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Analysis on the effects of
ecological conservation redline
policies in the Pearl River Delta
area, China

Xin Wang, Zhe Zhang, Haiguang Hao*,
Chao Zhang and Ding Wang

Chinese Research Academy of Environmental Sciences, Beijing, China
Introduction: The ecological conservation redline (ECR) policies conducted in

China are an important innovation to protect biodiversity, safeguard ecological

security, and achieve sustainable development. The Pearl River Delta (PRD) area

implemented the ECR policies in 2005.

Methods: This study examines the contrast between the 15 years before and

after 2005. It also reveals the ECR policies' effects by comparing land use change,

landscape pattern index, and habitat quality inside (IECR) and outside (OECR) the

ECR area.

Results and discussion: The results suggest that: (1) The ECR area has served as an

ecological barrier in maintaining the stability of natural ecosystems. Over the past

30 years, the PRD area significantly changed land use types and ecosystems, mainly

concentrated in the central plains and estuaries. Specifically, in the IECR, land use

change was relatively stable, with a decrease of 0.05% and 0.57% in ecological land

and an increase of 0.28% and 0.68% in construction land before and after 2005. In

contrast, the OECR area land use changed dramatically, with a decrease of 0.37%

and 1.36% in ecological land and an increase of 7.06% and 5.02% in construction

land before and after 2005. (2) A general trend of landscape fragmentation exists in

the study area. The contagion (CONTAG) in the IECR area is higher than in the

OECR. The Shannon's diversity index (SHDI) in the IECR is lower than in the OECR

area, which indicates a high degree and rapid landscape fragmentation in the OECR

area. (3) Over 85% of the IECR scale had a habitat quality of 0.8–1, while the OECR

area had an almost half scale with a habitat quality of 0–0.2. On the whole, the

ecological stability and landscape connectivity of in the IECR area was higher than

that of the OECR area. This indicates that the prohibitions on human disturbance,

industrial construction, and logging activities in the IECR area allow green

vegetation to succumb under natural conditions. Habitat quality in the IECR area

was also higher than that of the OECR area in the PRD area, revealing that the

quality of green development in the IECR area was higher. Finally, the ECR policies’

implementation has protected the environment in the PRD area and will provide

experience for ecological conservation in other areas.

KEYWORDS

ecological conservation redline (ECR), land use change, landscape pattern index,
habitat quality, Pearl River Delta (PRD) area
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1 Introduction

Human activities are increasingly threatening natural

ecosystems, altering the efficiency of ecosystem material cycles

and leading to severe habitat fragmentation (Cai et al., 2021).

Since the United Nations proposed the Sustainable Development

Goals (SDGs) in 2015, ecological and environmental assessment has

received more attention in sustainable development. Countries

worldwide are striving to promote green and sustainable

development. Currently, improving spatial governance capacity

and resolving the structural contradiction between territorial

spatial development and conservation is urgently necessary.

The ECR policies have been widely implemented for ecological

protection and management, and the prototype of ECR policies can

be traced back to the “Green Belt” in the 1938, UK (Zou et al.,

2015a). The thought of “redlines” led to the establishment of

environmental protection and protected areas worldwide (Stahl

et al., 2005), such as Europe (Margules and Pressey, 2000; Apitz

et al., 2006) and the United States (Ervin, 2003). Control Zone,

adopted in the Anji Ecological Plan in 2000, is an early prototype of

the Ecological Conservation Redline (ECR) in China. Delineating

the ECR ploicies stimulated ecosystem protection and economic

development in Anji (Zhang et al., 2022). In 2005, the Pearl River

Delta (PRD) area delineated the core areas of nature reserves and

key water-covering areas as “redlines” for strict protection.

Shenzhen proposed and applied a basic “ecological control line”.

In 2007, Kunming designated areas with sensitive ecosystems or the

most critical ecological functions into “Ecological line” areas. In

2017, Supported by the policy, the delineation of “Ecological

Conservation Redline” was officially carried out nationwide

(General Office of the Central Committee of the Communist

Party of China and General Office of the State Council, 2017).

The ECR concept has been gradually developed during regional

ecological planning, management, and scientific research. ECR has

been affirmed in several ways and has become a national strategy.

ECR area is an area that must be rigorously protected due to its

important ecological functions. ECR area is also the bottom line

and lifeline of national ecological security, covering areas with

important ecological functions, such as resource conservation,

biodiversity maintenance, soil conservation, and sand fixation.

ECR area also includes sensitive and fragile areas with water loss,

soil erosion, land and rock desertification, and salinization (Zou et

al., 2015b). The ECR is delineated based on the scientific

assessment of the relevance of ecological conservation. The

delineation of ECR can be divided into three steps: identification

of protection areas, approval of redline boundaries, boundary

survey, and demarcation. The ECR area has three main

functions: first, to protect areas with relevant ecological

functions, maintain ecosystem service functions, and support

sustainable socio-economic development. Second, to protect

ecologically fragile and sensitive areas, mitigate and control

ecological disasters, and build an ecological barrier to the human
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living environment. Third, to protect key species and ecosystems,

maintain biodiversity, and promote the sustainable use of

biological resources. Delineating ECR and implementing

permanent protection is crucial to maintain national and

regional ecological security, promote sustainable economic and

social development, and advance the construction of ecological

civilization (Zou et al., 2015a; Gao et al., 2016). How to measure the

protection of ecosystems by ECR has become a significant problem

(Gao et al., 2016; Gao et al., 2020; Luo et al., 2021).

Chinese scholars have been conducting extensive research on

implementing ECR policies. However, research on ECR policies has

mainly focused on its concept and delineation. Due to the relatively

short period of ECR delineation, research on evaluating the

ecological effects of its implementation is scarce. Current studies

on ECR effects on ecological conservation mostly focus on

qualitative analysis, and their perspectives and methods are

limited (Hou et al., 2018; Wang et al., 2021; Yang and Xie, 2021;

Zeng, 2021; Yue et al., 2022). Studies have been conducted to

evaluate the ecological benefit, environmental impact, human

disturbance activity, and ecological security patterns by

constructing indicator systems, calculating ecosystem service

values, landscape pattern index, and normalized difference

vegetation index (NDVI) (Bailey et al., 2021; Bai et al., 2018;

Chen et al., 2021; Yang and Xie, 2021; Yang and Qiao, 2023); and

to assess the ecosystem value, carbon sequestration function, water

conservation, soil conservation and biodiversity, and ecosystem

health after ECR delineation (Jia et al., 2018; Yu et al., 2020;

Nelson et al., 2009; Jiang and Wu, 2021; Zheng et al., 2022).

However, studies comparing habitat changes inside and outside

the ECR and before and after ECR delineation remain lacking. This

study innovatively uses two perspectives from inside and outside

the ECR, based on land use change, and combines the landscape

pattern index and habitat quality to reveal the dynamic changes in

ecosystems. Analysis of landscape patterns and habitat quality

based on land use can reveal the spatial and temporal distribution

of ecological conservation effects of ECR policy implementation.

The PRD region is ecologically relevant and has been at the

forefront of the country in achieving coordinated economic and

environmental development. And PRD area has drawn Eco–redline

in 2005. Therefore, the following considerations have attracted great

public attention. How has the ECR affected land use change in the

PRD area since 2005? What are the spatial and temporal changes in

landscape patterns and habitat quality in the PRD area? To address

these questions, this study investigated three aspects: (1) the land use

change data of the PRD area between 1990 and 2020 were processed,

and a land use change matrix was constructed to analyze land use

changes from temporal and spatial perspectives; (2) using the

Fragstats model, a landscape pattern index was calculated to

analyze the process of landscape fragmentation in the PRD area;

(3) based on the InVEST software, we analyzed the spatial

distribution and spatial changes of habitat quality (Jiao et al.,

2021). This study revealed the characteristics of land use change,
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landscape pattern index, and habitat quality around the ECR

delineation. To a certain extent, the study results will provide a

reference for future ecological conservation measures in the

PRD area.
2 Study area overview and
research methodology

2.1 Overview of the study area

The PRD area is located in the south-eastern Guangdong

Province, downstream of the Pearl River, adjacent to Hong Kong

and Macao, and across the sea from southeast Asia, with convenient

transportation. The PRD city cluster consists of nine major cities

and five new cities (Figure 1).

The PRD area is ecologically relevant, with excellent ports,

fisheries, oil and gas, marine energy, water resources, and tourism

resources such as coastal seawater and sandy beaches. The Pearl

River Estuary is the main distribution area and spawning grounds

for national-level protected animals and a major migration route for

some fish and migratory birds.

The PRD city cluster is one of the most dynamic economic

zones in the Asia-Pacific region, generating 85% of the gross

domestic product (GDP) of the province with 70% of the

population of Guangdong. PRD city cluster is an advanced

manufacturing and service base with global influence and is the

gateway for abroad. The PRD area is the main region for the

participation of China in economic globalization, is a national base

for developing scientific innovation and technology research, and is

an important engine for national economic development.
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2.2 Data sources and processing

Land use data of PRD in 1990, 1995, 2000, 2005, 2010, 2015,

and 2020 at a spatial resolution of 30 m from the Resource and

Environmental Science and Data Centre of the Chinese Academy of

Sciences (https://www.resdc.cn/) were used. The land use and land–

cover change (LUCC) consists of seven class 1 and 26 class 2 types

of agricultural, forest, grassland, water, construction, and unused

lands. The types of land not covered by the PRD include the

permanent glacial snow in the watershed, and Gobi, saline, bare

rock, and other unused lands. The amount of grassland in the PRD

is relatively small and does not demonstrate significant change, so

woodland and grassland are combined as ecological land and

considered together.

Land use types, including geographical alignment, cropping,

merging, elimination, overlaying, attribute table assignment,

classification, and zoning statistics associated with the data, were

performed on the ArcGIS platform. A projection coordinate system

conversion, spatial resampling, and other data processing steps were

performed to make the land use consistent across the years.

Calculation of the landscape pattern index was carried out in

Fragstats. Calculation in the InVEST habitat quality module was

performed with parameters derived from existing research and

scores from experts in the field. All other statistics and

calculations were performed in Excel tools.

Considering the temporal dimension of ECR effectiveness, this

study used the ECR areas released by the Guangdong Provincial

Government in 2005, covering 12.13% of the total land area of the

PRD area (People's Government of Guangdong Province, 2005).
2.3 Research methodology

In this study, we referenced relevant studies combined with field

research and then selected the land use matrix to reflect the change

in land use change. We selected the patch density (PD), percentage

of landscape (PLAND), largest patch index (LPI), landscape shape

index (LSI), CONTAG, and SHDI to assess the landscape

fragmentation. We chose habitat quality to evaluate the

development quality (Zhang et al., 2020; Hu et al., 2023).
2.3.1 Methodology for calculating the land use
conversion matrix

Using ArcGIS 10.8, we calculated the land change between 1990

and 2020 in the PRD separately, with the following equation:

Sij=½

S11 S12 ⋮ S1n

S21 S22 ⋮ S2n

⋮ ⋮ ⋮ ⋮

S1n S2n ⋮ Smn

�

where Sij is the area of the land use type i converted to type j, n is

the total number of land use types, and i and j are the land use types

before and after the transfer, respectively.
FIGURE 1

Distribution of ecological conservation redline (ECR) in the Pearl
River Delta.
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2.3.2 Landscape index selection
and calculation method

Landscape pattern analysis is an effective tool for quantitatively

characterizing landscape fragmentation (Yu et al., 2020). This study

chose six typical indicators: PD, PLAND, LPI, LSI, CONTAG, and

SHDI. We analyzed the spatial and temporal characteristics of

landscape fragmentation in the PRD region from 1990 to 2020 at

two scales: inside and outside the ECR. The calculation methods

and equations are as follows:

PD =
NP
A

(1)

PD is the density of patches (pcs/100 ha), which expresses the

density of specific patches in the landscape and reflects the overall

heterogeneity and fragmentation of the landscape and the

fragmentation degree of a type.

PLAND =
o
n

j=1
aij

A
� 100 (2)

PLAND (%) is the percentage of the patch area, which is the

proportion of the total area occupied by each land type, with the

largest area being the dominant landscape, thus helping us to

identify the dominant landscape type in the landscape (Pang

et al., 2022).

LPI =
amax

A
� 100(0 < LPI < 100) (3)

LPI (%) determines the dominant patch type in a landscape.

amax (m
2) refers to the area of the largest patch in a landscape or a

patch type. The value of this index can determine the dominant

patch type in the landscape and indirectly reflect the direction and

magnitude of human activity disturbance.

LSI =
0:25Effiffiffiffi

A
p (LSI ≥ 1) (4)

where E is the total length of the boundary of all patches in the

landscape, andA is the total area of the landscape. The total length of the

boundary is divided by the square root of the total area of the landscape

andmultipliedby thesquarecorrectionconstant.Whenthere isonlyone

square patch, LSI = 1. The more irregular the shape, the larger the LSI.

CONTAG = 1 +

o
m

i=1
o
m

i=1
(ai)

gik

o
m

k=1

gik

0
BB@

1
CCA

2
664

3
775 ln (ai)

gik

o
m

k=1

gik

0
BB@

1
CCA

2
664

3
775

2 lnm
(100)

2
66666666664

3
77777777775
(1 ≤ CONTAG ≤ 100) (5)

pi is the percentage of the area occupied by the type i of the

landscape; gik is the number of patches of type i and patches of type

k adjacent to each other; m is the total number of the patch types in

the landscape (0< CONTAG ≤ 100).

The CONTAG (%) indicator describes the degree of

agglomeration or tendency for the different patch types to extend

in the landscape. In general, the higher the CONTAG value, the
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higher the connectivity of the landscape and the better the

connectivity of the dominant patch types in the landscape.

H(SHDI) = −o
m

i=1
pi � ln pi(0 ≤ SHDI ≤ 1) (6)

where A (hm2) is the total area of the landscape; NP (pcs) is the

number of patches; E (m) is the total length of the boundary; gik
(pcs) is the number of patches of type i and patches of type k

adjacent to each other; aij(m
2) is the area of the jth patch of type i in

the landscape; pij is the ratio area of the patch type i to the entire

landscape; and m (pcs) is the total number of patch types in the

landscape. SHDI represents the heterogeneity of the landscape and

is particularly sensitive to the unbalanced distribution of patch

types in the landscape. The range of SHDI values was SHDI ≥ 0.

When the landscape consists of only a single patch, SHDI = 0.

When the SHDI increases, the number of patch types increases and

each patch type is distributed more evenly in the landscape.
2.3.3 Habitat quality calculation instructions
The habitat quality module of the InVEST model takes the

habitat quality as a continuous variable by combining the sensitivity

of the landscape types and the intensity of external threats in a

comprehensive calculation, considering factors such as the distance

of influence of stressors, spatial weights, and the degree to which the

land is legally protected. When conducting the assessment, we fully

considered the effects of land cover patterns and changes in land

cover patterns on habitat quality (Zhao et al., 2022). In this study,

the habitat quality module of the InVEST 3.12.0 software was used

to calculate the habitat quality index for the study area from 1990 to

2020 and to analyze the spatial and temporal evolution patterns,

calculated as follows (Pang et al., 2022):

Dxj =o
R

r=1
o
Yr

y=1

wr

o
R

r=1
wr

,0
BB@

1
CCAryirxybxSjr (8)

where the Dxj is the degree of habitat degradation of raster x in

habitat type j; Yris the number of rasters of the threat element; R is

the number of threat sources; Wr is the weight of threat source r; ry
is the stress value of raster y; bx is the accessibility of the threat

element to raster x (according to its degree of legal protection) and

takes the value 0–1; Sjr is the sensitivity of habitat type j to threat

source r; irxy is the stress value of raster y value ry to the stress level

of raster x, in two categories: linear and exponential decay:

Linear decay equation:

irxy = 1 − (
dxy
drmax

) (9)

Exponential decay equation:

irxy = exp
−2:99dxy
drmax

� �
(10)
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where the dxy is the linear distance between grid x and grid y,

and drmax is the maximum stress distance of threat source r.

Habitat quality was calculated as:

Qxj = Hj Qxj = Hj 1 −
Dz
xj

Dz
xj+k

z

� �h i
(11)

where the Qxj is the habitat quality index of raster x in habitat

type j; Hj is the habitat suitability of habitat type j (0 ≤ Hj ≤ 1); z is

the normalization constant, generally taking the value of 2.5, and k

is the half-saturation constant, taking half of the maximum habitat

degradation, generally taking the value of 0.5.

The results of the model are a comprehensive, dimensionless

index with a habitat quality interval of (0,1). The higher the value,

the better the habitat quality of the corresponding area. This study

presents a partitioning of the habitat quality data to visualize and

compare habitat quality. We used the natural breakpoint method to

classify habitat quality into lower (0–0.2), low (0.2–0.4), medium

(0.4–0.6), high (0.6–0.8), and higher (0.8–1). The percentage of data

for each of the seven periods was calculated.
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3 Results

3.1 Land use change

From 1990 to 2020, the basic scale of land use in the PRD area

was ecological land and then agricultural land. Ecological land was

mainly located in the hills, terraces, and remnants of Kew in the

east, west, and north of the PRD area. However, the agricultural

land was mainly located in the plains near the estuarine delta. It is in

the central part of the PRD area. The agricultural and ecological

land area decreased, while the water and construction land area

increased (Figure 2).

Before and after the ECR delineation, the raster proportion of

the construction land in the IECR increased by 0.28% and 0.68%,

and in the OECR increased by 7.06% and 5.02% (Table 1). Before

and after the ECR delineation, the ecological land in the IECR

decreased by 0.05% and 0.057%, and in the OECR decreased by

0.37% and 1.36%. In conclusion, the ECR area has protected

ecological land and resisted the expansion of the construction land.
FIGURE 2

Schematic diagram of the land use and land-cover change (LUCC) in the Pearl River Delta region from 1990 to 2020.
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3.2 Landscape fragmentation

The landscape pattern index can represent the landscape

fragmentation in the PRD region from 1990 to 2020. The impact

of ECR delineation on patch, landscape fragmentation, and

landscape diversity and richness was explored by analyzing the

variation of the landscape pattern index. The results showed

significant outcomings in PD, PLAND, LPI, and LSI during the

past 30 decades.

Our results found that the PD of ecological and construction

lands in the IECR remained stable despite the ECR delineation. And

the construction land PD keeps decreasing (Figure 3A). No

significant change in ecological and construction land PLAND in

the IECR was found. After the ECR delineation, the ecological land

PLAND in the OECR decreased by 1.34%. The construction land

PLAND in the OECR increased by 9.1% before 2005 and 5.02%

after 2005 (Figure 3B). The PLAND of ecological land in the IECR

was twice as large as the PLAND of ecological land in the OECR,
Frontiers in Ecology and Evolution 06
and the PLAND of construction land in the OECR was larger than

in the IECR.

After the ECR delineation, the LPI of the ecological land in the

IECR decreased by 4.93%, whereas the LPI of the construction land

remained unchanged. The LPI for ecological land in the OECR

remained basically unchanged. However, the LPI of the construction

land maintained a significant upward trend, rising by 2.04% and

2.04% before and after 2005(Figure 3C). The LSI in the IECR showed

no significant change. The LSI of ecological and construction lands in

the OECR decreased by 6.03% and 30.92%. The LSI in the OECRwas

three times larger than in the IECR (Figure 3D). TheCONTAGof the

IECR was stable, while the OECR decreased from 62.5% in 1990 to

56.1% in 2020. And the CONTAGwas higher in the IECR than in the

OECR (Figure 4A). The SHDI increased yearly and was higher in the

OECR than in the IECR (Figure 4B).

The SHDI increased from 1.25 to 1.37 in the OECR and from

0.6257 to 0.6565 in the IECR. SHDI values in the IECR were

generally smaller than in the OECR.
TABLE 1 Changes in the proportion of land use types in the Pearl River Delta from 1990 to 2020.

TOTAL LUCC
YEAR Proportion change (%)

1990 (%) 1995 (%) 2000 (%) 2005 (%) 2010 (%) 2015 (%) 2020 (%) 1990–2005 2005–2020

Agriculture 34.98 28.45 31.27 28.08 26.84 26.42 25.55 –6.9 –2.53

Ecological land 49.07 50.22 48.27 47.19 46.49 46.17 45.96 –1.88 –1.23

Water 8.9 10.16 10.19 9.79 9.44 9.31 9.21 0.89 –0.58

Construction land 6.96 10.95 10.21 14.9 17.16 18.08 19.26 7.94 4.36

Unused 0.05 0.22 0.05 0.04 0.02 0.02 0.01 –0.01 –0.03

Other 0.05 0 0.04 0 –0.05 0

IECR LUCC
YEAR Proportion change (%)

1990 (%) 1995 (%) 2000 (%) 2005 (%) 2010 (%) 2015 (%) 2020 (%) 1990–2005 2005–2020

Agriculture 11.15 10.79 10.92 10.74 10.79 10.72 10.61 –0.41 –0.14

Ecological land 85.42 85.52 85.37 85.37 85.12 84.92 84.80 –0.05 –0.57

Water 2.34 2.40 2.53 2.51 2.46 2.44 2.54 0.18 0.03

Construction land 1.09 1.29 1.18 1.36 1.63 1.90 2.04 0.28 0.68

Unused 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00

Other 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

OECR LUCC
YEAR Proportion change (%)

1990 (%) 1995 (%) 2000 (%) 2005 (%) 2010 (%) 2015 (%) 2020 (%) 1990–2005 2005–2020

Agriculture 38.50 31.10 34.32 30.67 29.24 28.77 27.67 –7.83 –3.00

Ecological land 41.84 44.93 42.72 41.47 40.72 40.38 40.11 –0.37 –1.36

Water 1.89 11.32 11.34 10.89 10.48 10.34 10.26 9.00 –0.63

Construction land 9.87 12.40 11.56 16.93 19.48 20.49 21.95 7.06 5.02

Unused 7.84 0.25 0.06 0.04 0.03 0.02 0.02 –7.79 –0.03

Other 0.06 0.00 0.00 0.00 0.05 0.00 0.00 –0.06 0.00
IECR, inside the ecological conservation redline; LUCC, land–use and land-cover change; OECR, outside the ecological conservation redline.
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3.3 Habitat quality changes

3.3.1 Changes in the proportion of raster of
habitat quality classes in the PRD

Habitat quality in the PRD region from 1990–2020 was polarized

andgenerallydeclining,with lower andhigherhabitat quality occupying

larger areas, respectively (Figure 5). From1990 to 2020, theproportional

changes in habitat quality at the PRD level are as follows: the proportion

of the lower level of habitat quality increased by 3%, the high level

increased by 1%, and the higher level decreased by 3%. In the IECR, the

proportion of the higher habitat quality remained stable at 86–87%. In

the OECR, the proportion of the lower habitat quality increased by 3%,

and the the higher habitat quality decreased by 4%.

3.3.2 Spatial and temporal variation in habitat
quality and degradation in the PRD region

High values of habitat degradation indicate a high degree of

potential damage to the habitat quality and a high probability of

habitat quality degradation occurring. From 1990 to 2020, the

habitat quality values of the entire PRD area lay in the interval of

0.52–0.56, with an overall middle level; and the degradation was in
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the 0.04–0.05 (Figure 5). The mean value of habitat quality of IECR

changed little and was in the interval of 0.85–0.86, with an overall

higher level, and the degradation was 0.03 (Table 2). The mean

habitat quality of the OECR was located in the middle-level interval

of 0.47–0.54, showing fluctuating changes, and the degradation

increased by 0.01.
4 Discussion

In this study, land use change, landscape pattern index, and

habitat quality were chosen to assess the effects of the ECR

delineation. We focused on the analysis before and after the ECR

delineation in the IECR and OECR in the PRD area. In a similar

study, the researcher used economic, social, and ecological data to

analyze the characteristics of spatial and temporal changes in the

forest landscape and habitat quality in the Guangdong-Hong Kong-

Macao Greater Bay Area. They found a significant positive

correlation between urban expansion and forest landscape

fragmentation. In addition, the overall habitat quality in the

Guangdong-Hong Kong-Macao Greater Bay Area was declining
A

B D

C

FIGURE 3

Landscape patch density, percentage, index, and shape index inside and outside the ecological conservation redline in the Pearl River Delta region
from 1990 to 2020. (A) Landscape patch density inside (IPD) and outside (OPD) the ecological conservation redline. (B) Percentage of the landscape
inside (IPLAND) and outside (OPLAND) the ecological conservation redline. (C) Largest patch index inside (ILPI) and outside (OLPI) the ecological
conservation redline. (D) Landscape shape index inside (ILSI) and outside (OLSI) the ecological conservation redline.
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yearly, showing a distribution of low habitat quality in the center

and high habitat quality in the periphery (Yu et al., 2020; Jiang and

Wu, 2021; Jiao et al., 2021).
4.1 Land use change in the Pearl River
Delta region

From 1990 to 2020, the land use type in the PRD was ecological

land and then agricultural land. The construction and agricultural

land were concentrated in the central part of the PRD area and

tended to spread to the surrounding area as the economy developed.

The ecological land was on the edge of the PRD area and protected by

the ECR area, which was hilly and terraced. And this may prohibit

human disturbances and then keep a high vegetation cover. From

1990 to 2005, a large amount of land was changed to construction

land, which happened in Guangzhou, Foshan, Shenzhen, Zhongshan,

and Zhuhai, probably due to the accelerated urbanization and rapid

development of the manufacturing industry. This phenomenon can

be driven by the reform and opening up of the region. The opening

attracted many people leading to a high-intensity development and

construction (Figure 2).

Within 15 years before and after ECR delineation, ecological

land in the IECR decreased by 0.05% and 0.057%, and in the OECR
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decreased by 0.37% and 1.36%. The conversion to construction land

in the IECR after the ECR delineation may be due to the

construction of ecological facilities (Table 1).

From 2005 to 2020, although the area of ecological land

decreased, the conversion scale from construction to ecological

land in the OECR was larger than the conversed way. It reflected

that the implementation of ECR policies in the later years have

played a role in maintaining the ecosystem in the IECR. And this

also influenced the awareness of the public for ecological protection.

The local government chose a more environmentally friendly

spatial layout during the economic construction, reflecting the

concept of green development (Figure 2).
4.2 Analysis of changes in the Landscape
Pattern Index

Significant differences between the landscape pattern index

inside and outside the ECR exist. Our results showed that the

maximum values of the PLAND and LPI in the IECR occurred in

ecological land, and the maximum values of the PD and LSI

occurred in agricultural land. The maximum values of the

PLAND, PD, LPI, and LSI in the OECR belong to ecological,

construction, water, and agricultural land. The PLAND value of
A

B

FIGURE 4

The contagion (CONTAG) and Shannon diversity (SHD) indexes of the landscape in the Pearl River Delta region from 1900 to 2020. (A) The CONTAG
index inside (ICONTAG) and outside (OCONTAG) the ecological conservation redline. (B) Shannon diversity index inside (ISHDI) and outside (OSHDI)
the ecological conservation redline.
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ecological land in the IECR was twice higher than in the OECR

(Figure 3B) and accounted for more than 80% of the area of all types

of landscape patches in the IECR. It indicated that the woodland

cover in the IECR was high and was the dominant landscape type,

which is consistent with the LPI results (Figure 3C). High values of

PD were found for the agricultural land in the IECR and the

construction land in the OECR, indicating a high degree of

fragmentation in these land types (Figure 3A). However, in the

OECR, the PD of the construction land decreased, and the LPI

increased significantly yearly, which indicated that with economic

development, the scale of the construction land continued to

expand and connect into huge patches, despite the degree of

fragmentation decreased.

The maximum LSI in the OECR occurred in agricultural land,

and the LSI in the OECR was several times larger than that in the

IECR (Figure 3D), indicating that the landscape in the OECR was

subject to high intensity of human disturbance. The CONTAG in

the OECR decreased continuously (Figure 4A). In contrast, the

SHDI increased continuously (Figure 4B). The three CONTAG

values in 1990, 2005, and 2020 were 79.49%, 79.46%, and 78.46% in

the IECR, and in the OECR, were 62.48%, 56.37%, and 56.11%. The

SHDI in 1990, 2005, and 2020 were 0.6257, 0.6276, and 0.6565 in

the IECR and 1.2493, 1.3456, and 1.3655 in the OECR. These results

indicated that the landscape fragmentation in the OECR was high

and still increasing. In contrast, the landscape in the IECR showed a

certain degree of fragmentation, but the connectivity was better

than that of the OECR.
4.3 Spatial and temporal analysis of
changes in habitat quality

We discussed the habitat quality outcomes based on land use

change and landscape pattern index. It found that the lower level

habitat quality was widespread in the vast plain area at the mouth of

the Pearl River, spreading outwards in a radial pattern over time. It

is probably due to the dense distribution of habitat threats such as

energy, industry, population, and construction, which can cause

high disturbance to the ecological environment. The high level

habitat quality area circles the PRD area. In contrast, in the ECR

area and its buffer zone, destructive human activities and industrial

construction were restricted, resisting the expansion of urbanization

and maintaining a relatively stable natural ecosystem. In addition,

the local topography may not be suitable for intensive human

development and construction activities.

Habitat quality in the PRD area was middle level, showing a

distribution of a higher level of habitat quality around and a lower

level of habitat quality in the central region, consistent with

previous studies. The lower habitat quality was around the Pearl

River Estuary and spread around. The higher habitat quality was in

the surrounding hilly terrace(Figure 5). Over 85% of the IECR area

had a higher level of habitat quality and a lower level of degradation.

In the OECR, approximately half the scale was at a higher level, and

half was at a lower level of habitat quality. The degradation was

higher in the OECR (Table 2).
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The mean value of the habitat quality in the IECR did not

vary, and the habitat quality was at a higher level (Table 2),

probably because the ECR delineation had strictly restricted

destruct ive act ivit ies such as industr ial , mining, and

deforestation. Therefore, the area was less disturbed by humans

and thus maintained a high vegetation cover and ecosystem

stability. The habitat quality of the OECR was at a middle level

with increasing degradation, probably because these areas are flat,

with many towns, rural settlements, etc. The ecological

environment was heavily influenced by human activities,

urbanization, and economic development, making the stability

of the ecosystem challenging.

Recently, the Guangdong Province has been improving the ECR

delineation, which may have impacted the results of this study. The

choice of parameters was a bit subjective, and the estimation

method for habitat quality needs to be further optimized, as

shown by the empirical findings of the InVEST model and related

studies. In addition, the threat sources selected in this study mainly

included surface threat sources of land use change. Moreover, the

limited data availability created a lack of line threat sources such as

highways and railways. Also, the impact of point threat sources,

such as the construction of isolated infrastructure facilities and

pollutant emissions, is lacking. Thus, it should be improved to

collect point threat sources in subsequent studies. The model

parameters should be optimized to obtain more accurate

calculation results, thus providing a reference for the construction

of regional ecological civilization and ecological security of the

national territory.
5 Conclusion

In this study, the data from 1990 to 2020 were dealt with by

ArcGIS, Fragstats, and InVest software, and we obtained the

following conclusions:
(1) Land use in the PRD region was dominated by ecological

land, followed by agricultural land, with the type of land

tilted towards construction land and water, with a 12.3%

rise in the construction land area, mainly in the central

PRD. The emerging agricultural land was on the bank of the

Pearl River Estuary, indicating that the ECR area blocked

human disturbance.

(2) The PLAND, PD, LSI, and LPI showed that the ECR area

had a slight fragmentation trend and that the ecological

land was less disturbed by humans. Construction land in

the OECR rapidly increased, indicating that the

construction land area was expanding and connecting

into patches. The human disturbance was more intense in

the OECR than in the IECR. According to CONTAG and

SHDI, the landscape connectivity in the IECR was high,

with little inter-annual variability. The CONTAG within

the ECR was stable, indicating that the delineation of the

ECR maintains the landscape connectivity in the IECR.

SHDI increased each year and was higher in the OECR than
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Fron
in the IECR (Figure 4B), indicating that more

heterogeneous patches in the landscape and a higher

degree of landscape fragmentation occurred in the OECR

compared to the IECR.

(3) Habitat quality in the PRD area was generally at a middle

level, showing a distribution of a higher level of habitat
tiers in Ecology and Evolution 10
quality around the region and a lower level in the central.

Over 85% of the area in the IECR had a higher level of

habitat quality and a lower level of degradation. In the

OECR, almost half was a higher level of habitat quality, and

a half was a lower level. The degradation was higher in the

OECR than in the IECR.
A

B

D

E

F

GC

FIGURE 5

Spatial distribution of habitat quality inside and outside the ecological conservation redline of the Pearl River Delta from 1990 to 2020.
(A) Distribution and proportion of habitat quality in 1990. (B) Distribution and proportion of habitat quality in the PRD in 1995. (C) Distribution and
proportion of habitat quality in the PRD in 2000. (D) Distribution and proportion of habitat quality in the PRD in 2005. (E) Distribution and proportion
of habitat quality in the PRD in 2010. (F) Distribution and proportion of habitat quality in the PRD in 2015. (G) Distribution and proportion of habitat
quality in the PRD in 2020.
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ECR has a positive effect on protecting the stability of

ecosystems in the IECR, maintaining their biodiversity, slowing

down landscape fragmentation, and resisting destructive human

interference activities. The ECR area provides a new method for

protecting the ecological function areas, ecologically fragile and

sensitive areas, and prohibited development areas worldwide.
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