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Abstract: Rapid global urbanization has inevitably led to habitat fragmentation, and much research
has focused on responding by building ecological networks and improving connectivity. The con-
struction of such post-event ecological networks is sometimes not effective, and the identification and
protection of important patches in the early urbanization period is more significant. Based on the re-
dundancy theory, this paper explores the method of identifying potential critical habitat patches after
future urban development. The paper takes the Longxing area of Chongqing city as an example and
uses the cumulative current value results of circuit theory model simulations and patch characteristic
attribute information as sample data, introduces a combination of the minimal-redundancy-maximal-
relevance criterion and a support vector machine (mRMR + SVM) to discriminate the redundancy of
patches in ecological networks, and ranks the importance of source patches. The results show that
the mRMR criterion can exhibit a more realistic ranking of patch importance, allowing patches with
better quality to achieve a higher ranking. Compared to the patch importance determined based
on the magnitude of the cumulative current value, 66.34% of the patch importance order changed
in the mRMR criterion ranking results. The mRMR + SVM method was effective in identifying
individuals with redundancy from the set of source-site patches. The test found that ecological
corridors still passed through or occurred near these redundant patches after their removal, demon-
strating the substitutability of patches identified as redundant. The results of the study can help
improve the knowledge of ecological networks and provide quantitative methodological support
and decision-making reference for urban development and ecological conservation.

Keywords: redundant patches; ecological network; circuit theory; minimal-redundancy-maximal-
relevance criterion; support vector machine

1. Introduction

Habitat fragmentation, as an important consequence of urbanization, is a serious threat
to the health of urban ecosystems. As a result, habitat fragmentation has also received a
great deal of attention from the community [1,2]. Connecting habitat patches through slow
walking trails [3], protective hedges [4], and wildlife corridors [5] to build ecological networks
is considered an important way to cope with urban habitat fragmentation [6–8]. However,
most of the existing ecological network analyses are centered around areas within built-up
urban areas that have already developed habitat fragmentation results. The results of
such analyses help to identify important patches and corridors and give recommendations
for their protection and optimization [3]. However, it is very difficult to add new green
space patches or ecological corridors in built-up areas to optimize the overall structure of
the ecological network. If important habitat patches worth preserving can be accurately
identified in the planning stage before urban development, it will be of great significance
to maximize the function of the ecological network after urban development. When urban
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construction faces the dilemma of conservation and development, which habitat patches
need to be preserved? How can one avoid accidental loss of key habitat patches? Finding
answers to these questions does not only signify how many native species can be preserved,
but more importantly, they may determine the future state of the entire urban ecosystem.

The discrimination about the importance of habitat patches is mainly achieved by four
methods: (1). Graph theory + a gravity modeling approach based on the abstract graphical
structure of ecological networks [9]; (2). A Morphological Spatial Pattern Analysis (MSPA)
approach based on the geometry of patches [10,11]; (3). An overlay analysis approach
based on GIS procedures considering ecological and environmental quality of patches [12];
(4). A circuit theory modeling method that integrates animal migration and landscape
resistance [13]. These methods constitute a relatively systematic pathway for habitat
patch identification, responding to the need for ecological network construction based on
actual observed data or abstract mathematical models, respectively. In fact, an ecological
network is a complex system [14], in which habitat patches are equivalent to nodes and
the contribution of each node to the overall network varies. When the role of patches in
the ecological network can be replaced by other patches with similar or better conditions,
these patches can be defined as redundant patches. These redundant patches can mitigate
the impact of the urban development process on the ecological network, and their accurate
identification can help to protect the effectiveness of the ecological network as a whole.

There are more studies on redundant corridors in ecological networks [15,16], but
there are few studies on the identification of redundant patches. The minimal-redundancy-
maximal-relevance criterion (mRMR) is a filtering algorithm logic that aims to find the
subset of elements that have the maximum correlation with the desired object and the
minimum redundancy with other similar elements [17]. The algorithm allows patches with
less redundancy and greater relevance to be ranked as high as possible in the importance
ranking, while patches with greater redundancy are ranked lower. The method makes it
so that the important and redundant patches tend to be polarized in the ranking results,
respectively, but further analysis is needed if each individual object is to be identified as
redundant or not. A support vector machine (SVM) is a class of generalized linear classifier
that performs binary classification of data in a supervised learning manner, learning from
classified samples and forming a trained model for the classification and identification of
objects to be evaluated [18]. It has been shown that the mRMR + SVM method can achieve
the identification of redundancy and importance ranking of research objects through the
comprehensive analysis of multiple characteristic attributes of research objects, and the
method has been widely used in various fields such as biological detection [19], habitat
protection [20], and power system maintenance [21]. Given the advantages of the mRMR +
SVM method, its application to urban pre-development may provide important support
for the identification and conservation of potential ecological network structures.

In this study, a new urban development area in Chongqing, the Longxing area, was
selected as the study area, and the mRMR + SVM method was used to analyze the potential
ecological network structures in it. The main research objectives of the paper include
(1) exploring the identification method for redundant patches of ecological networks
in urban development zones; (2) verifying the accuracy of the method against actual
conditions; and (3) proposing policy management recommendations by combining the
results of both redundancy and importance. The research results will provide support and
reference for urban ecological network conservation decisions.

2. Materials and Methods
2.1. Overview of the Study Area

The study area, Longxing area (29◦38′30′′–29◦44′0′′ N, 106◦43′30′′–106◦53′0′′ E), is a
new urban area set up during the rapid urbanization of the main city of Chongqing to
the east, covering an area of 111.31 km2. The study area is located in the parallel ridge
valley belt, sandwiched between Tongluo Mountain and Mingyue Mountain, and the
Yulin River traverses the site from north to south (Figure 1). The study area is 36 km



Forests 2023, 14, 1477 3 of 15

from the center of Chongqing city, with a resident population of about 100,000, a well-
developed transport network, and excellent natural conditions. The planning objective of
the area is to build a new highland for industry and a new urban–rural integration city by
taking advantage of the mountains, rivers, and valleys and adhering to the urban–rural
integration development concept of “half landscape, half city”. The Longxing area has
basically completed the relocation of the indigenous people and is currently undergoing a
rapid urbanization process. As shown in Figure 2, the urban green space rate in Longxing
area has been decreasing year by year, and the percentage of built-up area has been
increasing continuously, with an urban green space rate of about 56.97% as of 2021 (the
year of remote sensing data used in this paper), which has not yet exceeded the policy
standard of an urban green space rate of no less than 40% as stipulated in the Work Plan
for Creating a National Ecological Garden City in Chongqing, and is in the preliminary
stage of not-yet-complete urbanization. The landscape pattern before urbanization is
characterized by woodland as the substrate, with irrigation and grassland, farmland, and
settlements as the main patches scattered among them, and the Yulin River is the main
corridor of the area. After the urbanization of Longxing area, the original woodland
and farmland substrate will be replaced by hardened concrete substrate, and a large
number of habitat-quality irrigated grassland and woodland will be divided, resulting in
fragmentation or disappearance. The connection relationship between habitat patches is
not optimistic. “The Chongqing Work Programme for the Creation of a National Ecological
Garden City” is an important document guiding the planning and management of urban
green space in Chongqing, with the aim of building Chongqing into a city where the total
amount of green space, the quality of green space, and ecological security are significantly
improved, and the layout of green space is more reasonable. It is clearly stated in the
document that we should follow the inherent laws of ecosystems, focus on improving the
ecosystem’s self-repair capacity and stability, scientifically build an ecological network
system, and enhance the ecological functions of urban and rural green spaces. At the same
time, the document also puts forward the demand for management programs, requiring
management departments to scientifically formulate spatial management policies to protect
the natural ecological environment of cities. Identifying the redundancy and importance of
patches in the potential ecological network based on the current green space status of the
region is crucial to conserve biodiversity and promote sustainable urban development.

Forests 2023, 14, x FOR PEER REVIEW 4 of 16 
 

 

 
Figure 1. Study area, land cover, and field images. 

 
Figure 2. Year-to-year change in green space ratio in the study area. 

2.2. Research Methodology 
To identify redundant patches in the ecological network and rank the importance of 

ecological source patches, this paper will carry out research along the following lines: (1). 
Obtaining the set of potential ecological source patches through MSPA analysis; (2). Con-
structing a comprehensive landscape resistance surface using land use data, elevation 
data, remote sensing image data, and road network data, and executing the mRMR algo-
rithm, which requires multiple runs of the circuit theory model to obtain the cumulative 
current values of each patch under multiple scenarios; (3). Ranking the importance of 
patches and adding classification labels to each patch based on the codified mRMR algo-
rithm; (4). Identifying redundant patches in the collection based on support vector 

Figure 1. Study area, land cover, and field images.



Forests 2023, 14, 1477 4 of 15

Forests 2023, 14, x FOR PEER REVIEW 4 of 16 
 

 

 
Figure 1. Study area, land cover, and field images. 

 
Figure 2. Year-to-year change in green space ratio in the study area. 

2.2. Research Methodology 
To identify redundant patches in the ecological network and rank the importance of 

ecological source patches, this paper will carry out research along the following lines: (1). 
Obtaining the set of potential ecological source patches through MSPA analysis; (2). Con-
structing a comprehensive landscape resistance surface using land use data, elevation 
data, remote sensing image data, and road network data, and executing the mRMR algo-
rithm, which requires multiple runs of the circuit theory model to obtain the cumulative 
current values of each patch under multiple scenarios; (3). Ranking the importance of 
patches and adding classification labels to each patch based on the codified mRMR algo-
rithm; (4). Identifying redundant patches in the collection based on support vector 

Figure 2. Year-to-year change in green space ratio in the study area.

2.2. Research Methodology

To identify redundant patches in the ecological network and rank the importance of
ecological source patches, this paper will carry out research along the following lines:
(1). Obtaining the set of potential ecological source patches through MSPA analysis;
(2). Constructing a comprehensive landscape resistance surface using land use data, eleva-
tion data, remote sensing image data, and road network data, and executing the mRMR
algorithm, which requires multiple runs of the circuit theory model to obtain the cumula-
tive current values of each patch under multiple scenarios; (3). Ranking the importance
of patches and adding classification labels to each patch based on the codified mRMR
algorithm; (4). Identifying redundant patches in the collection based on support vector
machines, and finally forming the classification results for all patches. The technical route
is shown in Figure 3.
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2.2.1. Circuit Theory Simulation

Exploring the redundancy and importance of source patches requires the construction
of ecological networks, and this study simulates the ecological network structure based
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on a circuit theoretical model, which first requires the determination of a vector map of
source patches. Because the scale of plant communities is a key element in judging habitat
quality [22], this study used the MSPA method [23] to consider woodlands and grasslands
within the study area as foreground data that comprise ecological habitat and extract the
core area in the results as the original set of potential ecological habitat patches.

In terms of constructing an integrated landscape resistance surface, the efficiency of
species migration at the surface depends on the land cover type, environmental conditions,
and anthropogenic disturbances of the surface raster [24–26]. However, a specific set of
impedance values cannot characterize the dispersal efficiency of multiple species simultane-
ously because the effects of the same land cover type on the mobility of different species can
vary greatly. Due to the difficulty of observing and investigating species-specific survival
conditions in urban areas and the paucity of available data, plant community quality can
be used as a proxy for habitat value [22]. For these reasons, this study used the ecological
suitability of habitat patches as a measurement condition for constructing a comprehensive
landscape resistance surface [3] and selected six influencing factors to construct a compre-
hensive landscape resistance surface, which was divided into three categories according to
their different ways of influencing the ecological suitability of patches, representing the
relative influence of different influencing factors on the ecological suitability of patches and
also reflecting people’s resistance to species movement in patches estimates [27]. The first
category is topography, which includes three influencing factors of elevation, slope, and
topographic relief [28]; the second category is environmental conditions, which includes
two influencing factors of land cover condition and vegetation factor (NDVI) [29]; and the
third category is anthropogenic disturbance, which includes one influencing factor of road
network [30]. Resistance values were assigned to the different influencing factors according to
the available literature and expert judgment [3,30,31]. The resistance values of each influence
factor are shown in Table 1. The cumulative current values of patches and the ecological
network structures were subsequently calculated in the ArcGIS 10.2—Linkage Mapper plug-in
tool (https://linkagemapper.org/about-the-team/, accessed on 14 July 2023).

2.2.2. Patch Importance Ranking Based on mRMR

The mRMR criterion can accomplish a more compact importance ranking by arranging
the elements with less redundancy and greater importance in front and those with greater
redundancy in the back [17]. The algorithm requires counting the probability that the
cumulative current values between the compared patches are similar, thus calculating
the mutual information value (1) and finally comparing and ranking them one by one by
the mRMR formula (2) to obtain the patch importance ranking results. The calculation
of the mutual information is very critical and is obtained by dividing the probability that
the cumulative current values of two patches are similar by the probability that they take
these similar values separately. According to the rules of the mRMR algorithm, multiple
simulations are required to obtain the sample data by simulating node failures in the
ecological network by removing one patch at a time from the patch vector map [32] and
repeating 10 times to record the results of different cumulative current values obtained for
each patch for each simulation. In addition, multiple simulations can exclude the possible
chance errors in single simulations and increase the reliability of the ranking.

The mRMR criterion is coded based on the python language to calculate the set S of
ranked patches that are more correlated with the target patch c and less redundant with
other patches to be evaluated in the screened set. mRMR’s basic formula is Equation (2), and
the mutual information formula Equation (1) needs to be added to complete the calculation:

I(X; Y) = ∑x,y p(x, y)log
p(x, y)

p(x)p(y)
(1)

where I(X,Y) is the mutual information between variables x and y, p(x,y) is the joint proba-
bility density of variable x and variable y, and p(x) and p(y) are the probability densities
of x and y, respectively. They are defined as: p(x,y) is the number of times the cumulative

https://linkagemapper.org/about-the-team/
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current values of the two patches for comparison are similarly divided by the total number
of simulations; p(x) and p(y) are the number of times the x and y patches obtain similar
values divided by the total number of simulations.

Φ = max
xj∈X−Sm−1

[I
(
xj; c

)
− 1

m− 1 ∑
xi∈sm−1

I
(
xj; xi

)
] (2)

where the original set is X and the screened set is S. The formula means that xj in the set
X − Sm−1, which has the maximum correlation with the target node c and the minimum
redundancy with the elements in the screened set Sm−1, is selected. The process of set
change based on the mRMR algorithm is shown in Figure 4.

Table 1. Landscape resistance values for each factor.

Type Factors Classification Index Resistance Value

Terrain type Slope

<3◦ 1
3–6◦ 20

6–10◦ 100
10–16◦ 200
>16◦ 600

Elevation

<300 m 50
300–400 m 150
400–550 m 300
550–750 m 500

>750 m 600

Relief amplitude

<50 m 70
50–100 m 150

100–200 m 300
>200 m 700

Environmental
conditions type

Land use and land
cover (LULC)

Forest 1
Grasslands 15

Cultivated lands 40
Bare land 70

Water 600
Urban and build–up 1000

Normalized
difference vegetation

index (NDVI)

0.227–0.713 1
0.155–0.227 5
0.081–0.155 25

0–0.081 75
−0.522–0 100

Human influence
type Distance from road

500–1000 m 125
200–500 m 250
50–200 m 400

<50 m 800
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2.2.3. SVM-Based Redundant Patch Recognition

Support vector machines (SVMs) can train recognition rules for target objects based on
the classification results of a given label in a sample set for redundant patch recognition, and
are often used in conjunction with mRMR criteria [17]. Two types of data are required to
construct the feature dataset for SVM training, testing, and recognition: (1), the classification
labels of all patches; and (2), the individual feature values of all patches. The top 66.7%
of the mRMR ranking results are labeled as “important” patches (label 0), and the rest
of the patches are labeled as “unimportant” patches (label 1) for SVM training. Through
testing, it was discovered that changing the ratio of the two labels would have almost no
effect on the final recognition results for each individual but would affect the number of
redundant patches in the final results, so the division ratio of 2/3 and 1/3 was chosen to
make the results consistent with reality. The feature attributes involved in training in this
study include five items: patch area, forest area (summed value), grassland area (summed
value), NDVI (summed value), and dPC. These features are key factors in determining the
ecological suitability of patches [8,33–36], and in support vector machines, these factors
will directly affect whether patches are identified as having redundancy.

The support vector machine code was constructed based on the python language by
using the SVM model of the sklearn library, placing the feature dataset, and training the
model with 60% of all samples as the training set and 40% as the test set. The redundant
patches in the ecological network can be obtained by identifying all patches again with
the SVM training results. The mRMR + SVM method’s data transformation logic is shown
in Figure 5.
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2.3. Data Sources

Land cover data are needed to construct the patch vector map, which were obtained by
interpreting the 2021 remote sensing image data in ENVI5.3, and the remote sensing image
data were downloaded from the Geospatial Data Cloud website (http://www.gscloud.cn/,
accessed on 10 April 2023). To construct the integrated landscape resistance surface,
land cover data (obtained in the same way as above), DEM data (downloaded from the
Geospatial Data Cloud at http://www.gscloud.cn/, accessed on 10 April 2023), NDVI
(normalized difference vegetation index), and road network data (downloaded from the
OpenStreetMap website http://www.openstreetmap.org/, accessed on 10 April 2023) are
needed. All the required data can be obtained through the internet. The DEM data were

http://www.gscloud.cn/
http://www.gscloud.cn/
http://www.openstreetmap.org/
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processed in ArcGIS10.2 to obtain slope, elevation, and relief amplitude. The NDVI was
calculated from remote sensing image data by multi-band calculation in ENVI5.3 software.
Road network data were used to construct multi-level buffers in ArcGIS10.2 using the
Multiple Ring Buffer tool to characterize the impacts caused by human activities.

3. Results
3.1. Urban Green Space Ecological Network and Cumulative Current Values

The construction of an urban ecological network is the basic context for extracting
and identifying the redundancy of habitat patches. A total of 261 patches with potential
to become ecological source sites were obtained through MSPA analysis, and 157 invalid
patches with too small areas were excluded (the individual areas of these patches were all
less than 8100 m2, accounting for 60.2% of the total number of patches, but only 0.77% of
the total patch area), and finally, the original set X consisting of 104 patches was obtained,
which had a total area of about 4761 ha, accounting for 42.77% of the total area of the study
area, with an average patch size of 45.78ha and a patch density (PD) of 0.93 (pcs/km2).
The potential ecological habitat patches (Figure 6) show the distribution characteristics of
complete morphology on the east and west sides and sparse fragmentation in the middle.
The ecological background of patch 98 (1212.12 ha, ranking second in area) on the west
side and patch 103 (2238.84 ha, ranking first in area) on the east side is a large area of forest
on the topography of the mountain range, and both large patches are in a north-south
direction with a long contact surface with the central patch. The ecological background of
the central patch 38 (200.88 ha, area ranked third) is a large area of forest along the river,
which is a rare large natural green area in the urban area and forms the main relay station
role between the two major ecological sources in the east and west. According to the results
of the circuit theory model runs, it can be seen that the current state of urban development
has created large ecological networks without coverage areas in the central and southern
part of the study area, relying only on a few small source patches to maintain the ecological
network structure, and the problem of habitat fragmentation has become apparent. The
ecological corridors with high current density are mainly found in urban spaces based on
road greenery, greenery next to settlements, and open space to be developed.
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3.2. Ranking the Importance of Source Patches

After the mRMR criterion treatment, the order of 66.34% of the patches changed,
the ranking of some patches changed significantly, the ranking of patches that increased
(No. 53 (moved up 27 places in the rankings), No. 96 (moved up 14 places in the rankings),
No. 46 (moved up 10 places in the rankings), and No. 80 (moved up 10 places in the
rankings)) had a greater increase in ranking, and the quality of the actual characteristic
attributes of the above patches (area, forest area, grassland area, NDVI, dPC) became
better. At the same time, among the patches with decreasing ranking, No. 32 (dropped by
35 places in the rankings), No. 78 (dropped by 14 places in the rankings), and No. 65
(dropped by 9 places in the rankings) had a large decrease in ranking.

3.3. Patch Redundancy Identification

The training sample set with aggregated classification labels and patch feature values
was placed into a support vector machine for training and testing, and the trained model
was used again to identify the entire set and obtain the identification results for all patches.
The results showed that there were 84 “important” patches that should be used as ecological
sources and 20 “redundant” patches that have redundant attributes and do not have major
node responsibilities in the ecological network. Combined with the actual map, it can
be seen that the 84 “important” patches retain the main components of the ecological
network, the main skeleton is intact, and patches with high-quality features (area, NDVI,
etc.) or occupying key locations are included. Among the 35 patches originally marked
as “unimportant”, 15 patches were re-identified by SVM as “important” patches. These
patches have small cumulative current values, but in fact they have moderate feature
values, are located in locations that play a large connecting role in the network, have few
patches of similar quality around them, are irreplaceable, and should be considered to be
important patches.

4. Discussion
4.1. Effectiveness of mRMR + SVM Redundancy Identification Method

After comparing the two methods of traditional cumulative current value size ranking
and mRMR ranking, it can be found that the order of the top 13 (top 12.5%) patch rankings
is the same for both sets of results, indicating that both methods have an extremely high
correct rate in identifying patches with absolute dominance. Comparing the ranking results
obtained by the two methods, 66.34% of the patches changed their ranking, with the major-
ity of the changes ranging from 1 to 3 places. In the ranking results based on the magnitude
of cumulative current values, some patches with good environmental conditions in reality
are ranked later, which indicates that the ranking results based on cumulative current
values are not compact, and some low-quality patches receive a higher ranking than their
actual role in this circuit theory analysis by virtue of the advantage of individual attributes
(e.g., zone), and in addition, some patches with similar effects cannot be distinguished from
each other. After processing by the mRMR algorithm, there is a tendency for high-quality
patches to be clustered in a better order; for example, patches 61 and 93 are highlighted
patches with better eigenvalues, and their rankings are improved by 43 and 16 places,
respectively, and patches 57 and 66 are patches with better geographical locations, and
their rankings are improved by 50 and 20 places, respectively. In the processed importance
ranking set S, patches with less redundancy and more importance ranked higher and
patches with more redundancy ranked lower, and the randomness of patches performing
poorly in a particular operation was avoided.

The redundant patches obtained after mRMR + SVM screening need to be verified
against the actual maps. In terms of distribution location, there are several redundant
patches with similar or more advantageous areas in the vicinity of the redundant patches,
and removing these redundant patches will not fundamentally affect the overall ecological
network corridor distribution. After removing these 20 “redundant” patches from the
original set, the circuit theory model was run again to obtain the ecological network
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distribution shown in Figure 7, in which the corridor structure, trend, and flow did not
change subversively, and the results were similar to the original results. Fifteen of the
patches (Nos. 4, 5, 15, 20, 30, 44, 59, 65, 70, 75, 82, 88, 89, 94, 101) were removed, and
the ecological corridors still passed through the areas where these patches were located;
five patches (Nos. 29, 42, 49, 52, 104) were removed and their areas no longer formed
corridors. Although other corridors existed in their vicinity, the loss of corridors caused
by the removal of these five patches reduced the stability of the surrounding ecological
network, so it is recommended that these five patches be identified as mildly important
patches of higher importance than the redundant patches, assuming a similar role to that of
the stepping-stone patches [37], and that they are not prioritized for development when
not necessary. In the south of the study area, the removal of patch 104 caused the complete
disappearance of the ecological corridor in this area, but the actual situation is that this
patch was a small component of a large green area outside the study area and was identified
as redundant because the area left after being cut by the administrative boundaries was
too small, and this result is consistent with the logic of the whole test. Based on the above
analysis, it is clear that the mRMR criterion algorithm can produce ranking results, with
more important patches ranking higher and redundant patches ranking lower; compared
with the traditional simple classification results based on the cumulative current value,
the patch classification results based on SVM identification are more comprehensive in
terms of the data involved in the evaluation, the fact that each individual is evaluated
independently, and the fact that the results are more relevant. The mRMR + SVM method’s
path is able to accomplish the goal of ranking the importance of patches and identifying
redundant individuals among them.

Based on the order of the mRMR ranking results, the “minimum-redundancy-maximum-
correlation” values of the patches generated by the mRMR algorithm were accumulated
one by one from front to back. Then, using the natural breakpoint method, all nodes
were classified into five categories: the patches ranked 1–9 are overwhelmingly important;
the patches ranked 10–14 are highly important; the patches ranked 15–41 are moderately
important; the patches ranked 42–104 (excluding redundant patches) are slightly important;
the 15 redundant patches are redundant. The final hierarchical classification results are
shown in Figure 8.

4.2. Spatial Management Policy Response Based on Patch Redundancy and Importance

Based on the results of the patch classification identified above, hierarchical and
differentiated conservation measures were implemented for the patches. Source patches
are the backbone of the ecological network, and corridors are similar to blood vessels.
Maintaining a sizable total number of source patches is essential for increasing the resilience
of the ecological network. Therefore, targeted management policies are needed to achieve
differentiated spatial control. The results of source patch identification can provide a basis
for developing a hierarchical list of source-patch protection. As mentioned above, source
patches can be classified into five categories: overwhelmingly important, highly important,
moderately important, slightly important, and redundant. Different implementation lists
and prohibition lists are developed for different types of source land patches to clarify the
scope of authority and spatial extent of anthropogenic activities (Table 2).
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Table 2. Implementation list and prohibition list for different levels of patches.

Overwhelmingly
Important Highly Important Moderately

Important Slightly Important Redundant

Implementation list

Adhere to red lines,
detect early

warnings, and set
aside buffer zones

Avoidance for
natural development

A small amount of
artificial protection
against vulnerable

elements

Artificially assisted
habitat restoration

Allow a small amount
of human disturbance

and development
activities

Prohibited List
Prohibit any kind

of ecological
resource seizure

Prohibit the
breakthrough of the
ecological red line

Prohibit the change
of land use type

Prohibit further
development

Prohibit complete
change of land use type

4.3. Advantages and Limitations of mRMR + SVM Method

The mRMR + SVM method is a reliable way to analyze redundancy in the field of
complex systems, consisting of a two-part algorithm of minimum redundancy maximum
correlation criterion and support vector machine. The application of this method to the
study of ecological network patch importance and redundancy identification shows three
advantages: first, in the patch importance ranking results, it can make the order of patches
with better comprehensive quality more concentrated in the front; second, in the identi-
fication of patch redundancy, we can determine whether the patches are redundant or
not on a case-by-case basis; third, both mRMR and SVM can theoretically incorporate as
many data types as possible into the analysis and maintain high computational efficiency.
The above three features make the classification results highly accurate and can be more
easily used by researchers and planning workers. The method can also overcome the
problems of traditional importance ranking methods, e.g., the problem of chance based
on the results of one analysis and the problem of one-sidedness based on one indicator.
In general, the mRMR + SVM path can achieve the importance ranking and redundancy
identification of source patches accurately and efficiently, but there are some limitations.
Commonly, the number of source patches is limited, and there will be the problem of insuf-
ficient samples when training the SVM model. For example, in this study, there were only
104 valid patches after screening, and it was difficult for the support vector machine to
train a high-quality recognition model. In addition, due to the lack of a referenceable basis
for classifying the importance of ecological networks, labels were only added to the patches
with simple scaling rules before the mRMR ranking results were placed into the SVM.
Although the recognition results of SVM restored the valuable “redundant” patches to
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“important” labels, the inaccurate labeling of the training dataset still had some temporary
unaccountable effects on the final recognition results. Therefore, in future research, we can
consider collecting and producing a sample database of ecological network patches from
different geographical areas, which will provide strong support for a larger scale and longer
time span of research by containing patch characteristics and identification results. In addi-
tion, the potential of support vector machines applied to ecological network research is not
explored enough in this paper, and better use of support vector machines can be achieved
by debugging the kernel function and improving the accuracy of label classification.

5. Conclusions

This paper introduces the mRMR + SVM method to the study of ecological network
source patches and explores the source patch redundancy identification method and impor-
tance ranking method with the direct participation of diverse indicators in the evaluation.
After identifying the potential ecological source patches of the ecological network in Longx-
ing area of Chongqing, this paper uses mRMR criteria to rank and classify the importance of
source patches and SVM to identify the redundant patches. Finally, a hierarchical classifica-
tion and management list design of source land patches according to their importance were
carried out. The main conclusions of the study are as follows: (1) mRMR criteria can achieve
an importance ranking that is in closer alignment with the real situation. Compared with
the ranking results based on the cumulative current value size of the patches, the ranking of
66.34% of the patches in the mRMR criteria ranking results changed, the patches with better
realistic quality were ranked higher, and the redundant patches were ranked lower. (2) The
mRMR + SVM method can identify individuals with redundancy from the set of source
site patches. Among the 20 patches identified as redundant, circuit theory simulations
were performed again after removal: 15 patches where the ecological corridor still passes
through its area, and 5 patches where the ecological corridor no longer passes through but
where there are similar patches nearby to assume its function. Finally, 104 source patches
were classified into: overwhelmingly important patches (9), highly important patches (5),
moderately important patches (27), slightly important patches (48), and redundant patches
(15), and policy management measures including implementation lists and prohibition
lists were proposed. The method proposed in this paper has the ability to identify the
redundancy and importance of source patches. The results of the study can help improve
the knowledge of ecological networks and provide quantitative methodological support
and decision-making reference for urban development and ecological conservation.
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