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Abstract: Species diversity plays an important role in urban ecosystem stability and sustainability.
Research on woody plant diversity among different administrative districts is vital to effectively
improving urban biodiversity. In this study, a stratified random sampling method was used to set
the sample plot, a spatial mapping of the diversity indices was conducted, and methods of principal
component analysis and similarity analysis were used to analyze the species composition and
dissimilarity among different administration districts. Finally, the model based on the relationship
between the diversity indices and forest landscape pattern indices was built. The results showed
that woody plant species diversity differed significantly among different administrative districts
in Changchun. The species diversity levels in the Qikai (QK), Lvyuan (LY), and Kuancheng (KC)
districts were higher, and those in the Nanguan (NG) and Erdao (ED) districts were lower. The
species composition of every district basically complied with the 10/20/30 “rule of thumb”. The
most common species, genera, and families in urban forests should not exceed the proportion of
the total abundance of all species. There was a significant correlation between the diversity indices
and the forest landscape indices of each district. The Margalef index (dMa) and the Shannon–Wiener
index (H′) decreased significantly while CONTIG-MN increased, and increased significantly while
LSI increased. Species evenness index J decreased significantly while LPI increased, and increased
significantly while DIVISION increased. In future tree species selection, native tree species should
be given priority as much as possible, the planting of Salicaceae should be reduced, and the species
diversity of each district should be increased. Chaoyang (CY), ED, and LY districts should strengthen
the links between forest patches.

Keywords: urban forest; woody plant species diversity; landscape pattern; administration district

1. Introduction

Rapid urban expansion and associated environmental problems have posed serious
threats to urban biodiversity [1–5], which affects the functions and services of urban
ecosystems [6]. Species diversity is an important component of urban biodiversity. It not
only reflects the species richness, species variation, and evenness of the community, but also
helps to understand the structures, types, and the inter-species relationships in different
communities, as well as the stability of urban ecosystem [7]. In an urban ecosystem, a
higher level of species diversity helps to protect urban forests from catastrophic losses
caused by the attack of pests and diseases [8,9]. Furthermore, a higher level of species
can provide aesthetic value for citizens, which is a significant factor to effectively enhance
citizens’ willingness to protect the environment [10]. Thus, species diversity plays an
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irreplaceable role in maintaining the health and sustainable development of urban forest
ecosystems [5].

Numerous studies have been focused on the variance of forest species composition
and diversity along the urban to rural gradient, the differences in plant diversity among
different types of urban forests, and the relationship between land-use types and urban
forest plant diversity [11–14]. In addition, it has been confirmed that the influences of
social and economic factors, urban design, government policies, residential density, and
green space management policies on urban vegetation coverage and plant diversity have
been greater [15–21]. However, few studies have focused on the internal differences in
species diversity among administrative districts within an urban region. Research on
species diversity among different administrative districts can help policymakers effectively
understand the current species level of each district.

A great number of studies on landscape ecology and landscape planning have used
metric analyses to describe the patterns of landscape change. However, some studies
have also shown that landscape heterogeneity and ecological land fragmentation can
lead to changes in species richness and biodiversity [22,23]. Yet, the relationship between
landscape pattern and species diversity of urban forest remains largely open to debate.
Systematic studies on woody plant species diversity and its relationship with landscape
patterns are urgently needed to maintain urban biodiversity and support landscape-scale
conservation planning.

The aims of this study are to ascertain the woody plant diversity dissimilarity among
different administrative districts, to explore the connections between woody plant diversity
characteristics and forest landscape patterns, and to supply constructive recommendations
to improve the woody plant diversity and stability of urban forest ecosystems.

2. Methods
2.1. Study Area

This study area was located within the ring expressway of Changchun, Jilin Province,
China. The study area was 524 km2 (125◦07′–125◦26′ E, 43◦44′–44◦02′ N) and had a
population of 3.63 × 106. There were eight administrative districts in the study area. They
were as follows: Kuancheng district (KC); Lvyuan district (LY); Nanguan district (NG);
Chaoyang district (CY); Erdao district (ED); Jingkai district (JK); Changchun New district
(CCN); and Qikai district (QK), respectively. The city of Changchun was located in the
hinterland of the Great Plains in Northeast China, with an average annual temperature of
4.8 ◦C and an average annual precipitation of 567 mm. The main woody plant species in
urban forests include coniferous species, such as Pinus sylvestris var. mongolica Litv., Pinus
tabuliformis var. mukdensis (Uyeki ex Nakai) Uyeki, Picea koraiensis Nakai, Pinus koraiensis
Siebold et Zuccarini, and Abies nephrolepis (Trautv.) Maxim, as well as broad-leaved species,
such as Quercus mongolica Fischer ex Ledebour, Catalpa ovata G. Don, Populus × canadensis
Moench, Armeniaca sibirica (L.) Lam., Padus avium Miller, etc.

2.2. Plot Selection and Investigation

In this study, stratified random sampling method was used to determine and allocate
the number of sample plots. The number of sample plots in the Kuancheng district (KC);
Lvyuan district (LY); Nanguan district (NG); Chaoyang district (CY); Erdao district (ED);
Jingkai district (JK); Changchun New district (CCN); and Qikai district (QK) were 53, 30, 16,
54, 36, 53, 51, and 38, respectively (Figure 1). The size of each plot was 20 m× 20 m, and the
species’ names of woody plants and the number of each species in each plot were recorded.
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Figure 1. (A) Map of China; the Jilin province is indicated in grey color. (B) Study area and sample
plots distribution in Changchun. KC, Kuancheng district; LY, Lvyuan district; NG, Nanguan district;
CY, Chaoyang district; ED, Erdao district; JK, Jingkai district; CCN, Changchun New district; QK,
Qikai district.

Species Diversity Indices and Important Value (IV) Calculation

These indices included species important value (IV) (Equation (1)), Margalef richness
index (dMa) (Equation (2)), Shannon—Wiener index (H′) (Equation (3)), and Pielou index
(J) (Equation (4)). The calculation formula of each index was as follows.

IV =
(RAi + RFQi + RDi)

3
(1)

dMa =
S− 1
ln N

(Margalef, 1958) (2)

H ′ = −∑ S
i=1RAi(ln RAi) (Shannon and Weaver, 1963; Magurran, 1988) (3)

J =
H′

ln(s)
(Pielou, 1966) (4)

where S was the number of species in each plot; N was the total number of individuals;
RAi represented the relative abundance of the ith species; RDi represented the relative
significance of the ith species; and RFQi represented the relative frequency of the ith species.

2.3. Landscape Pattern Indices Selection and Calculation

Compared with natural forests, urban forests were in an artificial environment and
more affected by human actions. In this study, a total of nine landscape pattern indices were
selected, including Total Area (TA), Patch Density (PD), Largest Patch Index (LPI), Mean
Shape Index (LSI), Contiguity Index Distribution (CONTIG-MN), Perimeter-Area Fractal
Dimension Index (PAFRAC), Landscape Division Index (DIVISION), Patch Cohesion Index
(COHESION), PLADJ (Percentage of Like Adjacencies), and Aggregation Index (AI). In this
study, the landscape indices of the overall landscape patches in different administrative
districts and the landscape indices of each sampling point were calculated, respectively, in
which the landscape indices of each sampling point was set to 100 m buffer. The landscape
indices were calculated by Fragstates 4.1 and the formula is shown in Appendix A Table A1.
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2.4. Data Analysis

Principal component analysis (PCA) was used to reduce the dimension of species
composition in different administrative districts with Canoco 5.0 (Centre for Biometry,
Wageningen, The Netherlands). Species richness was log-transformed prior to principal
component analysis. SIMPER analysis was used to assess species dissimilarity between
different administrative districts using PRIMER version 5.0 (Primer-E Ltd., Roborough, UK).

Differences in diversity attributes across administrative districts were examined by a
one-way analysis of variance and followed by multiple comparison tests. When variances
were homogeneous, we used Tukey tests; otherwise, Games–Howell tests were used. Clus-
ter similarity analysis was performed on species among different administrative districts
using R, and correlations between different diversity indices and landscape patterns were
obtained by linear regression using R.

3. Results and Discussion
3.1. Species Composition and Important Values in Different Administrative Districts

As shown in Table 1, a total of 88 species of common woody plants were investigated
in this study area, belonging to 50 genera, and 24 families, with a total of 7778 plants.
Among them, 66 arbors species belonged to 37 genera and 20 families, and 22 shrub species
belonged to 14 genera and 8 families. There were 15 conifer species and 51 broad-leaved
species. There were 80 native species with a total of 7183 plants, accounting for 92.35% of
the total number of plants, and only eight alien species, accounting for 7.65% of the total
number of plants.

Table 1. Species classification of urban forest in different administrative districts.

Administrative
Districts Family Genera Species Plant

Number
The Top Three Species Ranked

by Important Value
Alien

Species

CY 17 28 46 649

Pinus tabuliformis var. mukdensis
(Uyeki ex Nakai) Uyeki),

Armeniaca mandshurica (Maxim.)
Skv., Salix matsudana Koidz

4

ED 14 23 29 340

Populus davidiana Dode, Salix
matsudana Koidz, Pinus

tabuliformis var. mukdensis (Uyeki
ex Nakai) Uyeki)

1

CCN 17 35 58 1611
Pinus sylvestris var. mongolica
Litv., Salix matsudana Koidz,

Populus davidiana Dode
1

JK 16 30 49 749
Populus × canadensis Moench

Salix matsudana Koidz
Populus davidiana Dode

4

KC 18 29 57 1113
Syringa reticulata subsp. amurensis

P. S., Salix matsudana Koidz,
Populus davidiana Dode

5

LY 19 35 58 1350
Fraxinus mandshurica Rupr., Salix

matsudana Koidz, Populus
davidiana Dode

6

NG 16 30 55 1061

Pinus tabuliformis var. mukdensis
(Uyeki ex Nakai) Uyeki, Populus
× canadensis Moench, Salix

matsudana Koidz

6

QK 17 33 60 905
Prunus persica ‘Rubro-plena’,

Salix matsudana Koidz, Populus
davidiana Dode

3

Among different administrative districts, the CCN district had the largest number
of plants with a total of 1611 plants; the ED district had the least number of plants, with
only 340 plants. The administrative district with the greatest species richness was the QK
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district with a total of 60 species, while the administrative district with the smallest species
richness was the ED district, with only 26 species. The importance values of Picea asperata,
Pinus tabuliformis var. mukdensis (Uyeki ex Nakai) Uyeki, and Pop dav were all in the top
five in different administrative districts, and they were the main common species.

3.2. Spatial Pattern of Species Diversity Attributes in Different Administrative Districts

The spatial distribution characteristics of woody plant species richness index, diversity
index, evenness index, and the percentage of alien species in Changchun were analyzed
(Figure 2). The results showed that the grids with the highest richness index (dMa =
1.80~3.56) were mainly distributed in the southwest region of Changchun, and the species
richness in the northern, eastern, and central regions was relatively poor. The higher values
of the Shannon–Wiener index (H′ = 1.22~2.18) were mainly distributed in the southwest
and northern regions of the urban areas, and those between the fourth and fifth rings were
relatively low. However, evenness index J′ (J′ = 0.79~1) had larger values in more grids,
indicating that the evenness of urban forest species in Changchun is relatively good. The
alien species were mainly distributed in parts of the eastern and central regions, but were
fewer in the western and northern regions.
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Analysis of species diversity attributes showed that there were significant differences
in dMa, H′, J, and SR across different administrative districts (Figure 2). The dMa in the QK
district was significantly higher than in the JK, LY, NG, and ED districts (p < 0.05). The
Shannon–Wiener index H′ in the QK district was significantly higher than in the LY, NG,
and ED districts (p < 0.05). The evenness index J in the QK district also was significantly
higher than in the NG and ED districts (p < 0.05). The species richness SR in the ED, JK,
LY, and NG districts was significantly lower than that in QK district (p < 0.05). In general,
the dMa, H′, J, and SR in the QK, KC and CY districts performed better, while performing
poorly in the NG and ED districts (Table 2).
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Table 2. Species diversity indices among different administrative districts.

Administrative
Districts

dMa
(ANOVA

F7330 = 3.443,
p = 0.001, df = 7)

H′

(ANOVA
F7330 = 3.407,

p = 0.002, df = 7)

J
(ANOVA

F7330 = 2.973,
p = 0.005, df = 7)

SR
(ANOVA

F7330 = 3.127,
p = 0.003, df = 7)

CY 0.93 (0.14) ab 0.92 (0.11) ab 0.64 (0.06) ab 3.80 (0.41) ab
ED 0.73 (0.19) a 0.81 (0.18) a 0.57 (0.12) a 3.31 (0.62) a

CCN 0.88 (0.12) ab 0.92 (0.09) ab 0.68 (0.05) ab 4.04 (0.45) ab
JK 0.79 (0.10) a 0.92 (0.09) ab 0.76 (0.05) ab 3.50 (0.36) a
KC 1.00 (0.11) ab 1.03 (0.08) ab 0.72 (0.04) ab 4.11 (0.36) ab
LY 0.78 (0.08) a 0.88 (0.08) a 0.67 (0.05) ab 3.47 (0.27) a
NG 0.74 (0.10) a 0.75 (0.09) a 0.55 (0.06) a 3.29 (0.32) a
QK 1.43 (0.17) b 1.34 (0.10) b 0.84 (0.04) b 5.60 (0.58) b

Note: dMa, Margalef richness index; H′, Shannon—Wiener index; J, Pielou index; SR, Species Richness. Different
letters in the same column indicate that there were significant differences among different administrative districts,
and the same letters indicate that there were no significant differences. The data in brackets were standard errors.

3.3. PCA and Dissimilarity Analysis of Species Composition in Different Administrative Districts

The PCA results showed that the first and second axes accounted for 52.62% of the
total variances (Figure 3). The woody plant species distribution was highly heterogeneous
among different administrative districts, and more species dwelt in the QK, CCN, LY, KC,
and NG districts than in JK, LY, and ED districts. (Figure 3). The QK district had the highest
species richness with 61 species, followed by the CCN, LY, and KC districts with 58, 58, and
57 species, respectively. Moreover, the ED district had the lowest species richness with only
30 species. Among the 50% best fitted species (Figure 3), the richness of Sal Mat, Pad Rac,
Sal Bab, Arm Man, Pop Dav, Ace Neg, Amy Day, and Cat Ova in KC district were higher than
those in other districts. The richness of Ulm Pum, Pic Asp, Pru Uss, Alb Kal, Que Mon, Pyr
Uss, Pru Cer, Lig Qui, Swi Alb, Pop Alb, Pin Syl, Fra Rhy, Pin Kor, Mal Pum, Ace Bue, Ulm Pum,
Jap Map, Syr Pub, Syr Vil, and Car Arb were the highest in the CCN district. The richness
of Gle Sin, Tax Chi, Amo cru, Lar Olg, Sab chi, Pin Syl Sl, and Ace Tru were higher in the
CY district than in other districts (Figure 3). Moreover, the richness of Pop Max in the ED
district is higher than in other districts (Figure 3).
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The SIMPER analysis among different administrative districts showed that species
distribution in the CY district had higher dissimilarity with other districts, with the value
basically close to or above 60%, and its clustering distance was the biggest compared to
other districts. Among them, the species in CY district had the highest dissimilarity with
ED district, with a dissimilarity ratio of 73%. Sal mat, Tax chi, Pop max, Mal pru, Pop dav,
and Amy dav contributed to about 23% of this result. Except for the CY district, species
dissimilarities between all other districts were lower than 45%. The species dissimilarity
between the JK and CCN districts was the lowest, only about 29.17% (Figure 4), and that
between the CCN and LY districts was also lower with the value of 29.67%. Among them,
the CCN and JK districts were both newly built urban districts, and the species, such as Fra
man, Pru tri, Lon maa, Fra rhy, and Ulm den, contributed greatly to this result.
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3.4. Characteristics of Urban Forest Landscape Pattern in Different Administrative Districts

As shown in Figure 5, the landscape TA of the LY district was the largest among
the eight administrative districts, which had reached 1970.4784 hm2 and more than twice
the landscape area of the ED district. Except for the ED district and CY district, the
landscape area of the other administrative districts exceeded 1000 hm2. The CY district was
813.8184 hm2, and the ED district had the smallest urban forest landscape area with the
value of 787.2708 hm2.

Although the urban forest landscape TA in the CY district was relatively low, ranked
second from the bottom among the eight administrative districts, the patch index was
second from the top with as many as 4570 pieces. The CY district had the highest PD and
LPI, and its TA was also far more than other administrative districts. But the DIVISION was
the lowest in the CY district, which indicated that the urban forest in the CY district was
composed of large patches and many broken small patches. In terms of the complexity of
the patch shape, the CCN district had an LSI higher than the other administrative districts,
but its PAFRAC and CONTIG_MN were lower than the others, which indicated that the
shape of the forest landscape in the CCN district was more complex and diverse. On the
other hand, the ED district was contrary to the CCN district; its landscape patches’ shape
was simple. In terms of the connectivity index COHENSION and the aggregation index AI
of the eight administrative districts, the results of the two indices in the NG district were
the highest, but in the QK district were the lowest; the ratio of the LPI in the QK district
was also low. These indicated that the overall landscape of the QK district was relatively
fragmented. However, the NG district performed well, with higher patch aggregation
and integrity.
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well with the forest-related landscape indices. After linear regression and curve fitting, it 
was found that dMa and H′ were negatively correlated with CONTIG-MN. The fitting 
equations were y = 0.7514x2 − 0.3244 and y = 2.2773 − 1.5236x + 0.7805x2, and the coefficients 
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Figure 5. Landscape indices of different administrative districts in Changchun. (a) Total Area (TA)
of different districts, (b) Patch Density (PD) of different districts, (c) Largest Patch Index (LPI) of
different districts, (d) Mean Shape Index (LSI) of different districts, (e) Contiguity Index Distribution
(CONTIG-MN) of different districts, (f) Perimeter-Area Fractal Dimension Index (PAFRAC) of
different districts, (g) Landscape Division Index (DIVISION) of different districts, (h) Patch Cohesion
Index (COHESION) of different districts, (i) and Aggregation Index (AI) of different districts.

3.5. Correlation Analysis between Species Diversity Attributes and Landscape Pattern Indices in
Different Administrative Districts

According to Figure 6, the species diversity attributes of dMa, H′, and J all associated
well with the forest-related landscape indices. After linear regression and curve fitting, it
was found that dMa and H′ were negatively correlated with CONTIG-MN. The fitting equa-
tions were y = 0.7514x2 − 0.3244 and y = 2.2773− 1.5236x + 0.7805x2, and the coefficients R2

were 0.029 and 0.027, respectively. While LSI was positively correlated with dMa and H′, the
fitting equations were y = 0.6121exp (0.1277x) and y = 0.1358x + 1.2609. R2 were 0.042 and
0.044, respectively. The results showed that complex landscape shapes contributed to the
maintenance and enhancement of species diversity. In addition, J was positively correlated
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with DIVISION, the fitting equation was y = 0.7837 + 0.1335x − 0.4132x2 + 0.3809x3, and
the R2 was 0.066, which indicated that when DIVISION was 0, there was only 1 patch. At
the same time, J fell while LPI rose, the fitted equation was y = −0.0012x + 0.8835, and the
R2 was 0.06.
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4. Discussion
4.1. Species Composition and Diversity in Different Administrative Districts

Climate was an important factor affecting the distribution of species. Species co-
existence was inseparable from the support of suitable climate and environment; the
tropical regions with warm and humid climates had high species diversity [24–26]. In
different administrative districts of Changchun, the scope of Shannon–Wiener index was
between 1.43 and 0.75, and the scope of Margalef richness index dMa was between 1.34
and 0.75. Compared with many other cities in China, the species diversity was lower in
Changchun [13,27,28]. This can be attributed to the regions’ short summers and severe cold
winters, which puts significant pressure on the survival of species.
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A high species diversity will affect the stability and health of urban forest ecosystems.
As early as the last century, Frank Santamour (1990) proposed the 10/20/30 “rule of thumb”
for the species ratio of urban forests. The proportion of the most common species in urban
forests should not exceed 10% of the abundance of all species, the proportion of species in
the most common genera should not exceed 20% of the abundance of all species, and the
proportion of species in the most common family should not exceed 30% of the abundance
of all species [29]. Such a plant composition ratio not only maintains species diversity,
but also effectively prevents large-scale pests and diseases from happening. This rule of
thumb has been accepted by many scholars, and has been widely recognized in some cities.
Based on the 10/20/30 “rule of thumb”, the ED district exceeded 30%, 20%, and 10% at the
levels of families, genera, and species, respectively. The families and species in excess were
Salicaceae, Populus, and Salix matsudana Koidz. In the CY district, Pinaceae exceeded 30%
at the family level. In the LY district, Populus davidiana Dode exceeded 10% at the species
level. However, the newly built CCN districts performed well. Moreover, the ED district
had the lowest values of H′, J, and dMa (Figure 7). Salicaceae occupies a dominant position
in the species composition of all administrative districts. This should be noted for future
species management in the old districts of ED, CY and LY. Previous studies have showed
that there were significant differences in species diversity between the new and old urban
districts [30,31]. Xiao et al. (2016) found that the Daowai district and Xiangfang district
of Harbin, both of which were old urban districts, had low species diversity due to the
aggregation of Salicaceae [32]. The main reasons for this difference maybe associated with
the social background and economic factors of different districts [19,33,34].
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4.2. Influencing Factors of Species Diversity Characteristics in Different Administrative Districts

There are many factors affecting the species diversity of urban forests in different
districts, including the afforestation management policy of each district, intra-community
factors, social and economic factors, natural and historical backgrounds, and the forests’
landscape patterns [35,36]. Zhang et al. (2017) showed that woody plant species diver-
sity attributes were significantly correlated with urban forest landscape patterns, and the
correlations were affected by urbanization intensity [37]. Research on the Shunyi Dis-
trict of Beijing showed that landscape pattern indices at the landscape level, such as the
Shannon–Wiener index, evenness index, edge density, and landscape shape index, were
positively associated with plant diversity, while the largest patch index was negatively
associated with plant diversity [38]. In this study, it was found that the evenness index J
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was positively correlated with PAFRAC, and negatively correlated with PLANDJ and AI.
The Margalef dominance index dMa was negatively correlated with COHESION (Figure 6),
which indicated that the urban forest species evenness can be enhanced by decreasing
patch fragmentation or increasing patch aggregation and shape complexity.

Furthermore, a large number of studies have showed that socioeconomic factors have
affected species diversity in urban forests [18,36]. In this study, socioeconomic factors,
including the gross domestic product of the administrative district, the gross domestic
product per capita, the population, the population density, the green area, the ratio of green
spaces, and the area of the administrative district were analyzed. The results indicated that
there were no significant correlations between these socioeconomic factors and the species
diversity attributes.

4.3. Suggestions on the Selection of Urban Forest Species and Landscape Pattern Regulation in
Different Administrative Districts of Changchun

Understanding the composition and pattern of woody plant diversity in urban forests
is of great significance for urban planners and managers to design and protect urban
forests and improve urban environments. According to this study, the ED district, as an
administrative district with low species diversity, should reduce the use of Salicaceae and
Rosaceae species in the future, and strengthen the use of Tiliaceae and Juglandaceae species,
which were the main contributing species that caused the gap between the species diversity
in the ED district and other administrative districts (Table 3). The monoculture of Pop
dav and Pru uss should be reduced in the LY district, and the application and collocation
of species, such as Pin kor and Bet pla, should be strengthened. The CY district should
strengthen the selection of Betulaceae and Tiliaceae plants species, and reduce the selection
of species of Pinaceae. There are many alien species in the JK district (Figure 2), and the
application of native species should be strengthened in future species planning. The
extensive use of native tree species will be the main measure to achieve the goal of building
a near-natural, structurally stable urban forest.

Table 3. Proposals for plant changes in different districts.

Reduce Usage Recommended
to Increase

Administrative
district

ED
Species

Salix matsudana,
Amygdalus
davidiana

Other species

Genera Populus, Salix,
Amygdalus

Larix,
Euonymus,

Phellodendron,
Tilia, Spiraea,

Forsythia

Family Salicaceae,
Rosaceae

Rutaceae,
Tiliaceae,

Juglandaceae

LY Species

Populusdavidiana,
Pinus sylvestris
L.var. mongolica

Prunus
ussuriensis

Pinus koraiensis,
Betula platyphylla

CY Family Pinaceae
Aceraceae,
Betulaceae,
Tiliaceae

In addition, this study found significant differences in forest landscape patterns across
administrative districts. Diversity was higher when the forest landscape mainly consisted of
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several large patches. Based on the principle of combining concentration and dispersal [39],
the CY, ED, and LY districts should strengthen the establishment of corridors between
patches, and enhance the connectivity and integrity of landscape structure, so that the
landscape can be separated but not dispersed. The AI and COJESION of the NG and ED
districts were higher (Figure 5), and the patch distributions were more concentrated. The
CONTIG-MN in the ED, NG, and LY districts was higher and the shape landscape indices
were lower, which indicated that the patch edges of the three administrative districts
were relatively flat and the similarity was strong, which was also reflected in the species
diversity attributes. The dMa and H′ decreased while the CONTIG-MN index rose, and
were positively correlated with LSI. The species diversity indices were lower than those in
other administrative districts and need to be improved. Complex landscape shapes mean
human-induced disturbances are heavier, and complex boundaries and patch shapes can
ensure high species diversity and resist external disturbances [40]. The ED, NG, and LY
districts performed poorly in terms of species diversity and species evenness. In addition
to the effect of landscape shape on species diversity, the larger LPI was one of the reasons
for the lower species evenness in the above three districts. In the future, the CY district not
only needs to increase the coverage area of green space, but also integrate existing small
patches into urban forest patches with a larger unit area through green space. The ED, NG,
and LY districts need to improve species diversity and uniformity by controlling the edge
shape of landscape patches.

5. Conclusions

There were 88 species of woody plants in 24 families and 50 genera in Changchun
urban forest, among which Swi mat, Pop dav, Pinus tabuliformis var. mukdensis (Uyeki ex
Nakai) Uyeki and Picea asperata Mast were the dominant species in different administra-
tive districts. Among the eight administrative districts, the QK district and KC district
performed better than other districts in terms of species diversity index, and the NG dis-
trict was the lowest. The main contributing species were Pinus tabuliformis var. mukdensis
(Uyeki ex Nakai) Uyeki, Pop can and Swi mat. In terms of species selection, the ED district
should reduce the use of Salicaceae and Rosaceae, and increase the selection of Tiliaceae and
Juglandaceae. In the LY district, the use of Pop dav and Pru uss should be reduced, and the
application and combination of species, such as Pin kor and Bet pla, should be increased.
The CY district needs to increase the selection of Betulaceae and Tiliaceae species, and reduce
the use of Pinaceae species.

For the regulation of urban forest landscape patterns, the CY, ED, and LY districts
should strengthen the establishment of corridors between patches to enhance the connectiv-
ity and integrity of landscape structures and integrate the existing dispersed small patches
into large urban forest patches to improve species diversity and evenness. At the same
time, the ED, NG, and LY districts need to increase the complexity of the landscape shape
to enhance species diversity.
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Appendix A

Table A1. Landscape Pattern Indices.

Landscape Index Formula

Landscape Area (TA)
TA = A

(
1

10,000

)
A = Total landscape area (m2); TA > 0; unit, hectare.

PD PD = N
A (10, 000)(100)

N = Total number of plaques; PD > 0; unit, per/100 hectare

Largest Patch Index (LPI) LPI = Max(a1a2 ......an)
A (100)

Mean Shape Index (LSI)
LSI = 0.25E√

A
A = Total landscape area (m2); E = Total landscape edge

length

CONTIG-MN
CONTIG-MN =

∑N
i=1

[
∑z

r=1 cijr
aij

]
−1

v−1
N

cijr = Connectivity value of patch r within patch ij, v = 3 ×
3 sum of temporary pixel values, aij = the area of patch ji

consisting of a single member of multiple pixels

PAFRAC
PAFRAC =

2[
nij ∑n

j=1 (ln pij−ln aij )

]
−
[(

∑n
j=1 pij

)(
∑n

j=1 aij
)]

(
ni ∑n

j=1 lnp2
ij

)
−(∑n

j=1 lnpij)
aij = area of patch ij; pij = perimeter of patch ij; ni = number

of plaques

DIVISION
DIVISION =

[
1−∑ m

i=1 ∑ n
j=1
( aii

A
)2
]

aij = Area of patch ij (m2); A = Total landscape area (m2)

COHESION

COHESION =

(
1− ∑m

i=1 ∑n
j=1 pij

∑m
i=1 ∑n

j=1 pij
√aij

)
×
(

1− 1√
Z

)−1
(100)

pij = Side length of patch ij within the cell involved, aij =
Area of patch ij within the cell involved, Z = The number

of units in the landscape. 1 < COHESION < 100

AI
AI =

[
gii

max→gii

]
(100)

gii = Number of similar adjacent patches for
corresponding landscape types

MN (Mean) equals the sum, across all patches in the landscape, of the corresponding patch metric values, divided
by the total number of patches.

Appendix B

Table A2. Species Latin name and the abbreviation.

Latin Name Abbreviation

Abies nephrolepis (Trautv.) Maxim Abi nep
Acer tataricum subsp. ginnala (Maxim.) Wesmael Ace gin

Acer pictum subsp. mono (Maxim.) H. Ohashi Ace mon
Acer negundo L. Ace neg

Acer triflorum Kom. Ace tri
Albizia kalkora (Roxb.) Prain Alb kal

Armeniaca mandshurica (Maxim.) Skv. Arm man
Betula platyphylla Suk. Bet pla
Catalpa ovata G. Don Cat ova

Cornus alba L. Cor alb
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Table A2. Cont.

Latin Name Abbreviation

Crataegus pinnatifida Bge. Cra
Euonymus alatus (Thunb.) Sieb. Euo ala

Fraxinus mandshurica Rupr. Fra man
Fraxinus chinensis subsp. rhynchophylla (Hance) E. Murray Fra rhy

Larix gmelinii (Rupr.) Kuzen. Lar gme
Malus prunifolia (Willd.) Borkh. Mal pru

Padus avium Miller Pad avi
Picea koraiensis Nakai Pic kor

Pinus koraiensis Siebold et Zuccarini Pin kor
Pinus sylvestris L. Pin syl mon

Pinus sylvestris var. sylvestriformis (Takenouchi) Cheng et C.D. Chu Pin syl syl
Pinus tabuliformis Carrière Pin tab

Populus alba L. Pop alb
Populus alba var. pyramidalis Bunge Pop alb pyr

Populus maximowiczii A. Henry Pop max
Populus × canadensis Moench Pop can

Populus ussuriensis Kom. Pop uss
Populus davidiana Dode Pop dav

Prunus davidiana (Carrière) Franch. Pru dav
Prunus triloba (Lindl.) Ricker Pru tri

Prunus ussuriensis Kovalev & Kostina Pru uss
Quercus mongolica Fischer ex Ledebour Que mon

Rhus typhina L. Rhu typ
Rosa xanthina Lindl. Ros xan
Salix babylonica L. Sal bab

Salix matsudana Koidz Swi mat
Syringa oblata Lindl. Syr obl

Syringa pubescens subsp. microphylla (Diels) M. C. Chang & X. L.
Chen Syr pub

Syringa villosa Vahl Syr vil
Taxus cuspidata Sieb. et Zucc Tax chi

Ulmus densa Litw. Ulm den
Ulmus pumila L. Ulm pum

Ulmus pumila ‘Tenue’ S.Y.Wang Ulm pum Ten
Viburnum macrocephalum Fort. Vib mac
Weigela florida (Bunge) A. DC. Wei flo
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