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Abstract. Taking the core area of Jiangsu Yancheng Wetland National Nature Reserve as a case, spatial and 

temporal changes of habitat quality were analyzed from the viewpoint of Red-crowned crane (Grus 

japonensis (Statius Müller, 1776)), and other rare birds. The results showed that the area of mudflats and 

Suaeda salsa marshes decreased, the area of Spartina alterniflora marshes, Phragmites australis marshes, 

aquaculture ponds and roads increased during 1983 to 2011. The value of habitat degradation index 

increased from 0.006 to 0.024 during 1983 to 2011, which meant the habitat degradation was becoming 

more serious. The spatial distribution of habitat degradation had been a distinct longitudinal band from an 

obvious lateral belt. The value of habitat quality index decreased from 0.863 in 1983 to 0.742 in 2011, 

which meant the habitat quality became worse due to the expansion of aquaculture ponds and 

Spartina alterniflora. Based on 1983, the value of habitat scarcity index increased from -0.10 to 0.173 

during 1997 to 2011, indicating that the ecosystem function was declining. The values of habitat scarcity 

index of Suaeda salsa marsh and mudflat were obviously rising and were also the highest which were 0.628 

and 0.637 in 2011, respectively. It indicated that Suaeda salsa marsh and mudflat became more and more 

scarce. They needed more protection and restoration. 
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Introduction 

Habitat quality is one of the important service functions of the ecosystem and the 

objective existence of the essential attributes of the ecological environment (Xiao, 2011). 

However, with the increase of human disturbance, especially the change of land use mode, 

intensity and pattern caused by large-scale human activities, it had a heavy impact on the 

quality of biological habitat, and even affected the biodiversity of the entire region, and 

even subsequently the planet (Zhong et al., 2017). Therefore, the study of regional habitat 

quality was of great significance for maintaining regional ecosystem stability and 

improving ecosystem functions. 

On the whole, the habitat quality assessment research can be divided into two 

categories. First, the habitat quality assessment based on on-the-spot investigation was 

mostly limited to a small scale, such as small cities, rivers, nature reserves and so on. Belt 

transect method or quadrat method was often used to investigate animals and plants, so 

as to obtain parameters related to habitat quality, constructing an assessment system and 

using certain mathematical methods to evaluate (Wu et al., 2015), which was mainly used 
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to predict the spatial distribution of habitat or select location of nature reserves in the 

future, which can analyze the spatial distribution of species and habitat conditions, and 

assess the suitability of the species habitat (Chen et al., 2016). For example, Guo et al. 

(2016) evaluated the regional habitat quality of Zagunao river valley in the upstream of 

Minjiang River by using Analytic Hierarchy Process (AHP) according to 9 factors such 

as topography, soil, water and vegetation. However, this method is time-consuming and 

labor-consuming, making it difficult to observe for a long time. 

The second is the index system model based on landscape pattern. With the widespread 

use of remote sensing and Geographic Information System (GIS) technology, integrating 

the landscape pattern and the distribution of threat sources into the habitat quality model, 

establishing a structural spatial display model has become a new research focus, is 

suitable for large and medium-sized research on the spatial and temporal changes of 

habitat quality, and is the basis for the identification, definition and conservation of 

ecosystem health (Gong et al., 2018). Artificial Intelligence for Ecosystem Services 

(ARIES), Multiscale Integrated Models of Ecosystem Services (MIMES) and Integrated 

Valuation of Ecosystem Services and Tradeoffs (InVEST) models have done creative 

research in this respect, among which the InVEST model is the most mature and most 

widely used ecological function evaluation model at present, and the method of evaluating 

habitat quality based on habitat threaten is widely used (Bhagabati et al., 2014). Terrado 

et al. (2016) did a comparative analysis of the calculation results of habitat quality module 

in model with the results of biodiversity observation. Research showed that there was a 

significant correlation between them, proving the reliability of the InVEST model. Chu 

et al. (2015) studied the changes of landscape pattern and habitat quality in Liaoning 

coastal zone from 2000 to 2010 by using the InVEST model, pointing out that reclamation 

of wetlands and urbanization expansion were the main reasons for the degradation of 

habitat quality. Wang (2016) evaluated the changes of habitat quality in Sanjiangyuan 

from 2000 to 2010 based on the InVEST model, and pointed out that the improvement of 

habitat quality in Sanjiangyuan in the past 10 years was a manifestation of the 

effectiveness of ecological restoration and construction. Bai et al. (2015) studied the 

changes of habitat quality in Minjiang River Basin from 2000 to 2010 by using the 

InVEST model, and pointed out that the interference of roads, industrial land, residential 

areas and mining sites were the main driving factors for the changes of habitat quality. 

Yancheng Coastal Wetland is located in the central coast of Jiangsu Province of China, 

and is one of the most typical and representative distribution areas of muddy coastal 

wetlands in China and even the world, integrating intertidal beaches, tides, rivers, salt 

marshes, Phragmites australis marshes and Spartina alterniflora marshes. Over the years, 

under the dual influence of nature and human activities, especially under the high-

frequency and high-intensity human production activities, the natural wetland area has 

been reduced and biodiversity has been lost, and the problem of ecological environment 

quality has become increasingly prominent, which has become one of the current focus 

issues, especially the study of suitability of Red-crowned Crane habitat. Sun et al. (2011) 

and Ou et al. (2015) pointed out the impact of changes in wetland landscape structure and 

connectivity under the influence of human activities on the habitat quality, especially on 

the habitat suitability of Red-crowned Cranes. Liu et al. (2016) studied the population 

dynamics of Red-crowned Cranes and their selection of habitat in Yancheng coastal 

wetland. Wang et al. (2015) selected nine ecological factors such as land use status, plant 

coverage, soil environment, biomass, water quality, water supply, biodiversity, wetland 

threated status and annual growth rate of wetland degradation, taking GIS technology, 
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and the ecological suitability of nature reserves was analyzed quantitatively by using AHP 

and factor weighted superposition. However, the study on the spatial differentiation of 

habitat quality with long time series, quantification and visualization is rarely reported in 

Yancheng coastal wetland. Therefore, taking the core area of Jiangsu Yancheng Wetland 

National Nature Reserve Rare Birds as an example, this paper studied the spatial and 

temporal changes of the habitat quality of the core area from 1983 to 2011 by using the 

habitat quality module in the InVEST model, and analyzed the impact of landscape 

changes on the habitat quality, which can provide a reference for the construction and 

management of Yancheng Coastal Wetland. 

Material and methods 

Study area 

Yancheng coastal wetland is located in the central coastal area of Jiangsu Province of 

China, facing the Yellow Sea in the east. The coastline is 582 km long and the wetland 

area is 4.53×105 hm2. It is the largest tidal flat coastal wetland in the Asian continent. The 

nature reserve is located in the transition zone between subtropical and warm temperate 

zone. The monsoon is remarkable and the climate is mild. The annual precipitation is 

about 1000 mm. Jiangsu Yancheng Wetland National Nature Reserve • Rare Birds 

(32°20′N～34°37′N，119°29′E～121°16′E) was established in 1983. It was upgraded to 

a national nature reserve in 1992. It is an important member of World Biosphere Reserve, 

Northeast Asia Crane Protection Network and East Asia--Australian Wader Migration 

Network. It has been entered into the International List of Important Wetlands. The study 

selected the core area of Jiangsu Yancheng Wetland National Nature Reserve • Rare Birds 

(Fig. 1) as the case area. The core area is to Xinyanggang River in the north, to 

Doulonggang River in the south, to the seawall road in the west, and to edge of mudflats 

(-3 m isobath) in the east. It is a typical silt-type tidal flat wetland with a total area of 

1.92×104 hm2. The landscape types in the core area are divided into natural wetlands, 

constructed wetlands and non-wetlands. Natural wetlands include Phragmites australis 

marsh, Spartina alterniflora marsh, Suaeda salsa marsh, mudflat and river. Constructed 

wetlands are culture ponds. Non-wetlands are roads. 

Data sources 

We used MSS image in 1983 (M4119037_037119831114), TM image in 1997 

(P119737_5t19920607) and ETM image in 2011 (L71119037_03720110924) as the data 

sources. At the same time, we also used 1:200,000 geomorphic map, 1:200,000 vegetation 

map and 1:200,000 land use map of Xinyangang River estuary in “atlas of comprehensive 

survey of coastal and tidal marsh resources in China - fascicule of Jiangsu” which was 

published by the State Oceanic Administration of China and the State Bureau of 

Surveying and Mapping of China in 1988. 

In ENVI 4.7, we first removed the trips 0n the image in 2011 by using the stripper tool. 

Then, we used the FLAASH module to perform atmospheric correction on remote sensing 

images. After atmospheric correction, we performed geometric correction of remote 

sensing images through GPS positioning in the field, in which the correction accuracy 

was less than 0.5 pixels. We classified remote sensing images in 1983 and 1997 by using 

the maximum likelihood method in supervised classification. Based on the principal 

component analysis, we combined the multispectral band with the panchromatic band for 
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the image in 2011 (Serious phenomenon of foreign body with spectrum). We used a 

combination of unsupervised classification and decision tree classification, and used 

survey data of field to verify, so that computer interpretation and visual interpretation 

could be combined to achieve image interpretation accuracy of more than 95%. We 

produced a series of landscape types of the study area in 1983, 1997, and 2011 by ArcGIS. 

 

 

Figure 1. Location and scope of the study area. (a) The study area is located at the core zone of 

Yancheng National Nature Reserve, which is situated on the center of the coastal of Jiangsu 

Province, China. (b) The scope of the study area 

 

 

Methods 

The InVEST model was developed by Stanford university, the Nature Conservancy 

(TNC), the World Wildlife Fund (WWF) and other research institutions to evaluate 

Ecosystem service functions and their economic value, and support Ecosystem 

management and decision-making (Hall et al., 1997; Sharp et al., 2017; Zhang et al., 2017). 

Habitat Quality Module in InVEST 3.2 was a combination of the landscape type map 

and the threat factors of biodiversity to generate a map of habitat quality. The Habitat 

Quality Module was based on the type of landscape that had different levels of sensitivity 

to different threat factors. It clearly characterized the response of various landscape types 

to threat factors and assessed the interaction between threat factors. The better the habitat 

quality was, the higher the degree of biodiversity conservation would be in the region. 

The more frequent human activities were, more threat factors there were, and more 

changes the landscape had, the greater impact on habitat quality it would have. Therefore, 

using the Habitat Quality Module could effectively analyze the relationship between 

landscape changes and habitat quality. The basic data required for the operation of the 

Habitat Quality Module included the map of landscape type, the map of threat factors, the 

influence distance table of threat factors and the table of sensitivity of landscape types to 

threat factors (Nelson et al., 2009; Goldstein et al., 2012; Mdk et al., 2013; Chaplinkramer 

et al., 2015; Zhang et al., 2016; Zhao et al., 2017). 

Map of landscape types 

Taking the series of landscape maps of the study areas in 1983, 1997 and 2011 as the 

basic data, and choosing the map of 1983 as the baseline. We also set the unified grid size 

to 30m×30m. 
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Threat factors 

Based on the landscape type of Yancheng coastal wetlands, we selected aquaculture 

ponds, rivers, roads and Spartina alterniflora (Invasive species) that were affected by 

human factors greatly as threat factors. Since there were no aquaculture ponds in the study 

area in 1983, the pond was not used as a threat factor in 1983. We referred to the relevant 

literature (Yuan et al., 2009; Sun et al., 2011; Meng et al., 2012; Yang et al., 2014), 

combined with the characteristics of the study area, set the maximum influence distance 

of the threat factors, the weight of the threat factors, and the linear correlation of the 

decline as shown in Table 1. 

 

Table 1. Attribute table of ecological threat factors 

Threat factors Maximum impact distance (km) Weight Linear correlation of regression 

Aquaculture pond 1 0.6 0 

River 3 0.4 1 

Road 5 0.6 1 

Spartina alterniflora 3 0.8 0 

 

 

A table of threat factors in the model, includes the relative impact of threat factors on 

habitat types and the distance at which habitat degradation occurs. There are two kinds of 

calculation formulas for the influence distance of threat factor, such as Eqs. 1 and 2. 

 

 𝑖𝑟𝑥𝑦 = 1 −
𝑑𝑥𝑦

𝑑𝑟𝑥𝑦
 if linear (Eq.1) 

 

 𝑖𝑟𝑥𝑦 = 𝑒𝑥𝑝 (−
2.99

𝑑𝑟𝑥𝑦
) if exponential (Eq.2) 

 

In Equations 1 and 2, irxy represents the degree of influence of the threat factors r in 

the grid unit y on the habitat grid unit x; dxy represents the distance between the two grid 

units x, y; and drxy represents the maximum influence distance of the threat factors (Sharp 

et al., 2017). 

Sensitivity of landscape types to threat factors 

Habitat suitability was bigger if it was closer to the original ecological system. Based 

on the function of maintaining the stability of the coastal wetland ecological environment, 

as well as the foraging and habitat environment standards for rare species of 

Red-crowned crane, we set the highest habit suitability was 1, the lowest was 0. 

Different landscape types had different sensitivities to threat factors. Compared with 

the artificial landscape, the natural landscape had significantly weaker anti-interference 

ability to the threat factors and had greater sensitivity. We set the sensitivity range between 

0 and 1, and the higher the sensitivity was, the larger the value would be. If the landscape 

type was not sensitive to the threat factors, it was represented by 0, and if it was extremely 

sensitive to the threat factors, it was represented by 1 (Bao et al., 2015; Li et al., 2016; 



Zhang et al.: Spatial and temporal changes of habitat quality in Jiangsu Yancheng Wetland National Nature Reserve – Rare birds of China 

- 4812 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):4807-4821. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1702_48074821 

 2019, ALÖKI Kft., Budapest, Hungary 

Zhang et al., 2018). The sensitivity index of each landscape type to the threat factors in 

the study area was shown in Table 2. 

 

Table 2. Habitat suitability and sensitivity to threat factors of different landscape types 

Landscape types Habitat suitability Culture pond River Road Spartina alterniflora 

Aquaculture pond 0.5 0 0.5 0 0.5 

River 0.5 0.5 0 0.8 0.5 

Mudflat 0.8 0.5 0.3 0.3 0.8 

Road 0 0 0 0 0 

Phragmites australis marsh 1 0.3 0.6 0.6 0.5 

Spartina alterniflora marsh 0.5 0.5 0.5 0.7 0 

Suaeda salsa marsh 1 0.5 0.8 0.5 0.8 

 

 

Habitat degradation index 

The degree of habitat degradation was closely related to the sensitivity of landscape 

type to threat factors, the number of threat factors, the influence distance of threat factors 

and the weight of threat factors. The model assumed that within a certain range, the closer 

the habitat to the threat factor was, the higher the sensitivity and the habitat degradation 

index would be. The formula for calculating the habitat degradation was as follows. 

 

 𝐷𝑥𝑗 = ∑ ∑ (
𝑤𝑟

∑ 𝑤𝑟
𝑅
𝑟=1

)
𝑦𝑟
𝑦=1

𝑅
𝑟=1 𝑟𝑦𝑖𝑟𝑥𝑦𝛽𝑥𝑠𝑗𝑟 (Eq.3) 

 

In Equation 3, 𝐷𝑥𝑦 is the habitat degradation index, which characterizes the degree 

of habitat degradation; R refers to the number of threat factors; 𝑦𝑟 refers to the number 

of grid cells on the threat factor layer; 𝑤𝑟 refers to the weight value of the threat factor; 

𝑟𝑦refers to the number of raster unit threat factors in the layer; 𝛽𝑥 refers to the degree of 

protection; 𝑠𝑗𝑟 refers to the sensitivity of the threat factor, and the value range is from 0 

to 1. 

Habitat quality index 

Habitat quality Index depends on habitat degradation index and habitat suitability. In 

general, habitat quality index increases with the increase of habitat suitability and 

decreases with the increase of habitat degradation Index. Therefore, the more frequent the 

landscape type changes were and larger the scope was, the higher the degree of habitat 

damage would be, greater the adverse impact on species survival and reproduction it 

would have, and worse the habitat quality would be. The higher the habitat suitability was 

and the better the habitat environment of the species was, the higher the habitat quality 

would be. The habitat quality index was calculated as follows. 

 

 𝑄𝑥𝑗 = 𝐻𝑗 (1 −
𝐷𝑥𝑗

𝑍

𝐷𝑥𝑗
𝑍 +𝑘𝑍) (Eq.4) 
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In Equation 4, 𝑄𝑥𝑗  refers to the habitat quality index; 𝐻𝑗  represents the habitat 

suitability; 𝐷𝑥𝑗 is the degree of habitat degradation; k is the half-saturation coefficient, 

we set it to 15 in the study (It is half the raster resolution). z is generally set to 2.5. 

Habitat scarcity index 

Habitat scarcity could reflect the scarcity of the overall habitat of the region and the 

scarcity of a certain landscape type. The more the habitat scarce was, the more protected 

it should be. The higher the habitat scarcity index was, the lower the scarcity degree would 

be. It could be calculated as follows. 

 

 𝑅𝑗 = 1 −
𝑁𝑗

𝑁𝑗𝑏𝑎𝑠𝑒
 (Eq.5) 

 

 𝑅𝑥 = ∑ 𝜎𝑥𝑗𝑅𝑗
𝑋
𝑥=1  (Eq.6) 

 

In Equation 5, 𝑅𝑗 is the habitat scarcity index of landscape type 𝑗. 𝑁𝑗 is the number 

of grids of landscape type 𝑗 in the current or future map. 𝑁𝑗𝑏𝑎𝑠𝑒 is the number of grids 

of landscape type 𝑗 in the baseline landscape map. If there is no landscape type 𝑗, 𝑅𝑗 =

0. 

In Equation 6, 𝑅𝑥 is the habitat scarcity index. 𝜎𝑥𝑗 is the discriminant coefficient of 

the landscape type 𝑗.When the grid is the current landscape type 𝑗,  𝜎𝑥𝑗 = 1, otherwise 

𝜎𝑥𝑗 = 0. 

Results 

We loaded the resulting image of the model run (including the habitat degradation 

raster map and the habitat quality raster map) into ArcGIS, analyze the degree of habitat 

degradation and habitat quality in each year by reclassifying images furtherly. It was 

possible to compare the degree of habitat degradation and the changes in habitat quality 

through grid calculation. 

Landscape changes 

From the perspective of landscape composition, the landscape types of the study area 

were mainly aquaculture pond, Phragmites australis marsh, Suaeda salsa marsh, 

Spartina alterniflora marsh and mudflat. Comparing the changes during 1983 to 2011 

(Table 3), it could be found that the area of aquaculture pond, Phragmites australis marsh, 

and Spartina alterniflora marsh in the study area increased, while the area of Suaeda salsa 

marsh first increased and then decreased. Phragmites australis marsh increased from 

19.62% in 1983 to 31.46% in 2011, and the growth was faster and faster. 

Spartina alterniflora marsh increased from 1.69% in 1983 to 23.77% in 2011, and the 

expansion rate was getting faster and faster. The area percentage of Suaeda salsa marsh 

was 26.85%, 29.13% and 9.98% in 1983, 1997 and 2011, respectively, and it first 

increased and then decreased, and it decreased rapidly, the main reason for the increase 

was that Spartina alterniflora marsh had not formed a close interlaced zone with 
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Suaeda salsa marsh, and there were original ecological evolution sequences of mudflat 

to Suaeda salsa marsh between 1983 and 1997. The sharp decrease between 1997 and 

2011 was due to the two-way extrusion of Phragmites australis marsh and 

Spartina alterniflora marsh, and the area of Suaeda salsa marsh continued to shrink. 

Mudflat decreased from 46.93% in 1983 to 17.63% in 2011, and the rate of reduction was 

also increasing faster, mainly due to the expansion of Suaeda salsa marsh and 

Spartina alterniflora marsh. The area of the aquaculture pond had changed greatly, from 

0% in 1983 to 12.11% in 2011. The road area had nearly doubled in 2011 compared with 

1983. According to the two periods, it could be concluded that the effect of human 

activities on the study area was continuous and stable. 

 

Table 3. Area changes of landscape types in the study area 

Landscape types 

1983 1997 2011 

Area 

(×102hm2) 

The percentage 

(%) 

Area 

(×102hm2) 

The percentage 

(%) 

Area 

(×102hm2) 

The percentage 

(%) 

Aquaculture pond 0 0 11.67 6.06 23.32 12.10 

River 6.41 3.33 4.16 2.16 4.11 2.13 

Mudflat 90.39 46.93 63.72 33.08 33.95 17.62 

Road 3.04 1.58 4.81 2.50 5.64 2.93 

Phragmites 

australis marsh 
37.79 19.62 42.65 22.14 60.6 31.46 

Spartina 

alterniflora marsh 
3.25 1.69 10.51 5.46 45.8 23.77 

Suaeda salsa 

marsh 
51.71 26.85 55.13 28.62 19.23 9.98 

 

 

According to the area and number of landscape patches, it could be found that the 

number and area of landscape patches changed significantly from 1983 to 2011 and the 

number of patches increased from 53 to 291, an increase of 294.34%; the average patch 

area decreased from 363.47 hm2 66.20 hm2, a decrease of 81.79%. The landscape 

fragmentation trend in the study area was obvious, and the landscape segmentation 

phenomenon was intensified. The contagion index and aggregation index were reduced 

from 61.50 and 96.05 to 45.84 and 89.36, respectively. The mean shape index dropped 

from 1.59 to 1.30, indicating that the landscape in the study area was gradually increased 

by human disturbance, and the landscape patch shape tended to be regular. 

Habitat degradation analysis 

The degree of habitat degradation had certain reference value in predicting the 

possibility of habitat damage in the future. The degree of habitat degradation directly 

reflected the threat of threat factors to landscape types and was directly proportional to 

them. The higher the degree of habitat degradation was, the greater the impact of the 

threat factors on the region would be. The core area of the Jiangsu Yancheng Wetland 

National Nature Reserve • Rare birds had a high degree of ecological environmental 

protection and a low degree of habitat degradation generally. However, in terms of time, 

habitat degradation was becoming more and more serious, and the value of habitat 

degradation index was increasing more and more quickly. The value of habitat 

degradation index was 0.006, 0.009 and 0.024, in 1983, 1997 and 2011, respectively. It 

can be seen from Table 4 that the value of habitat degradation index was most 



Zhang et al.: Spatial and temporal changes of habitat quality in Jiangsu Yancheng Wetland National Nature Reserve – Rare birds of China 

- 4815 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):4807-4821. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1702_48074821 

 2019, ALÖKI Kft., Budapest, Hungary 

concentrated between 0 and 0.02 and the area percentage were 100%, 90.73% and 44.39% 

in 1983, 1997 and 2011, respectively. In 1983, the degree of habitat degradation was low, 

and the value of degradation index was all concentrated in the range of 0-0.02. In 1997, 

the value of habitat degradation was still low, but compared with the 1983, the area 

percentage in the range of 0.02-0.04 was 9.27%, the area with the value between 

0.04-0.06 was very small. In 2011, the habitat degradation was intensified, and the area 

percentage of degradation ranging from 0 to 0.02 was less than half of that in 1997, the 

area ratio in the range of 0.02-0.04 reached 30.19%, the area ratio in the range of 0.04-0.06 

reached 22.99%, the area ratio in the range of 0.06-0.08 was 2.43%, and the highest value 

of habitat degradation index reached 0.072. 

 

Table 4. Habitat degradation degree classification statistics from 1983 to 2011 

Grading ranges 

1983 1997 2011 

Area 

(×102hm2) 
The percentage (%) 

Area 

(×102hm2) 
The percentage (%) 

Area 

(×102hm2) 
The percentage (%) 

0-0.02 192.60 100 174.78 90.73 85.51 44.39 

0.02-0.04 0 0 17.85 9.27 58.17 30.19 

0.04-0.06 0 0 0.02 0 44.28 22.99 

0.06-0.08 0 0 0 0 4.69 2.43 

 

 

It can be seen from Fig. 2 that what had no habitat degradation or low degree of 

degradation were mainly threat factors themselves, namely Spartina alterniflora, roads, 

aquaculture ponds and rivers. The region with the higher value of habitat degradation 

index was mainly located in the neighborhood of the threat factors. From 1983 to 2011, 

as the intensity of threat factors increased, the area of the region with the high value of 

habitat degradation index also expanded, directly causing the value of habitat degradation 

index to become higher. In 1983, the areas with the high value of habitat degradation were 

mainly located on both sides of Xinyanggang River and Doulonggang River and the 

spatial differentiation of habitat degradation had obvious lateral belt distribution. In 1997, 

the area with the high value of habitat degradation was mainly distributed around the 

breeding ponds, the Doulonggang River, and the large Spartina alterniflora plaques in 

the south of the study area. In 2011, the areas with the high value of habitat degradation 

were mainly distributed in the interlaced belts between aquaculture pond and 

Phragmites australis marsh, Salsa marsh and Spartina marsh, mudflat and Spartina 

marsh. The spatial differentiation of habitat degradation had a distinct longitudinal band 

distribution. 

Habitat quality assessment 

During 1983 to 2011, the habitat quality of the core area of Yancheng Wetland National 

Nature Reserve was degraded. The value of habitat quality index decreased slightly from 

0.863 to 0.846 during 1983 to 1997, the habitat quality declined obviously from 1997 to 

2011, it fell from 0.846 to 0.742, a decrease of 12.29%. 

The value of habitat quality index was divided into four sections: 0-0.25, 0.25-0.5, 0.5-

0.75, and 0.75-1, which indicated that the habitat quality grades were poor, medium, good, 

and excellent respectfully. It can be seen from Table 5 that the habitat quality of the study 
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area was high generally, and the grade of habitat quality were mostly excellent, and then 

medium and poor successively, there was no distribution at the good grade. Thus, in terms 

of regional differences, the habitat quality in the study area showed a “polarization” trend. 

According to the changes of the area ratio in the three levels, it showed “two increasing 

and one decreasing”. The area of the excellent habitat quality was in a state of decline, 

and the area ratio had decreased from 93.57% in 1983 to 59.08% in 2011, the decline 

reached 36.86%, and the decline from 1983 to 2011 was getting faster and faster. The 

areas of poor and medium habitat quality were increasing, and the area of poor habitat 

quality increased from 1.40% in 1983 to 2.91% in 2011, which was more than doubled. 

The area of medium habitat quality increased from 5.03% in 1983 to 38.01% in 2011, an 

increase of more than 6.5 times, and the increasing speed of the areas of poor and medium 

habitat quality were becoming faster and faster. 

 

 

Figure 2. Habitat quality degradation index distribution maps. (a)It is a habitat quality 

degradation index distribution map in 1983. (b) It is a habitat quality degradation index 

distribution map in 1997. (c) It is a habitat quality degradation index distribution map in 2011 

 

 

Table 5. Habitat quality classification statistics from 1983 to 2011 

Grading ranges 

1983 1997 2011 

Area 

(×102hm2) 

The percentage (%) Area 

(×102hm2) 

The percentage (%) Area 

(×102hm2) 

The percentage (%) 

0-0.25 2.70 1.40 2.77 1.44 5.61 2.91 

0.25-0.50 9.69 5.03 26.61 13.81 73.22 38.01 

0.50-0.75 0 0 0 0 0 0 

0.75-1.00 180.21 93.57 163.27 84.75 113.82 59.08 

 

 

From the spatial differentiation maps of habitat quality (Fig. 3) and the habitat quality 

change maps (Fig. 4), it can be seen that the areas with relatively poor habitat quality 

were mainly concentrated in roads, rivers, aquaculture ponds and Spartina alterniflora. 

Especially the expansion of the aquaculture pond and Spartina alterniflora led to a rapid 

increase of the area with lower-level habitat quality. The areas with relatively good habitat 

quality were mainly in the original ecological vegetation distribution area, including 

Phragmites australis marsh, Salsa marsh and mudflat. The area where the habitat quality 

changes were located in the landscape interlaced belt, that was, the area where the 

landscape type changes, including the Phragmites australis marsh--aquaculture pond 
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interlaced belt, Salsa marsh-Spartina marsh interlaced belt, and mudflat-Spartina marsh 

interlaced belt. 

 

 

Figure 3. Habitat quality index distribution maps. (a) It is a habitat quality index distribution 

map in 1983. (b) It is a habitat quality index distribution map in 1997. (c) It is a habitat quality 

index distribution map in 2011 

 

 

 

Figure 4. Spatial variation of habitat quality index. (a) It is the spatial variation of habitat 

quality index from 1983 to 1997. (b) It is the spatial variation of habitat quality index from 1997 

to 2011 

 

 

Habitat scarcity evaluation 

The higher the scarcity index was, the more stable the overall ecosystem tended to be, 

and the ecosystem structure and function would decline. The lower the scarcity index was, 

the more fragile the ecosystem would be, but at the same time, it tended to be the more 

susceptible and need to strengthen protection. Based on the conditions of no introduction 

of Spartina alterniflora in the mudflat in 1983, the scarcity index was -0.10 in 1997, the 

scarcity index was 0.173 in 2011, and the scarcity index was rising, indicating that the 

ecosystem was stable and the ecosystem function was declining when the region was in 

human activities and invasion of alien species. The value of Rj was close to 1 and the 

current or future landscape type was more important to biodiversity conservation when 

the type of landscape was rare. The Rj value of Salsa marsh and the mudflat were 

obviously rising, and they were closer to 1. In 2011, the Rj values of salsa marsh and the 

mudflat were the highest, 0.628 and 0.637 respectively, indicating that these landscape 

types were decreasing and became more and more scarce in the study area. They needed 

more protection and ecological restoration. 
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Discussion 

The spatial and temporal changes of habitat quality in the core area of Yancheng 

Wetland National Nature Reserve • Rare birds are mainly caused by human activities and 

the expansion of Spartina alterniflora. The study area focused on protecting the wintering 

habitat of Red-crowned cranes. In order to create good artificial habitats for rare species 

such as Red-crowned cranes, it began to establish some artificial wetlands in 1993, and 

implemented a large area of Phragmites australis marsh recovery work. Driven by 

economic interests, some of the projects had changed the original plan, and the area of 

Phragmites australis base and aquaculture pond were mainly based on economic 

development, had increased significantly. As a result, the area of aquaculture ponds in the 

study area has increased from 0% in 1983 to 12.10% in 2011, and the increase in two 

periods almost the same, further illustrating the sustainability and stability of human 

activities. The aquaculture ponds were mainly developed from Phragmites australis 

marsh, and the original ecological landscape was transformed into a threat factor, which 

caused the habitat to degenerate and the habitat quality decreased. On the other hand, the 

artificial embankment not only generated a new threat factor, but also changed the 

hydrological process, blocked the intrusion of tidal water, effectively stored fresh water, 

further affected the soil hydrological properties, and accelerated the speed of the 

transformation of Suaeda salsa marsh to Phragmites australis marsh and changed the 

landscape structure of the wetlands. 

In the 1980s, Spartina alterniflora was successfully introduced in the coastal of 

Jiangsu Province. After the formation of a large-area community in the 1990s, the area 

expanded rapidly, forming a coastal vegetation with a few kilometers wide and a north-

south coastal wetland. Although Spartina alterniflora had played an active role in 

protecting beaches, it was a threat factor for habitats of rare species such as 

Red-crowned cranes. On the one hand, the superior silt-promoting function of 

Spartina alterniflora resulted in a significant increase in the elevation of the beach surface 

and the thickness of the silt reached 1.5 m on the spot, which made it difficult for the tide 

to pass through Spartina alterniflora marsh and reach Suaeda salsa marsh. The habitat of 

Suaeda salsa caused significant degradation. On the other hand, on the lower edge of 

Suaeda salsa marsh, the settlement of Spartina alterniflora made the repeat of the niche, 

while the ecological amplitude characteristics of Spartina alterniflora and the sexual and 

asexual dual reproduction mode made it the inter-species competition was in a dominant 

position, and eventually Suaeda salsa marsh was constantly replaced by the 

Spartina alterniflora marsh. In the landscape composition of the study area, Suaeda salsa 

marsh, which is inhabited by rare species such as Red-crowned cranes, has been 

transformed into a habitat quality threat factor, resulting in a decline in habitat quality. 

Human activities and the expansion of Spartina alterniflora have made the core area 

of Yancheng Wetland National Nature Reserve • Rare birds more threatening, ecosystem 

function decline, ecological restoration will become an important research topic in the 

region. At present, positive results have been achieved. The core area had basically 

completed “removing aquaculture ponds and restoring marshes” project, the buffer zone 

“removing aquaculture ponds and restoring marshes” was also actively carried out. 

However, the threat of Spartina alterniflora expansion is still growing and will continue 

to threaten the habitat quality of the study area. On the one hand, it is necessary to control 

the expansion of Spartina alterniflora, maintain a moderate scale, give full play to its 

revetment function, and reduce the threat to landscape habitats. On the other hand, it is 
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necessary to actively restore Suaeda salsa marsh, restore the evolution sequence of 

mudflat to Suaeda salsa marsh, maintain biodiversity and improve regional habitat quality. 

Conclusion 

The landscape composition of the core area of Yancheng Wetland National Nature 

Reserve• Rare birds is mainly aquaculture pond, Phragmites australis marsh, 

Suaeda salsa marsh, Spartina alterniflora marsh and mudflat. From 1983 to 2011, the 

change of landscape composition showed that the aquaculture pond, Phragmites australis 

marsh and Spartina alterniflora marsh increased continuously, and the increasing speed 

became faster and faster. The area of mudflat decreased, and the area of Suaeda salsa 

marsh first increased and then decreased, and the corresponding decrease was faster and 

quicker. The landscape changes are mainly conversions of mudflat into 

Spartina alterniflora marsh and Suaeda salsa marsh, Suaeda salsa marsh into 

Phragmites australis marsh and Spartina alterniflora marsh and Phragmites australis 

marsh into culture pond. 

From 1983 to 2011, although the habitat quality of the core area of Yancheng Wetland 

National Nature Reserve • Rare birds were at the excellent level, the degradation trend 

was also obvious. From 1997 to 2011, the value of habitat quality index decreased from 

0.846 to 0.742, a decrease of 12.29%. The areas with relatively poor habitat quality 

mainly concentrate on the distribution areas of threat factors such as Spartina alterniflora 

marsh, roads, aquaculture ponds, rivers, etc. The area with relatively good habitat quality 

mainly distributed in the original ecological vegetation distribution areas, including 

Phragmites australis marsh, Suaeda salsa marsh and mudflat; and the area of habitat 

quality change were located in the landscape ecotone. The value of habitat degradation 

index was increasing. The spatial heterogeneity of the habitat degradation was 

characterized by a transition from a transverse strip distribution to a longitudinal strip 

distribution. The habitat scarcity index increased significantly, indicating that the 

ecosystem of the study area was stable and the ecosystem function was declining. 

The degradation of coastal wetland habitat seriously threatened the habitat of 

Red-crowned Crane and other rare species. Yancheng coastal wetland had joined the 

World Heritage List, and scientific protection and restoration is imminent. According to 

the characteristics of Yancheng coastal wetland, systematically analyzing the degradation 

mechanism of coastal wetland habitat quality, clarifying the mechanism of ecological 

restoration from the perspective of landscape structure and ecological process, 

reconstructing and optimizing regional habitat ecological protection network, and 

carrying out ecological restoration technology integration and demonstration in typical 

areas need to be strengthened in the future research. 
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