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Abstract: Landscape ecological safety is of great significance in maintaining ecological balance,
ecological protection, economic development, and promoting the sustainable use of regional land
resources. This study collects three-phase remote sensing (RS) image data of 2000, 2010, and 2020
to elucidate the spatial and temporal changes in land use of the Guizhou Plateau Karst Watershed.
We construct a landscape ecological security index using the ArcGIS and landscape pattern index
method. With the spatial autocorrelation theory, we analyze the evolution of watershed landscape
patterns and changes in characteristics of ecological security. The results show that the cultivated
land is being converted to construction land in the watershed from 2000 to 2020. The percentage of
the patch area of the constructed land is increasing. However, the patch cohesion of the cultivated
land, grassland, and watershed is decreasing. The ecological safety of the Nanming River Basin
landscape is in a positive trend, clustering in the central urban areas. The growth rate of the landscape
ecological safety index increased by 5.80% from 2000 to 2020, and the aggregation of the ecological
safety index was dominated by high-high aggregation and low—low aggregation, which was spatially
positively correlated with the spatial aggregation effect. The findings provide a scientific reference
for managing ecological balance and optimizing the land resource allocation in karst watersheds.
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1. Introduction

Landscape patterns are the spatial characteristics and structural composition of land-
scape elements that determine the environment, distribution, and composition of re-
sources [1]. Landscape patterns play a vital role in understanding the ecological processes
of a region and in evaluating and optimizing ecological security [2,3]. For decades, a direct
influence has been observed between the landscape pattern’s evolution and the ecosys-
tem [4], bringing significant changes to the quality of the landscape ecosystem and land use
patterns of natural and anthropogenic activities [5,6]. Landscape ecological security is a sub-
system of land resource security [7], which is crucial to national and regional development
and construction. Landscape ecological safety has been a new issue facing human society’s
long-term development since 2001. The Southwest Karst Region, in the central part of the
Guizhou Plateau, is the largest and most populous continuous karst ecologically vulnerable
area in the world [8]. This region is a hotspot and a key area for global climate change
research. It also serves as a scientific research paradigm in the world and enhances an
understanding of the comprehensive governance of degraded ecosystems [9,10]. However,
the non-agricultural population is increasingly being concentrated in the region owing to
recent large-scale urbanization, the expansion of industrial and commercial space, rapid
changes in urban land use, and the consequent evolution of landscape patterns. Thus, a
change in the landscape pattern can improve the urban green landscape layout [11], since
the landscape structure is gradually showing strong rapid urbanization [12,13]. Moreover,
the anthropogenic pressure and the transformation of regional ecosystems are increasing.
Unreasonable human activities are also causing serious ecological and environmental prob-
lems [14,15], making ecological security face great challenges [16,17]. Thus, adopting a
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scientific and reasonable research method is critical in conducting an in-depth analysis of
the ecological safety of the karst landscape.

Presently, ecological safety has become a research hot spot globally [18-24]. Studies
have evaluated domestic and international landscape ecological safety, the ecological risk
of the hotspot regional landscape, and the safety of urban clusters [25], coastal zones [26],
and plateau mountains [27]. Ghosh et al. used the DEMATHE-ANP model to evaluate
the ecological safety of the Kolkata Metropolitan Area in India [28]. Jiang et al. developed
landscape classification on remote sensing (RS) images of the core region of Lijiang City
and calculated the landscape pattern index as a driving factor [29]. From the perspectives
of landscape patterns at the domestic and international levels, previous studies have estab-
lished a solid conceptual base and methodological reference for exploring the evolutionary
characteristics of regional landscape patterns and changes in ecological security patterns.
Moreover, studies have explored landscape patterns and ecological security at a large scale,
focusing on lakes [30], cultivated lands [31], and wetlands [32] in karst areas. Ren et al. used
geographic information systems (GIS) and RS technology to analyze the spatial granularity
effect of landscape patterns and identify the suitable spatial granularity of karst mountain-
ous urban landscapes. However, these authors only explored a single landscape pattern
index, which could not detect the regional ecological security status [33]. Liu et al. used the
InVEST (Integrated Valuation of Ecosystem Services and Tradeoffs) model to explore the
spatial and temporal variation characteristics of habitat quality in the Chishui River Basin
and its coupling relationship with the landscape pattern [34]. Wang et al. constructed a
landscape security index using the ArcGIS software and a landscape pattern index to study
the evolution of landscape patterns in trough valley areas. These authors also used this
software to explore the spatial and temporal divergence patterns in ecological security [35].
Peng et al. used the landscape ecological security theory to develop an evaluation model
and understand the ecological security of cultivated landscapes in the karst mountains.
These authors also used this theory to understand the direction of ecological security trans-
fer and driving factors of cultivated lands in the karst mountains [36]. However, most of
these studies only based their investigation on short-term time series data, with a lag in
data updating. Studies that used long time-series data to evaluate ecological safety are
scanty. Furthermore, non-karst places have been the primary focus of research on patterns
of landscape ecological safety at large-scale levels, such as regions, watersheds, and munic-
ipal territories. As a significant ecologically sensitive territory in China, Guizhou is also
one of the most extensive karst landscapes in China, and overcoming its ecological and
environmental problems is the key to solving earth system science, which can assist in the
promotion of the construction of ecological civilization in China and even worldwide. The
Nanming River basin is a tributary of the Wu River in the Yangtze River system, and more
than 90% of the basin’s total area is comprised of karst landscapes; it is a crucial ecological
barrier in the upper reaches of the Yangtze River and an essential cornerstone of ecological
civilization development. However, due to the relative fragility of the watershed ecosys-
tem, it is vulnerable to the effects of urbanization. With the expansion of urbanization,
high-density human activities, land development, water quality degradation, and other
issues are altering the land use type, landscape pattern, and ecological mechanism of the
watershed, posing a significant threat to the ecological security of the watershed landscape,
and coordinating the relationship between ecological preservation and utilization in the
study area is a significant issue at now. Therefore, to effectively sustain a well-functioning
ecosystem in the study region in the future, a scientific evaluation of the evolution of the
land use landscape pattern and its ecological safety is essential.

Based on 2000, 2010, and 2020 RS image data, this study used the theory of spatial
autocorrelation, GIS spatial analysis, and landscape pattern index to elucidate the character-
istics of spatial and temporal changes in land use in the watershed. The study also reveals
the evolution in landscape pattern in the watershed since 2001, analyzes the spatial and
temporal changes of ecological security, and makes a scientific evaluation and diagnosis of
ecological security. It aims to realize quantitative analysis and visualization of the dynamic
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evaluation of landscape patterns and ecological security in the study area from the spatial
and temporal scales, disclose the evolution characteristics of the landscape pattern and
the logic of ecological security pattern in the karst watershed under the human-land rela-
tionship, and provide scientific basis and advice for the sustainable development, proper
development planning, scientific ecological planning and construction of the karst water-
shed. It also provides data references for maintaining ecological balance and optimizing
land resource allocation and control in other karst areas of the same resource type in China
as well as scientific and practical references for expanding international research on karst
landscapes and ecological security.

2. Materials and Methods
2.1. Study Area

The Nanming River Basin is a tributary of the Wu River in the Yangtze River system.
This Nanming River Basin is an important part of the Yangtze River Economic Belt, which is
located at the social, economic, and cultural center of Guizhou Province of 26°15'-26°54’ N
and 106°26'-107°15" E. The watershed covers approximately 2158 km?, and it is charac-
terized by a subtropical monsoonal humid climate with an annual mean precipitation of
1200 mm. Meanwhile, its topographic is high in the southwest and low in the northeast,
with an average slope drop of approximately 3.44. The karst landscape in the watershed is
extremely developed; its soil is dominated by rice soil, limestone soil, and loam. The karst
landscape comprises 93.17% of the study area (Figure 1).
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Figure 1. The basic information of the study area. Note: (a) shows location of Guizhou in China.
(b) shows location of the study area in Guizhou. (c) shows the elevation of the study area. (d) shows

the lithologic background.



Land 2022, 11, 2225

40f17

2.2. Methods and Data Sources
2.2.1. Landscape Pattern Index Selection

The study combined previous studies that explored landscape characteristics of the
basin [37-39], Patch Density (PD), and Patch Cohesion Index (COHESION) from the patch
type level to reflect the degree of patch fragmentation in different landscape types. We also
selected the Largest Patch Index (LPI) and Percentage of Landscape (PLAND) to identify
dominant landscapes. The Patch Density (PD) and Contagion (CONTAG) were selected
from the landscape level to reflect the degree of landscape fragmentation in the study
area. Then, the Shannon Evenness Index (SHEI) and Shannon Diversity Index (SHDI) were
selected to reflect the degree of landscape type diversification. The calculation formula and
ecological significance of each index are detailed in the literature [40,41].

2.2.2. Moving Window Method

The moving window method in Fragstats 4.2 software was used to generate the
landscape index raster map, and 1500 m was selected as the moving window radius after
several calculations and comparisons [42].

2.2.3. Determination of Evaluation Unit

Considering the scope of the Nanming River watershed and sampling workload,
referring to existing studies [43], the watershed was divided into 2 km x 2 km evaluation
units as ecological safety evaluation plots, with a total of 640 sampling areas. Based on this,
the landscape ecological safety index of each plot was calculated separately (Figure 2).
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Figure 2. Sampling areas for ecological security assessment of landscape pattern in the study area.
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2.2.4. Construction of the Landscape Ecological Security Index

The ecological safety index (ESIy) of the land use landscape was calculated based on
the landscape disturbance index and vulnerability index [44]. The equations are as follows:

A .
ESL=Y " 7’2 x (1—10 x LDI; x LVI;) (1)
LDI; = aC; 4+ bH; + cF; (2)

where ESI; in (1) is the landscape ecological safety index of the k-th evaluation unit, and a
larger ESI; indicates a higher degree of ecological safety in the landscape and vice versa;
LDI; is the index of landscape disturbance; and LVI; is the fragility index, based on the
results of a previous study [45]. Each land use landscape fragility is specifically set to
5 levels: the value of constructed land is 1; a forest is 2; grassland is 3; cultivated land is 4,
and water is 5. In this case, 7 is the number of landscape types; k is the number of evaluation
units; Ay; is the area of the class i landscape of the k-th evaluated cell; and Ay is the total
area of the k-th evaluation cell. In (2), C; is landscape fragmentation, and H; indicates the
diversity index. F; denotes the number of watershed landscape sub-dimensions; 4, b, and
c are the weights of C;, H;, and F;, respectively, which are assigned to 0.5, 0.3, and 0.2,
following the existing research results and the conditions in the study area [46].

2.2.5. Spatial Autocorrelation Analysis

We used spatial autocorrelation analysis to detect the spatial agglomeration of regional
geographical phenomena [47]. Global Moran’s I index was used to measure the overall
spatial agglomeration characteristics of landscape ecological safety. The local spatial extent
between regions was measured using the local Moran’s I index [48,49]. The equations are
as follows: _ B
nyiq Z]m:l Wij(x; — ) (xj — %)

-2

o1 Ly Wi Xiq (xi — %)

(n—=1)(x; — %) iy Wij(x; — X)
2
Y1 Wij(xj — %)

where 7 is the number of grids; X is the average vulnerability in the study area; x; and x;
are the attribute values of the i-th, j-th raster, respectively (i # j), wherei=1,2,3,... ,n;
j=1,23,..., m; Wl-]- is the weight value; Wl-]- =1 when i and j are adjacent, and Wl-j =0
when they are far apart.

Global Moran’s I = 3)

Local Moran’s I; =

4)

2.3. Data Sources

Landsat TM satellite 2000 images, 2010 images, and Landsat 8 satellite images of 2020
were used as the base data, which were obtained from the Geospatial Data Cloud platform
(http:/ /www.gscloud.cn/ accessed on 10 September 2022) with a spatial resolution of
30 m. First, the ENVI 5.3 software is used to pre-process the remote sensing images, such
as geometric correction [50], atmospheric correction [51], and image enhancement [52],
to complete the preparation and processing of fundamental geographic data. Second, a
combination of supervised classification and human—computer interaction [53] was used
to interpret and decipher the land use data into the waters, cultivated land, grassland,
forest land, and constructed land according to the actual state of the watershed, which
was not accounted for in the land use classification due to the tiny amount of unused
land in the Nanming River watershed. Finally, the confusion matrix was utilized to rectify
and validate the correctness of the results after land use classification [54], and the overall
classification accuracy surpassed 85%, indicating that it could meet the analysis goals of
this study. Furthermore, we obtained land use status maps for the study region in 2000,
2010, and 2020.
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3. Analysis and Results
3.1. Research Framework

The changes in the characteristics of land use landscape were analyzed from 2000 to
2020 using GIS and RS technology. We also analyzed changes in the land use landscape
pattern index from landscape patch scale and landscape scale. ArcGIS and landscape
pattern index methods were used to construct the landscape ecological security index and
to analyze the spatial and temporal variation mode of landscape pattern evolution and its
ecological security (Figure 3).

Evolution of Land use Landscape Patterns in Karst Watersheds
of Guizhou Plateau and its Ecological Security Evaluation
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Figure 3. Research framework.

3.2. Analysis of the Characteristics of Land Use Landscape Area Change

Land use changes were influenced by the expansion of constructed land and loss of
cultivated land in 2000-2020 (Figure 4) because of the influence of strong urban devel-
opment activities. During this period, the cultivated land flowing to constructed land
accounts for 36.48% of the landscape in the watershed. By 2020, constructed land accounted
for approximately 20% of the watershed area, which was 2.31 times the shared area in 2000.
After analyzing the changes in the land landscape in each period with the help of the land
use transfer matrix, constructed land recorded the largest growth rate of 130.72% from 2000
to 2020. However, the proportion of grassland and cultivated land was decreasing, and
the proportion of forest showed an increasing trend at first but later showed a decreasing
trend. With the growth in urbanization, the Nanming River Basin has undergone a dynamic
process of changing from natural to unnatural landscapes, indicating that the impact of
human activities on the ecosystem of the watershed is more intense. This shows that
the Nanming River Basin has undergone continuous economic development in the past
20 years since 2001.
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Figure 4. Land use status map of the study area in 2000 (a), 2010 (b), 2020 (c), and land use transfer
map from 2000 to 2020 (d). Note: 1 indicates grassland; 2 indicates cultivated land; 3 indicates
constructed land; 4 indicates forest; and 5 indicates waters.

3.3. Analysis of Spatial and Temporal Changes of Landscape Pattern Index
3.3.1. Analysis of Landscape Pattern Index Change on Patch Type Scale

As shown in Figure 5, the PD of the cultivated land is the largest among all land types,
with a mean value of 0.24. This shows that the cultivated land has a profound influence on
the landscape pattern of the Nanming River Basin. From 2000 to 2010, the PD of the forest,
cultivated land, and constructed land increased. However, the PD of grassland showed a
decreasing trend from 2010 to 2020. Except for the constructed land, the PD of the forest,
constructed land, grassland, and water showed an increasing trend. The human ecological
footprint has had a greater impact on the forest and cultivated landscapes over the past
20 years. Moreover, their ecological processes were more active, in which the expansion of
the constructed landscapes was reasonably restrained during 2010-2020.

Among the landscapes in the watershed, the mean of the PLAND of the forest is the
maximum of approximately 45.08%, which is about 28 times that of the smallest PLAND
(waters), indicating that the forest offers more advantages in the landscape. This result
agrees with the results of the spatial characterization of land use described above. From
2000 to 2010, the forest area and constructed land patches showed an increasing trend.
From 2010 to 2020, the PLAND of the constructed land increased by 19.53%, which was
12% more than that of 2000. Nevertheless, the constructed land patches experienced
continuously increasing trends during the study period. Since 2001, Nanming River
Basin experienced comprehensive environmental improvement, which includes increasing
projects on cultivated land, forest, and the construction of a comprehensive landscape on
both sides of the river. With a rise in urbanization, a large construction continues to expand
to the periphery of the city. However, patches of cultivated land and grassland continue
to decline.
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Figure 5. Change of landscape pattern index on patch type scale from 2000 to 2020.

From the LPI, the LPI of the forest land far exceeds that of other land types, indicating
that forest is the major land substrate in the watershed. From 2000 to 2020, the LPI of
constructed land continues to increase.

From the COHESION, the patch cohesiveness of the forest and constructed land is
higher, indicating that the natural connectivity of these two types of land is efficient, and
the distributions are patchy in spatial distribution. From 2000 to 2020, the COHESION
of cultivated land, grassland, and waters generally declined, whereas the COHESION of
constructed land continued to increase, reaching 35% from 2000 to 2010, which was three
times that of 2010-2020. With large-scale land exploitation, the distribution of patches of
cultivated land, grassland, and water fragments go through aggregation to fragmentation,
with a decrease in the natural connectivity of the landscapes. However, the patches of
constructed land gradually turn into aggregated blocks of spatial distribution.

3.3.2. Analysis of the Landscape Pattern Index Change on Landscape Scale

As shown in Figure 6, the PD and CONTAG have a more pronounced geographical
variability. The CONTAG increased significantly in the southwestern part of the basin,
and the PD was high in most of the northeastern part of the basin. Moreover, the spatial
distribution of the CONTAG in these areas showed the opposite PD characteristics. We
found that the high-value areas of CONTAG are concentrated in the urban center of
Guiyang City, owing to its simple landscape structure, its constructed land as the matrix
land, and a high degree of agglomeration, which greatly reduces the fragmentation of the
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landscape patches. Moreover, the low-value areas comprise the interspersed distribution
of cultivated land, constructed land, and grassland, consisting of an intricate landscape
structure with a high degree of landscape fragmentation in the watershed. The lower stream
of the basin, at Wudang and Longli, has a lower level of landscape diversity, indicating that
human activities in this area are infrequent, and the development is low. The SHEI and
SHDI in the basin have similar spatial variations. In the southern part of Nanming District
and the eastern part of Guanshan Lake District and Yunyan District upstream, the SHEI
and SHDI have decreased significantly with a rise in urbanization and an increase in the
project construction, which have become the main advantages of the landscape.
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Figure 6. Spatial distribution of landscape pattern index at landscape level in the Nanming River
Basin from 2000 to 2020. Note: (A1) PD in 2000; (A2) PD in 2010; (A3) PD in 2020; (B;) CONTAG in
2000; (B2) CONTAG in 2010; (B3) CONTAG in 2020; (C1) SHEI in 2000; (C2) SHEI in 2010; (C3) SHEI
in 2020; (D7) SHDI in 2000; (D) SHDI in 2010; (D3) SHDI in 2020.
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3.4. Landscape Ecological Safety Evaluation
3.4.1. Landscape Ecological Safety Changes of Nanming River Watershed

The ecological safety index of the Nanming River Basin was divided into five classes
(refer to related studies regarding each grade [55]). As shown in Figure 7 and Table 1, the
overall landscape ecological safety shows a continuous positive trend in the last 20 years.
The medium ecological safety zone is the largest area. The low-security area is concentrated
in the southwest part of the watershed, which is characterized by a farming economy,
underdeveloped economy, extensively cultivated land, and interspersed distribution of
grassland, forest, and waters, which destroys the stability of the landscape. Driven by
urbanization, a large patch of arable land is used for infrastructure construction to improve
the standard of living. The construction of residential housing is increasing on the large
arable land, leading to a rise in the landscape ecological risk. However, the low-security
areas decline by about 25% in 2020. The shrinkage rate in the lower security zone was
11.13%. Spatially, the constructed land is connected to patches. The patches also converge
and shift to the middle-security zone, revealing a gradual increase in ecological security.
The higher security zone is increasing yearly, which is mainly concentrated in the northern
part of the watershed, showing that the forest offers advantages to the landscape. Despite
the recent government’s policy of encouraging people to return to cultivated land, the forest
has not yet been encroached upon by other landscape types, providing policy support to
maintain a higher security-level state. The trend of a high-security zone is increasing, which
is distributed in the center of Guiyang City and at a lower elevation at the watershed. With
the obvious landscape advantages and contiguous urban housing, this area has become a
stable landscape structure and has low landscape fragmentation.
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Figure 7. (a) Spatial distribution of landscape ecological security in 2000; (b) Spatial distribution of
landscape ecological security in 2010; (c) Spatial distribution of landscape ecological security in 2020.

Table 1. Statistics of landscape ecological security area in the study area.

Ecological Security Level 2000 2010 2020
Area/km? Proportion Area/km? Proportion Area/km? Proportion
Low—safety zone 242 11.21% 219 8.14% 182 8.43%
Lower—safety zone 494 22.89% 467 28.76% 439 20.34%
Medium—safety zone 633 29.33% 463 34.93% 650 30.12%
Higher—safety zone 540 25.02% 693 32.11% 602 27.90%
High—safety zone 249 11.54% 256 7.63% 286 13.25%
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3.4.2. Spatial Autocorrelation Analysis of Landscape Ecological Security Index

As shown in Figure 8, the Moran’s I values of the landscape ecological safety index of
the Nanming River Basin were 0.394, 0.464, and 0.488, greater than 0 for the study periods
2000, 2010, and 2020 at a significance level of p < 0.05. This indicates that the landscape

ecological safety index in the study zone is correlated, and the spatial convergence is
gradually increasing.

(b) Moran’s I: 0.464 in 2010 (c) Moran’s 1: 0.488 in 2020
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Figure 8. Scatter map of ecological security index of landscape pattern in the study area from 2000
to 2020.

As shown in Figure 9, the spatial clustering pattern of landscape ecological safety
values in the Nanming River basin is characterized by high-high clustering and low—low
clustering. The percentage of high—high concentration sample areas gradually increased
over the three periods, ranging from 7.66% to 12.66%. From the local autocorrelation of
the study area, the cluster structure of “high—high” values of the landscape ecosystem
security index continues to extend outward from 2000. However, the range of “low—low”
values continues to shrink. In terms of spatial distribution, the ecological safety high-value
catchment area of the watershed is concentrated in the center of Guiyang City, with little
distribution in the eastern part of the downstream Wuzhong. In this area, the terrain is
relatively flat, and the topographic conditions are simple, with a single land-use landscape
type as the main feature. Low-value ecological security catchment areas are focused on the
central Huaxi and southern Pingba in the upper part of the watershed. At the same time,
we found that the internal structure of the landscape in the adjacent areas of the region
is finely fragmented. Additionally, each land use landscape type is disturbed by human
activities and interspersed with each other; so the ecological safety is in a low-value state,
and its stability may be difficult to maintain.

(b) In 2010 (c) In 2020
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Figure 9. (a) LISA Map of Landscape Ecological Security in 2000; (b) LISA Map of Landscape
Ecological Security in 2010; (c) LISA Map of Landscape Ecological Security in 2020.
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4. Discussion
4.1. Landscape Ecological Safety Evolution Rules

(1) Change in the Landscape Ecological Safety Index

From 2000 to 2020, the landscape ecological security index showed an increasing trend,
indicating that the ecological security of the Nanming River Basin gradually increased.
Driven by the market economy, crop cultivation has increased in the upper watershed,
making a certain amount of forest and grassland reclaimed as cropland. Moreover, a huge
number of cultivated land has been converted to forest and constructed land, which was
driven by the policy of returning farmland to forest and the construction of land expansion.
This policy has increased the fragmentation of forest and cropland landscapes, decreased
connectivity, and decreased the ecological security index. With urbanization and rapid
economic development, the non-farm population has increased, and the disturbance to
the watershed landscape from human activities has risen. This development enhances the
distribution of the construction of landscapes favoring human ecological and living needs.
Moreover, the contiguous distribution of constructed land decreases the fragmentation of
landscape patches and increases the degree of stability because of the low vulnerability
in the flat topography. Thus, the ecological safety index of the constructed land has
maintained its maximum value in the last 20 years. Additionally, the implementation of
artificial landscaping projects in the watershed has rationalized the layout of the grassland
landscape and increased the landscape ecological safety index.

(2) Spatial Distribution of Landscape Ecological Safety Index

Table 2 shows a comparative analysis of the relevant literature [56-68]. In karst areas,
the regional characteristics above the higher ecological safety level are manifested as fol-
lows: (D They are located at lower elevations and in urban centers with faster economic
development. 2) These areas are also the most concentrated belt of forest or the constructed
land and forest of the landscape. Low-security and lower-security areas are characterized
by cultivated land, grassland, and water. In non-karst areas, areas above medium secu-
rity level are dominated by natural ecosystems such as forest and grassland, which are
concentrated in agricultural areas or natural landscape protection zones far from urban
centers. However, low-security level areas are distributed on constructed land, and natural
landscape structures are fragmented by human interference.

Thus, the higher safety-level areas of the watershed are distributed in the central urban
areas, whereas the constructed land is concentrated and contiguous. Moreover, the low
and lower ecological safety areas are characterized by a distribution of interspersed and
scattered forest, grassland, and cultivated land.

These results contradict results presented by previous studies conducted in non-karst
areas. Compared with related studies in karst areas, the Panlong River Basin located in
Kunming [60] has a social and geomorphic environment comparable to the study area.
Lin et al. found that the ecological safety index of the constructed land within the Panlong
River Basin was higher than that of other landscape types. Moreover, the landscape types
formed by human behavioral activities have the characteristics of being the most resistant
and stable to external disturbances. Taking the Dianchi watershed as a case study, Wu et al.
analyzed ecological security and found that the high-security areas were located in the
urban areas because urban housing was distributed in a row, with almost no other land use
landscape. Moreover, the patches are highly connected and less fragmented, making them
capable of resisting external disturbances [61]. These findings are in line with the results of
this study.

From the above comparison of the landscape ecological security research in non-karst
and karst areas, it is recommended to give more attention to the fallibility and fragility of
natural ecosystems during the process of karst ecosystem restoration and reconstruction,
such as forests and grassland. In non-karst areas, we should pay more attention to the
uncontrolled expansion of constructed land and the quality of the surrounding natural
ecosystem. In addition, in the follow-up study, the factors influencing the spatial distri-
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bution difference of ecological security of landscape patterns in non-karst and karst areas
should be discussed in depth.

Table 2. Relevant study on ecological security of landscape pattern.

Middle-Grade

High Security Higher Security Security Lower Security Low Security
Paf‘long Rlv.er construction land, Unused land, Grassland,
Basin, Kunming / X /
: forest land water area cultivated land
City [60]
Mots)t of the maén Around Dianchi
Dianchi ur ana?:eoz} an The main urban Lake, The shore of The water surface
Watershed [61] p area of Kunming Most areas in Dianchi Lake of Dianchi Lake
Chenggong Chenegon
District cngsong
The junction of
Chishui River Xishui County, Chishui City, and / / Guizhou and
Basin [62] Tongzi County in Zunyi City Sichuan where the
Chishui River flows
Karst area . L
Wanzhou District, Town center, suburb, and mountainous Mamly low Distributed along
Chongging [63] area with high altitude / mountains and the Yangtze
gqme 162 & hills River basin

Forest land in the

Caohai Wetland, northeast and The central region is dominated by . A
Guizhou [45] southwest cultivated land Around Caohai Lake District
mountains

In the southwest of

the study area,

Provincial capital North of the Southeast of the Southwest of the mainly cultivated
Thi . t P th study area study area study area ) dy land
18 paper Clgvie;t?:uvg; (mainly forest (mainly forest (mainly f?)rrles’tgl;is; E:; d’
land) land) cultivated land) ’
water area are
interlaced
Yinchuan Cultivated land,
City [64] / / Forestland and grassland construction land,
ty and unused land
Xinjiang Uygur Taklimakan Desert, Turpan Basin Desert
Autonomous Qasis agricultural area / and the hinterland of
Region [65] Gurbantunggut Desert
State-operated
i Shongyachan  Natural wetlands and woodlands n the / e menth and oot o tho sercy avon
Non-karst area &Y north and east of the study area (1984) y

City, Heilongjiang
Province [66]

(originally a natural wetland in 1984)

Fuailai County, Plain area and
Zhangjiakou City, Mountains in the north and south of the study area and near
. . . around the County town
Hebei Miyun Reservoir county seat
Province [67] y
Haitan Island,
ng?;iggunty’ Hilly forest area and coastal protection forest Sea reclamation area

Province [44]

4.2. Limitations and Shortcomings

In interpreting land use type data through RS images and analyzing land use changes
and landscape patterns in the Nanming River Basin, this study evaluated the spatiotemporal
variation characteristics of ecological security in the basin. However, some shortcomings
are found that require improvement. The results inevitably have certain errors when
interpreting images through RS technology because the results have been influenced by
objective factors and human subjective factors, thereby affecting the accuracy verification.
Thus, the ground-based field data surveys and historical record data must be rectified to
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improve the accuracy of the interpretation results. The dynamic and landscape indicators
of land use types only reflect the macro-structural changes influenced by topographic
factors [68]. However, it is difficult to reveal the microstructural changes in the landscape.
Thus, the microstructural changes in the landscape should be explored in future studies.

As a natural geographical unit, a watershed is the unification of multiple catchment
areas within a natural environment [69]. However, watershed boundaries and administra-
tive boundaries cannot completely overlap [70]. Thus, when exploring the influence of the
natural environment and anthropogenic activities on watershed landscape patterns and
ecological security, these influences cannot be fully quantified because of some constraints
on the analysis of watershed change.

5. Conclusions

This study used 35 technology, the landscape pattern index method, and spatial auto-
correlation theory to systematically analyze the landscape pattern evolution characteristics
of the Nanming River watershed and evaluate the ecological security of the karst watershed
in the Guizhou plateau. Several conclusions were obtained as follows. Forest was the
leading landscape and mainland substrate in the watershed from 2000 to 2020. The cohe-
siveness of constructed land patches continues to increase. Moreover, the fragmentation
and diversity of landscape pattern in the patchy distribution of forest and constructed land
have declined. The growth rate of the Nanming River Basin Landscape Ecological Safety
Index has increased by 5.80%, and the overall ecological safety has shown a continuous
positive trend. The high-value ecological safety clusters are distributed in the central
urban areas, where the constructed land is concentrated and contiguous. Moreover, the
low-value clusters show the scattered distribution characteristics of forest, grassland, and
cultivated land. Thus, the spatial clustering effect of the ecological security index is obvious,
which is dominated by high-high clustering and low-low clustering types. The study
reveals the landscape pattern evolution rules of the typical karst watershed in the Guizhou
plateau since 2001 by systematically evaluating the spatiotemporal distribution charac-
teristics of ecological security in the watershed. The findings provide scientific reference
for maintaining the ecological balance in the watershed, optimizing land resource alloca-
tion and regulation, and improving the ecological environment of typical karst watershed
geomorphic units.
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