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Abstract
As impacted by strong intense human activity disturbance, the landscape pattern change signi�cantly affects the habitat
quality and ecological risk level in the coastal regions. Though numerous researches were conducted in coastal habitat
quality and ecological risk, the correlations of habitat quality and ecological risk with landscape metrics in coastal regions
have been rarely reported. A scienti�c question should be addressed is the scienti�c basis for the sustainable development
of coastal regions. Accordingly, Xinggang town, a coastal region in southern China, was selected as a typical coastal
region disturbed by robust human activities. Given high-precision remote sensing data, the temporal-spatial variations of
habitat quality and ecological risk in the coastal region were analyzed by adopting the methods of InVEST model and
ecological risk index, and the correlations of habitat quality and ecological risk with landscape metrics were examined. As
indicated from the results, the deterioration of habitat quality and the increase in ecological risk in the coastal region under
the disturbance of human activities exhibited obvious distance gradients. The gradient area close to the coastline was the
area with the prominent variations of habitat quality and ecological risk. Most landscape metrics were positively correlated
with habitat quality and ecological risk, and the correlations were different in a range of distance gradients. Under the
rapid urbanization in the coastal region, the rapid expansion of built-up land and the decrease of natural landscapes
signi�cantly impacted the landscape pattern index and then altered the habitat quality and ecological risk level.

1. Introduction
Over the past decades, the coastal landscape pattern has been noticeably altered under the strong interference of human
activities, which reveals that the material and energy �ows of the ecosystem has been severely disturbed and destroyed
(Zhang et al., 2020a; Tian et al., 2021). Landscape fragmentation and complex landscape structure attributed to huge
human disturbance will destroy habitat quality and increase ecological risk, which has raised a key problem faced by
coastal regions with robust human activities (Zhang et al., 2020b; Zhang et al., 2020c). The analysis of habitat quality and
ecological risk are of great signi�cance for promoting sustainable development of social economy, rational use of land
resources and ecological planning in coastal regions (Krebs et al., 2014; Paterson et al., 2019; Zhai et al., 2020).

Currently, several studies on coastal habitat quality and ecological risk have been conducted globally. Habitat quality and
ecological risks have been assessed in different coastal regions worldwide (Yu et al., 2015; Guan et al., 2017; Abreu et al.,
2021; Ding et al., 2021). The assessment of habitat quality placed major stress on single species (Meng et al., 2004) and
biological communities (Landry and Golden, 2019). The methods of �eld sampling, landscape ecology and ecological
model have been extensively employed for habitat quality assessment. For instance, habitat quality of juvenile halibut was
assessed in the southeastern Bering Sea based on trawl sampling and benthic sampling (Yeung and Yang, 2018). Two
different index systems were adopted to assess the quality of benthic habitats in the adjacent waters of Xiaoqing River in
Laizhou Bay (Luo et al., 2016). The Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) model was
employed to assess the habitat quality in the coastal regions of the Yellow River Delta in China (Ding et al., 2021). The
research scope of ecological risk assessment was developed from the micro assessment at population and community
levels to the macro assessment at landscape and regional levels (Landis, 2004; Li et al., 2017; Liu et al., 2018). The
assessment methods of ecological risk consisted of multi-index method and landscape ecology method. For instance,
Hua et al. (2018) employed the landscape metrics to assess the landscape ecological risk of Xiamen in coastal China. Li
et al. (2020) evaluated the ecological risk of heavy metals in soils of Hangzhou Bay, China by the method of the potential
ecological risk index.

Furthermore, the factors of habitat quality and ecological risk have aroused the attention of global scholars. As indicated
from existing studies, the development of coastal cities reduced the quality of plankton habitat in urban rivers (Krebs et al.,
2014). The increase in cultivated land, aquaculture land and industrial land, and the decrease of wetland area and unused
land resulted in the signi�cant decline of habitat quality in coastal regions (Zhang et al., 2020c). Beach restoration
improved the habitat quality of horseshoe crabs and shorebirds (Smith et al., 2020). River diversion essentially impacted
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oyster habitat quality in coastal regions of the Mississippi River Basin (Soniat et al., 2013). The increase in built-up and
farmland and the decrease in natural grassland and forest elevated the level of ecological risk (Omar and Cabral, 2020).
The expansion of urbanization in coastal regions caused an increase of the area of high ecological risk regions (Zhou et
al., 2014).

China is known as one of the nations with a long coastline worldwide. China's coastal regions are populated areas and key
economic development zones due to location advantage, resource endowment, topography and history. Coastal regions
only take up 14% of China's total land area, whereas they contain over 42% of the country's population and more than 60%
of total Gross Domestic Product (Cai et al., 2020). Over the past few years, rapid economic development and population
growth have led to the deterioration of ecological conditions in China's coastal regions, which have seriously threatened
the sustainable development of coastal regions (Meng et al., 2018). Though habitat quality and ecological risk have been
assessed in coastal regions of China (Li et al., 2017; Ding et al., 2021), there are few studies on small-scale coastal regions
strongly disturbed by human activity in China. In addition, landscape pattern is a key factor of the ecological environment
of coastal regions. The correlation of habitat quality and ecological risk with landscape pattern metrics remains unclear.

Accordingly, this study took Xinggang Town, Guangxi Province, south China as an example to analyze the spatial-temporal
variations of habitat quality and ecological risk and their correlations with landscape metrics in a robust human disturbed
coastal region. The following hypotheses are proposed: (1) Spatial-temporal variations of habitat quality and ecological
risk in the coastal region are characterized by distance gradients (from coastline to inland). (2) There are differences in the
spatial-temporal change characteristics between habitat quality and ecological risk in the coastal region. (3) Habitat
quality and ecological risk are correlated with landscape metrics in coastal regions, and the correlations are different in
different distance gradients.

2. Method
2.1. Study area

Xinggang town is located in the south of Guangxi Province of south China, covering an area of 123.42 km2. This town
acts as a critical zone for the development in the Beibu Gulf of Guangxi Province for its favorable conditions (e.g., the
natural harbor (31 km coastline), climate and topography) (Fig. 1). The altitude of this town ranges between 0 and 18 m
with a �at terrain. It is recognized as a subtropical monsoon climate area with an average annual temperature of 22.6℃
and an average annual rainfall of 1,663.7 mm. As a key agricultural production region, rice and vegetables are broadly
cultivated as agricultural crops. Furthermore, there are abundant shallow beach resources and diverse aquatic products.
Over the past few years, Xinggang Town has witnessed the rapid economic development and the rapid population growth,
and the total population reached up to 65,000 by 2019.

2.2 Data source and processing

In the present study, the remote sensing images (1 m spatial resolution) of Pleiades satellite in 2005 and 2020 presented
by Europe Astrium company acted as the data source. With the support of ERDAS software, the following steps of
geometric correction, image registration, image mosaic were processed based on 1: 10000 topographic map and �eld
survey. Given the characteristics of the study area, the landscape types fell to eight types (i.e., farmland, aquaculture land,
forest, built-up land, road, water body, mud�at and unused land) by using the method of manual visual interpretation. After
the �eld correction, the Kappa coe�cient of landscape type data exceeded 0.9, which revealed that it could comply with
the data accuracy requirements of the study. By complying with the scope of the study area, Xinggang town fell to
gradient  (0-2 km), gradient  (2-4 km), gradient  (4-6 km) and gradient  ( 6 km) with an interval of 2 km from the
coastline to the inland (Fig. 2).

2.3 Methods
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2.3.1 Habitat quality assessment method

Landscape type data were adopted to assess regional habitat quality based on the impact intensity, distance and
sensitivity of various threat factors in the habitat quality module of InVEST model (Aneseyee et al., 2020; Yohannes et al.,
2021). The operation of the module required the data of the habitat type, the intensity and distance of the effect of the
threat factors on each habitat, and the sensitivity of the respective habitat to threat factors. The farmland, aquaculture
land, built-up land and road obtained from remote sensing interpretation were considered the landscape types signi�cantly
disturbed by human, and they were identi�ed as the threat factors. The sensitivity of the threat factors to habitat, the
distance and weight of the effect of the threat factors and other parameters were determined based on the expert score,
the recommended value of the model user’s guide (Sharp et al., 2014) and related literatures (Han and Dong, 2017; Xu et
al., 2019). The parameter settings of habitat quality module are listed in Tables 1 and 2.

Where Qxj denotes the habitat quality; Hj expresses the habitat suitability index; Dxj is the habitat degradation degree; Z
equals 2.5, k equals half of the grid cell resolution; Wr represents the weight of the threat factors; ry is the number of
ecological threat factors; irxy is the effect of threat factor r in grid y on grid x; βx is the degree of protection (unconsidered in
this study); Sjr expresses the sensitivity of the threat factors to different habitats. The assessment results ranged from 0 to
1. The closer to one, the higher the habitat quality would be, while the closer to zero, the lower the habitat quality would be.

2.3.2 Ecological risk assessment methods

From the perspective of landscape structure of regional ecosystem, ecological risk at the landscape level was assessed
with the area proportion of the respective landscape component, landscape structure index and landscape fragility index
(Wang et al., 2020; Xie et al., 2021).

Where ERIk denotes the ecological risk index of the k �shnet; Aki is all landscape areas of �shnet; Ak is the area of the k
�shnet; m expresses the number of landscape types in �shnet; LLi is landscape ecological loss index; Ui represents
landscape disturbance index; Ci denotes landscape fragmentation degree; Fi is landscape separation degree; Di is
landscape dominance degree; a, b and c respectively denote the weight of fragmentation degree, separation degree and
dominance degree, and 0.3, 0.2 and 0.5 are assigned to the values of a, b and c, respectively; Si is the vulnerability index of
landscape. Given the ability of each landscape type to resist external in�uences, the vulnerability index of the respective
landscape was assigned as water body =7, mud�at =6, aquaculture land =5, farmland =4, unused land =3, forest =2, built-
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up land and road =1. The calculation of ecological risk complied with 400 m×400 m �shnets in the study area, and the
�shnet tool of ArcGIS software was adopted to generate 847 �shnets in the study area.

2.3.3 Landscape metrics selection

Landscape metrics act as the indicators to quantify landscape pattern, which are capable of indicating the effect of
human activities on landscape pattern (Mayer et al., 2016). Six landscape metrics at a landscape level, i.e., number of
patches (NP), patch density (PD), largest patch index (LPI), landscape division index (DIVISION), shannon's diversity index
(SHDI) and shannon's evenness index (SHEI), were selected to express the landscape pattern in this study (Table 3).

2.3.4 Correlation analysis of landscape metrics with habitat quality and ecological risk

Six landscape metrics (i.e., NP, PD, LPI, DIVISION, SHDI and SHEI) were selected, and the pre-processed landscape type
data in 2005 and 2020 were inputted into the Fragstats 4.2 software as the data sources to generate landscape metrics in
the respective �shnet. Subsequently, the landscape metrics distribution maps in 2005 and 2020 were drawn with the
ArcGIS software. Lastly, the spatial analyst tools of ArcGIS software were employed to generate the spatial map of
landscape metrics change in the respective �shnet from 2005 to 2020.

Based on the value of landscape metrics, habitat quality and ecological risk in the respective �shnet, the conversion tool of
ArcGIS software was adopted to convert raster data into ASCII �les. Next, the correlations of landscape metrics with
habitat quality and ecological risk were analyzed by conducting the Pearson correlation analysis in SPSS software.

The Bivariate Local Moran's I tool of GeoDA software was applied for analyzing the spatial correlation of landscape
metrics with habitat quality and ecological risk in the respective �shnet, and LISA cluster maps between landscape metrics
and habitat quality and between landscape metrics and ecological risk were obtained (Anselin and Sergio, 2014).

3 Results

3.1 Spatial-temporal change of habitat quality
In the whole region and the respective distance gradient, the level of habitat quality was high in 2005 and low in 2020.
Over the past 15 years (from 2005 to 2020), the habitat quality tended to decrease, and the decline of habitat quality
decreased with the increase in the distance from coastline (from gradient  to gradient ) (Table 4).

In 2005 and 2020, the habitat quality in most areas of the study area was low, the area with the habitat quality less than
0.1 dominated the study area, while the area exhibiting the habitat quality of over 0.3 was largely concentrated in gradient
. The habitat quality in most areas of the study area tended to decline, and the value of habitat quality decline in most

areas ranged from − 0.25 to 0 from 2005 to 2020. The high value (between − 1 and − 0.5) of habitat quality decline was
concentrated in the southern part of gradient . Only scattered areas of the town showed the improved habitat quality (Fig.
3).

3.2 Spatial-temporal change of ecological risk
In the whole region and the respective distance gradient, the ecological risk level in 2005 was lower than 2020. The
ecological risk tended to increase from 2005 to 2020. The increasing amounts of ecological risk in gradients  and  were
signi�cantly higher than gradients  and  (Table 5).

In 2005, the high value areas (greater than 1.2) of ecological risk in the study area were concentrated in the central and
northern parts of gradient , while the low value areas (less than 0.8) were primarily located in most areas in gradients 
and  as well as the southern part of gradient . In 2020, the high value areas (greater than 1.2) of ecological risk
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concentrated in most areas in gradients  and . The ecological risk values of gradients  and  were low, ranging from 0.8
to 1.0. The ecological risk in most study area tended to increase except for a small part of northwest between 2005 and
2020. The high value area of ecological risk increase (greater than 0.6) was located in the south part of gradient , and the
moderate (between 0.3 and 0.6) was concentrated in the south and east parts of gradient I and the central part of gradient
II. The increasing value of ecological risk in most study area ranged from 0 to 0.3 (Fig. 4).

3.3 Landscape metrics variations
The values of other landscape metrics in the whole region in 2020 exceeded those in 2005 except for LPI. The values of
NP, PD, DIVISION, SHDI and SHEI in the gradients  and  exceeded those of the gradients  and  in 2005, whereas the
opposite characteristics were presented in 2020. The value of LPI in gradients  and  signi�cantly exceeded those of
gradients  and  in 2005, whereas the LPI value in gradients  and  were lower than those of gradients  and  in 2020
(Table 6).

Except for LPI, other landscape metrics tended to increase in the whole region between 2005 and 2020. The values of NP,
PD, DIVISION, SHDI and SHEI tended to decrease in gradients  and , whereas the values tended to increase in gradients 
and . The trend of LPI in the respective gradient was opposed to that of other landscape metrics (Table 7).
The high values of NP, PD, DIVISION, SHDI, and SHEI were concentrated in the gradients close to the coastline, while the
low values of the mentioned metrics were largely located in the gradients away from the coastline in 2005. The low value
area of LPI in 2005 was located in the gradients close to the coastline, while its high value area LPI primarily located in the
gradients away from the coastline. The spatial pattern of landscape metrics in 2020 was contrary to that in 2005 (Fig. 5).

The values of NP and PD tended to decrease in most areas in gradients  and , while an increasing trend in most areas in
gradients  and  was indicated from 2005 to 2020. Except for gradient , the value of LPI in most areas of other gradients
tended to decrease. The values of DIVISION, SHDI and SHEI decreased and increased signi�cantly in gradients  and ,
respectively, while the spatial distribution of change for the mentioned values were mainly fragmented in gradients  and 
over the past 15 years (Fig. 6).

3.4 Correlation of habitat quality with landscape metrics
A positive correlation was identi�ed between habitat quality and NP, PD, LPI, DIVISION, SHDI and SHEI in the whole region
and the respective distance gradient, while a negative correlation was reported between habitat quality and LPI in 2005
and 2020. Except for gradient , the correlation degree between habitat quality and various metrics in the whole region and
gradients ,  and  in 2005 signi�cantly exceeded that in 2020 (Table 8).

Except for LPI, a positive correlation was identi�ed between habitat quality variation and other landscape metrics
variations from 2005 to 2020. The correlation degree between habitat quality variation and landscape metrics variations in
gradients  and  exceeded that in gradients  and  (Table 9).
On the whole, the high-high, low-high and high-low correlation areas between habitat quality and NP, PD, DIVISION, SHDI
and SHEI were located in gradients  and , while the low-low correlation area was primarily in gradients  and  in 2005.
Overall, the high-high, low-low and high-low correlation areas between habitat quality and LPI were located in gradient ,
while the low-high correlation area was mostly in gradients  and  in 2005. Spatial distribution of the respective
correlation type area in LISA cluster map in 2020 was contrary to that in 2005 (Fig. 7).

The LISA cluster maps were dominated by low-low and low-high correlation areas between habitat quality variation and
different landscape metrics variations from 2005 to 2020. The low-low correlation area between habitat quality variation
and NP, PD, DIVISION, SHDI and SHEI variations was mainly located in gradients  and , while the low-high correlation
area between them was primarily in gradients  and  over the past 15 years. However, the low-low correlation area
between habitat quality variation and LPI change was mostly in gradients  and , while the low-high correlation area was
largely located in gradients  and  (Fig. 8).
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3.5 Correlation of ecological risk with landscape metrics
A positive correlation was identi�ed between ecological risk and NP, PD, DIVISION, SHDI and SHEI in the whole region and
the respective gradient, and a negative correlation between ecological risk and LPI in 2005 and 2020. The degree of
correlation between ecological risk and multiple landscape metrics in gradients  and  in 2005 exceeded that in 2020,
while the degree of correlation between ecological risk and multiple landscape metrics in gradients  and  in 2005 was
lower than that in 2020 (Table 10).

Except landscape metric LPI, a positive correlation was identi�ed between other landscape metrics variations and
ecological risk change in the whole region and the respective gradient from 2005 to 2020. The correlation degree between
LPI change and ecological risk change was slightly higher than that between other landscape metrics variations and
ecological risk change (Table 11).
The high-high correlation area between ecological risk and NP, PD, DIVISION, SHDI and SHEI in2005 was primarily in
gradient , while the low-low correlation area was located in gradients  and . Moreover, the high-low correlation area
between ecological risk and LPI was largely located in gradient , while the low-high correlation area was concentrated on
gradients ,  and . As opposed to the mentioned, the high-high correlation area between ecological risk and NP, PD,
DIVISION, SHDI and SHEI in 2020 was concentrated in gradients  and , while the low-low correlation area was
concentrated in gradients  and . On the whole, the high-low correlation area between ecological risk and LPI was mainly
located in gradients  and , while the low-high correlation area was concentrated on gradients  and  in 2020 (Fig. 9).

The low-low correlation area between ecological risk change and NP, PD, DIVISION, SHDI and SHEI variations was
concentrated in gradients  and , while the high-high correlation area was concentrated in gradients  and  from 2005 to
2020. The low-high correlation area between ecological risk change and LPI change was concentrated on gradients ,
while the high-low correlation area was primarily located in gradients  and  from 2005 to 2020 (Fig. 10).

4. Discussions

4.1 Spatial pattern and variations of habitat quality and ecological
risk
This study found that the gradient characteristics of habitat quality and ecological risk in coastal region were correlated
with the spatial pattern of different landscape types in different gradients. The gradients close to the coastline were the
key area of human development, and the proportions of human-dominated landscapes (such as built-up land) were high,
which threatened the habitat and caused high ecological risk. On the other hand, the gradients far from the coastline were
dominated by farmland for agricultural production and pose little threat to the habitat, resulting in a low ecological risk
(Table 12). Simultaneously, the study found that the habitat quality in coastal regions decreased and the ecological risk
increased under the robust human disturbance, which is close to the results of Li et al (2017) and Zhang et al (2020c). In
this study, the decline of habitat quality and the increase in ecological risk in coastal regions were correlated with the rapid
expansion of built-up land and the signi�cant reduction of farmland and water body (Table 13), which is similar to the
results of Zhang et al (2020c) and Wang and Wang (2021). In addition, habitat quality degradation and ecological risk
enhancement were signi�cant in the gradients close to the coastline, which was correlated with high development intensity
in this gradient than in the gradients far from the coastline. In other words, the expansion of built-up land, and the decline
of farmland and water body was obvious in near coastline gradients (Table 13 and Fig. 11).

4.2 Correlation of habitat quality and ecological risk with landscape
metrics
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In this study, Pearson correlation analysis and spatial autocorrelation method of GeoDA software were adopted to
examine the correlation of landscape metrics with habitat quality and ecological risk. As revealed from the results, habitat
quality and ecological risk were correlated with landscape metrics, complying with the research conclusions drawn by Zhu
et al., (2020) and Yan et al., (2018). However, the correlations of different landscape metrics with habitat quality and
ecological risk were different, which was largely correlated with the different responses of different landscape metrics to
human activities. Rapid urbanization has altered the original human activity types dominated by agricultural production.
The diversity of landscape types and the number of patches increased, and the maximal landscape (agricultural
landscape) area decreased, thereby leading to the increase in landscape fragmentation and the degree of landscape
separation and thus threatening the habitat quality and increasing the ecological risk (Tables 4, 5 and 7). Thus, NP, PD,
DIVISION, SHDI and SHEI show positive correlations with habitat quality and ecological risk, while LPI was negatively
correlated with habitat quality and ecological risk (Tables 9 and 11). Moreover, it is noteworthy that spatial heterogeneity
was reported in the correlation of landscape metrics with habitat quality and ecological risk in a range of distance
gradients from the coastline. For instance, from 2005 to 2020, landscape metrics except for LPI in gradients  and 
decreased, while increasing in gradients  and  (Table 7). However, the ecological risk in gradients  and  signi�cantly
declined, while declining gently in gradients  and  (Table 5), thereby causing a low–low spatial correlation area in
gradients  and , as well as a high-high spatial correlation area in gradients  and  between landscape metrics and
ecological risk from 2005 to 2020 (Fig. 10).

4.3 Ecological management and landscape planning
With the rapid urbanization, economic development and population explosion in coastal regions, human activities have
imposed more pressure on the ecological environment and then caused serious habitat degradation and intensi�ed
ecological risks. In the future, the green development model should be implemented continuously, the ecological protection
red line should be delimited according to the social and economic development trend and the distance from the coast,
ecological management zones should be established, differentiated regional management and control measures should
be adopted, and the focus should be placed on protecting the core ecological function area. In addition, the ecological
environment quality in the coastal region could be improved by the landscape planning. To achieve the coordination
between landscape planning and ecological environment in coastal regions, speci�c measures included increasing the
area of natural landscape (forest, water body and mud�at), protecting the landscape types with high ecological function,
controlling the speed of the built-up land expansion and the development of water body, elevating the level of economical
and intensive use of built-up land, and boosting the protection of farmland and aquaculture land.

5. Conclusions
The habitat quality and ecological risks in coastal region tended to decrease and increase from 2005 to 2020, respectively.
As the distance from the coastline increased, the variation amounts of habitat quality and ecological risk decreased. Over
the past 15 years, most landscape metrics except for LPI have increased. Signi�cant differences were reported in the
variations of landscape metrics in different distance gradients. LPI showed a negative correlation with habitat quality and
ecological risk, while other landscape metrics were positively correlated with habitat quality and ecological risk. The
correlations of landscape metrics with habitat quality and ecological risk in a range of distance gradients were
heterogeneous. Except for LPI, LISA cluster map between other landscape metrics and habitat quality was similar to that
between other landscape metrics and ecological risk. The areas closer to the coastline could exhibit stronger intensity of
human activities, and the prominent expansion of built-up land and the serious destruction of natural landscape were
demonstrated in near coastline gradients. As opposed to the mentioned, human activities in areas farther from the
coastline were weak, and ecological environment was less disturbed, thereby forming the distance gradient characteristics
of habitat quality and ecological risk level in coastal regions.
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Tables
Table 1 Maximal impact distance and weight of the threat factors

Factors Farmland Aquaculture land Built-up land Road

Maximal impact distance/km 1 0.5 2 0.5

Weight 0.4 0.3 0.6 0.3
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Table 2 Sensitivity of the threat factors to various habitat types

Habitat types Farmland Aquaculture land Built-up land Road

Forest 0.3 0.1 0.5 0.3

Water body 0.4 0.6 0.8 0.2

Mud�at 0.1 0.7 0.4 0.1

Unused land 0.2 0.1 0.3 0.1

  
Due to technical limitations, table 3 is only available as a download in the Supplemental Files section.

Table 4
Variations of habitat quality in the study area

Areas 2005 2020 Variations from 2005 to 2020

Gradient 0.2621 0.0736 -0.1885

Gradient 0.0542 0.0238 -0.0304

Gradient 0.0249 0.0157 -0.0092

Gradient 0.0228 0.0158 -0.0070

Whole region 0.1237 0.0402 -0.0835

 
Table 5

Change of ecological risk in the study area
Areas 2005 2020 Variations from 2005 to 2020

Gradient 0.99 1.17 0.18

Gradient 0.92 1.04 0.12

Gradient 0.77 0.81 0.04

Gradient 0.76 0.77 0.01

Whole region 0.89 0.99 0.10
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Table 6
Values of landscape metrics in 2005 and 2020

Metrics Gradient Gradient Gradient Gradient Whole region

2005 2020 2005 2020 2005 2020 2005 2020 2005 2020

NP 5.12 4.71 5.03 4.34 3.47 5.63 3.15 7.91 4.36 5.47

PD 42.62 34.98 32.87 29.53 25.70 44.43 22.34 45.24 33.95 41.10

LPI 74.41 77.75 79.53 81.88 88.53 71.66 89.69 62.97 81.58 74.14

DIVISION 0.34 0.30 0.29 0.26 0.17 0.38 0.16 0.49 0.26 0.35

SHDI 0.57 0.49 0.49 0.43 0.29 0.62 0.27 0.82 0.44 0.58

SHEI 0.45 0.43 0.42 0.39 0.27 0.49 0.27 0.60 0.37 0.47

Table 7
Change rate of landscape metrics from 2005 to 2020 %

Metrics Gradient Gradient Gradient Gradient Whole region

NP -8.01 -13.72 62.25 151.11 25.46

PD -17.93 -10.16 72.88 102.51 21.06

LPI 4.49 2.95 -19.06 -29.79 -9.12

DIVISION -11.76 -10.34 123.53 206.25 34.62

SHDI -14.04 -12.24 113.79 203.70 31.82

SHEI -4.44 -7.14 81.48 122.22 27.03

Table 8
Correlation coe�cients between habitat quality and landscape metrics in 2005 and 2020

Metrics Gradient Gradient Gradient Gradient Whole region

2005 2020 2005 2020 2005 2020 2005 2020 2005 2020

NP 0.089 0.598** 0.637** 0.413** 0.731** 0.415** 0.638** 0.517** 0.383** 0.548**

PD 0.083 0.494** 0.524** 0.430** 0.640** 0.368** 0.579** 0.540** 0.406** 0.510**

LPI -0.013 -0.590** -0.814** -0.437** -0.727** -0.448** -0.660** -0.527** -0.459** -0.565**

DIVISION 0.011 0.611** 0.818** 0.446** 0.774** 0.462** 0.662** 0.550** 0.461** 0.582**

SHDI 0.001 0.656** 0.814** 0.484** 0.779** 0.481** 0.702** 0.592** 0.468** 0.618**

SHEI 0.023 0.524** 0.799** 0.435** 0.761** 0.458** 0.657** 0.503** 0.446** 0.525**
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Table 9
Correlation coe�cients between habitat quality variation and landscape metrics

variations from 2005 to 2020
Metrics Gradient Gradient Gradient Gradient Whole region

NP 0.458** 0.421** 0.305** 0.309** 0.472**

PD 0.421** 0.442** 0.270** 0.333** 0.431**

LPI -0.395** -0.446** -0.268** -0.309** -0.516**

DIVISION 0.405** 0.429** 0.253** 0.390** 0.467**

SHDI 0.459** 0.443** 0.262** 0.308** 0.489**

SHEI 0.431** 0.413** 0.245** 0.320** 0.436**

Table 10
Correlation coe�cients between ecological risk and landscape metrics in 2005 and 2020

Metrics Gradient Gradient Gradient Gradient Whole region

2005 2020 2005 2020 2005 2020 2005 2020 2005 2020

NP 0.432** 0.015 0.195** 0.098 0.059 0.287** 0.036 0.299** 0.365** 0.202**

PD 0.359** 0.140** 0.157 0.143* 0.021 0.139* 0.143 0.308** 0.319** 0.244**

LPI -0.475** -0.005 -0.250** -0.049 -0.097 -0.296** -0.023 -0.185* -0.436** -0.213**

DIVISION 0.474** 0.015 0.250** 0.050 0.095 0.307** 0.029 0.213** 0.433** 0.226**

SHDI 0.464** 0.035 0.241** 0.039 0.102 0.357** 0.015 0.292** 0.435** 0.258**

SHEI 0.436** 0.023 0.235** 0.060 0.095 0.239** 0.035 0.137 0.419** 0.156**

Table 11
Correlation coe�cients between ecological risk change and landscape metrics

variations from 2005 to 2020
Metrics Gradient Gradient Gradient Gradient Whole region

NP 0.295** 0.109 0.243** 0.094 0.322**

PD 0.276** 0.162* 0.033 0.207** 0.299**

LPI -0.338** -0.206** -0.309** -0.266* -0.383**

DIVISION 0.250** 0.114 0.178** 0.100 0.267**

SHDI 0.258** 0.103 0.188** 0.113 0.276**

SHEI 0.175** 0.082 0.166* 0.075 0.219**
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Table 12
Area of various landscape types in 2005 and 2020 ha

Landscape types Gradient Gradient Gradient Gradient Whole region

2005 2020 2005 2020 2005 2020 2005 2020 2005 2020

Farmland 1671 960 2294 1637 2510 2068 2029 1778 8504 6444

Aquaculture land 1152 910 27 32 3 4 4 7 1187 953

Forest 379 367 249 238 137 138 113 111 879 853

Built-up land 545 2251 178 821 106 524 85 316 914 3915

Road 24 135 17 66 23 59 23 49 87 310

Water body 1082 211 12 70 1 12 3 10 1102 304

Mud�at 47 210 0 0 0 0 0 0 48 212

Unused land 187 42 97 10 38 13 14 0 335 65

 
Table 13

Variations of each landscape type area from 2005 to 2020 ha
Areas Farmland Aquaculture

land
Forest Built-up

land
Road Water

body
Mud�at Unused

land

Gradient -711 -242 -12 1706 111 -871 163 -145

Gradient -657 5 -11 643 49 58 0 -87

Gradient -442 1 1 418 36 11 0 -25

Gradient -251 3 -2 231 26 7 0 -14

Whole
region

-2060 -234 -26 3001 223 -798 164 -270

Figures
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Figure 1

Location of the study area

Figure 2

Spatial distribution of landscape types
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Figure 3

Spatial pattern of habitat quality variation

Figure 4

Spatial pattern of ecological risk change
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Figure 5

Spatial pattern of landscape metrics in 2005 and 2020
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Figure 6

Spatial pattern of landscape metrics variations from 2005 to 2020
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Figure 7

LISA cluster map between habitat quality and landscape metrics in 2005 and 2020
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Figure 8

LISA cluster map between habitat quality variation and landscape metrics change from 2005 to 2020



Page 22/24

Figure 9

LISA cluster map between ecological risk and landscape metrics in 2005 and 2020
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Figure 10

LISA cluster map between ecological risk change and landscape metrics change from 2005 to 2020
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Figure 11

Spatial pattern of landscape type variations in the study area from 2005 to 2020
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