for tourism utilization be multiplied to promote
the overall and multimodal cultural and environmental
conservation, restoration and utilization of the herit-
age site? (3) How can the constraints of administrative
boundaries be overcome, convenient channels for the
flow of resources between regions be established, and the
overall conservation and utilization of heritage regions be
realized?

With the above questions, from the perspective of
cultural ecology, this paper draws on the method of
constructing heritage corridors [14] to focus on the
Dongjiang-Hanjiang River Basin in Guangdong Prov-
ince, which features a concentration of Lingnan culture.
The understanding of the geography of linear space and
place has deepened and expanded. Combined with the
cultural ecology of the study area, the adaptability, vari-
ability and integrity are discussed from the perspective of
the system, and a large-scale conservation and utilization
system with a transadministrative boundary integrating
cultural heritage and the environment is established. We
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Fig. 1 The geographical location of the Dongjiang-Hanjiang River Basin and the spatial distribution of its cultural heritage resources. a Location
of the study area, b Ancient buildings, ¢ Arcade streets in characteristic villages and towns, d Chinese traditional villages

believe this work has made certain contributions to the
conservation of cultural heritage at both the theoretical
and practical levels.

Study area and methods
Study area
Guangdong Province, located in the southernmost part
of mainland China, is one of the three major gather-
ing places of Lingnan culture in China. Lingnan culture
has made indelible contributions to the formation and
development of the Han nationality, the main ethnic
group in China, as well as to national unity. This culture
occupies an important position in the history of Chinese
national culture. Lingnan culture in Guangdong Prov-
ince has three main subgroups: Guangfu culture, Hakka
culture and Chaoshan culture (Table 1) [37, 38]. At pre-
sent, there are approximately 38 million Guangfu peo-
ple, 16 million Chaoshan people and 14 million Hakka
people in the world. In terms of geographical space, this
population is mainly distributed in the Pearl River Delta
(Guangfu) and the Dongjiang-Hanjiang River Basin area
in the northeastern part of Guangdong Province (Cha-
oshan and Hakka). In this paper, the Dongjiang-Hanjiang
River Basin is taken as the scope of study (Fig. 1). The
geographical area represents the great cultural and eco-
logical value of the whole country.

In terms of culture, the Dongjiang-Hanjiang River
Basin is the main gathering place for Chaoshan and

Hakka cultures. The Dongjiang and Hanjiang Rivers run
through the core area and subregion of Hakka culture,
the subregion of Guangfu culture, and the core area of
Chaoshan culture. High-value, numerous and widely
distributed Lingnan cultural heritage sites have survived
along the river thus far.

In terms of ecology, the Dongjiang-Hanjiang River
Basin is rich in water and biological resources. It is the
water supply source for eastern Guangzhou, Shenzhen,
Dongguan, Hong Kong and other places; furthermore,
it supports economic and social activities in the north-
eastern region of Guangdong Province. This basin plays
an important ecological role in terms of resource supply,
ecological services and environmental regulation in the
Guangdong-Hong Kong-Macao Greater Bay Area and
the northeastern region of Guangdong Province.

Materials

The data used in this study include land use data, road
network data, water network data, elevation data and cul-
tural heritage data from the Dongjiang-Hanjiang River
Basin. The following types of data are included:

(1) The land use data were derived from the Glob-
eLand30 global land cover data from 2020 (http://
globeland30.0rg/), and three partitions—N49_20,
N50_20, and N50_25—were selected.
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(2) Vector water and road network data were derived
from the Open-Street Map (https://www.openh
istoricalmap.org/).

(3) The 30 m resolution DEM elevation data were
obtained from the Geospatial Data Cloud Platform
of the Computer Network Information Center of
the Chinese Academy of Sciences (http://www.
gscloud.cn/search).

(4) Data on immovable tangible cultural heritage sites
were obtained from the “Guangdong Cultural
Heritage Immovable Cultural Relics List” (2013),
which included attributes such as protection level,
age, and heritage type of the five types of herit-
age objects, including grottoes and rock carvings,
ancient tombs, ancient ruins, ancient buildings,
and modern historical sites and buildings, within
the scope of the study area. The characteristic vil-
lage, town and historical trail data were obtained
from “the Conservation and Utilization Master Plan
for the Historical Trails in Guangdong Province”
(2017). The Chinese traditional village data were
derived from the “List of Chinese Traditional Vil-
lages” (first to sixth batches). Together, they consti-
tute the data of cultural heritage sites.

Methods

Morphological spatial pattern analysis

The morphological spatial pattern analysis (MSPA)
model proposed by Vogt et al. is a bias measure struc-
tural connectivity method used to identify the source
and construct the resistance surface [39]. The forestland,
grassland and water land types in the study area in 2020
were used as foreground data, and the MSPA method
was used to divide them into seven green landscape
structure types, namely, core area, islet, perforation,
edge, loop, bridge and branch. According to the integral
index of connectivity (IIC), the probability of connectiv-
ity (PC) and the delta of PC (dPC) in the landscape index,
the patches in the core area were quantitatively evaluated
[29, 40] to determine the ecological source in the basin.

ajXaj
21 2 1;,11;

IIC = , (1)
A
n n
P> % a; X aj X P
pC = ==1 ’142’ Unbl/y )
L
PC — PC
dPC = ————"%% % 100%. (3)

PC

In the formula, n is the total number of patches; a; and

a; are the areas of patches i and j, respectively; nl; is the
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number of connections on the shortest path between
patches i and j; p; represents the maximum probability of
species diffusion between patches i and j; A; is the total
area of the landscape; and PC,,,,,,, represents the PC
value after removing a patch in the study area. 0 <IIC<1
and IIC=0 indicates that there is no connection between
patches, and IIC=1 indicates that the whole landscape is
connected. When 0<PC<1, the greater the PC value is,
the greater the degree of patch connection. The greater
the dPC value is, the greater the importance of the
patches.

Analytic hierarchy process and composite index method

The analytic hierarchy process (AHP) refers to the deci-
sion-making method that decomposes the elements that
are always related to decision-making into levels such as
goals, criteria, and programs and conducts qualitative
and quantitative analysis on this basis [41]. In this paper,
the AHP method is used to evaluate and classify the
importance of cultural heritage and the influencing fac-
tors that are resistant to the conservation and utilization
of cultural ecology sources. The evaluation indices are
determined as follows:

(1) Importance of cultural heritage. The age, type and
conservation level of cultural heritage sites reflect
the time value, existence form and conservation
value of heritage, respectively, which can reflect
the importance of heritage. The number of heritage
sites in the Dongjiang-Hanjiang River Basin is large
and scattered. Proximity can reflect the degree of
aggregation between heritages and facilitate inter-
action between heritages. The scale of a heritage
site can reflect the availability of cultural activities
carried out by the heritage site, and the type of her-
itage has a direct correlation with the scale. Finally,
the existence age, conservation level, proximity and
area scale of cultural heritage are selected as the
evaluation indices of heritage importance.

(2) Resistance surface. From the perspective of the
conservation and utilization of cultural ecology
sources, the main aspects of resistance are geo-
graphical conditions and accessibility. In terms of
geographical conditions, evaluation factors include
elevation, slope and land use type. The greater the
elevation and slope are, the greater the resistance
cost. The types of land use are divided according
to the intensity of human activities. The activity
intensity of construction land is the highest, and
the resistance cost is lower. In terms of accessibility,
the evaluation factor is the distance from the main
roads, rivers and historical trails. The closer the dis-
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tance is to the source point, the greater the acces-
sibility and the lower the resistance cost. Finally,
the terrain, land use, road network, water network
and historical trail data were selected to construct
resistance factors.

The relative importance of the evaluation indicators is
determined by the Delphi method. According to the selec-
tion criteria for the Delphi method of consulting experts, a
total of 15 scholars and government staff members working
in traditional villages and Lingnan culture research were
selected; these included 2 professors, 3 associate profes-
sors, 5 government staff members and 5 researchers at the
Institute of Geography. The judgment matrix is obtained
through expert judgment. The weights of the two parts of
the evaluation index are calculated by Yaahp 12.3, and the
matrix CR is less than 0.1, which is consistent with the con-
sistency test.

Minimum cumulative resistance

The minimum cumulative resistance (MCR) mainly refers
to the minimum work or cumulative cost of simulating
various landscapes with different resistance values from
the “source”. This model usually combines a gravity model,
mapping theory, and a connection index to evaluate and
optimize ecological corridors [42]. In 2004, Yu introduced
the least resistance model into the field of heritage cor-
ridors for the first time when discussing a new suitability

Table 3 Classification and weight of cultural heritage sites
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Table 2 Statistics of cultural heritage types

Type of cultural heritage Sites
Ancient city 3
Chinese traditional villages 123
Characteristic villages and towns 148
Grottoes and stone carvings 157
Ancient tombs 328
Ancient ruins 391
Modern historical sites and buildings 1261
Ancient buildings 3277
Total 5688

analysis method for heritage corridors [43]. The MCR
model can also help explain the distribution of biodiversity
in ecosystems and provide a scientific basis for the con-
servation and restoration of biodiversity. In this paper, the
MCR model is used to construct potential cultural-ecolog-
ical corridors, connect cultural-ecological resources, and
carry out conservation and utilization activities.

MCR = / minZ::l(Dij x Ry), (4)

In the formula, D represents the distance between land-
scape units i and j, and R; represents the resistance coeffi-
cient of landscape unit .

Factor Analysis Classification Index Evaluation Value Weight
Area scale Classified into four different levels of scale: Heritage Monuments 200 m? 1 041
Heritage Monuments (Ancient Sites, Ancient Chinese Traditional Villages 1 km? P
Tombs, Ancient Buildings, Grottoes and Stone o ) )
Carvings, Modern Historical Sites and Build- Characteristic Towns and Villages 2km 3
ings), Chinese Traditional Villages, Character- Ancient Cities 2.5 km? 4
istic Towns and Villages, and Ancient Cities.
According to the scale level, a certain buffer
zone is given as the area of the heritage site
(m? km?)
Existence age The earlier the age of existence, the higher The Republic of China era, Modern times  Modern times 1 0.13
the value of heritage Ming Dynasty, Qing Dynasty Ming-Qing Period 2
Song Dynasty, Yuan Dynasty Song- Yuan Period 3
before Tang Dynasty before Tang Dynasty 4
Conservation level According to the grading standards of China's ~ County, unregistered conservation level ~ County and below 1 0.25
immovable cultural heritage City level City P
District level District 3
Provincial level Provincial 4
National level National 5
Proximity According to the size of the heritage, <5 lower 1 0.21
the buffer zone is set up, and the number <10 Low P
of heritage points covered within the buffer )
zone is counted (number) <15 Medium 3
<20 High 4
>20 Higher 5




Sun et al. Heritage Science (2024) 12:44

Evaluation of the corridor network structure

The network closure index (a index), network connectiv-
ity index (B index) and network connectivity rate (y index)
were used to quantitatively analyze and evaluate the struc-
ture of the constructed corridor network to determine the
rationality of the network structure [44]. This paper uses
the o, B and y indices to evaluate the structural rationality
of the cultural ecological corridor network system.

L-V+1

2V -5 (©)

) (6)

Research Framework
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In the formula, the « index takes the value of [0,1];
when close to 0, no loop is formed; when close to 1,
the loop in the ecological corridor network reaches the
peak value. The B index takes the value of [0,3]; p>1
means that the complexity of the corridor network
structure is high; =1 means that only a single-loop
ecological corridor network is generated; and P<1
means that the corridor structure is single and that
only a tree-like ecological corridor network is gener-
ated. The y index takes the value of [0,1]; the larger the
value is, the greater the network connectivity.
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Fig. 2 Distribution of important cultural source points

Table 4 Area and proportion of landscape types based on MSPA in 2020

Landscape type Area (km?) Accounting for a total area of woodland Accounting for a
landscape (%) total area of (%)

Core area 34,026.87 91.10 67.23

Islet 34.87 0.09 0.07

Perforation 1358.60 3.64 2.68

Edge 1414.93 3.79 2.80

Loop 126.81 0.34 0.25

Bridge 9142 0.24 0.18

Branch 29830 0.80 0.59

Results is determined by the AHP (Table 3). A comprehensive

Selection of cultural ecology points evaluation of the importance of cultural heritage sites

Cultural source points in the Dongjiang-Hanjiang River Basin was carried out.

A total of 5688 tangible cultural heritages in 8 catego-
ries were investigated and organized, including grot-
toes and stone carvings, ancient tombs, ancient ruins,
ancient buildings, modern historical sites and buildings,
traditional Chinese villages, ancient cities, character-
istic villages and towns (Table 2). The selected cultural
source points should have the characteristics of high
historical and cultural value, outstanding conservation
value, and ease of carrying out subsequent cultural ecol-
ogy activities. The four index factors, including the area
scale, existence age, conservation level and proximity
of the heritage site, are selected, and the factor weight

According to the evaluation score, there were 1-2 general
heritage sites (5015 sites), 2—3 more important heritage
sites (553 sites), 3—4 important heritage sites (112 sites),
and 4-5 core heritage sites (8 sites). Initially, 120 impor-
tant and core heritage points were selected as representa-
tive cultural source points in the river basin. On this
basis, considering the accessibility of the heritage site and
the distance from the cultural route, the main rivers and
historical trails in the river basin were used as the skel-
eton and natural substrate of the cultural route. A 2 km
buffer zone was established with the help of ArcGIS to
further screen 79 heritage sites as the final representative
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Fig. 3 Distribution of ecological source points

cultural source points (Fig. 2). The important cultural
source points are located mainly in the Chaoshan area,
followed by Meizhou and Heyuan cities, with fewer sites
distributed in Dongguan and Huizhou cities.

Ecological sources
According to the MSPA, the landscape core area of
the Dongjiang-Hanjiang River Basin is 34,026.87 km?
accounting for 91.10% of the total ecological source area
and 67.23% of the total study area. The core areas mainly
distributed in Heyuan, Huizhou, Chaozhou and Meizhou
city, and the landscape connectivity is good, which is
conducive to the flow of biology and material. The con-
nections to the basin are less common in Dongguan and
Shantou city. The edge and perforation areas account
for 3.79% and 3.64%, respectively, of the total ecologi-
cal resources. There is a certain transition between the
external edge and the internal edge in the core area. The
proportions of islets, loops, bridges, and branches were
all low, indicating that there were fewer isolated small
patches in the study area and fewer channels available to
alleviate internal barriers and strengthen patch connec-
tions (Table 4).

In the analysis of ecological sources, considering the
spatial scale of the basin, the suitability of habitat patches,

and the diffusion ability of wild animal composite groups,
referring to Meurk’s (2017) research on Yujiang County, a
500-m patch distance threshold was set, and the connec-
tivity probability was selected as 0.5 [45]. Through MSPA,
the core area of the landscape was used as a potential
ecological source. Conefor was used to evaluate the land-
scape connectivity of potential ecological source patches
through the IIC, PC and dPC landscape indices. dPC is
a representation of the importance of patches; the larger
the value is, the greater the contribution of patches to the
overall landscape. Referring to Chen’s (2023) research
on Fujian Province, 21 core areas with dPC>1 [29] were
ultimately selected as the ecological sources in the basin
(Fig. 3). These ecological sources cover almost all impor-
tant ecological control areas and scenic spots in the study
area.

Cultural-ecological coupling

The above cultural source points and ecological sources
are coupled and analyzed. Spatially, the historical and
cultural attributes and the ecological environment attrib-
utes are superimposed, and most of the cultural source
points are distributed within the ecological sources;
however, some are not superimposed in the surrounding
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Fig. 4 Distribution of cultural ecology points

Table 5 Cultural and ecological coupling analysis

Coupling analysis Ecological source + >3 cultural

source points

Ecological source + <3 cultural
source points

Dongguan City and Shantou City
cultural source points

Cultural source point— cultural ecol-
ogy point (cultural)

ecological source — cultural ecology
group (ecological)

Cultural and ecological attributes

Cultural source point ecological
source

Cultural group

areas of urban centralized construction land but are
clustered.

First, the number of cultural source points in a single
ecological source is greater than or equal to 3, and the
source is identified as a dual attribute of culture and ecol-
ogy; that is, the cultural ecology group and the cultural
source point in the group are regarded as the source
points of cultural ecology. Second, for sources with fewer
than 3 cultural sources in a single ecological source, the
cultural and ecological attributes are not considered to
fully overlap, and the single attribute is still maintained,
that is, the cultural source and the ecological source are
separated. Finally, 40 cultural ecology points, 36 cultural

source points, 21 ecological sources and 5 cultural ecol-
ogy groups were identified. In addition, Dongguan city
and Shantou city currently lack ecological resources, but
the cultural sources are more concentrated and identified
as cultural groups (Fig. 4; Table 5).

Construction of the cultural ecology corridor

Resistance surface analysis

In the construction of the minimum resistance surface,
the factors influencing resistance to the conservation and
utilization of cultural ecology sources are considered,
and the natural ecological environment and economic
and social conditions in the basin are combined. Then,
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Table 6 Comprehensive resistance surface weight coefficient table
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Resistance factor

Classification Index Evaluation Weight Resistance factor

Classification Index Evaluation Weight

Elevation (m) <200 1 0.10 Distance from river (km) <1 1 024
200-400 2 1-3 2
400-800 3 3-6 3
800-1000 4 6-10 4
>1000 5 >10 5
Slope (°) <8 1 0.10 Distance from historical trail <1 1 0.24
8-15 2 (km) 1-3 2
15-25 3 3-6 3
25-35 4 6-10 4
>35 5 >10 5
Distance from roads (km) <1 1 0.18 Land use Construction land 1 0.15
1-3 2 Grassland 2
3-6 3 Forest land 3
6-10 4 Cultivated land 4
>10 5 Unused land 5

25 50

LEGEND

Comprehensive resistance

surface

Fig.5 Comprehensive resistance surface

the elevation, slope, land use, and distance from roads,
rivers and historical trails are selected to construct the
resistance factor. The resistance value is set to 1-5, the
‘unfavorable’ method is adopted [46], and each resistance
factor is assigned (Table 6). The AHP is used to deter-
mine the weight of factors, and the grid calculator of Arc-
GIS 10.8 software is used to construct the comprehensive

resistance surface (Fig. 5). Next, based on the cultural
ecology source points and the comprehensive resistance
surface, the MCR is used to construct the minimum
cumulative resistance surface, and the minimum resist-
ance surface between each cultural ecology source point
is calculated (Fig. 6).
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Table 7 Main corridor section
Section node Cultural section Ecological section
D-0-®-® Guancheng-Longhua Town-Tuocheng Ancient City- Dongjiang river—Luofu Mountain, Xiangtou Mountain-Feng-
Qingyun Village shuba Nature Reserve
@-6-0O-® Tuocheng Ancient City- Huangshi Town-Meizhou Ancient Dongjiang river—Fengshuba Nature Reserve-Yinna Mountain
City- Pingtan Town

®-©®-© Songkou Town-Dapu County-Longhu Town Hanjiang river—Yinna Mountain-Xiyan Mountain
©-® Longhu Town-Dahao Ancient City Hanjiang river

Construction of a cultural ecology corridor network system

(1) Preliminary construction and classification of the
network

The MCR model is used to calculate the minimum
cost route between the source points, and prelimi-
nary corridor construction is carried out according
to the groups obtained from the previous analysis.
Construction rules: A corridor connected to two
cultural ecology groups is identified as an important
corridor; a cultural ecology group and any single
functional group (culture or ecology) are identified
as important corridors; and two single functional
groups are identified as secondary corridors. A total

of 22 important corridors and 17 secondary cor-
ridors were formed. Source points were combined
with highly accessible corridors to create important
corridors, and the corridor with the most source
points was taken as the main corridor. The relevant
authorities should prioritize the implementation
and construction of the main corridor. There is a
strong overlap between the main corridor and the
main river systems of the Dongjiang River and Han-
jiang River (Table 7). The Dongjiang River Basin
section has two rings, namely, the “Dongguan-
Heyuan Dongjiang Corridor Ring” and “Huizhou-
Heyuan-Meizhou Dongjiang Corridor Ring’, which
include Pingtan Town, Meizhou Ancient City,
Tuocheng Ancient City, Luofu Mountain, Feng-
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Fig. 8 The cultural ecology corridor network

shuba Nature Reserve and other important cultural
ecology sources. The Hanjiang River Basin contains
two parts, namely, the “Meizhou-Chaozhou Han-

jiang Corridor Ring” in the north-central region
and the “Shantou Hanjiang Corridor” in the south-
ern region, including Songkou town, Dapu County,
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Dahao Ancient City, Yinna Mountain, Xiyan Moun-
tain and other important cultural ecology sources.

Finally, a preliminary map of the cultural ecology cor-
ridor in the Dongjiang-Hanjiang River Basin was
generated (Fig. 7). The preliminary analysis showed
that the important corridors were mainly distributed
in the central and eastern regions of the basin and
were in line with the cultural ecology groups. The
secondary corridors further enhanced the connectiv-
ity of various cultural ecology patches in the basin.

2)
Improvement of the network

On the basis of the preliminary construction and
classification of cultural ecology corridors, it is also
necessary to construct a general corridor between
the source points in each remaining patch, forming
the structure of the main network and the branches
of the nerve endings, to improve the completeness
of the network. These general corridors connect
cultural source points, ecological sources, cultural
ecology source points and patch groups to form a
complete cultural ecology corridor network (Fig. 8).
The construction of this network is conducive to
improving the information and material exchange
of cultural and environmental elements in the basin
and promoting the connectivity of cultural routes
and ecosystems between regions.

3)
Analyzing the network structure

The number of potential cultural ecology corridors
in the Dongjiang-Hanjiang River Basin is L=1231,
and the number of corridor nodes is V=>537. This
basin includes 1 main corridor, 22 important cor-
ridors and 17 secondary corridors. The «, B, and y
indices were used to analyze and evaluate the gen-
erated cultural ecology corridor network structure
and showed that a=0.65, p=4.58, and y=0.77,
indicating that the Dongjiang-Hanjiang River Basin
has formed a composite network structure with
many corridors, good connectivity and high density,
which is conducive to the comprehensive overall
conservation and interaction of culture and ecology.

Discussion

In the 1980s, the United States of America proposed the
conservation and utilization of canal areas via the herit-
age corridor model. The heritage corridor includes four
constituent elements: green corridors, walking trails,
heritage sites, and interpretation systems. It empha-
sizes the conservation of the natural environment and
the lining and linking of cultural heritage; this conserva-
tion method pursues the multiple objectives of heritage
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preservation, regional revitalization, residents’ recrea-
tion, cultural tourism and education [47]. Currently, her-
itage corridor research focuses on corridor construction
methods, industrial development, tourism development,
and conservation and management [26-28, 48-51].
However, studies on the comprehensive conservation and
utilization of corridors are rare. This paper draws on the
practical operation of heritage corridors. On the basis of
the cultural ecology corridors in the Dongjiang-Hanjiang
River Basin, the construction of cultural landscape nodes
assists with the development of cultural ecology ser-
vices, large-scale co-construction, co-governance-sharing
working mechanisms, and a corridor-based cultural-
ecology economy. This will further promote the utiliza-
tion of cultural heritage, natural ecological restoration,
regional coordination and development and promote
regional economic and social development through the
conservation and utilization of cultural and environmen-
tal resources.

In addition, the overall conservation awareness
induced by cultural heritage and its combination with the
environment has been widely valued by scholars. How-
ever, the integration of culture and environment, culture
and regional economic and social development, and the
regional, holistic and multimodal conservation and uti-
lization of cultural heritage sites need to continue to be
supported by related research and discussion. The com-
prehensive construction of the cultural ecology corridor
system in this paper, on the one hand, is a solution to the
three discussion questions; on the other hand, this is in
line with China’s current national policy requirements for
building a cultural power and harmonious coexistence
between humanity and nature.

Developing cultural ecology services and inheriting
Lingnan culture
Cultural landscape nodes should be built. The cultural
ecology source point is combined with its surrounding
character stories, folklore, rituals, food and other content
to create a "cultural landscape node" that integrates the
elements of "material culture+natural ecology+ non-
material culture” to promote the conservation and uti-
lization of cultural heritage. We will construct a system
of “slow paths (multiple linear carriers such as historical
trails, greenways, scenic roads, and blue roads), interpre-
tation and education, and recreation and experience” in
the cultural ecology corridors of the river basin. Through
the systematic coordination of cultural and ecological
resources, we will promote the recreational, ornamental,
and research activities of cultural landscape nodes in the
corridor.

Historical stories, architectural features, village devel-
opment, folk culture and other content along the corridor
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are clarified to educate and disseminate Lingnan culture,
improve the public’s understanding of the traditional
culture of Chaoshan and Hakka cultures, and promote
"holistic’ conservation and utilization of cultural heritage.

Enhancing ecological connectivity and the repair of natural
ecosystems

Dongguan and Shantou should be added as ecologi-
cal sources, and ecological corridors were restored. In
2021, China proposed the idea of systematic manage-
ment of mountains, rivers, forests, fields, lakes and sands,
with river basins serving as the main unit. The ecologi-
cal sources of Dongguan and Shantou in the Dongji-
ang-Hanjiang River Basin are relatively lacking, and
additional additions are recommended: in the Dongguan
area, the corresponding locations are Dalingshan Forest
Park and Lianhuashan Country Park; in the Shantou area,
the corresponding sites are the Dafeng Scenic Area and
Xihuanshan Forest Park. Through natural restoration,
artificial restoration and external constraints, the ecolog-
ical service quality of the two ecological sources is gradu-
ally improving, and on this basis, the ecological corridor
is further supplemented. Moreover, ecological resources
such as mines, ecological forests and waterfront land-
scape belts around the corridor are being continuously
restored, and 44 ecological breakpoints caused by urban
construction have been repaired to ensure animal migra-
tion and network connectivity.

Cultural ecology-sensitive areas should be established
to restore biodiversity. The cultural ecology-sensitive
areas are set around the cultural ecology corridors, of
which the main corridors and important corridors are set
to be no less than 1 km and the secondary corridors are
set to no less than 0.8 km. The sensitive area of cultural
ecology is the intersection of human activities and wild-
life migration, habitat and activities in villages and towns.
These corridors control urban construction, production
and living activities in sensitive areas and create good
migration and living environments for wildlife.
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Developing the “corridor cultural ecology economy”

and promoting the development of villages and towns
along the route

The development momentum should be transformed,
and a corridor-based cultural ecology economic belt
built. The slow path, interpretation and education, rec-
reation and experience systems of cultural ecology
corridors are inseparable from the conservation and uti-
lization of hotels, restaurants, transportation and other
commercial and service facilities in villages and towns
along the line. The construction of a cultural ecology ser-
vice system, the construction of a corridor cultural ecol-
ogy economic belt, and the promotion of economic and
social development of villages and towns along the cor-
ridor are important. Taking the villages and towns pass-
ing by the main corridor as the key construction areas in
northeast Guangdong, we should strengthen the delivery
of resources, the supply of facilities and the restoration of
ecology; vigorously develop cultural ecology recreation,
viewing, research and other activities around the cul-
tural landscape nodes; develop a modern cultural ecol-
ogy industrial system; and build a demonstration area for
coordinated urban and rural development.

Establishment of the department of natural ecology

and cultural heritage of Guangdong Province:
co-construction, co-governance and sharing of cultural
ecology resources

A large-scale co-construction, co-governance and shar-
ing working mechanisms that breaks through adminis-
trative boundaries and eliminates the local monopoly of
resources should be established. A department of natural
ecology and cultural heritage for Guangdong Province
should be established as part of the provincial govern-
ment to coordinate the provincial cultural heritage and
natural ecological protection areas. On this basis, in
view of cultural heritage conservation and utilization,
natural ecological restoration, regional coordination and
development of the Dongjiang-Hanjiang River Basin, the
Dongjiang-Hanjiang River Basin Cultural Ecology Cor-
ridor Management Committee has been established.
This committee is responsible for the investigation and

Table 8 Framework of the cultural ecology corridor management committee

Investigation and registration

Corridor construction

Corridor management

@ Investigation and registration of cultural heritages
@ Investigation and registration of natural ecological
resources

(D Cultural Landscape Node

® Multifunctional Slow Path

@ Interpretation and Education System
@ Recreation and Experience System
® Corridor Service Facilities System

(D Natural ecological restoration

@ Cultural heritage repair

@ Corridor buffer zone delineation

@ Buffer zone construction constraint condi-
tion formulation

® Organization multi participation collabora-
tion

® Financing
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registration of cultural ecology resources and the con-
struction and management of cultural ecology corridors
(Table 8); additionally, it bypasses the constraints of
administrative boundaries, realizes the conservation and
utilization of cross-regional and large-scale cultural ecol-
ogy corridors at the basin level and promotes the cross-
regional flow of resources.

Conclusions

The Dongjiang-Hanjiang River Basin represents the sub-
stantial cultural and ecological value of both Guangdong
Province and China. First, the cultural heritage source
points and ecological sources in the basin are extracted
via heritage importance evaluation and MSPA. On this
basis, spatial coupling of cultural and ecological ele-
ments is carried out to determine the source of cultural
ecology to ensure the full coverage of important cultural
and ecological elements. Finally, 40 cultural ecology
composite sources, 36 cultural source points, 21 eco-
logical sources, 5 cultural ecology groups and 2 cultural
groups were identified. On this basis, the MCR model,
which is based on the conservation of cultural ecology
elements and the development of cultural ecology activi-
ties, is used to construct the cultural ecology corridor
network system via the 'unfavorable’ method; this sys-
tem includes 1 main corridor, 22 important corridors
and 17 secondary corridors. The «,  and y indices are
used to analyze and evaluate the corridor network struc-
ture, and a=0.65, p=4.58, and y=0.77 indicate that the
number of corridors is large, the connectivity is good,
and the density is high, which is conducive to the com-
prehensive overall conservation and interaction of cul-
ture and ecology.

This study can supplement unilateral regional research
on culture and ecology at home and abroad and provide
an in-depth application of cultural ecology theory in
the construction of the cultural ecology corridor of the
Dongjiang-Hanjiang River Basin by coupling cultural
ecology source points, establishing a cross-regional and
large-scale cultural ecology network, integrating regional
culture and ecological resources, dismantling the “classi-
fication” discussion of cultural heritage used in the past,
and discussing the adaptability, variability and integrity of
culture and ecology. In addition, the selection of cultural
source points overcomes the disadvantages of determin-
ing source points by considering a single heritage point
or by performing a kernel density analysis of cultural
clusters; moreover, this paper comprehensively consid-
ers the importance, availability and proximity of heritage
sites, which is conducive to strengthening the operability
of heritage conservation and utilization. This approach
is also conducive to strengthening the continuity and
integrity of the ecological environment between heritage
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sites. The article further proposes that, based on the cul-
tural ecology corridor, through the construction of cul-
tural landscape nodes and cultural ecology services, the
development of the corridor’s cultural ecology economy,
the establishment of large-scale co-construction, co-gov-
ernance, and shared working mechanisms, etc., will over-
come the constraints of administrative boundaries and
realize the multimodal and large-scale conservation and
utilization of heritage. This study has strong theoretical
and practical significance in both content and methods
for research in this field and represents a new contribu-
tion to the research area of Lingnan culture inheritance,
ecosystem restoration, and economic and social develop-
ment of villages and towns along the line.

The researchers hope to use the Dongjiang-Hanjiang
River Basin as a pilot to carry out the value realization
mechanism of cultural ecology products and use the rich
Lingnan culture and ecological resources in the basin
to create a base for understanding the conservation and
economic value of Chinese cultural ecology. At both the
national and international levels, these actions address
current human conservation and construction require-
ments for better cultural and ecological environments;
furthermore, they are important for achieving sustain-
able development.
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