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Abstract Urban forest is considered as the most important component of urban green
infrastructure and can make vital contributions to urban biodiversity. Understanding the
species composition and diversity of urban forest is important for urban biodiversity enrich-
ment. In this study, we evaluated the urban forest woody plant diversity and spatial pattern in
Changchun, northeast China. The differentiations in species composition and diversity among
types of urban forests and gradients of urbanization were then explored. Principal Component
Analysis (PCA) was performed to characterize the species distribution. Similarity Percentage
(SIMPER) analysis was adopted to determine the species differentiation and the main con-
tributed species among different urban forest types and different urbanization gradients. The
results showed that urban forest species in Changchun were abundant with 88 species that
belonged to 50 genera and 24 families. The three major species were Salix matsudana,
Populus davidiana, and Pinus sylvestris var. mongolica. Native species were preferred in
urban forest of Changchun. Significant differentiations in species composition were observed
among different types of urban forests. Attached forest (AF) had the highest species richness
and biodiversity, whereas production and management forest (PF) had the lowest ones. SIMP
ER results showed the highest species dissimilarity between AF and PF and lowest species
dissimilarity between AF and landscape and relaxation forest (LF). For different urbanization
gradients, species richness and diversity in the third ring were the highest and in the first ring
were the lowest. SIMPER results showed the lowest species dissimilarity between the third
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ring and the fourth ring and highest species dissimilarity between the first ring and the fourth
ring. Based on the 10/20/30 “rule of thumb”, the diversity must be urgently increased at the
species, genus, and family levels for EF and PF. For different urbanization gradients, diversity
should be increased at the species level in the first ring and the fifth ring, and should be
increased at the family level in the second ring and the fifth ring.

Keywords Species composition and diversity - Importance value - Urban forest type -
Urbanization gradient

Introduction

Urban forests are essential components of urban ecosystems and offer direct and indirect
ecosystem services (Jim and Zhang 2013). These services include improvement in air quality
(Yang et al. 2005), carbon sequestration (McPherson et al. 2013; Nowak et al. 2013), reduction
of storm water runoff (Inkilainen et al. 2013; Xiao and McPherson 2011; Zhang et al. 2012),
and mitigation of heat island effect (Li et al. 2013; Ren et al. 2013). More importantly, urban
forests also provide habitats for various organisms and increase urban species diversity
(Conway and Bourne 2013). Urban biodiversity plays a crucial role in the functioning and
the stability maintenance of urban ecosystems (Zhang and Jim 2014a). A higher level of
species diversity provides protection from catastrophic loss to pests and diseases and superior
security against environmental shifts, such as those caused by climate change (Kendal et al.
2014). Advanced levels of urban species diversity could be also useful for further complex
ecosystem function (Jim and Liu 2001). Therefore, species diversity is recognized as a key
component of strategic urban forest management (Kenney et al. 2011).

Despite widespread recognition of the significance of urban forests biodiversity (Kendal
et al. 2014; Sjoman et al. 2012), almost no studies have been found in Northeast China
according to our knowledge. Most studies just focused on species diversity of street trees
(Nagendra and Gopal 2010), public housing estates (Zhang and Jim 2014a), domestic gardens
(Zhang and Jim 2014b), and landscape trees (Jim and Chen 2009). However, few studies have
investigated comprehensive analysis and comparison of the species differentiation among
different types of urban forests.

A number of other ecological studies have addressed the factors that influence urban
species biodiversity, which included different types of land uses (Andersson et al. 2007;
Colding 2007; Andersson and Colding 2014; Vakhlamova et al. 2014), urban building forms
(Andersson and Colding 2014), and socioeconomic factors (Clarke et al. 2013; Golding et al.
2010; Hope et al. 2003). However, the increasing progress of urbanization and its associated
land-cover change lead to species habitat fragmentation and biodiversity loss (McDonald et al.
2008; McKinney 2008; Goddard et al. 2010; Seto et al. 2012). There have been few studies on
the effects of urbanization on species composition and diversity of urban forests, which mainly
focused on several cities of Europe, North America, Australia, and Central Asia (Vakhlamova
et al. 2014). Related research in China has received little attention, especially in Northeast
China.

Changchun, as a typical city in northeast China, has experienced an accelerated urbaniza-
tion since 1979. Increases in the urban population and urban impervious area have accelerated
in recent decades (Huang et al. 2009), which resulted in dramatic changes of urban forest
structures and species composition. Changes in species diversity along with the urbanization
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gradients remain unknown. An understanding of species composition and differentiation
during the progress of urbanization is essential to develop strategies for improving urban
forest management and enriching urban biodiversity. This study aims to (1) determine the
species composition, richness, and importance value (IV) of the urban forests in Changchun,
(2) determine the species differentiation among different types of urban forests and the main
contributing species, and (3) understand the effects of urbanization on the species diversity and
the differentiation.

Methods
Study area

Changchun is the capital city of Jilin Province in northeast China. The climate is a continental
monsoon climate of North Temperate Zone, with distinct seasons and rain, which is charac-
terized by wet moderate climate (Ren et al. 2013). The annual average temperature is 4.8 °C
and the annual average precipitation is 567 mm. Our study area is primarily located within the
fifth ring road of Changchun, with an area of 524 km?* (125°07' E to 125°26' E, 43°44' N to
44°02'N; Fig. 1) and a total population of 3.63 million. The forest resources of Changchun are
not rich. The woodland area is lower than that of the provincial and the national average level.
The forest land types are mainly composed of coniferous and broad-leaved deciduous trees.

Study area
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Fig. 1 The study area within the fifth-ring road of Changchun, Jilin province, China
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Urbanization gradients definition and urban forest classification

Changchun City expanded gradually from the city center to the fringe, and the main urban area
had increased from 90 km?® in 1978 to 365 km? in 2010 (Huang et al. 2009; Li et al. 2012).
Urbanization gradients were defined by different ring roads from the first ring to the fifth ring
based on the urban development process. Urban forests were classified into five types based on
their location, function, and management objectives (He et al. 2004; Liu and Li 2012): (1) road
forest (RF), trees along railroads, highways, boulevards, roads, and streets, (2) attached forest
(AF), trees next to buildings in school yards, campuses, hospitals, commercial and business
districts, industrial areas and residential areas, (3) landscape and relaxation forest (LF), trees in
the public parks, forest parks, historic sites, and scenic areas, (4) ecological and public welfare
forest (EF), trees next to river bank and farmland, (5) production and management forest (PF),
trees in the nurseries, orchards, plantations, and wood-lands.

Field survey

In this study, we adopted a stratified random sampling method to allocate the plot. The number of
plots for different types of urban forests were further determined according to the tree cover of each
forest type (Liu and Li 2012; Nowak et al. 2003). The total number of plots was 331, which
included 123 plots for RF, 96 plots for AF, 80 plots for LF, 20 plots for EF, and 12 plots for PF
(Fig. 2). Field surveys were conducted from July 2012 to October 2012, and each plot was 400 m?.
Meanwhile, we recorded 25 plots for the first ring, 50 plots for the second ring, 106 plots for the
third ring, 71 plots for the fourth ring, and 79 plots for the fifth ring for different urbanization

RFOS 6 Pop dav

0.8

Ulm pum tn

0.6

Cararb Ron maa

Wei /R

Rob pse
Syr ret

0.4

=0.20
0.2

Betpla

-0.0

Salbab

OFr3s Orris

Axis2 Eigenvalues

0.2
3
s
s
]
\

Syrvil "Ry

Pad rac

0.4
3
|
3
|
S

-0.6

-0.8

-1.0 -0.5 0.0 0.5 1.0 L5
Axisl Eigenvalues=0.60

Fig. 2 PCA showing richness and distribution of the forty best fitted species among different types of urban

forests. Axisl accounted for 60 % of the variables, and Axis2 accounted for 20 % of the variables. Refer to
Appendix Table 8 for the abbreviated species names
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gradients. All woody plants were recorded for each plot. The species were grouped into six classes
according to the literatures (Jim 2013, 2014), namely, signature (>200 trees/species), dominant (100
to 199 trees/species), common (50 to 99 trees/species), occasional (10 to 49 trees/species), rare (2 to
9 trees/species), and solitary (1 tree/species).

Data analysis

Species diversity indices were calculated for each type of urban forest and each gradient of
urbanization to compare the species diversity among five urban forest types and among
different urbanization gradients. These indices include Berger - Parker species richness index
(d), Shannon - Wiener species diversity index (H'), evenness index (J), and species Importance
Value (IV).

Berger-Parker index: d = 1/%2= (Berger and Parker 1970)
. N
Shannon—Wiener index: H = — ) RA4;(In RA;) (Shannon and Weaver 1963; Magurran 1988)
i=1

Evenness index: J = 1nHW (Pielou 1966)

Importance value: IV; = w (Ellenberg and Mueller-Dombois 1974)

Where S is the total number of species in each forest type or each urbanization gradient;
Nay 18 the number of the most common species; N is the total number of individuals; R4 is
relative abundance, that is, RA4; represents number of trees for species i/total number of trees;
RD is relative dominance, that is, RD; represents basal area at breast height for each species i/
total basal area; and RFQ is relative frequency, that is, RFQ; represents number of plots for
species i/total number of plots.

Principal Component Analysis (PCA) was applied to assess the effects of urban forest type
and urbanization on species composition (Austin 2013; McCune et al. 2002). Prior to PCA
analysis, the species abundance was log-transformed. The final best solution, as 2-D recom-
mended, represented the highest percentage of variance in species data.

Similarity Percentage (SIMPER) analysis was adopted to assess the species differentiation
among different forest types and urbanization gradients. Prior to SIMPER analysis, the IVs of
species were square root transformed and standardized by normalization. SIMPER analysis
was used to examine the contribution of each species to the average Bray-Curtis dissimilarity
between different types of urban forests and the contribution of each species to the average
Bray-Curtis dissimilarity among different gradients of urbanization.

SIMPER analysis was performed with PRIMER version 5.0 (Primer-E Ltd., Roborough,
UK). PCA ordination was performed with Canoco 5.0 (Centre for Biometry, Wageningen,
The Netherlands).

Results
Total species composition and importance value

In this study, 7778 woody plants were surveyed and 88 species were identified, with 66 species
of'trees and 22 species of shrubs. These species belonged to 50 genera and 24 families. Among
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tree species, there were 51 broad-leaved deciduous species and 15 coniferous species. Table 1
showed that the contributions of individual species were highly heterogeneous. The 28
occasional species had the highest species number, which accounted for 31.81 % of the total
species and only 10.29 % of trees. The dominant group ranked the second and contained 16
species and 2443 trees which comprised 18.18 % of species and 31.41 % of trees. The 14
species in common group contributed 15.91 % of species and 13.10 % of trees. The same
species count in rare group only accounted for 1.18 % of trees. The signature category
encompassed only 10 species but accounted for 43.94 % of trees. Among which
S. matsudana, P. davidiana, P. sylvestris var. mongolica, Picea asperata, Armeniaca
mandshurica, and Pinus tabulaefomis var. mukdensis were the most important six species.
The solitary category had only six species and about 0.08 % of trees.

Species composition was heavily biased toward natives. A total of 80 species was native
and furnished 7183 trees, contributing 90.91 % species and 92.35 % trees (Table 1). Only eight
species were exotic with 595 trees, contributing to less than 10 % species and trees. The
notable exotic species were Ulmus densa, Acer negundo, and Populus x Canadensis of the
dominant group, Rhus typhina, Robini apseudoacacia, Pinus sylvestris var. sylvestriformis of
occasional group, and Pinus banksiana, Amorpha fruticosa of rare group.

For RA, RFQ, RD, and IV, the signature group had the highest values, followed by dominant,
common, occasional, rare, and solitary (Table 1). Only S. matsudana and P. davidiana had the IV
of nearly 10 %, whereas the other species were all less than 5.0 % (Table 1).

Species composition, diversity, and dissimilarity by types of urban forests

The result of Principal Component Analysis (PCA) showed that the first and second axes
accounted for 60 % and 20 % of total variance, respectively (Fig. 2). Species distribution was
highly uneven among five types of urban forests. PCA showed that more species dwelt in AF
and LF than in RF, EF, and PF (Fig. 2). AF had the highest species richness with 75 species,
followed by LF, RF, and EF with 72, 56, and 38 species, respectively. Moreover, PF had the
lowest species richness with only 16 species. Among the forty best fitted species (Fig. 2), the
richness of Salix babylonica,Quercus mongolica, Acer mono, Syringa oblata, Picea asperata,
Betula platyphylla, Ulmus pumila, A. mandshurica, P. tabulaefomis mukdensis, Amygdalus
davidiana, Ligustrum quihoui, and Prunus ussuriensis in AF were higher than those in other
types of urban forests. The richness of P. amurense, Amygdalus triloba multiplex, Malus
baccata, Pinus koraiensis, Larix olgensis, Picea wilsonii, Larix gmelinii, Viburnum
macrocephalum, Fraxinus mandshurica, Abies nephrolepis, Padus racemosa, Rosa xanthina,
Syringa villosa, Tilia amurensis, and Acer triflorum were the highest in LF. The richness of
Ulmus pumila cv. tenue, Caragana arborescens, Lonicera maackii, Robinia pseudoacacia,
Weigela florida, Syringa reticulata, S. matsudana, Prunus ceraifera, Amygdalus triloba, Swida
alba, and P. davidiana were the highest in RF (Fig. 2).

SIMPER analysis was used to assess the species differentiation by types of urban forests
(Table 2). The results indicated that PF had the highest dissimilarity with the other four types
with the percent of greater than fifty. The lowest dissimilarity was detected between AF and LF
with the percent of 25.34. Meanwhile, species diversity indices of the different types of urban
forests were also caculated (Table 3). The results of Shannon—Wiener index, Evenness index,
and Berger—Parker index were all higher for AF, LF and RF than those for EF and
PF. AF had the highest Shannon—Wiener index, Evenness index, and Berger-Parker
index with 3.8, 0.8, and 14.93, respectively. In contrast, EF had the lowest Evenness
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Table 1 Species frequency, R4 Relative Abundance, RD Relative Dominance, RFQ Relative Frequency, 7V
Importance Value

Species Abundance Species frequency © RA (%) RD (%) RFQ (%) IV (%)
Salix matsudana 548 Signature 7.05 15.73 6.03 9.60
Populus davidiana 520 Signature 6.69 21.40 3.40 10.50
Pinus sylvestris var. mongolica 408 Signature 5.25 4.05 433 4.54
Picea asperata 366 Signature 4.71 247 541 4.20
Prunus ussuriensis 281 Signature 3.61 2.09 3.40 3.03
Armeniaca mandshurica 276 Signature 3.55 2.88 4.48 3.64
Pinus tabulaefomis var. mukdensis 266 Signature 342 6.76 4.17 4.78
Quercus mongolica 263 Signature 3.38 2.61 332 3.10
Amygdalus davidiana 253 Signature 3.25 2.26 3.71 3.07
Betula platyphylla 237 Signature 3.05 1.25 2.24 2.18
Amygdalus triloba 185 Dominant 2.38 0.06 2.47 1.64
Ulmus pumila 184 Dominant 2.37 2.63 3.01 2.67
Padus racemosa 181 Dominant 233 1.46 232 2.04
Ulmus densa* 178 Dominant 2.29 0.71 1.70 1.57
Syringa oblata 176 Dominant 2.26 0.14 247 1.62
Acer negundo* 174 Dominant 224 1.38 2.01 1.87
Salix babylonica 170 Dominant 2.19 2.70 1.85 2.25
Larix gmelinii 161 Dominant 2.07 2.27 0.70 1.68
Populus cathayana 156 Dominant 2.01 2.40 1.00 1.80
Catalpa ovata 150 Dominant 1.93 0.71 1.93 1.52
Fraxinus mandshurica 140 Dominant 1.80 0.51 0.93 1.08
Populus x canadensis* 137 Dominant 1.76 5.02 1.16 2.65
Abies nephrolepis 124 Dominant 1.59 1.94 1.62 1.72
Acer triflorum 119 Dominant 1.53 0.39 1.08 1.00
Acer mono 104 Dominant 1.34 0.98 2.55 1.62
Swida alba 104 Dominant 1.34 0.01 1.31 0.89
10 Signature 3418 Signature 4394 6149 4049 48.64
16 Dominant 2443 Dominant 31.41 2332 28.13 27.62
14 Common species 1019 Common 13.10 8.93 14.84 12.29
31 Occasional species” 830 Occasional 10.67 5.54 14.61 10.27
11 Rare species” 62 Rare 0.80 0.69 1.47 0.98
6 Solitary species 6 Solitary 0.08 0.02 0.46 0.19
88 Total 7778 - 100 100 100 100
8 Exotic species 595 - 7.65 8.38 6.49 7.51
80 Native species 7183 - 92.35 91.62 93.51 92.49

 For species frequency, the signature group had more than 200 trees per species, dominant group had 100-200
trees, common group had 50-99 trees, occasional group had 1049 trees, rare group had 2-9 trees, and solitary
had only one tree (Zhang and Jim 2014a).*represented the exotic species. * There were three exotic species
among Occasional species, which were Rhus typhina, Robinia pseudoacacia, Pinus sylvestris var. sylvestriformis.
® There were two exotic species among Rare species, which were Pinus banksiana, Amorpha fiuticosa

index and Berger-Parker index with 0.77 and 2.83, respectively. However, PF had the
lowest Shannon-Wiener index with 2.31.
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Table 2 Dissimilarity among five types of urban forests (RF' Road Forest, AF Attached Forest, LF' Landscape
and Relaxation Forest, EF Ecological and Public Welfare Forest, PF Production and Management Forest) based
on species IV found by SIMPER analysis

Dissimilarity RF AF LF EF PF
RF 1.00

AF 31.01 1.00

LF 33.32 25.34 1.00

EF 33.25 32.58 34.98 1.00

PF 53.98 64.53 62.64 53.19 1.00

Species composition, diversity, and dissimilarity by gradients of urbanization

Compared with different types of urban forests, species distribution among different
urbanization gradients were less uneven. The species richness unexpectedly increased
from the first ring to the third ring and then decreased from the third ring to the fifth
ring. The third ring had the most species (76), closely followed by the fourth ring
(63). However, the first ring had the lowest species with only 42 species (Fig. 3). The
result of PCA showed that the two axes accounted for 70 % of total variance. Among
the forty best fitted species (Fig. 3), P. wilsonii, L. olgensis, P. suffruticosa,
P sylvestris var. sylvestriformis (in the fourth quadrant of Fig. 3) had the higher
richness in the first ring than those in other rings. A. davidiana, Malus asiatica,
P. sylvestris mongolica had the highest richness in the fourth ring. Species which were
in the third quadrant had the highest richness in the third ring.

Spatial differentiation of urban forest species by gradients of urbanization was also
analyzed with SIMPER analysis (Table 4). The first ring had the highest species
dissimilarity compared with other rings, which were 37.75 % with the second ring,
37.29 % with the third ring, 44.71 % with the fourth ring, and 43.76 % with the fifth
ring. The lowest dissimilarity was detected between the third ring and the fourth ring
with the percent of 21.90. Furthermore, the dissimilarity between the fourth and fifth
ring and between the third and fifth ring both were lower than 25 %.

Species diversity indices were depicted in Table 5. The highest Shannon—Wiener
index was found in the third ring with the value of 3.97, followed by the fourth ring

Table 3 Species diversity of five types of urban forests (RF Road Forest, AF Attached Forest, LF Landscape and
Relaxation Forest, EF' Ecological and Public Welfare Forest, PF’ Production and Management Forest), d
represented the Berger-Parker species richness index, A’ represented Shannon-Wiener species diversity index
and J represented Evenness index

Surveyed plots Number of individuals H’ J d
RF 123 2436 3.41 0.85 8.2
AF 96 2508 3.80 0.88 14.9
LF 80 2122 3.73 0.87 12.1
EF 20 445 2.79 0.77 2.83
PF 12 267 2.31 0.83 4.11
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Fig. 3 PCA showing richness and distribution of the forty best fitted species among the different gradients of
urbanization. Axisl accounted for 48 % of the variables, and Axis2 accounted for 22 % of the variables. Refer to
Appendix Table 8 for the abbreviated species names

(3.76), the second ring (3.70), the fifth ring (3.61), and the first ring (3.42). Berger—
Parker index for different rings had the same trend with the Shannon—Wiener index.
These had a similar trend with the species richness.

Discussion
Total species composition and exotic species

Species richness is an important indicator to measure biodiversity level. In this study, 88
species had been identified, which was less than 173 species of the nearby city of Shenyang
(Liu and Li 2012). Moreover, other Chinese cities such as Guangzhou and Taipei had 254 and
164 species, respectively (Jim and Chen 2008; Jim and Liu 2001). The species richness of
urban forests in Changchun was low. This phenomen may be closely related to the regional
climate and geographical characteristics.

Table 4 Dissimilarity among gradients of urbanization of the urban forests based on species (//) Importance
Value found by SIMPER analysis

Dissimilarity First ring Second ring Third ring Fourth ring Fifth ring
First ring 1

Second ring 37.75 1

Third ring 37.29 27.86 1

Fourth ring 44.71 28.16 21.90 1

Fifth ring 43.76 32.55 2423 24.20 1
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Table 5 Species diversity indices of urban forests among different gradients of urbanization

Gradients Surveyed plots Number of individuals H’ J d
First ring 25 579 3.42 0.92 7.46
Second ring 50 1084 3.70 0.92 13.71
Third ring 106 2788 3.97 0.92 18.85
Fourth ring 71 1574 3.76 0.91 14.00
Fifth ring 79 1753 3.61 0.91 10.61

A high diversity of species had been considered as a key requirement for a healthy
and sustainable urban tree population (Sjoman et al. 2012). To manage and improve
species diversity, the 10/20/30 “rule of thumb” which has been widely accepted states
that urban forests should comprise no more than 10 % of any particular species, 20 %
of any one genus, or 30 % of any single family (Santamour 1990; Kendal et al.
2014). In our study, the RA of the species, genus, and family levels were in
accordance with the “rule of thumb” (Fig. 4a). The four most signature species
comprised 23.7 % of the total population (Table 1), which was lower than the
landscape trees in public housing estates in Hong Kong where the four most signature
species comprised 28 % of the population (Zhang and Jim 2014a). The population
was also lower than that of the urban trees in Chicago and Bangkok where the top
four species comprise nearly and over half of the total trees, respectively (McPherson
et al. 1997; Thaiutsa et al. 2008). This finding indicated that a preference for certain
groups was not evident in Changchun urban forests.

Urban areas are hot spots for intentional and unintentional introduction and natu-
ralization of exotic species (McKinney 2006). In this study, urban forest contained

40
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Fig. 4 a Relative abundance of the most common trees at the species, genus and family levels for the total trees;
b Relative abundance of the most common trees at the species, genus and family levels for different types of
urban forests; ¢ Relative abundance of the most common trees at the species, genus and family levels for different
gradients of urbanization
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90.91 % native species and 9.09 % exotic species (Table 1). The results were higher
than 29.7 % native species in Hong Kong public housing estates (Zhang and Jim
2014a), 25 % of native species in Kigali (Seburanga et al. 2014), 61 % and 32 % of
native tree species in residential neighborhoods and in newly developed sites of
Rome, respectively (Celesti-Grapow et al. 2006), and 47 % of native taxa in central
European cities (Lososova et al. 2012). Compared with the preceding findings, the
results of this study reflected the rather earnest preference for native speices in the
urban forests of Changchun.

Species diversity and differentiation among types of urban forests

Within a city, species composition varied significantly among different land uses and habitats
(Jim and Liu 2001). Some researchers determined that the current diversity of species in cities
and the loss in density of species were best explained by anthropogenic features (Aronson et al.
2014). The combination of urban forest management systems and habitat conditions and their
changes through time had engendered distinctive forest types in terms of ecological, amenity,
and environmental functions (Jim and Liu 2001). In this study, five types of urban forests had
significant differences in species distribution. Individual attitudes and management practices
strongly influenced the urban forest species diversity and composition in Changchun (Zhang
and Jim 2014b). Tree planting and management of AF are usually decided by estate agencies
or enterprises and institutions who will entrust the greening project to the landscaping
company. As special ornamental tree species, colored leaf trees (e.g., Q. mongolica,
B. platyphylla, A. mono, U. densa, A. mandshurica and P. ussuriensis) have been increasingly
applied in AF to increase the degree of beauty. In addition, building age and house prices may
be the main influenced factors for the diversity of residential areas. Moreover, the campus
usually has a rich vairety of species which contributed to the high species diversity of AF.

As LF, trees planting and management are manily determined by regional municipal bureau
of landscape and forestry. Ormamental tree species with beautiful crown and colorful leaf are
more prefered by garden workers, for example, P. koraiensis, A. nephrolepis, L. olgensis,
Phellodendron amurense, F. mandschurica. LF, where biodiversity hotspots of the city were,
had similar species richness and diversity with AF. But its area was only one of the third of AF
in Changchun. The similar ecological functions contributed to the lowest dissimilarity between
AF and LF. SIMPER analysis indicated that P. dabidiana, P. x canadensis, P. sylvestris var.
sylvestriformis, P. sylvestris var. mongolica, and F. mandshurica were the primary contributing
species to the dissimilarity between AF and LF (Table 6). The RA of most common species,
genus, and family for the AF and LF trees were all lower than the rule of thumb proposed by
Santamour (1990) (Fig. 4b). This indicated that AF and LF trees exhibited a quite healthy
diversity.

Road trees play an important role in mitigating the intensity of urban heat island effects,
filtering noise and capturing higher amounts of air pollutants (Chow and Roth 2006;
McPherson et al. 1997; Nagendra and Gopal 2010). Thus, the selection of RF trees must be
based on the characteristics of environmental amilioration, sun shading, strong adaptation, and
reduction of air and noise pollution (Jim and Liu 2001). Populus species were prefered by the
urban forest managers and made up 20.9 % of the RF trees. Characteristics of Populus species
with fast growing, and wide and compact crown, make them well-adapted for RF. Despite the
RA of the most common species was lower than 10 %, the RA of the most common genus and
family was higher than the rule of thumb proposed by Santamour (1990). These contributed to
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Table 6 Contributions (%) of the top five species by type pairs that account for the dissimilarity. Refer to
Appendix Table 8 for the abbreviated species names

Species contributions  RF AF LF EF

AF Pop dav (3.90)
Pop can (3.54)
Lar gme (3.52)
Pop alb pyr (3.10)
Pin tab (2.98)

LF Pop dav (6.51) Pop dav (3.42)
Phe amu (3.41) Pin syl syl (3.22)
Pin kor (2.87) Pop can (3.02)
Mal bac (2.77) Pin syl mon (2.81)
Ulm pum Ten (2.68)  Fra man (2.63)

EF Ace neg (5.13) Pop dav (7.77) Pop dav (10.2)
Ulm den (4.73) Pop can (4.46) Abi nep (4.02)
Pop dav (4.13) Abi nep (3.84) Ace tri (3.46)
Sal mat (3.55) Pop bei (3.21) Ace neg (3.18)
Pop bei (3.42) Pop alb pyr (2.44)  Pin kor (2.93)

PF Pop can (4.41) Pop can (5.35) Pop dav (5.72) Mal pru (5.23)
Pin tab muk (4.32)  Pop dav (3.70) Pop can (3.92) Sal bab (4.33)
Mal pru (3.73) Amy dav (3.09) Pin tab muk (3.53)  Pop can (4.19)
Ace neg (3.69) Que mon (2.93) Ulm pum (2.97) Pin tab muk (3.95)
Cat ova (3.63) Pin tab muk (2.90)  Que mon (2.84) Jun rig (3.84)

the lower Shannon—Wiener index, Evenness index, and Berger-Parker index than AF and LF
(Table 2). SIMPER analysis indicated that P. dabidiana, P. x canadensis, L. gmelinii, Populus
alba var. pyramidalis, Pinus tabuliformis were the main contributors for the dissimilarity
between RF and AF (Table 6). P. dabidiana, P. amurense, P. koraiensis, Malus baccata,
U. pumila cv. tenue were the main contributors for the dissimilarity between RF and LF
(Table 6).

The trees of EF are mainly distributed along the river banks and farmland shelter-
belts. Populus dabidiana was widely used in EF for its better windbreak and sand-
fixation and soil and water conservation function. For PF, it was the nursery for some
common species, e.g., Pinus, Picea, Populus, Salix, and several ornamental shrubs.
The RA of most common species, genus, and family for the EF and PF were all
apparently higher than the rule of thumb proposed by Santamour (1990) (Table 4b).
Thus, EF and PF will be vulnerable to suffer from catastrophic diseases and insect
pests in the same area at the same time (Kendal et al. 2014). Four signature species,
namely, P. davidiana, P. tabulaefomis var. mukdensis, Q. mongolica, and A. davidiana,
five dominant species, namely, U. pumila, A. negun, S. babylonica, Catalpa ovata,
and P. x canadensis, and two occasional species, namely, M. prunifolia and Juniperus
rigida, mainly accounted for the dissimilarity between PF and other four types of
urban forests. Through the above discussion, understanding the species differentiation
of types of urban forests is of great importance and necessity for species selection and
optimization of different types of urban forests.
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Urbanization effects on species composition and diversity

Positive correlation had been found between species richness and regional-level of
urbanization (Ricketts and Imhoff 2003). Some researchers believed that urban areas
had extremely high spatial habitat heterogeneity (Savard et al. 2000; Thompson et al.
2003). This level of spatial habitat heterogeneity can produce very high levels of beta
diversity (Niemela 1999) and great species richness than those of surrounding rural
areas (Wania et al. 2006). Some studies found that plant species richness was higher
in suburban areas than in urban and rural areas (Kent et al. 1999; Zerbe et al. 2003).
Suburban areas were extremely heterogeneous given that urban and rural landscape
components intermix at these areas (Schmidt et al. 2014). In our study, the result
showed that species richness and diversity in the urban area (from the first ring to the
third ring) were higher than those in the fourth ring and the fifth ring, which was in
accordance with the conclusion of the former researchers (Niemela 1999; Wania et al.
2006). Species richness and diversity were the lowest in the urban core (the first
ring). This anomoly was probably due to low urban forest cover (Fig. 5) and high
density of commercial district, which also contributed to the higher species dissimi-
larity with the remaining gradients. Two signature species, namely, P. davidiana and
P. tabulaefomis var. mukdensis, six dominant species, namely, P. racemosa,
S. babylonica, L. gmelinii, P. X canadensis, A. triflorum, and A. monoand, and three
occasional species, namely, Paeonia suffruticosa, P. tabuliformis, and P. sylvestris var.
sylvestriformis, were the main contributors to the dissimilarity between the first ring
and the other rings (Table 7).

The RA in the first ring and the fifth ring had a slightly higher value than 10 % at
the species level, whereas the second ring and the fifth ring had a slightly higher
value than 30 % at the family level specified by the rule of thumb (Fig. 4c). These
results indicated that diversity should be increased at the species level in the first ring
and the fifth ring, and the species diversity should be increased at the family level in
the second ring and the fifth ring. The species compositions in other gradients were
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Fig. 5 Five types of urban forests area in different gradients of urbanization
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Table 7 Contributions (%) of the top five species by gradient pairs that account for the dissimilarity. Refer to
Appendix Table 8 for the abbreviated species names

Species contributions First ring Second ring Third ring Fourth ring
Second ring Pin syl syl (4.39)
Lar gme (3.52)
Pin tab (3.43)
Pae suf (3.43)
Ace mon (3.35)
Third ring Pin syl syl (4.14) Lar gme (4.77)
Sal bab (3.93) Pop alb pyr (3.85)
Pin tab muk (3.93) Ace tri (3.69)
Pad rac (3.44) Pru uss (3.57)
Pae suf (3.24) Pop alb (3.13)
Fourth ring Pop dav (5.16) Lar gme (5.64) Pop can (6.54)
Pin tab muk (4.06) Pop can (5.00) Pop dav (4.21)
Pop can (3.91) Pop dav (4.16) Ace tri (3.10)
Pin syl syl (3.68) Pop alb (3.27) Lon maa (2.88)
Ace mon (3.07) Ulm pum Ten (3.19) Til amu (2.79)
Fifth ring Pop dav (6.59) Pop dav (5.09) Pop dav (5.62) Pop bei (5.36)

Pin tab muk (5.27)
Pin syl syl (3.96)
Pae suf (3.10)

Ace tri (2.91)

Lar gme (4.95)
Pop bei (3.91)
Pin tab (3.90)
Pru uss (3.63)

Ace tri (4.42)
Pop can (3.41)
Sal mat (2.94)
Lig qui (2.71)

Sal mat (4.25)
Ulm den (3.56)
Rob pse (3.24)
Jun rig (3.21)

relatively healthy. AF and LF were the dominant types of urban forests in the third
ring which contributed to the highest species richness and diversity in different rings
(Figs. 5 and 6). The species diversity was lower in the fourth and the fifth ring than
that in the third ring (Table 4). This mainly because parts of these regions were in the
process of development and construction, and the green infrastructure was still

Species richness

Fig. 6 Species richness of five types of urban forests in different gradients of urbanization
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incomplete. Thus, there will be great potential to enrich the species diversity in these
areas. An understanding of the species diversity and main contributors to the differ-
entiation among gradients of urbanization is helpful to increase the diversity and
maintain urban ecosystem stability by selecting appropriate species.

Conclusion and implications

Urban forest species diversity plays a vital role in the stability and function of urban
ecosystem. This study determined the urban forest species composition, and explored the
effects of forest type and urbanization on species composition and differentiation of urban
forest in Changchun. The conclusion and implications were as follows:

(1) The species richness of urban forest in Changchun is lower than the southern cities,
which mainly was due to the regional cold climate and geographical characteristics.
Native species were heavily preferred for the urban forest in Changchun.

(2) Large species differentation existed among different types of urban forests.
Anthropogenic attitudes and management practices strongly influenced the species
diversity and composition. Replanting and updating unhealthy trees in old residential
areas are effective measures to improve the species diversity of AF. Increasing the
diversity of genus and family level is necessary for RF plantations. An appropriate and
diverse mix of large and small sized tree species should increase the diversity in RF
(Nagendra and Gopal 2010). For EF and PF, the diversity must be urgently increased at
the species, genus, and family levels to improve the ecosystem stability and anti-
interference ability.

(3) The species composition had certain variability with the development of the urbanization.
Distribution of types of urban forests is the vital factor contributed to the dissimilarity of
species composition among different gradients of urbanization. It is noteworthy that, with
the acceleration of urbanization, some areas had been denuded of tree cover for building
construction and widening activities for the new metro and viaduct project (Jim and Liu
2001; Nagendra and Gopal 2010). Thus, a special attention must be urgently committed
for such trees. Moreover, constructing large area of landscape forest and increaseing the
native species in the fourth and the fifth ring are effective ways to enrich the urban
biodiversity.

In conclusion, understanding the species differentiation among different types of urban
forests and different gradients of urbanization are of great importance for species selection and
optimization of the urban forests. Furthermore, it will be helpful to increase the urban
biodiversity and improve the stability and capacity of resisting disturbance of urban ecosystem.
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Appendix

Table 8 Species Botanical name and the abbreviation

Latin name Abbreviation Latin name Abbreviation
Abies holophylla Abi hol Picea wilsonii Pic wil
Abies nephrolepis Abi nep Pinus banksiana Pin ban
Acer buergerianum Ace bue Pinus koraiensis Pin kor
Acer ginnala Ace gin Pinus sylvestris var. mongolica Pin syl mon
Acer mono Ace mon Pinus sylvestris var.sylvestriformis Pin syl syl
Acer negundo Ace neg Pinus tabulaefomis var. mukdensis Pin tab muk
Acer triflorum Ace tri Pinus tabuliformis Pin tab
Acer truncatum bunge Ace tru Platycladus orientalis Pla ori
Albizia kalkora Alb kal Populus alba Pop alb
Alnus japonica Aln jap Populus alba var. pyramidalis Pop alb pyr
Amorpha fruticosa Amo fru Populus cathayana Pop cat
Amygdalus davidiana Amy dav Populus davidiana Pop dav
Amygdalus triloba Amy tri Populus tomentosa Pop tom
Amygdalus triloba multiplex Amy tri mul Populus x beijingensis Pop bei
Armeniaca mandshurica Arm man Populus x canadensis Pop can
Betula platyphylla Bet pla Prunus ceraifera Pru cer
Caragana arborescens Car arb Prunus pseudocerasus Pru pse
Catalpa ovata Cat ova Prunus ussuriensis Pru uss
Crataegus Cra Pyrus ussuriensis Pyr uss
Euonymus alatu var. pubescens Euo ala Quercus mongolica Que mon
Forsythia mandschurica For man Rhus typhina Rhu typ
Fraxinus mandshurica Fra man Robinia pseudoacacia Rob pse
Fraxinus rhynchophylla Fra rhy Rosa rugosa Ros rug
Ginkgo biolba Gin bio Rosa xanthina Ros xan
Gleditsia sinensis Gle sin Sabina chinensis Sab chi
Japanese maple Jap Map Salix babylonica Sal bab
Juglans mandshurica Jug man Salix matsudana Sal mat
Juniperus rigida Jun rig Salix matsudana var.matsudana Sal mat
Larix gmelinii Lar gme Sorbaria sorbifolia Sor sor
Larix olgensis Lar olg Spiraea salicifolia Spi sal
Ligustrum quihoui Lig qui Swida alba Swi alb
Lonicera maackii Lon maa Syringa oblata Syr obl
Lonicera ruprechtiana Lon rup Syringa pubescens Syr pub
Malus asiatica Mal asi Syringa reticulata Syr ret
Malus baccata Mal bac Syringa villosa Syr vil
Malus prunifolia Mal pru Taxus chinensis Tax chi
Malus pumila Mal pum Tilia amurensis Til amu
Morus alba Mor alb Tilia mandschurica Til man
Padus maackii Pad maa Ulmus densa Ulm den
Padus racemosa Pad rac Ulmus pumila Ulm pum
Paeonia suffruticosa Pae suf Ulmus pumila cv. tenue Ulm pum ten
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Table 8 (continued)

Latin name Abbreviation Latin name Abbreviation
Phellodendron amurense Phe amu Viburnum macrocephalum Vib mac
Philadelphus schrenkii Phi sch Weigela florida Wei flo
Picea asperata Pic asp Xanthoceras sorbifolia Xan sor
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