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Abstract: This study aimed to investigate the plant diversity, plant traits, and environmental variables
along the tropical urbanization gradient in Ipoh, Perak, Malaysia. The study areas comprised
12 sampling plots sized 1 km? that represented different urbanization intensities. Urbanization
intensity was quantified as the percentage of the built-up area within a 1 km? area. A total of 96
woody plant species belonging to 71 genera and 42 families were found in the study areas. In general,
species diversity, richness, and evenness declined significantly as urbanization intensity increased.
The number of native species reduced by 67.6% when urbanization intensity increased from wildland
to suburban while the non-native species remained stable along the urbanization gradient. Regarding
the plant traits, tree height decreased with increasing urbanization intensity, while no significant
result was found for specific leaf areas. All environmental factors were significantly associated with
urbanization where air temperature and light intensity showed a positive relationship with increasing
urbanization intensity while the opposite trend was found for air humidity. This study emphasizes
the importance of built-up areas as the predictor of native species in the tropics. The findings of this
study may help town planners and policymakers to create more sustainable urban development in
the future.

Keywords: built-up area; geographical information systems (GIS); native species; plant diversity;
urbanization gradient

1. Introduction

The rate of world urbanization is increasing, and by 2050 urbanization will account
for 65% of the global population [1]. While urbanization frequently improves social life
and living standards [2], it also has severe repercussions on humans and the natural
environment [3]. Rapid urbanization can result in changes in environmental conditions [4]
and degradation of the natural environment [5]. As a result of anthropogenic activities, there
are drastic shifts in land use types [6,7] and this may put ecosystem services in jeopardy [8].
Ecosystem services and ecological processes depend primarily on plants, so plants must
be adequately maintained and conserved [9]. Due to the importance of plants, it is also
advocated that plant vegetation components should be used as a more effective metric of
the ecological condition [10]. Such can be completed through vegetation monitoring which
relies heavily on the analysis of plant species composition and structure [9].

Many biological processes depend on plants, and people would benefit greatly from them.
For instance, plants may assist in lowering the temperature [11] controlling air pollution [12],
improving the mental health of city dwellers (e.g., through horticulture and nature
therapy) [13], encouraging social interactions (e.g., in community gardens) [14], and en-
couraging the preservation of biodiversity [15]. Given that people benefit from ecosystems,
these advantages are known as ecosystem services. Therefore, it is important to maintain
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the plants, especially in metropolitan regions. Therefore, even though urbanization is
continuously growing, we need to ensure that the ecological cycle is maintained.

Prior research on the impact of urbanization on plant diversity yielded inconsistent and
contradictory results. Even though urbanization is expected to impact plant diversity [16]
plant diversity patterns along an urbanization gradient vary greatly from study to study,
rendering that plant diversity investigations and their relationship with urbanization
gradient remained unclear [17]. For example, some studies discovered that plant diversity
increases in tandem with urbanization, e.g., [17-19] which could be attributable to the
unintended introduction of non-native plant species into urban areas [20]. Meanwhile,
other research revealed that plants tend to peak, particularly around intermediate levels
of urbanization, i.e., Godefroid and Koedam [21]; Ranta and Viljanen [22]; Zerbe [23].
This research validated the intermediate perturbation theory, suggesting that moderate
perturbation would enable more species to survive than high or low perturbation [24]. On
the contrary, other studies found that plant diversity increases with increasing distance
from the metropolitan area [25], and this could be related to the decline of habitable spaces
in urban areas, which generally leads to a decrease in plant diversity [26]. Because of
the severe environmental changes brought about by urbanization, various plant diversity
patterns emerge as urbanization increases.

Previous studies on plant diversity patterns along an urbanization gradient have
mainly been conducted in temperate regions, e.g., Belgium [21], Finland [22], Zerbe [23],
Kazakhstan [25], North America [26], Germany [27], Switzerland [28], subtropical region-
e.g., from China by Wang et al. [17], Tian et al. [29], Yang et al. [30], and only a few were
performed in the tropical region, e.g., Nigeria [10], India [19] and Malaysia [31]. Those in
Malaysia investigated plant diversity only in wildlands, such as studies by Suratman [32],
Onrizal et al. [33], and Ghollasimood et al. [34], while others were limited to green spaces in
city centers only, such as studies by Nabilla et al. [35], Kanniah [36], Kanniah & Ho [37], and
Rostam et al. [38]. Moreover, an earlier study in Malaysia by Rahmad & Akomolafe [31]
that compared plant diversity between different urbanization intensity categorized the
urbanization levels only based on visual observation and subjective perception, thus
causing difficulty to compare the findings. This lack of knowledge becomes a concern
because the tropical region does not only serve as habitats for a high number of plant
species, but some tropical countries, especially those in the Southeast Asia, are experiencing
urbanization at an accelerating rate [37]. Since previous studies showed mixed results on
how urbanization affects plant diversity, there is a need to confirm how plant communities
respond to urbanization in tropical cities.

Fundamentally, plant traits are correlated to plant strategies [38], which are responsible
for the adaptations of plants to the environmental changes [3,17]. Palma et al. [39] have
stated that plant traits determine whether the plant species will survive in the long run
especially in a harsh condition. Such harsh conditions could be induced by changes in
environmental conditions when natural landscapes undergo disturbance caused by urban
development. Eventually, this scenario will affect the abundance and diversity of plants
in the cities. In response to the ecosystem change, the functional traits of organisms that
stimulate their development and growth are essential in determining which species thrive
and cease to exist [40].

Hence, the aims of this study were (i) to explore plant diversity patterns along a tropical
urbanization gradient; (ii) to examine the relationship between urbanization intensity with
plant traits (tree height and specific leaf area (SLA)); and (iii) to investigate the variations
in environmental conditions (air temperature, air humidity, and light intensity) along the
urbanization gradient. To address these aims, data on plant diversity, plant traits, and
environmental variables were obtained from 12 sampling plots that sized 1 km?. These
plots represented different urbanization intensities according to the percentage of the built-
up area of the plots. Regression analyses were later performed, which involved the data
on plant diversity, plant traits, and environmental variables against the percentage of the
built-up area of each plot.
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2. Materials and Methods
2.1. Study Area

We conducted fieldwork in the Ipoh city council in the Perak State of Peninsular
Malaysia. Perak State was chosen because it is able to serve as a “regional state”, with
Ipoh serving as the core urban center [41]. Additionally, anthropogenic activities have
resulted in massive landscape modifications and abrupt changes in land use in Perak [42].
For example, Perak state has lost about 16 percent (189,423 ha) of its forest cover in the
last 29 years [42]. Moreover, Ipoh is known as a phytogeography ally unique area with
three elements, including limestone flora [43], the Perak sub-province that influences the
Sumatran flora [44], and the Seasonal Asiatic Intrusion that is enclave invasion by Burmese-
Thai floristic elements [43]. Thus, Ipoh is an ideal place to study the impacts of urbanization
on plant diversity.

This research was performed in four distinct urbanization settings, i.e., wildland, rural,
suburban, and urban areas in Ipoh City Council in the Perak state of Peninsular Malaysia
(101°3/57.118747"-101°3'57.118747" E, 4°28'26.148383"-4°28/26.148383" N, Figure 1). Ipoh
is located between the two major cities in Malaysia, which are Kuala Lumpur and Penang,
and thus serves as a significant hub for road transportation across west Malaysia. Most
economic ventures concentrate in Ipoh due to the large population and high volume of
road traffic [45]. The Ipoh city is bordered by limestone hills which can also be found
throughout the northeast, east, and southeast suburban areas. Ipoh has the typical climate
of a rainforest. The monthly relative humidity of the city shows slight differences while
the temperature varies between 20.7 °C to 30.6 °C throughout the year. With an average of
200 mm (7.9 in) of rain per month and 2427.9 mm (95.59 in) of rain annually, Ipoh experi-
ences high rainfall over the year. October is the most humid month for Ipoh city, with rain
falling at an average of 297.2 mm (11.70 in). In addition to that, the driest month is January,
with an average of 132.3 mm (5.21 in) of rainfall.
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Figure 1. Study area in Ipoh, Perak in Peninsular Malaysia where 12 sampling plots represented an
urbanization gradient. W: wildland, R: rural, S: suburban, U: urban.
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2.2. Urbanization Intensity Quantification

The urbanization intensity of sampling sites was determined based on the percent-
age of the built-up area within a 1 km? area. As built-up percentage can be quantified
in any urban environment, regardless of geographical, cultural, and historical variation,
the built-up percentage is an adequate proxy of urbanization intensity. The urbaniza-
tion intensity quantification was performed in ArcGIS version 10.8 software using the
Ipoh land use map issued by Malaysia’s Federal Department of Town and Country Plan-
ning. The map is composed of 12 distinct attributes of land use. These characteristics
were classified into two categories, which were the green areas and built-up areas. The
built-up areas consisted of seven features which were manufacturing, service and in-
frastructure, commercial, institutional, mixed construction, transport and mobility, and
residential or housing areas. On the other hand, forests, parks, recreation centers, unde-
veloped land, and farming areas made up the green areas. The water body was exempted
from all categories. To achieve unbiased sampling, tessellation of the map consisting of
1 km x 1 km grid squares was completed where these squares corresponded to the size
of the study plot. Then, the percentage of built-up area of each square was calculated.
Following the urbanization categorization using the built-up percentage of the 1 km? plots
by [46], four categories of urbanization intensity were identified, which were the wildland
(0-2% built-up percentage), rural (5-20%), suburban (30-50%) and urban areas (>50%). The
study plots were selected randomly, and each category was replicated twice, which created
a total of 12 sampling plots.

2.3. Field Sampling

Twelve sampling plots sized 1 km? were randomly established in Ipoh, Perak, to
represent an urbanization gradient (Figure 1). Previous study suggested that an area that
sized 500-1000 m? with a minimum aspect ratio of 1:20 of a rectangular plot is sufficient
for studies on tropical plant diversity [47]. To increase coverage of area sampled within a
plot, this study used 40 subplots sized 1 m x 25 m that were randomly positioned within
the plot, which produced a total sampling area of 1000 m? per plot. Any plants with a
diameter at breast height (DBH, 1.3 above the ground) of 5 cm and above in the subplot
were included as samples. The number of individuals per species was recorded and each
species was identified by a plant taxonomist from the Forest Research Institute Malaysia
(FRIM). We determined the nativity status of plant species based on the Royal Botanic
Garden database.

2.4. Plant Traits

Plant height and SLA (mm? mg~!) represented the functional traits of the plant
species. The maximum value of tree height and SLA were quantified using a standard-
ized method [48]. To calculate SLA, one healthy leaf was collected from each of the
five mature individuals [49]. The leaf samples should be relatively young (presumably
more photosynthetically active) and carefully selected from fully expanded and hardened
leaves of adult plants growing in light or directly proportional optimal conditions [48].
When feasible, leaves with visible signs of a disease or a thick cover of epiphyllous were
avoided. Following that, carefully selected leaves were wrapped in moist paper, placed
in sealed plastic bags to minimize water loss during transpiration, and kept in a cool box
before being transferred to the laboratory to measure leaf area [48]. The selected leaves
were digitally scanned, and the leaf area was estimated using the Image] software. The
leaves were then oven-dried for 72 h at 60 °C before being weighed [49], and the SLA was
calculated as area divided by dry mass.

2.5. Environmental Conditions

Air temperature, relative humidity, and light intensity were measured at the study sites
to represent the environmental variables. At the height of 1.3 m above the ground [50], the
readings were taken at noon [51] on the day with no clouds visible and clear skylight [52].
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The 1 km? plot was divided into five equal sections, each with a measurement station spaced
200 m apart. The environmental variables were measured three times at each location.

2.6. Plant Species Richness, Diversity and Evenness along the Urbanization Gradient

Three indices were used to define the plant species diversity in each plot: the Shannon—
Wiener species diversity index (H'), plant species richness, evenness index.

2.6.1. Species Richness

The species richness of plant was determined by Margalef’s index of richness, Dmg [53].
Given as: 5-1)
— 1
InN @
where S = number of species in total, and N = total number of individual species in
a sampling plot.

Dmg =

2.6.2. Species Diversity

Since species diversity is regularly used as an ecological indicator, various diversity
indices can be used to examine various features of group structure; nonetheless, the
Shannon-Weiner index is the most frequently used as a diversity indicator [54]. This study
measured species diversity between urbanization intensity using the Shannon-Weiner
index since it is widely used. This index takes both species abundance and species richness
into account.

Shannon-Weiner diversity index (H') was calculated using the following equation [54].

H =Y PilnPi @)

where H' = the species diversity, and Pi = the proportion of species i relative to the total
number of species. The resulting product was summed across species and multiplied by —1.

2.6.3. Species Evenness

Species evenness index (J) was used to calculate how evenly the species were dis-
tributed within the study area [55]. Species evenness was calculated as:
H/
= _ 3
J H’ max ©)
where J = Pielou’s evenness, H' = Shannon diversity index, H max = In S (number of species).

2.7. Statistical Analysis

Linear regression was used to analyze the influence of urbanization intensity on plant
diversity, richness, and evenness using IBM SPSS Statistics version 24. To understand
how urbanization affects the number of native and non-native plant species along the
urbanization gradient, two separate analyses of linear regression were performed with the
percentage of built-up area and number of native and non-native species as the variables.
Since the regression analysis involving the native species obtained a significant result, a one-
way ANOVA was performed to compare the number of native species between different
urbanization settings (urban, suburban, rural, and wildland). Then, we performed Tukey
HSD test to determine which urbanization level significantly reduce the number of native
species. Regarding plant functional traits (tree height and SLA) and environmental factors
(air temperature, relative humidity, and light intensity), these variables were correlated
with the percentage of built-up area using Pearson’s correlation.

3. Results

Overall, in all 12 sampling plots which covered an area of 0.1 hectares, a total of
96 woody plant species families with a DBH of 5.0 cm or greater belonging to 71 genera,
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and 42 were found from the urban area, suburban, rural, and wildland (Table 1). Based
on the total number of families obtained from this study, it encompassed 16.94% of the
entire families of flora recorded by Turner [56] in Peninsular Malaysia while the 71 genera
represented 4.24% of the total of 1674 genera reported. The number of species found in
this study comprised 1.16% of the total 8290 species documented in Peninsular Malaysia.
However, it should be noted that Turner [56] had included all types of plant species in
the checklist, whereas the present study only collected the species with a DBH of 5 cm

or greater.

Table 1. Plant species and their abundance in urban, suburban, rural, and wildland areas in Ipoh,

Perak, Malaysia.
Abundance ivi
No. Family Plant Species U S R W liizlt‘:::y
1 Anacardiaceae Buchanania arborescens (Blume) Blume 31 N
2 Anacardiaceae Mangifera indica L. 55 62 71 102 A
3 Anacardiaceae Swintonia floribunda Griff. 26 N
4 Annonaceae Monocarpia marginalis (Scheff.) J. Sinclair 17 N
5 Annonaceae Polyalthia cauliflora Hook.f. & Thomson 35 N
6 Apocynaceae Alstonia angustiloba Miq. 7 N
7 Apocynaceae Alstonia spatulata Blume 76 N
8 Apocynaceae Plumeria alba L. 7 A
9 Araliaceae Arthrophyllum diversifolium Blume 47 N
10 Asteraceae Chromolaena odorata (L.) R. M. King & H. Rob. 17 A
11 Bignoniaceae Tabebuia rosea (Bertol.) DC. 10 21 A
12 Calophyllaceae Mesua ferrea L. 28 N
13 Cannabaceae Trema tomentosa (Roxb.) Hara 28 N
14 Caricaceae Carica papaya L. 11 12 A
15 Celastraceae Salacia maingayi M. A. Lawson 41 N
16 Combretaceae Terminalia mantaly H. Perrier 8 11 A
17 Dipterocarpaceae Dipterocarpus oblongifolius Blume 28 N
18 Dipterocarpaceae Shorea bracteolata Dyer 17 N
19 Dipterocarpaceae Shorea hopeifolia (F.Heim) Symington 39 N
20 Dipterocarpaceae Shorea multiflora (Burck) Symington 17 N
21 Euphorbiaceae Hura crepitans L. 22 27 A
22 Euphorbiaceae Hevea brasiliensis (Willd. ex A.Juss.) Miill. Arg. 58 98 A
23 Euphorbiaceae Macaranga denticulata (Blume) Miill.Arg. 6 N
24 Euphorbiaceae Macaranga tanarius (L.) Mll. Arg. 13 101 67 A
25 Euphorbiaceae Mallotus muticus (Mill. Arg.) Airy Shaw 13 28 N
26 Euphorbiaceae Microdesmis caseariifolia Planch. ex Hook. 29 N
27 Fabaceae Adenanthera pavonina L. 33 14 N
28 Fabaceae Acacia auriculiformis A. Cunn. ex Benth. 35 38 48 A
29 Fabaceae Acacia mangium Willd. 41 35 A
30 Fabaceae Aganope thyrsiflora (Benth.) Polhill 28 N
31 Fabaceae Bauhinia purpurea L. 18 A
32 Fabaceae Caesalpinia sappan L. 12 A
33 Fabaceae Millettia pinnata (L.) Panigrahi 33 N
34 Fabaceae Parkia speciosa Hassk. 10 N
35 Fabaceae Samanea saman (Jacq.) Merr. 15 A
36 Guttiferae Garcinia mangostana L. 24 33 N
37 Hypericaceae  Cratoxylum formosum (Jack) Benth. & Hook.f. ex Dyer 27 N
38 Hypericaceae Cratoxylum maingayi Dyer 24 N
39 Ixonanthaceae Ixonanthes icosandra Jack 30 N
40 Ixonanthaceae Ixonanthes reticulata Jack 16 N
41 Lamiaceae Vitex pinnata L. 26 N
42 Lauraceae Beilschmiedia perakensis Gamble 47 N
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Table 1. Cont.

Abundance ivi
No. Family Plant Species U S R W liizlt::y
43 Lauraceae Cinnamomum javanicum Blume 20 N
44 Lauraceae Cinnamomum iners Reinw. ex Blume 42 53 N
45 Lauraceae Cinnamomum verum J.Presl 31 A
46 Lecythidaceae Barringtonia racemosa (L.) Spreng. 29 N
47 Malvaceae Durio zibethinus Murray 13 70 43 N
48 Malvaceae Hibiscus rosa-sinensis L. 8 A
49 Malvaceae Microcos tomentosa Sm. 15 22 39 A
50 Melastomataceae Pternandra coerulescens Jack 37 N
51 Meliaceae Azadirachta indica A.Juss. 8 11 A
52 Meliaceae Sandoricum koetjape Merr. 23 N
53 Meliaceae Swietenia macrophylla G.King 40 A
54 Moraceae Artocarpus elasticus Reinw. ex Blume 12 N
55 Moraceae Artocarpus heterophyllus Lam. 5 19 27 A
56 Moraceae Artocarpus integer (Thunb.) Merr. 46 98 N
57 Moraceae Ficus aurata (Miq.) Migq. 35 47 N
58 Moraceae Ficus benjamina L. 6 22 N
59 Moraceae Ficus elastica Roxb. ex Hornem. 16 N
60 Moraceae Ficus hispida L fil. 41 29 N
61 Moraceae Ficus magnoliifolia Blume 21 N
62 Moraceae Ficus racemosa L. 23 N
63 Moraceae Ficus religiosa L. 16 22 N
64 Moraceae Ficus sinuata Thunb. 28 N
65 Moraceae Streblus elongatus (Miq.) Corner 92 N
66 Moringaceae Moringa oleifera Lam. 9 A
67 Muntingiaceae Muntingia calabura L. 33 39 A
68 Myrtaceae Syzygium aqueum (Burm.fil.) Alston 7 32 N
69 Myrtaceae Syzygium grande (Wight) Walp. 31 39 N
70 Myrtaceae Syzygium myrtifolium Walp. 29 N
71 Myrtaceae Syzygium valdevenosum (Duthie) Merr. & Perry 25 N
72 Myrtaceae Syzygium zeylanicum (L.) DC. 25 N
73 Olacaceae Ochanostachys amentacea Mast. 61 N
74 Opiliaceae Champereia manillana (Blume) Merr. 24 N
75 Ochnaceae Ochna kirkii Oliv. 8 A
76 Oxalidaceae Sarcotheca griffithii (Planch. ex Hook fil.) Hallier fil. 19 N
77 Passifloraceae Paropsia vareciformis (Griff.) Mast. 25 N
78 Pentaphylacaceae Eurya acuminata DC. 39 N
79 Phyllanthaceae Antidesma cuspidatum Mull. Arg. 22 N
80 Phyllanthaceae Aporosa penangensis (Ridl.) Airy Shaw 19 N
81 Phyllanthaceae Aporosa symplocoides (Hook.f.) Gage 20 N
82 Phyllanthaceae Baccaurea parviflora (Miill. Arg.) Miill. Arg. 34 N
83 Phyllanthaceae Commersonia bartramia (L.) Merr. 13 A
84 Polygalaceae Xanthophyllum affine Korth. ex Miq. 30 N
85 Rhamnaceae Ziziphus mauritiana Lam. 21 N
86 Rhizophoraceae Pellacalyx saccardianus Scort. 33 N
87 Rubiaceae Aidia densiflora (Wall.) Masam. 7 N
88 Rubiaceae Morinda citrifolia L. 15 22 25 N
89 Rubiaceae Morinda elliptica (Hook.f.) Ridl. 28 N
90 Rubiaceae Pertusadina eurhyncha (Miq.) Ridsdale 19 N
91 Sapindaceae Nephelium lappaceum L. 25 50 N
92 Sapindaceae Pometia pinnata ] R Forst. & G.Forst. 29 A
93 Sapotaceae Mimusops elengi L. 35 N
94 Sapotaceae Palaquium gutta (Hook.) Baill. 60 N
95 Symplocaceae Symplocos cochinchinensis (Lour.) Moore 33 N
96 Ulmaceae Gironniera nervosa Planch. 38 N

Note: U = urban, S = suburban, R = rural and W = wildland; N = native species, A = non-native species.
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3.1. Relationship between Urbanization and Plant Diversity, Richness, and Evenness

Wildland had the greatest number of species, and the highest species richness, even-
ness, and diversity (d = 8.58,]'=0.97, H' = 4.11). Rural was the second highest in species
richness, evenness, and diversity (d = 3.68, J' = 0.95, H' = 3.10), followed by suburban
(d=3.49,] =093, H =295) and urban (d = 2.41, ] = 0.90, H' = 2.38) (Table 2). This
study found that plant diversity (r = —0.781; p = 0.003), richness (r = —0.0842; p = 0.001),
and evenness (r = —0.901; p < 0.001) significantly decreased when urbanization intensity
increased (Figure 2).

Table 2. Diversity indices in urban, suburban, rural, and wildland areas in Ipoh, Perak, Malaysia. See
Table S1 for details on the native and non-native species.

Urban Suburban Rural Wildland
Number of species 19 28 36 79
Number of native species 6 15 22 68
Number of non-native species 13 13 14 11
Number of individuals 219 412 902 2472
Number of families 11 13 16 35
Shannon, H’ 2.38 2.95 3.10 411
Evenness, | 0.90 0.93 0.95 0.97
Margalef’s, Dmg 2.41 3.49 3.68 8.58

In addition, native species was the highest in the wildland while the non-native
species were dominant in the urban area. A regression analysis on the number of native
plant species against the built-up percentage yielded a significant negative relationship
(r = —0.730; p = 0.007) whereby the built-up percentage explained 53.3% of the variation
in the number of native species. To find out at what urbanization level the number of
native species significantly reduce, a one-way ANOVA analysis was performed. Overall
comparison between the number of native species in urban, suburban, rural, and wildland
found a significant difference (F (3,8) = 38.146, p < 0.001). Further analysis using the Tukey
HSD test indicated that the number of native species significantly reduced in the rural area
(M =7.333, SD = 1.528) in comparison to the wildland (M = 22.667, SD = 4.509) (Table 3) by
67.6%. No further decline was found since the numbers of native species between rural,
suburban (M = 5.000, SD = 1.732), and urban (M = 2.000, SD = 1.000) areas were statistically
similar (Table 3).

Table 3. Multiple comparisons on the number of native species in urban, suburban, rural, and
wildland areas in Ipoh, Perak, Malaysia.

Urbanization Setting Mean Difference

I ; @) Std. Error Sig.
Wildland Rural 15.33333 2.10819 0.000 *
Suburban 17.66667 2.10819 0.000 *
Urban 20.66667 2.10819 0.000 *

Rural Suburban 2.33333 2.10819 0.696

Urban 5.33333 2.10819 0.129

Suburban Urban 3.00000 2.10819 0.521

* The mean difference is significant at the 0.05 level.

On the other hand, no significant relationship between the number of non-native
species and the built-up percentage was found (F (3,8) = 0.083, p = 0.967). The non-
native species which were found in great numbers in urban areas of Ipoh were Terminalia
mantaly, Mangifera indica, Caesalpinia sappan, Azadirachta indica, Moringa oleifera, Tabebuia
rosea, Samanea saman, Hura crepitans, Carica papaya, and Plumeria alba. Meanwhile, Morinda
citrifolia, Syzygium aqueum, Adenanthera pavonina, Aidia densiflora, and Morinda citrifolia were
the native species that successfully survived in the urban environment.
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Figure 2. Relationships between the percentage of built-up area and (a) plant diversity; (b) plant

richness; (c) plant evenness; and (d) plant native (species).

3.2. Relationship between Urbanization with Plant Traits and Environmental Conditions

Regarding plant trait, we found a significant relationship between the percentage of

built-up area and plant height (r = —0.656, p = 0.021; Figure 3a) but not SLA (r = 0.354,
p = 0.260; Figure 3b). All environmental conditions (temperature: r = 0.809, p = 0.001,
Figure 3¢; air humidity: r = —0.859, p < 0.01, Figure 3d; and light intensity: = 0.769,
p = 0.003, Figure 3e) were significantly correlated with the percentage of the built-up area.
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4. Discussion
4.1. Effect of Urbanization on Plant Diversity

The study revealed the pattern of plant diversity as a function of the urbanization
gradient, and the findings showed that as urbanization increases, plant diversity decreases.
Most notably, the findings of this study contradict the prior reports on diversity gradient
in cities with rising plant species richness in urban areas and most of the studies are
coming from temperate regions such as China and Germany as Wang [17], Ceplové [18],
and McKinney [57]. The increase in plant diversity in urban areas could be attributed
to various factors. For instance, the urban landscape is highly heterogeneous, providing
diverse habitats for various plant species [58]. Urban areas typically include a variety of
land use and land cover types. Hence, these land attributes and their spatial compositions
are likely to promote plant diversity [59]. Following that, urban socioeconomic conditions,
cultural diversity, and land use management are all essential elements determining the
plant diversity pattern along the urbanization gradient [60]. Furthermore, the unintended
introduction of many non-native species into urban regions has been identified as one of
the most fundamental causes contributing to high plant variety in urban environments [61].
Hence, all these factors may work in tandem to establish plant diversity [62].

According to earlier research, cities appear to enhance plant diversity [19]. However,
this is not the case in Ipoh, Perak. From 1850 to 1930, the tin industry expanded and
resulted in the massive migration of Chinese workers to tin mining industrial towns in
Perak. Thus, Ipoh, Perak was recognized as one of the greatest cities in the country from
1911 to 1931 and was primarily involved with tin mining. Tin production was favorably
associated with urban population development; hence, as Malaysia develops, more people
will relocate to and dwell in places like Ipoh city [63]. In accordance with the mission of
becoming a developed country, these countries” industrial, transportation infrastructure,
and major construction activities have resulted in massive land clearing. As a result of the
high population, the percentage of built-up areas in urban areas increased; hence, Perak
has experienced massive landscape changes and drastic changes in land use/cover due
to anthropogenic activities [41]. Meanwhile, Hosni et al. [64] stated that during the last
20 years, a significant quantity of forested land had been lost by 183.12 hectares, while
construction and development land has increased significantly by 157.12 hectares in Ipoh
Perak. A common outcome of urbanization is the substantial loss of plants, leading to
further negative impacts on the natural ecology [6].

Based on the regression analysis between plant diversity and the percentage of built-
up area, it appears to be negatively related, like what was found by Vakhlamova et al. [25],
Aronson et al. [61], and McKinney [65]. This demonstrates that as the percentage of built-up
area increases, plant diversity decreases in Ipoh, Perak. Similarly, the number of native
species was significantly lower in areas with higher urbanization intensity. This result
is aligned with the earlier findings by Aronson et al. [16], Blouin [20], Ranta [22], and
Vakhlamova [25] that also highlighted that native species were more prevalent in locations
with less development, such as rural area or wildland. Previous studies have demonstrated
that the intensively “constructed” landscape of urban cores has the poorest species diversity
along the urbanization gradient [65]. This could be caused by a significant reduction inhab-
itable land for plants in highly populated places, high coverage of impermeable surfaces in
urban areas, which diminish and fragment plant-able space, and the frequent stomping of
vegetated areas [25]. Moreover, changes in landscape patterns due to population growth
and urbanization significantly impact the dispersion of plant diversity [66]. Most crucially,
urban fragments reduce the remaining space for plant species [24]; thus, plant species
requiring much space have difficulty surviving [67]. Furthermore, habitat fragmentation
results in smaller patches, lowering habitat quality and cutting down the number of plants
in the patches, leading to loss of plant diversity [68].

Only 25 plant species are listed as non-native out of 96 plant species found in our study
areas, but these species were distributed evenly along the urbanization gradient. Human
introductions and plants” ability to utilize new resources in urban settings could probably
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be the reasons for the occurrence of non-native species. The non-native species that thrived
in the rural, suburban, and urban areas of Ipoh were ornamental plants; hence, human
introduction plays a vital role in the establishment of these plant species in urban areas.
Those found in wildlands could also be the result of human activities because the three
wildland areas were recreation forests. Thus, the unintentional introduction by humans
such as through transportation may explain this finding.

Non-native species are considered an emerging risk of harm to biodiversity at spatial
and temporal scales [69]. However, it is unlikely that the decline of native species with
the increasing urbanization intensity was caused by the competition with the non-native
species since the number of non-native species was similar along the urbanization gradient.
Hence, this emphasizes the importance of built-up areas as the predictor of plant diversity
along the urbanization gradient.

4.2. Changes in Plant Functional Traits along Urbanization Gradient

Urbanization could act as a filter for plant species by altering the physical environment
since it may affect the plant structure and functional traits which will result in the alteration
of ecosystem services [3]; thus, an analysis of plant traits would be beneficial to understand
how plants respond towards urbanization. In different ecosystems, functional traits are
increasingly considered good indicators of the effect of biodiversity on natural ecosystems
and ecosystem services [70]. Furthermore, studying the relationship between plant traits at
community levels is also pivotal for connecting the processes that determine composition
and function [71].

Plant height was negatively correlated with urbanization intensity in this study, result-
ing in only shorter plants being discovered in urban areas, whereas taller plant species were
more common in the wildland. Temperatures are expected to be higher in cities compared
to non-urban areas as mentioned in past studies [72,73]. Referring to the previous studies
by Liittge & Buckeridge [74], in these low-altitude urban plains, top overgrowth is getting
more apparent and height restrictions are in place. This is explained by water stress, which
is more intense at the tops of trees due to the influence of gravity. Therefore, the solution to
temperature-related water stress is a reduction in tree top heights from the ground. The
tops of trees at different heights have similar leaf water relations. They are controlled by
tree top height, under the stress of drought brought on by temperature.

Other than that, as temperature increases in urban areas, plant growth and develop-
ment will be adversely affected, resulting in smaller and shorter plants, slower reproductive
production, lower yield capability [75], and short-lived species [4]. However, several stud-
ies, such as those by Song et al. [3], Cochard et al. [49], and Williams et al. [76] are not
parallel with this finding. According to earlier studies, urbanization favors taller species in
response to urban pressure, which have a substantial competitive advantage, whereas short
species are more prone to extinction in urban environments [76]. The variations in these
results could be caused by other factors such as local landscape management. For instance,
plants in urban areas are normally pruned for ecstatic and safety purposes, therefore tall
trees as less common in this environment. In this study, we found that urbanization was
significantly positively associated with air temperature. Gong and Gao [77] showed that
temperature significantly influenced SLA, therefore we would predict that SLA would
relate to urbanization intensity. However, this prediction was not supported by our result as
SLA was not statistically associated with the percentage of built-up area. Even though this
study found a rise in temperature with the increasing urbanization intensity, it is possible
that the increase is rather moderate and not significant enough to have an impact on the
SLA. Moreover, analysis of SLA from various climatic regions indicated a significant impact
of temperature on SLA occurred in higher latitudes but less in the tropics [77]. Hence,
the use of SLA in studies related to urbanization and plant traits in the topics should be
carefully considered.

This study also found that SLA was not statistically associated with the percentage of
built-up area. In opposition to our finding, a past study by Song et al. [3] from China stated
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that SLA was statistically significant with urbanization gradient and that they claimed
urban areas had increased plant diversity, since the study area contain high nitrogen which
could be attributable to an increase in nitrogen affinity as urbanization increases [78].
Furthermore, earlier research has found significant links between SLA and nutrient ac-
cessibility such as nitrogen and phosphorus [79]. However, a study by Cochard et al. [49]
shows the same result as the present study and this was due to the uneven distribution of
soil nutrients such as nitrogen and phosphorus along the urbanization gradient. In this
study, Ipoh city appeared to be a limestone area [43]; thus, soils in Ipoh that originated from
limestone parent material are primarily rich in calcium and high in pH [80]. Additionally,
calcium and pH are two elements that significantly impact the vegetation pattern in the
limestone region [81]. Our findings suggest that the concentration of calcium and pH are
probably similar in all our study plots or that calcium and pH are not necessarily important
factors that influence SLA.

However, the scarcity of apparent plant trait trends in Malaysia should also be empha-
sized, and more in-depth investigations are essential to grasp better the relevance of these
traits in urbanization gradient contexts.

4.3. Environmental Impacts on Filtering Diversity Species

Environmental factors (air temperature, air humidity, and light intensity) were signif-
icantly associated with the percentage of built-up area in this study. In Ipoh, Perak, the
most built-up area had the highest temperature, the least moisture, and the greatest light
intensity. Conversely, the temperature in the wildland area was the lowest, with the highest
air humidity and the lowest light intensity.

Findings from previous studies also showed that temperature increases with increasing
urbanization intensity. For instance, Morris et al. [72] found that the temperature increased
towards the urban center of Klang Valley, Malaysia, where the highest temperature was
recorded in the commercial area. Similarly, a study by Saha et al. [73] which focused on
one tropical and two subtropical urban agglomerations in India also discovered that areas
with more built-up coverage had higher temperatures. Moreover, the projection of the
urban climate in the tropical city of Ho Chi Minh City, Vietnam in the 2050s revealed that
temperature will increase in both urban and rural areas, but the more urbanized areas
will experience an additional 0.5 °C increment than the rural areas [82]. Such changes in
environmental conditions can occur when vegetated areas are converted into impervious
surfaces, particularly in urbanized areas [83,84].

Climate change has an impact on plants’ growth [85]; hence, plants must deal with a va-
riety of stressful situations during their lives. Due to urbanization, only a few plant species
can survive in urban environments, which are known as alcalinophilous (light-loving
plants) [86], thermophilous (warm-loving plants) [76], and drought-tolerant species [4].
Warm-loving, drought-tolerant, and light-loving plants are only found in big cities or
otherwise; they will become extinct due to their inability to cope with harsh environmental
conditions [75].

The results of this study showed that when urbanization intensity increased, air
temperature also increased, while plant diversity reduced. Studies that investigated the
direct effects of urbanization-related temperature on plant species diversity are scarce
but a study by Lososova et al. [87] found a similar result that showed a reduction in
the species diversity of native and non-native plant species due to the warmer climate
of cities. The contradicting results of the non-native species between this study and
Lososova et al. [87] are likely to be caused by the considerable influence of humans in
introducing non-native species in Ipoh. Regarding the native species, a similar outcome
to this study was obtained although Lososova et al. [87] focused on plant diversity in
European cities. This suggests that climatic region is a less important factor in determining
the effects of urban-related climate conditions on plant diversity. The increased temperature
in either tropical or temperate cities induces stressful conditions for plants which eventually
limits their survival.
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On the contrary, a study by Zhang et al. [88] which involved 672 worldwide cities,
including 99 from tropical countries found that urbanization in the tropical region barely
affects plant growth due to temperature. The difference in this result compared to ours
could be because the climatic data of the tropical region in Zhang et al. [88] were taken from
three countries which were Malaysia, Brazil, and India while this study focused on local
climate in the study plot. In addition to that, the vegetation data in this study were collected
in the field but those in Zhang et al. [88] were the satellite-sensed data where there are
possibilities that some of the satellite images may be of low confidence due to conditions
such as snow and cloud. Therefore, the specificity of data (regional vs. local) should be
taken into account when analyzing results from different studies. In this study, one of
the plant species found in wildland, rural and urban areas is Morinda citrofolia which was
discovered to be capable of surviving extreme environmental circumstances and prolonged
periods of drought conditions [89]. Moreover, Morinda citrofolia can thrive in both acidic
and alkaline soils, conditions with climates that range from extremely dry to excessively
moist and shaded conditions (>80% shade) [90]. Morinda citrofolia also has a deep and
robust taproot and extensive root system, making it exceedingly difficult to eliminate once
established [91]. This could explain how Morinda citrofolia can adapt to urban, rural, and
wildland areas.

Referring to Table 1, Mangifera indica is the only species discovered in all levels of
urbanization in this study. A human has deliberately moved mango sp. for ages. At
the same time, Mango sp. is a drought-tolerant species that can resist the seasonal dry
season for up to 8 months. Its deep tap with sinker roots and long-lived and rigid leaves
with a thick cuticle nutrient uptake are all drought-tolerant properties of Mango sp. [92].
Mangifera indica plants can withstand a wide range of climatic conditions as they may
continue living in swampy areas as well as hot and humid climates [93]. Bally [92] also
mentioned that mango trees are found well in regions with a well-defined, generally cold
dry season with a high-temperature accumulation of full sunlight during the flowering and
fruit development phase.

According to Table 1, Caesalpinia sappan was only be found in the urban areas of
Ipoh; however, based on Hung et al. [94], Caesalpinia sappan is a species that requires high
intensities of light and known as drought tolerant. Therefore, more drought tolerance
species prefer with warmer and dry conditions [95] especially in urban areas. Many plant
species that cannot survive or adapt to harsh environments face greater extinction risk since
urbanization act as a filter of plant species. This could be mainly attributable to excessive
light with warmer temperatures affecting plant productivity, growth, and development [75].
However, according to the Royal Botanic Garden, Caesalpinia sappan is a non-native species
to peninsular Malaysia, and most non-native species are environmentally sustainable and
resistant to drought [25].

Plant species that could not sustain in urban areas can be found in rural and wildland
areas since rural and wildland have lower temperatures, with higher air humidity and
lower light intensity compared to urban areas. For instance, in this study, referring to
Table 1, Shorea sp. was found in rural and wildland areas. Since Shorea sp. grows at
different rates; seedlings are sensitive to light intensity and must be grown in the shade for
a while before being exposed to sunlight which makes it grow faster [96] and this would
make sense why Shorea sp. could not survive in urban areas and this type of forest species
is presumed to be adapted to shady conditions [4].

Based on the case of Morinda citrofolia, Mangifera indica, Caesalpinia sappan, and
Shorea sp., we implied that urbanization favors plants with a wide range of environmental
tolerance where it allows the plants to withstand the warmer, drier, and sunnier conditions
of the urban environment. Such characteristic is common in non-native species [21] and it
may explain their ability to survive in cities after being introduced by humans.
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5. Conclusions

Plant diversity is essential to ecosystem consistency and functionality. Acknowledging
the plant diversity pattern across urbanization gradient and the correlation between the
built-up area with plant diversity, plant nativity, plant traits, and environmental factors
are very important for urban planners towards new green infrastructure and how to
preserve plant diversity in urban areas. Our study found that rapid urbanization and the
high number of built-up areas in Ipoh, Perak reduced plant diversity and filters a few
species of plants by adjusting physical surroundings, resulting in species decreasing along
the urbanization gradient. The noticeable drastic changes in the environment caused by
urbanization imply a tendency to produce different types of patterns for plant diversity
as urbanization increases. In addition, non-native plants can be found at all levels of
urbanization intensity, thus highlighting the role of human in dispersing species.

As the temperature rises, the intensity of the light and humidity in the environment
decreases, creating stressful conditions for plant species. Only some plant species may
survive in harsh conditions. If this persists, plant diversity may continue to decrease
in a few years due to high urbanization without proper town planning or sustainable
urban management. We chose only a few plants functional traits and environmental
factors to investigate in the research, even though plant species may have other traits and
environmental factors that can affect ecosystem functions. Soil factors, for example, play a
significant role in plant distribution and diversity. More research on the mechanisms of
how environment affects plant traits is required to understand the relationship between
plant functional diversity and ecosystem processes while preserving urban development
in Malaysia.
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