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Abstract: Human activities and climate change have resulted in an increasing fragmentation of forest
landscapes, and the conflict between biodiversity protection and economic development has become
more pronounced. The establishment of forest ecological networks can be a vital part of biodiversity
conservation and sustainable forest development. Using Jindong Forest Farm as the study area, this
study combines the forest ecological suitability index, morphological spatial pattern analysis, the area
method, and the landscape connectivity index (PC, IIC). This will identify ecological source areas
in the study area, extract ecological corridors using the minimum cumulative resistance model and
the gravity model, and construct a forest ecological network with ecological source areas as points
and ecological corridors as edges. This study identified 11 forest patches in highly suitable habitat
regions as ecological source regions, and 54 potential corridors were extracted. The study’s results
show that a careful analysis of the forest landscape’s ecological suitability and morphological spatial
pattern provides a scientific method for the rational selection of ecological source regions and serves
as a reference for protecting forest species diversity and sustainable forest development.

Keywords: forest ecological suitability index; morphological spatial pattern method; minimum

cumulative resistance model

1. Introduction

As the backbone of terrestrial ecosystems, forest ecosystems are indispensable for
ecological balance and biodiversity conservation [1]. In recent years, irrational forest man-
agement has resulted in the loss and fragmentation of forest habitats and the destruction of
ecological corridors, resulting in a decrease in forest landscape connectivity and, as a result,
biodiversity [2-4]. While forests contribute significantly to human economic development,
they also have a significant impact on the environment on which humans rely. As a result,
forest biodiversity conservation and sustainable forest development have become matters
of primary concern [5,6].

Since landscape connectivity refers to how the landscape facilitates or inhibits species
movement between habitat patches, improving and maintaining forest landscape con-
nectivity is an effective way to protect forest biodiversity [7,8]. Numerous studies have
demonstrated that increasing landscape connectivity can improve species’ viability and
maintain genetic diversity by allowing species to move flexibly across the landscape in
response to changing resources and threats [9,10]. As a result, improving connectivity is a
critical area of research in biodiversity conservation.

Establishing an ecological network is a highly effective way to increase connectiv-
ity [11]. An ecological network in the landscape consists of all existing and proposed
landscape segments of ecological significance [12]. Forest ecological networks can connect
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fragmented habitats via ecological corridors and stepping stones to create a comprehensive
landscape and biological habitat network that promotes gene exchange and species migra-
tion between forest patches, which is critical for organisms’ ability to adapt to the adverse
effects of interference and climate change [13-15].

The essential step in establishing the forest ecological network is identifying the eco-
logical source area [16]—which is critical for forest ecology conservation—as the areas
with the highest ecological quality within the forest landscape [17]. There are numerous
techniques for extracting ecological resources. While most of them prioritize forests, water
bodies, and natural reserves as ecological sources based on the study area’s actual situa-
tion [18], these methods ignore the differences in forest landscape patches caused by varied
terrain, soil, vegetation, and cultural conditions. Certain studies employ the minimum
area threshold method directly [19], which is straightforward to use but ignores the spatial
pattern of forest patches. As a result, this study employs an integrated forest ecological
suitability model in conjunction with the morphological spatial pattern method to identify
ecological source areas. The forest ecological suitability model can consider the impact
of the natural environment and human disturbance on the suitability of forest landscape
patches [20]. At the same time, the morphological spatial pattern allows for more precise
identification of the critical small-area landscape as the source patch without relying on
subjective judgment [21].

The research area for this study is Jindong Forest Farm. It is a national demonstration
forest farm located in Hunan Province, China. However, due to the unscientific manage-
ment policy and the long-term continuous planting of Chinese fir artificial pure forest in
the 1980s, a series of problems occurred, including a decline in land quality, biodiversity,
and ecological service function [22]. It is critical to improve the Jindong Forest Farm’s
management measures. How to identify the most important patches to be protected is a
major problem in scientific research. As a result, scientific identification of forest landscape
source patches is essential for preserving forest species diversity and ensuring the forest’s
long-term viability. We propose the novel integration of the forest ecological suitability
model and the morphological spatial pattern to identify priority areas. The objectives are to
(1) determine the core area of forest landscape using the forest ecological suitability model,
the morphological spatial pattern method, and the area method; (2) assess the connectivity
of core area patches using the landscape connectivity index to determine the study area’s
ecological source area; and (3) extract the ecological corridor using MCR and the gravity
model to build the forest ecological network.

2. Materials and Methods
2.1. Study Area

Jindong Forest Farm is located in Yongzhou City’s southern Qiyang County and north-
east of the Nanling Mountain System’s Yangming Mountain range (Figure 1). The northeast
has a low elevation, while the southwest has a high elevation. The farm’s mountains vary
in width and length, measuring approximately 33 km east to west and 36 km north to
south. The mountain range is located in the humid subtropical southeast monsoon climate
zone. The annual average temperature ranges between 16.5 and 17.7 degrees Celsius, and
the annual precipitation ranges between 1600 and 1890 mm. The study sites’ soils are
predominantly red, yellow, and yellow-brown mountain soil. The predominant forest
type is a subtropical, artificial Chinese fir forest. The major vegetation types are evergreen
broadleaf forests, deciduous broadleaf forests, evergreen needleleaf forests, coniferous and
coniferous broadleaf mixed forests, and bamboo forests. According to the most recent
forest management inventory, the land area under Jindong Forest Farm’s jurisdiction is
53,963 hm?. The forest growth and management area is 50,240.2 hm?, accounting for 93.1%,
and the forest coverage rate has reached 87.74%.
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Figure 1. Location of Jindong Forestry Farm.

2.2. Data Resource

This study’s Digital Elevation Map (DEM) data (1 June 2020) was provided by Geospa-
tial Data Cloud, Computer Network Information Center, Chinese Academy of Sciences
(http:/ /www.gscloud.cn, accessed on 7 February 2022). A total of 18,163 sub-classes are
based on Hunan Province’s 2014 forest management inventory. BIGMAP provides high-
resolution satellite images, vector data for the road network, and vector data for the water
system (1 June 2020). The topographic condition index layer’s slope and slope direction
data are derived from the Jindong management area’s Digital Elevation Map (DEM) pro-
cessed with ArcGIS software. The 2014 forest management inventory provided information
on the slope position, soil type, soil thickness, vegetation type, forest age, and origin. Data
from similar years are used to ensure data consistency, and all data coordinate systems are
transformed, unified, spatially corrected, and preprocessed.

2.3. Methods
2.3.1. Core Area Identification Based on FESI and MSPA

To comprehensively describe forest ecological suitability from various perspectives,
we used five categories of metrics based on relevant research [23-26] and the study area’s
characteristics. Among the metrics are the following: (1) Topographic conditions: slope
aspect, slope position and slope; (2) soil conditions: soil type and soil thickness; (3) vegeta-
tion conditions: canopy density, origin and forest age; (4) social conditions: distance from
roads, villages and towns; (5) hydrological conditions: distance from water areas.

The forest ecological suitability grade assigned to each influencing factor is based on a
classification standard ranging from high to low. It is classified into five categories: most
appropriate, more appropriate, generally acceptable, less acceptable, and unsuitable. The
Analytic Hierarchy Process (AHP) is used to determine the weights for each suitability
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index factor (Table 1), and the weighted average model in fuzzy mathematics (Equation (1))
is used to calculate the ecological suitability of each forest landscape class in the area:

S=Y" wxP (1)

where S is the score of the comprehensive evaluation of forest landscape ecological suitabil-
ity of the evaluation unit; i is the number of evaluation factors and # is the total number of
selected evaluation factors; w; is the weight of the ith evaluation factor; P; is the score of
the ith evaluation factor.

Table 1. Ecological suitability assignment criteria.

Suitability Level
Impact Factors
Level 1 Level 2 Level 3 Level 4 Level 5
Slope aspect Shady slope Semi-shady slope  Semi-sunny slope Sunward slope Flatland
Slope position Up — Middle — Down
Slope (°) >36 26~35 16~25 6~15 <5
Soil type Red soil — Yellow soil — Yellox;voli:irown
Soil thickness (cm) <40 41~60 61~80 >81 —
Canopy density — 1%~20% 21%~40% 41%~70% 71%~100%
Planted middle-
Origin and forest age Others Young plantation aged\Near- Mature plantation Natural forest
forest Mature forest
Forests
Distance from roads (m) <500 501~1000 1001~3000 >3001 —
Distance from villages and <500 501~1000 1001~3000 >3001 —
towns (m)
Distance from water (m) — >3001 1001~3000 501~1000 <500

The vector layers of each factor are analyzed and processed by ArcGIS software. After
the vector layers of each factor are converted into grid files (grid accuracy is 30 m x 30 m),
the grid files of each factor are weighted and superimposed to obtain the evaluation
results of forest landscape patch suitability. The results are normalized to obtain the forest
ecological suitability index (Equation (2)):

Si - Smin

Smux - Smin

FESI; = 2

Referring to the evaluation methods of relevant forest resource evaluation [27], the
forest ecological suitability index is divided into five classes according to the principle of
equidistant division, corresponding to the lowest suitable habitat, lower suitable habitat,
moderate suitable habitat, higher suitable habitat, and highest suitable habitat.

Patches with suitability levels greater than three are considered foreground in the
MSPA analysis, while patches with lower suitability levels are considered background. This
method places a premium on structural connectivity and depends entirely on land use data.
The prospect is then divided into seven distinct, non-overlapping landscapes based on their
form (core areas, bridges, edges, branches, loops, islands, and perforations) [21]. The data
is converted to a TIFF format binary grid data file. Then, using the eight-neighborhood
analysis method and the Guidos Toolbox software, the edge width parameter is set to 2 (a
reference to the radius of a circle with an area of 1 hectare), the physical distance is set to
60 m, and the particle size is set to 30 m for MSPA analysis. The seven obtained landscape
types are counted.



Sustainability 2022, 14, 3082

5o0f 14

2.3.2. Evaluation of Landscape Connectivity

The landscape connectivity index indicates the fluency of ecological processes in the
landscape. Considering that patches with a small area are not suitable for forest ecological
suitability, this study comprehensively analyzes the spatial scale of the study area and
the calculation amount involved in the ecological source and selects the core area with a
size greater than 1 hectare as the landscape element of the connectivity analysis. Using
three types of indexes—namely, the integral index of connectivity (IIC, Equation (3)),
the probabilistic connectivity index (PC, Equation (4)), and the patch importance index
(41, Equation (5)) [28]—and using Conefor 2.6 software, the patch connectivity distance
threshold is set to 1000 m and the connectivity probability is set to 0.5 [29]. The patches with
a dl value greater than or equal to 1 are taken as the ecological source, and the remaining
core is divided into the important core area (0.3 < dI < 1) and the general core area (dI < 0.3).

n n {1,"11]‘
=1 Lj=1 Tl
1IC = % G)
L
iz Xy Pt -ai-aj
PC = - (4)
A
L
d = L= Tremove 4600, (5)

I

where 7 is the total number of patches in the landscape, 4;, and 4; are the areas of patch
i and patch j, respectively, nl;; is the connection between patch i and patch j, Ay is the total

area of the landscape, and P’ is the greatest possibility of direct diffusion of species in
g
patches i and j. I is the connectivity index value of a landscape, which refers to IIC and PC,

and Iremove is the connectivity index value of the landscape after removing patch i from the
landscape.

2.3.3. Construction of Forest Ecological Network Based on the MCR Model

The Minimum Cumulative Resistance (MCR) method can determine the minimum
path of consumption between a source and a target. It is the optimal path for biological
species migration and dissemination, as it effectively avoids all forms of external interfer-
ence [30]. In conjunction with the MSPA and landscape connectivity evaluation results, the
vital core area is designated as the study area’s core landscape, and the suitability evalua-
tion results are converted to an ecological resistance surface using the reverse assignment
method (Equations (6) and (7)). To construct the resistance surface of the study area, various
resistance values are assigned. The reverse assignment formula is as follows:

if S > 4, resistance = 1 (6)

In (04001) S

if S < 4, resistance = e x 10° (7)

where S is the ecological suitability value of the forest landscape. The suitability values
are divided into four categories: type 1: 0 < S < 1.975; Type 2: 1.975 < S < 2.519; Type 3:
2.519 < § < 3.069; Type 4: 3.069 < S < 4.155. The calculated ecological resistance values are
33,13, 5, and 1, respectively. The result of the reverse assignment method is transformed
into the ecological resistance surface by using the reclassification in ArcGIS.

The Cost Connectivity tool in ArcGIS10.4 spatial analysis is used to generate the
minimum path between source and target patches, remove duplicate edges, and construct
an interaction matrix based on the gravity model to quantify the interaction intensity
between habitat patches and thus determine the relative importance of potential ecological
corridors scientifically. According to the matrix results and the reality of the study area,
corridors with an interaction intensity greater than 100 are classified as important corridors.
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In contrast, the remaining corridors are classified as general corridors. The study area’s
ecological network diagram is then constructed.
In summary, the flowchart of this study’s analysis and research procedures is as

follows (Figure 2).
topographic soil vegetation social hydrological
conditions conditions | | conditions | | conditions conditions

I

I

|
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Reverse assignment method

|
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Ecological res
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MCR model
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y

Ecological corridors

The Forest Landscape Ecological Network

Figure 2. Flowchart of the analysis and research procedures in this study.

3. Results

3.1. Distribution of Forest Landscape Suitable Areas and Landscape Types

The slope direction, slope position, slope, soil type, soil layer thickness, canopy density,
origin and forest age, distance from the road, distance from villages and towns, and distance
from water area are the ten main influencing factors of forest ecological suitability analysis
in Jindong Forest Farm, with weights of 0.07, 0.02, 0.04, 0.08, 0.16, 0.13, 0.26, 0.06, 0.06,
and 0.12 (CI = 0.001, CR = 0.015 < 0.1), respectively. The obtained suitability index values
of the study area are divided into five equidistant grades, that is, the habitat types of
the five suitable habitats (Figure 3). The lowest suitable habitat is about 1967.582 hm?,
accounting for 0.04% of the study area. The lower suitable habitat area is about 12,843 hm?,
accounting for 0.25% of the study area, mainly distributed in the west and north of the
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study area. The moderately suitable habitat area is about 18,291.69 hm?, accounting for
0.35% of the study area, which is scattered. The higher suitable habitat area is about
17,032.68 hm?, accounting for 0.33% of the study area. The highest suitable habitat area is
about 1982.07 hm?, accounting for 0.04% of the study area, mainly distributed in the center
and southwest of the study area (Table 2 and Figure 3).

[T Lowest suitable habitat
[ Lower suitable habitat
[0 Modecratcly suitable habitat
I 1Tigher suitable habitat
I 11ighest suitable habitat

0 25 5 10
— — K\

Figure 3. Habitat map of forest ecologically suitable areas.

Table 2. Area proportion of each suitable area type.

Proportion of
. e 2 P
FESI Suitable Condition Area (hm*) Study Area (%)

Lowest suitable habitat, where there
(0~0.2] is a high risk of destruction of the 1967.58 0.04
forest landscape
Lower suitable habitat, where

(0.2~0.4] forested landscapes may be 12,843 0.25

destroyed
Moderate suitable habitat, forest

(0.4~0.6] landscape can be basically 18,291.69 0.35
maintained

(0.6~0.8] Higher suitable hablt.at, fprest 17,032.68 033

landscape can be maintained
(0.8-1] Highest suitable habitat, forest 1982.07 0.04

landscape can be fully protected
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The higher suitable habitat and the highest suitable habitat are taken as the foreground
for MSPA analysis, and the landscape types are obtained, as shown in Figure 4. The area
of each classification and its proportion are counted. It can be seen that the core area of
the study area is about 7312.5 hm?, accounting for 38.6% of the area of the suitability area
and 0.14% of the total area of the study area. The core patches in the north and east of
the study area are relatively few and scattered, with poor connectivity. The edge area and
perforation are the inner and outer edges of the landscape patches, accounting for 31.41%
and 1.21% of the area of the suitable area and 0.11% of the total area of the study area.
As a constituent element of the ecological network, the influence range of the edge effect
needs to be considered. The bridge area is about 2186.52 hm? as a structural corridor in the
landscape, accounting for 11.5% of the suitable area and 0.04% of the total area of the study
area, which has essential ecological significance for species migration and diffusion. The
branches are interruptions of corridor connection with some connectivity, accounting for
6.57% of the suitable area and 0.02% of the total area of the study area. Island patches are
isolated woodland patches that can serve as steppingstones for organisms, occupying a
small area and scattered in a fragmented manner in the study area. The loops are a shortcut
for animal movement within the patches and facilitate the migration of species within the
same patches, occupying 1.94% of the suitable area (Table 3).

P
Background [l Tsland );y"\ v
B Core area 0 Branch -"'(A o
« -f"\\’/
I Edge Loop 5
B Bridge I Perforation
0 25 5 10

— — M

Figure 4. Analysis results of MSPA.
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Table 3. Classification statistics table of MSPA.

2 Proportion of the Proportion of the
Landscape Type Area (hm?) Suitable Area (%) Total Area (%)

Core area 7312.50 38.46 0.14
Edge 5972.07 31.41 0.11
Bridge 2186.52 115 0.04
Islet 16,905.98 8.92 0.03
Branch 1249.17 6.57 0.02
Loop 368.86 1.94 0.01
Perforation 230.06 1.21 0.00

3.2. Landscape Connectivity Evaluation

First, patches less than 1 hectare in the core area are removed to analyze the importance
and spatial distribution characteristics of the core area, and 345 patches in the core area
are ranked by the importance index value after elimination. The cumulative contribution
values of dI are counted and it is found that the number of patches with cumulative
contribution values in the top 50% of both dIIC and dPC is only one. The number of
patches with cumulative contribution values in the top 90% is also small, indicating that a
few patches in the study area significantly affected the overall connectivity level (Table 4).
The fourteen patches with the highest dIIC and dPC are selected (Table 5). Patches 301,
281, 188, 251, 284, and 221 appear in the top 10 of the dIIC and the dPC simultaneously,
indicating that these six patches are highly important. The patches with the highest dIIC
or dPC value significantly impact the overall connectivity relative to the standard patches.
They are the areas that needed to be protected and maintained as a priority.

Table 4. Cumulative contribution values of dIIC and dPC and the percentage of patch number.

dIIC dPC
Cumulative Number of Percentage of CCo 1:3‘:;:::;; Number of Percentage of
Contribution Value Patches Patch Numbers Value Patches Patch Numbers
0~50% 1 0.29% 0~50% 1 0.29%
50~90% 14 4.06% 50~90% 25 7.25%
90~100% 330 95.65% 90~100% 319 92.46%

Table 5. Top 10 nodes in the order of dIIC and dPC values.

Node dIIC Node dPC
301 10.45 301 22.78
281 7.22 281 10.95
188 2.22 284 2.80

77 1.58 221 1.63
251 1.45 188 1.59
32 0.87 214 1.43
24 0.83 145 1.23
284 0.74 275 1.21
33 0.74 251 1.16
221 0.58 163 1.15

The absence of a generally important patch would not affect the overall connectivity
level by more than 0.3%. In comparison, the lack of a very important patch would reduce
the general connectivity level by more than 1%. Five of the ten patches with the highest
dIIC values are very important, while all ten patches with the highest dPC values have
very high importance values. The patches with significant dPC values are considered as
ecological source areas. In contrast, the patches with moderately important dPC values
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are important core areas, and those with generally important dPC values are deemed to be

general core areas (Figure 5).

I Ecological source
I Important source
General core arca

Study arca
0 25 5 10
—_— — M

Figure 5. Distribution of forest ecologically suitable areas in the study area.

3.3. Construction of Forest Ecological Network Based on MCR Model

The degree to which patches interact indicates the importance of the corridors between
them. The ecological network of the study area is identified using the minimum cumulative
resistance model and includes a total of 54 potential corridors. According to the matrix
results (Table 6) and the actual situation in the study area, 20 important corridors and
34 general corridors are identified, and repeated paths are eliminated to create forest

ecological corridors throughout the study area (Figure 6).

Table 6. Interaction matrix based on gravity model.

Patch Id 163 188 214 221 284 251 263 281 275 301
145 924.18 13.70 11.89 7.74 4.19 11.52 8.48 92.65 21.10 55.29
163 7.67 6.72 4.36 2.51 6.79 495 60.41 12.23 35.60
188 1156.79 462.88 20.28 56.75 51.32 138.94 153.63 27.87
214 4798.22 22.32 60.44 61.38 137.17 191.87 24.26
221 20.20 53.12 55.60 88.43 178.19 16.20
284 378.10 102.16 153.53 162.64 9.09
251 1833.62 284.08 1711.18 24.75
263 170.26 6186.85 20.69
281 377.93 205.11
275 51.06
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Figure 6. Ecological corridor of the study area.

As can be seen from Table 6, the most potent interaction between patches 263 and 275
is 6186.85, indicating that the two patches are close together, their landscape resistance
is low, their correlation is high, and the possibility of biological migration between these
two patches is high. The interaction intensity between patches 284 and 163 is the low-
est, indicating significant landscape resistance between these two patches and impeding
species migration.

4. Discussion
4.1. Core Area Selection Based on FESI and MSPA Models

As shown in Table 2 and Figure 3, the five landscape types are typically distributed
geographically, with the lowest suitable and lower suitable habitats being concentrated in
the northern and western parts of the study area, i.e., the towns in Jindong Forestry Farm.
Although social conditions have a negligible direct effect on the forest’s ecological suitability,
the intensity of human activities will affect the forest vegetation in various ways, rendering
it unsuitable for forest vegetation growth. The highest suitable and higher suitable habitats
are concentrated in the study area’s south-central region. The corresponding areas contain
natural forests close to the water and away from roads, creating an ideal tree growth and
development environment.

The combination of the FESI and MSPA models leverages the benefits of both, while
mitigating their respective weaknesses. Specifically, the MSPA method simplifies the judg-
ing of landscape patterns, but it does not adequately account for landscape differences in
practical ecological problems [31,32], while the FESI model can identify differences between
landscapes but does not take into account the spatial pattern of the landscape enough [33].
In this study, the forest ecological network construction method based on the FESI and
MSPA models integrates morphological spatial pattern analysis and ecological suitability
analysis to select the core area, which compensates for the lack of differences between the
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same forest landscape and identifies the forest patches with more suitable conditions as
core areas, considering not only the morphological spatial pattern of the landscape patches
but also their ecological suitability. The selection procedure is quantitative and does not
rely on the objectivity associated with the traditional artificial selection of natural reserves
as source patches.

While the integrated approach has several advantages, it does face some obstacles:
(1) Determining the weight of factors used to evaluate forest ecological suitability in a
comprehensive evaluation. Because there is no unified standard or authoritative criteria [34],
the weight is determined using the traditional analytic hierarchy process. (2) Because MSPA
is highly sensitive to the study scale of the landscape, the input data’s pixel size and edge
width will lose some elements, and data at different scales will produce inconsistent
results [35]. The study area is Jindong Forestry Farm, and because larger particle sizes
result in information loss, a study scale of 30 m x 30 m was chosen based on previous
research. The magnitude of MSPA should be discussed and studied further in the future.
(3) The value of the edge width has a significant effect on the MSPA analysis results. Given
the research area’s size and the data’s accuracy, this paper refers to the minimum core area
threshold of 1 hectare as the area of the circle, setting the edge width to 2, which references
the radius of the circle, and the actual edge width is 60 m.

4.2. Analysis of Landscape Connectivity

Eleven ecological source areas were chosen based on the dPC values of the core areas,
indicating that the well-connected core patches were primarily located in the study area’s
central and southern regions. Compared to the northern areas, the forest patches in the
central and southern areas are more conducive to biological species migration, material, and
energy exchange and can provide better habitats for species. Establishing new ecological
sources in the study area’s north and southeast areas is necessary.

However, the distance threshold must be set in the Confer2.6 software when calcu-
lating landscape connectivity. The distance threshold value affects the IIC and PC values.
When the core interval’s distance exceeds the threshold, the software considers the core
areas to be disconnected. Increasing the distance threshold typically improves connec-
tivity [20]. Setting the distance threshold requires considering the study area’s size and
biological characteristics. The location of the threshold in this study is 1000, with a proba-
bility of connectivity of 0.5 [29].

4.3. Analysis of Forest Ecological Network Construction

In landscape planning, it is necessary to strengthen the protection of ecological corri-
dors between patches 263 and 275 to ensure the connectivity of the two patches and the
flow of materials and energy and increase the connectivity of corridors between patches
284 and 163 to improve the habitat suitability of corridors.

In general, the ecological corridors created by the MCR model are primarily concen-
trated in the study area’s central and southern regions. Between the north and south is a
significant fault. The study area’s overall connectivity is relatively poor. As a result, new
ecological corridors should be planned and constructed in the north and east of the study
area to optimize the forest ecological network.

The MCR model presents a problem with the assignment of the resistance surface. The
ecological resistance surface is constructed using the reverse assignment method, taking
topographic conditions, soil conditions, vegetation conditions, social and hydrological
conditions, and forest ecological suitability level results, thereby avoiding the objectivity
associated with an artificial assignment. The MCR model identifies potential corridors in
the forest ecological network. Then, the gravity model is used to quantitatively evaluate
the strength of connections between ecological source areas and identify the more signif-
icant ecological corridors. This method can quantify the degree of species diffusion and
information flow between forest ecological source areas and can be used to guide forest
ecology and corridor planning.
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5. Conclusions

This study identifies the core patch using a combination of the FESI and MSPA models,
considering the spatial morphological significance of the patches as well as the suitability of
the forest landscape patches, thus improving the objectivity of the previous forest ecological
network construction, which relied solely on large forest patches as source patches. The
connectivity indices PC and IIC were used to quantify the importance of core patches
in the study area, which reduced the subjectivity associated with previous ecological
source selection. The findings indicate that the study area’s southern and central portions
contain source patches with high ecological suitability and important corridors. The forest
landscape’s ecological suitability and morphological spatial pattern should be considered
comprehensively. In the north and southeast of the study area, new ecological source areas
and ecological corridors should be re-planned and constructed to optimize the ecological
network system, promote material exchange and energy flow within the study area’s
forests, and increase biodiversity. Therefore, our study indicated that the novel integration
of the FESI and MSPA models led to an effective approach to identify the most important
natural areas to be protected to support decision-making for nature reserve conservation
and landscape planning.
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