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Abstract: Urban trees provide numerous ecosystem services in cities such as pollution absorption
and reduced urban heat island intensity, energy use, and mental fatigue. Understanding urban tree
species diversity can enhance tree planning and management in rapidly urbanizing areas. However,
few studies have examined the effects of urbanization on urban tree diversity in Thailand. This study
assessed the diversity of large trees in urban landscapes including 11 cities along the 372 km Chao
Phraya River Rim in central Thailand. Species diversity, importance value, and distribution were
evaluated in each city. Our survey documented 987 large trees belonging to 65 species, 48 genera,
and 31 families. The dominant species of Dipterocarpus alatus and Hopea odorata had the highest
importance and relative abundance. The highest abundance of large trees was seen in the rural city
of Sing Buri, while large urban cities such as Ayutthaya and Bangkok exhibited the highest species
diversity. Detrended correspondence analysis indicated that the diversity of unique species was high
in large urban cities, while dominant and common species were ubiquitous in rural cities. These
findings suggest that large trees are few in number but exhibit high species diversity in large rapidly
urbanizing cities. Therefore, preserving good site conditions is critical for the survival of large trees
in urban cities. Heritage tree registration may aid preservation efforts and enhance the benefits of
these large trees in rapidly urbanizing areas.

Keywords: tree composition; urban tree conservation; unique species; heritage tree; urban forestry

1. Introduction

The species diversity of urban trees is a key component of urban biodiversity [1,2].
High diversity is important for the resilience of urban trees, particularly under changing
habitat and environmental conditions [3,4]. High tree diversity is associated with positive
emotions and beneficial services, which fulfill important immaterial and non-consumptive
human needs [5]. Urban trees benefit and improve environmental and ecological functions,
as well as the socioeconomic status of urbanizing areas [6,7]. Several previous studies have
identified key benefits of urban trees [8–11]. Urban tree diversity is also linked to territorial
sustainability, resilience, and mitigation of the impacts of climate change [12]. Therefore, the
species diversity of urban trees has numerous ecological impacts in urbanizing ecosystems.
However, rapid urbanization can lead to losses in the habitat and diversity of urban
trees [13], as continuous forest can be quickly transformed to small forest patches [14,15].
Rapid urbanization can also alter the micro-environmental conditions that limit tree growth
in urban areas [16]. Urban tree habitats often include many limiting factors both above-
and below-ground [17]. For example, large cities have built-up areas that create soil
compaction and extreme microclimates, which undermine urban tree health [18–20]. Thus,
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urban trees face numerous stressors, such as environmental degradation and physiological
stress, which can reduce vitality and cause mortality [21]. Therefore, management and
preservation of urban tree species diversity is key to maintaining good environmental
conditions in rapidly urbanizing areas.

Large trees with distinct characteristics have always attracted attention in urban areas
and are usually registered as heritage trees [17]. Heritage trees are those recognized to
have valuable natural or cultural traits and often play an important role in the cultural
landscape. Such trees have diverse characteristics such as advanced age (≥100 years), large
size (in terms of height, crown spread, or diameter at breast height [DBH]), distinctive
forms, historical-cultural associations, and sacred, mythical connotations [17,22]. Heritage
trees are irreplaceable due to their great preservation value and are significant due to their
unique and historic contribution to community well-being [23]. The informed management
and conservation of heritage trees through scientific surveys, citizen engagement, and
assessments of economic value could improve community awareness of their multiple
benefits [24,25]. Many countries have designated heritage trees in capital cities such as
Beijing (China), Sydney (Australia), Tokyo (Japan), and Bangkok (Thailand) [26]. These
heritage trees are valued for various reasons in different countries but are universally
considered crucial for species diversity in urban landscapes. Assessing the species diversity
of large trees in urbanized areas can provide data to support heritage tree registration.

The Thai government has encouraged the establishment of green areas, focusing on
the conservation value of large trees in urbanized areas. In 2018, the Ministry of Natural
Resources and Environment of Thailand promoted the urban forest project “Pracharat
Forest Park for the happiness of the Thai people” to increase green areas within urbanized
zones. These zones are now green spaces that serve as learning centers, recreation areas,
and tourist attractions, reducing pollution and creating a suitable environment for creating
happiness and well-being [27]. In the same year, the Ministry of Culture established the
project “Tree of Siam natural treasure by the royal grace of His Majesty King Bhumibol
Adulyadej” to increase the cultural conservation value of trees [28]. Thus, datasets describ-
ing large urban trees are required to support these nationally significant projects. The main
urbanized region of Thailand is located along the 372 km Chao Phraya River Rim and
includes 11 cities. The area is rapidly urbanizing as a major center of economic and social
development in Thailand and includes the nation’s largest cities: Bangkok and Ayutthaya
(the former capital). Economic and urban sprawl are spreading rapidly from Bangkok to
cities located along the Chao Phraya River. More than a century ago, much of this area’s
landscape was covered by riparian flood plain forest, but the urbanization process has
reduced many forested areas to small forest patches and isolated trees [14,29]. As a result,
large trees are scattered throughout the region, especially in the area along the Chao Phraya
River Rim. However, very little data exist regarding these large trees; only one study has
surveyed the largest trees in Bangkok Metropolitan Authority [30]. This paucity of research
highlights the urgent need for assessments of the species diversity of large trees along the
urbanizing region of the Chao Phraya River. To this end, the present study investigated
the species diversity of large trees in urbanizing landscapes along the Chao Phraya River
Rim in central urban Thailand. The primary objective was to provide more information on
large trees in urbanizing areas in order to facilitate the conservation and management of
urban trees in rapidly urbanizing parts of Thailand. The data from this study could also
support the registration of heritage trees in Thailand.

2. Materials and Methods
2.1. Study Area

The study site is located along the Chao Phraya River Rim (50 m from the river on
both the right and left banks), starting from the Pak Nam Pho sector of Nakhon Sawan
(15◦41′52′′ N, 100◦9′21′′ E) and ending in the Pak Nam sector of Samut Prakan (13◦32′18′′ N,
100◦34′58′′ E). The mean annual temperature and rainfall in the region are 28.5 ◦C and
1338 mm, respectively. The area experiences two main seasons: a wet season (May–October)
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and a dry season (November–April) [31]. The Chao Phraya River is the largest river in
central Thailand, spanning a length of 372 km on a north–south axis through 11 cities
(Figure 1). The upper portion of the river flows through the rural cities of Nakhon Sawan,
Uthai Thani, Chai Nat, Sing Buri, Lop Buri, and Ang Thong, and the lower portion flows
through the large urban cities of Ayutthaya, Pathum Thani, Nonthaburi, Bangkok, and
Samut Prakan. The downstream cities are rapidly expanding and urbanizing due to gov-
ernmental expansion policies designed to create a commercial hub in Southeast Asia [32].
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2.2. Collection of Large Tree Data

Fieldwork was conducted monthly from May 2017 to July 2018. Large trees were
selected based on the following criteria [33]: trunk diameter at 1.3 m height ≥100 cm;
distinctive tree form; important species; and/or cultural, historical, commemorative, or
ecological significance. All large trees assessed were situated along the Chao Phraya River
Rim, within 50 m of both the left and right river banks and within the area regulated
by the Marine Department of the Ministry of Transport of Thailand [34]. The location
and dimensions of the sampled trees were noted during the field surveys. Each tree was
evaluated for diameter at breast height (DBH), total height, and average canopy cover
(ACC). DBH (cm) and total height (m) were measured using diameter tape and a laser
rangefinder (Nikon Forestry Pro II), respectively. The average canopy cover (m) was given
by the average of the canopy range distance from north–south (N–S) and east–west (E–W)
[(N–S + E–W)/2]; distances were measured using measuring tape. We identified tree
species by comparing leaf specimens with standard specimens [35] at the Department of
National Parks, Wildlife, and Plant Conservation. The plant names used in this study
follow the Flora of Thailand [36].
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2.3. Data Analyses

In the analysis, we pooled the data from Uthai Thani (UT) with those of nearby Nakhon
Sawan (NS), while data from Samut Prakan (SP) were pooled with nearby Bangkok (BK).
The data were pooled because UT and SP had very small datasets. Therefore, the data
analysis included a total of nine study sites: Nakhon Sawan (NS, i.e., NS + UT), Chai Nat
(CN), Sing Buri (SB), Lop Buri (LP), Ang Thong (AT), Ayutthaya (AY), Pratum Thani (PT),
Nonthaburi (NT), and Bangkok (BK, i.e., BK + SP).

Species were classified into the following frequency classes [33]: dominant (>100 trees
per species), common (10–100 trees per species), rare (2–9 trees per species) and solitary (one
tree per species). For each site, we analyzed the species diversity, evenness, and importance
value (IV). The Shannon–Wiener index (H’) was calculated as − ∑ pi*(lnpi), where pi is the
number of species i divided by the total number of all species [37]. The Pielou evenness
index (J) was calculated as H’/lnS, where S is the total number of species [38]. The IV was
calculated as the sum of relative abundance (RA) and relative dominance (RD) [33,39]. The
RA of a given species was calculated as the species number divided by the total number of
all species, multiplied by 100. The RD of a given species was calculated as the basal area
at breast height divided by the total basal area at breast height of all species, multiplied
by 100.

We used detrended correspondence analysis (DCA) ordination to determine similarity
in species composition of large trees across the study sites [40]. DCA is an indirect gradient
analysis technique that detects gradients in species composition using species abundance
data [41]. The tree species matrix contained tree abundance data based on the IV of each
species in each site. The results of DCA ordination are presented with species or plot within
two axes, where each axis corresponds to a dimension in space [42]. Data were analyzed
using PC-ORD for Windows (ver. 6; MjM Software, Gleneden Beach, OR, USA).

3. Results and Discussion
3.1. Species Composition of Large Trees

A total of 987 large trees were found in the study area, including 65 species from
48 genera and 31 families, of which 44 species were evergreen and 21 were deciduous
(Table 1). Overall, species diversity was lower, but individual stem number was higher,
compared to old valuable trees in Hong Kong [33]. The frequency classes indicated two
dominant species, Dipterocarpus alatus and Hopea odorata, together accounting for 59.07%
of the total RA. Dipterocarpus alatus had the highest number of individuals (430 trees) and
accounted for the highest proportion of RA (43.57%). Eight common species (>10 trees)
were identified, Ficus religiosa, Crudia chrysantha, Diospyros decandra, Mimusops elengi, Ter-
minalia bellirica, Diospyros castanea, Syzygium cumini, and Pterocarpus macrocarpus, together
accounting for 28.47% of the RA. Fifty-five species had less than 10 trees each, indicating a
large bias toward rare (n = 28) and solitary (n = 27) species. Each of these 55 species fell
below the average RA of 0.23% per species (Table 1). The top two species, D. alatus and
F. religiosa, together accounted for approximately 50% of the RD, at 35.22% and 14.80%,
respectively, while the remaining 66 species accounted for 17% of the RD (Table 1). Nine
species, including H. odorata, C. chrysantha, and Ficus microcarpa, had RD values between
>1 and <10%. The 55 species with RD less than 1% all fell below the average of 0.23%.
The top four species (IV > 10%) were D. alatus, H. odorata, F. religiosa, and C. chrysantha,
with IVs of 78.79%, 25.01%, 21.69%, and 16.12%, respectively. Thirteen species had IVs of
1–10%, and the remaining 48 species had values less than 1%. Evergreen species were more
abundant than deciduous species, similar to the largest trees in Bangkok Metropolitan
Authority [30]. Evergreens may have been more abundant because the study region is
covered by floodplain forest, which likely included evergreen communities with various
key aquatic–terrestrial ecosystem functions [43]. Ficus religiosa and Samanea saman have
been reported as dominant species among the largest trees in Bangkok Metropolitan Au-
thority [30]. However, we excluded Samanea saman from the present study, as it is an exotic
species native to tropical America [44].
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Table 1. Species list of large trees along the Chao Phraya River Rim ranked by importance value (IV), along with information
on leaf duration (LD; D, deciduous; E, evergreen; NS, number of stems; BA, basal area), frequency class (FC; D, dominant;
C, common; R, rare; S, solitary), relative abundance (RA), and relative dominance (RD).

Species Code LD NS BA FC RA RD IV

Dipterocarpus alatus DIPALA D 430 596.37 D 43.57 35.22 78.79
Hopea odorata HOPOD E 153 160.99 D 15.50 9.51 25.01
Ficus religiosa FICRE E 68 220.92 C 6.89 14.80 21.69

Crudia chrysantha CRUCH D 78 139.13 C 7.90 8.22 16.12
Diospyros decandra DIODE E 42 38.04 C 4.26 2.25 6.50

Mimusops elengi MIMEL E 30 22.68 C 3.04 1.34 4.38
Ficus microcarpa FICMI E 6 44.72 R 0.61 2.64 3.25

Terminalia bellirica TERBE D 19 21.70 C 1.93 1.28 3.21
Diospyros castanea DIOCA E 18 15.88 C 1.82 0.94 2.76
Syzygium cumini SYZCU E 15 19.28 C 1.52 1.14 2.66

Ficus concinna FICCO E 7 32.43 R 0.71 1.92 2.62
Ficus altissima FICAL E 2 28.37 R 0.20 1.68 1.88
Sterculia foetida STEFO D 8 13.88 R 0.81 0.82 1.63

Pterocarpus macrocarpus PTEMA D 11 8.06 C 1.11 0.48 1.59
Ficus drupacea FICDR E 3 15.89 R 0.30 0.94 1.24

Shorea roxburghii SHORO D 7 5.40 R 0.71 0.32 1.03
Bombax ceiba BOMCE D 5 8.46 R 0.51 0.50 1.01

Saraca thaipingensis SARTH E 7 4.48 R 0.71 0.26 0.97
Mangifera caloneura MANCA E 7 3.76 R 0.71 0.22 0.93

Ficus insignis FICIN E 1 12.26 S 0.10 0.72 0.83
Ficus rumphiin FICRU E 3 7.15 R 0.30 0.42 0.73
Ficus benjamina FICBE E 2 8.10 R 0.20 0.48 0.68

Hydnocarpus castanea HYDCA E 5 2.70 R 0.51 0.16 0.67
Pterocarpus indicus PTEIN D 2 7.78 R 0.20 0.46 0.66

Bombax anceps BOMAN D 2 5.65 R 0.20 0.33 0.54
Xanthophyllum lanceatum XANLA E 3 3.68 R 0.30 0.22 0.52

Ficus racemosa FICRA E 1 6.25 S 0.10 0.37 0.47
Nauclea orientalis NAUOR D 2 4.38 R 0.20 0.26 0.46
Schleichera oleosa SCHOL D 3 2.08 R 0.30 0.12 0.43
Maerua siamensis MAESI E 2 2.14 R 0.20 0.13 0.33

Manilkara hexandra MANHE E 2 1.80 R 0.20 0.11 0.31
Diospyros mollis DIOMO D 2 1.70 R 0.20 0.10 0.30

Beilschmiedia roxburghiana BEIRO D 2 1.60 R 0.20 0.09 0.30
Dalbergia nigrescens DALNI D 2 1.35 R 0.20 0.08 0.28

Aphanamixis polystachya APHPO E 2 1.19 R 0.20 0.07 0.27
Mammea siamensis MAMSI E 2 1.00 R 0.20 0.06 0.26

Calophyllum inophyllum CALIN E 2 0.73 R 0.20 0.04 0.25
Terminalia chebula TERCH D 2 0.71 R 0.20 0.04 0.24

Bauhinia malabarica BAUMA D 1 2.31 S 0.10 0.14 0.24
Putranliva roxburghii PUTRO E 2 0.56 R 0.20 0.03 0.24

Alstonia scholaris ALSSC E 1 2.27 S 0.10 0.13 0.24
Strychnos nux-blanda STRNU D 1 2.14 S 0.10 0.13 0.23

Terminalia citrina TERCI E 2 0.38 R 0.20 0.02 0.22
Pterospermum diversifolium PTEDI D 1 1.53 S 0.10 0.09 0.19

Erythrina fusca ERYFU E 1 1.51 S 0.10 0.09 0.19
Adenanthera pavonina ADEPA E 1 0.95 S 0.10 0.06 0.16

Persea kurzii PERKU E 1 0.77 S 0.10 0.05 0.15
Diospyros rhodocalyx DIORH E 1 0.76 S 0.10 0.05 0.15
Alangium salviifolium ALASA E 1 0.68 S 0.10 0.04 0.14

Amherstia nobilis AMHNO E 1 0.62 S 0.10 0.04 0.14
Dillenia indica DILIN E 1 0.59 S 0.10 0.03 0.14

Vatica diospyroides VATDI E 1 0.57 S 0.10 0.03 0.13
Madhuca pierrei MADPI E 1 0.56 S 0.10 0.03 0.13

Mesua ferrea MESFE E 1 0.53 S 0.10 0.03 0.13
Afzelia xylocarpa AFZXY D 1 0.48 S 0.10 0.03 0.13
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Table 1. Cont.

Species Code LD NS BA FC RA RD IV

Sindora siamensis SINSI D 1 0.43 S 0.10 0.03 0.13
Manilkara kauki MANKA E 1 0.41 S 0.10 0.02 0.13

Suregada multiflora SURMU E 1 0.37 S 0.10 0.02 0.12
Casearia grewiifolia CASGR E 1 0.37 S 0.10 0.02 0.12

Phyllocarpus septentrionalis PHYSE E 1 0.35 S 0.10 0.02 0.12
Mangifera indica MANIN E 1 0.32 S 0.10 0.02 0.12
Carallia brachiata CARBR E 1 0.31 S 0.10 0.02 0.12

Barringtonia asiatica BARAS E 1 0.25 S 0.10 0.01 0.12
Vitex glabrata VITGL D 1 0.22 S 0.10 0.01 0.11

Parkia timoriana PARTI E 1 0.22 S 0.10 0.01 0.11

Total 987 1693.12 100 100 200
Average 1.54 1.54 3.08

Based on the frequency classes and IV ranking, both of the dominant species (D. alatus
and H. odorata) are well-known species of large trees in the Chao Phraya River Rim. More-
over, both species are dipterocarps (Dipterocarpaceae) that dominate the floodplain forests
along the Chao Phraya River [14]. The distribution of these two species is determined by
precipitation [45,46], as they are often dominant in tropical forests in Southeast Asia where
high rainfall is a limiting factor [47]. Historically, both species were severely reduced by
urbanization and were once only found in small forest patches and as isolated individuals
along the Chao Phraya River [14]. In response, the Thai government announced that these
two species would be protected by forest laws [48], which is likely why they now dominate
the study area.

Two common species, F. religiosa and C. chrysantha, exhibited IVs higher than 10%,
suggesting their importance in the study area. Ficus religiosa is a large, asymmetrical
evergreen tree, reaching 20 m in height, with a DBH of 1.5–2 m, broad branches, and a
trunk characterized by low buttresses [49]. This species is important in Buddhism, as it is
associated with the enlightenment of the Lord Buddha [50]. Therefore, many individuals
of this species have been planted at Buddhist temples, and it adds spiritual value to nearby
communities [51]. Isolated individuals of C. chrysantha were also scattered throughout
governmental and temple areas at the study sites. This species has a large buttress and
large spreading branches, which provide shade [52]. Along with H. odorata, C. chrysantha
was an important species within floodplain forests of riparian areas of the Chao Phraya
River [14]. In addition, Vatica diospyroides is included on the Thailand Red List as a critically
endangered and rare species [53]. In this study, V. diospyroides was classified as solitary
(i.e., only one stem was found), suggesting that its status is very critical, such that urgent
preservation efforts are required in the study area. In general, urbanization has been a
major cause of native species extinctions, and endangered and rare species are the most at
risk [54]. We also found many solitary individuals of large tree species that are rare in the
urbanizing areas along the Chao Phraya River Rim, although they are common in natural
forests. This finding indicates that urbanization has substantially reduced the populations
of certain forest tree species. The complex nature of urban land use can have complicated
effects on local biodiversity loss [55].

3.2. Species Diversity by City

The distribution of large trees was highly uneven among the nine study sites (Table 2).
Ayutthaya had the highest number of species (30 species), followed by metropolitan
Bangkok (27) and Sing Buri (21), while all other cities had fewer than 20 species. In
cities such Sing Buri, which are situated along the upper reaches of rivers, large trees
were mainly found in municipal or suburban areas, whereas in cities such Ayutthaya and
Bangkok, along the lower reaches of rivers, large trees were mainly in urban areas. Sing
Buri contained the most individual large trees (258 trees), followed by Ayutthaya (222); all
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other cities had less than 100 trees. A different pattern for mean tree height was observed
across cities. Metropolitan Bangkok exhibited the shortest mean tree height (14.52 m);
the other cities all had values higher than 20 m. The total basal area of trees in Sing Buri
was highest, at 474.25 m2 ha−1, followed by Ayutthaya (358.17 m2 ha−1) and Chai Nat
(232.35 m2 ha−1). Total basal area was lowest in Nakhon Sawan. Crown cover spread was
widest in Ayutthaya, followed by Sing Buri and Bangkok. The Shannon–Wiener index
of species diversity was greater than 2 for four cities: Bangkok (2.64), Chai Nat (2.27),
Ayutthaya (2.24), and Nakhon Sawan (2.12). In contrast, values were lower than 2 in Lop
Buri, Sing Buri, Ang Thong, Prathum Thani, and Nonthaburi. J was highest in Nonthaburi
(0.82), Bangkok (0.80), and Nakhon Sawan (0.80), and lowest in Sing Buri (Table 2).

Table 2. Frequency, dimensions, and diversity of large trees. Data include the number of species
(No. Sp.), number of stems (No. S), mean tree height (MHt, m), basal area (BA, m2), average canopy
cover (ACC, m2), Shannon–Wiener index (H’), and evenness index (J) for nine cities along the Chao
Phraya River Rim: Nakhon Sawan (NS), Chai Nat (CN), Sing Buri (SB), Lop Buri (LP), Ang Thong
(AT), Ayutthaya (AY), Pratum Thani (PT), Nonthaburi (NT), and Bangkok (BK).

Province No. Sp. No. S MHt BA ACC H’ J

NS 14 47 23.02 67.64 6992.96 2.12 0.80
CN 19 99 22.99 232.35 14,283.11 2.27 0.77
LP 14 74 29.62 121.47 16,359.80 1.79 0.68
SB 21 258 29.21 474.25 40,064.33 1.30 0.43
AT 12 97 27.22 133.42 39,137.90 1.28 0.51
AY 30 222 26.66 358.17 64,339.10 2.24 0.66
PT 14 54 23.67 77.98 13,662.54 1.97 0.75
NT 11 46 21.13 77.05 12,344.55 1.96 0.82
BK 27 90 14.52 150.77 29,947.30 2.64 0.80

Total 65 987 218.04 1693.12 237,131.59 17.56 6.21
Average 18 110 24.23 188.12 26,347.95 1.95 0.69

These results suggest that the cities along the upper part of the Chao Phraya River
have more individual trees than those along the lower part, likely because the former cities
are primarily rural and have only small urban areas. The lifestyle of the Thai people in
rural areas often requires large trees for shading, and they are typically considered sacred,
which discourages their destruction [56]. The rural city of Sing Buri had the largest basal
area of large trees. Furthermore, the rural cities along the upper part of the river have
abandoned areas in which small forest patches remain; these areas were dominated by
the largest individuals of Dipterocarpus alatus [14]. Ayutthaya had the highest species and
crown cover, mostly attributable to Buddhist temples and ancient monuments. The ancient
Thai culture believed that large trees preserved in temples or palaces were sacred [57].
Historic Ayutthaya is an ancient city that was the capital of Thailand (formerly known as
Siam) for 417 years; it contains many temples and ancient sites and was declared a Cultural
World Heritage Site in 1991. Some large trees may have been preserved since the Ayutthaya
period, such as F. religiosa, which is important to Buddhist beliefs [50]. However, no studies
have definitively determined the ages of these large trees.

Bangkok contains a high diversity of large tree species, most of which occur in Bud-
dhist temples, similar to Ayutthaya. Bangkok has many large temples along the Chao
Phraya River Rim, and these sites tend to have large trees to ensure the seclusion preferred
by Buddhist temples [57]. Several of the large trees in Bangkok are already registered as
heritage trees, particularly the exceptionally large Ficus species found on Buddhist temple
grounds; large trees also occur in the green spaces scattered throughout Bangkok [30].
Green spaces with large trees in urbanized areas provide environmental benefits, enhance
social well-being, and increase welfare levels [16,51,58]. Large trees are also important
components of sensory gardens for recreational development [59,60].

Tree height was lowest in Bangkok, which is a dense metropolitan city with many
tall buildings. In rapidly urbanizing areas, it is often difficult to protect urban trees in the
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face of development pressure [17]. Therefore, large trees require trimming and pruning
to limit height and branch size, to avoid damaging the property of those who live nearby
through uprooting or falling dry branches [61,62]. Pruning also provides a strong branch
structure that can limit injury from hazardous trees. Cities that are appropriately structured
to accommodate trees benefit from an aesthetic visual style that ultimately helps improve
human health [62].

3.3. Unique Species

The DCA ordination produced relatively high eigenvalues of 0.56 (axis 1) and 0.32
(axis 2), indicating substantial species turnover along the gradients represented by the
first two axes [41]. The DCA revealed unique species at each of the nine sites (Figure 2).
Dominant species, such as Dipterocarpus alatus and Hopea odorata, were found in all cities,
particularly in Lop Buri and Prathum Thani, respectively. A previous study reported
that the upper and lower parts of the Chao Phraya River are suitable environments for
populations of Dipterocarpus alatus and Hopea odorata, respectively [45,46]. The key limiting
factors for these two species are distance from the sea, urbanized areas, and rainfall [14].
The four most common species, Ficus religiosa, Crudia chrysantha, Diospyros decandra, and
Mimusops elengi, were found in over half of the cities, particularly in those along the lower
part of the Chao Phraya River. All dominant and common species exhibited high abundance
and occurred in many urban areas; thus, their status is not yet critical. Many trees of the
dominant and common species were located in temples and parks, indicating that they
have been preserved in areas insulated against the negative effects of urbanization [30,63].
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The number of unique species was highest (11 species) in Bangkok, followed by
Ayutthaya and Chai Nat (nine and five species, respectively). The cities of Prathum
Thani, Nonthaburi, Nakhon Sawan, Sing Buri, and Ang Thong contained one to three
unique species, and only Lop Buri lacked any unique species (Figure 2). These findings
suggest that the number of unique species is higher in large, rapidly urbanizing cities,
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such as Bangkok and Ayutthaya, compared to rural cities. All of the unique species in
the study area were classified as rare or solitary (i.e., one to two trees), yet they are all
common within natural forests [64]. Unique species, such as Parkia timoriana, Vitex glabrata,
Carallia brachiata, Alstonia scholaris, Pterocarpus indicus, Afzelia xylocarpa, Diospyros mollis,
Pterospermum diversifolium, and Madhuca pierrei, have been classified as restricted timber
species by the Royal Forest Department [48]; all of these species can be found in Bangkok
and Ayutthaya. These results suggest that largescale and rapid urbanization can reduce
populations of large trees, especially protected species. These large trees species could
easily disappear from sites along the Chao Phraya River Rim. The necessity for urban and
economic growth has superseded concerns regarding green and livable cities [65,66], and
there are now severe shortages of developable land [33]. Continuous expansion of the
human population and urbanized land, which is associated with intensive anthropogenic
disturbances, could threaten the health and quality of urban trees [3]. Many urban trees in
crowded cities suffer from stressful microclimates, poor soil conditions, and root stress [67],
which can lead to premature mortality.

3.4. Implications for Management

A high diversity of urban tree species increases their adaptability, survival potential,
functionality, and robustness against environmental changes [13]. However, the relation-
ship between urbanization and urban tree abundance varies among landscapes [68]. The
present study documented 987 individuals of 65 species of large trees along the Chao
Phraya River Rim. The large trees at the study sites were comprised of a few dominant
species, such as Dipterocarpus alatus and Hopea odorata, but most trees belonged to rare
species. Several of these rare species are primarily found in large, rapidly urbanizing cities
such as Ayutthaya and metropolitan Bangkok. This indicates that rapid urbanization can
reduce populations and jeopardize the existence of large tree species. Such trees are in-
valuable assets of cities but are often in conflict with urban structures, especially in rapidly
urbanizing areas. In general, large cities provide poor conditions for urban trees [18]; to
arrest their continual decline and enhance long-term conservation, urban planners require
an in-depth understanding of urban tree management.

Heritage tree registration is necessary, especially in large, rapidly urbanizing areas
such Ayutthaya and metropolitan Bangkok. Distinctive trees tend to be preserved in the
older neighborhoods of ancient cities [69]. Generally, heritage registration focuses on
large trees with cultural significance [17]. For example, since 2018, the “Trees of Siam:
Treasures of the Land under the Royal Benevolence of His Majesty the King” event has
been held in Thailand. This focuses on heritage trees characterized by large size, distinctive
forms, and cultural or historical significance [28]. This event has encouraged citizens to
pay more attention to the conservation of large trees. The largest individual of Samanea
saman was part of the Trees of Siam event in Kanchanaburi; it attracted a large number of
tourists, thus improving the local economy. Monitoring and maintenance are also crucial
for preserving large urban trees, particularly the oldest ones that can easily be damaged
by disease, insects, natural disasters, and human conflicts [18]. Since 2004, the Hong
Kong Government has registered about 500 heritage trees in developed areas and rural
tourist spots, which are subject to continuous monitoring e.g., [22,33,39]. Surveys and risk
assessments of large trees in rapidly urbanizing areas should also be carried out. Moreover,
maintenance of large trees is needed, where neglecting damage can lead to mortality [70].
Educating urban communities about the importance of large trees can help to reduce
conflict between humans and trees. Finally, urban environmental policy makers should
focus on the regulating function of forests when designing and managing urban forests [71].
Strengthening preservation policies for large trees in rapidly urbanizing areas along the
Chao Phraya River Rim could facilitate sustainable management.
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4. Conclusions

In this study, we surveyed 987 large trees belonging to 65 species, 48 genera, and
31 families. Dipterocarpus alatus and Hopea odorata are the dominant tree species in our
study sites along the Chao Phraya River. Cities located along the upper part of the river
contained many large trees, especially Sing Buri. The cities located along the lower part
of the river are characterized by rapid urbanization and exhibited the highest diversity of
large tree species, including many unique species. These findings suggest that large, rapidly
urbanizing cities harbor high species diversity but relatively small populations of large
trees. Thus, management planning for the preservation of large trees is urgently needed
in areas of rapid urbanization. We recommend that large heritage trees be registered,
especially in major, rapidly urbanizing areas such as Ayutthaya and Bangkok, to increase
interest in large tree conservation and awareness of the importance thereof. Future studies
should assess the benefits and ecosystem services provided by these large trees, as well as
the risks to their continued presence, so that they may be appreciated by the Thai people
for many generations to come.
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