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[ ORIGINAL ARTICLE }

Relationship between Fruiting Phenology and Climatic Factors in Lower Montane Forest

at Doi Suthep — Pui National Park, Chiang Mai Province
Apisada Rueangketl, Supalak Siri”, Yuwadee Ponpitukz, Sathid Thinkampheang3, and Prateep Duengkae3

Received: 6 May 2025 Revised: 7 June 2025 Accepted: 12 June 2025

ABSTRACT

Background and Objectives: The fruiting phenology of tree species is closely linked to seasonal patterns and
climatic factors, both of which play a crucial role in determining the availability of food resources for a wide range
of frugivores. These plant-animal interactions are fundamental to maintaining the stability of ecosystem and
biodiversity. Amidst on going global climate change, understanding the mechanisms determining fruiting
phenology is essential for predicting ecological dynamics and informing effective conservation planning. This is
particularly crucial in the lower montane forest, which exhibits unique environmental conditions and is sensitive
to climate change impacts, including rising temperatures and erratic rainfall. Nevertheless, understanding of climate
change effects on fruiting phenology in Thailand’s montane forests remains insufficient. This research aimed to
investigate the timing and magnitude of fruit production in tree species within a permanent lower montane forest
plot at Huai Kog Ma, Doi Suthep-Pui National Park, Chiang Mai Province. It also examines the relationship
between fruiting phenology and climatic factors, aiming to establish a comprehensive understanding of the
environmental drivers shaping fruiting phenology in this lower montane forest ecosystem.

Methodology: A comprehensive review of tree species in the lower montane forest permanent plot was conducted,
drawing from databases and literature sources such as the Concise Encyclopedia of Plants in Thailand, the BGO
Plant Database, the Useful Tropical Plants Database, and A Field Guide to Forest Trees of Northern Thailand,
including a preliminary permanent plot survey to identify species bearing fleshy fruits consumed by wildlife. A
diverse set of 32 species from 21 families was selected to ensure broad taxonomic representation. Fruiting
phenology was monitored for at least five mature individuals per species using binoculars from October 2016 to
December 2018. The average monthly fruiting percentage for each species was then calculated. The relationships
between fruiting phenology and climatic factors were analyzed using multiple linear regression in R software.
Main Results: Based on 32 tree species for fruit production monitoring, 18 species were found to bear fruits during
the observation period. These species were categorized into three phenological groups. Group 1 comprised species
fruiting in the dry season (November—April), including Eurya acuminata, Litsea cambodiana, and Prunus arborea.
Group 2 consisted of species fruiting in the rainy season (May—October), including Baccaurea ramiflora, Protium
serratum, Saurauia roxburghii, and Syzygium tetragonum. Group 3 comprised species that fruited continuously

throughout the year without a specific season, including Acronychia pedunculata, Apodytes dimidiata,
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Canthiumera glabra, Choerospondias axillaris, Ficus curtipes, Ficus simplicissima, Ficus elmeri, Garcinia
celebica, Madhuca floribunda, Melia azedarach, and Heptapleurum heptaphyllum. The timing and quantity of fruit
production for each species were influenced by various factors, including tree size, soil nutrient availability, tree
density in the area, and climatic conditions. Upon analyzing the relationship between fruiting phenology and
climatic factors, it was observed that 8 out of 18 species exhibited a significant correlation with rainfall and
temperature. These species can be classified into two distinct groups. The first group comprises four species whose
fruiting patterns were significantly correlated with rainfall. Among these, two species—P. serratum and A.
dimidiata—demonstrated a positive correlation with rainfall, while two species—F. simplicissima and M.
floribunda—exhibited a negative correlation. The second group includes four species whose fruiting was
significantly correlated with temperature. Among these, two species—B. ramiflora and F. curtipes—displayed a
positive correlation with temperature, while the other two—A. pedunculata and E. acuminata— exhibited a
negative correlation. In analyzing the study results in conjunction with climatic data spanning from 2019 to 2022,
it was observed that monthly rainfall exhibited significant variability, particularly in the year 2022, during which
precipitation experienced a notable increase during the rainy season. Conversely, temperature fluctuations were
relatively minor. This observation suggests that the fruiting phenology of species associated with rainfall may also
exhibit substantial variability. These findings suggest that species whose fruiting is sensitive to rainfall, particularly
F. simplicissima and M. floribunda, may exhibit reduced fruit production under increased precipitation. As both
are key food sources for various frugivores, alterations in their fruiting patterns could result in food scarcity,
triggering intensified interspecific competition or dietary shifts among wildlife. Such behavioral changes may
reduce seed dispersal opportunities for these species, potentially limiting their reproductive success and risking
local extinction. If similar effects are experienced by other species. resulting disruption could compromise forest
regeneration processes and destabilize the ecological balance of the lower montane forest system.

Conclusion: On going climate change undeniably influences the alterations in the fruiting phenology of those
species closely associated with climatic factors. Consequently, it affects frugivores that function as key seed
dispersers and disrupts natural ecosystem regeneration processes. The study offers valuable insights into tree
species, highly vulnerable to climate change, highlighting the urgent need for conservation strategies aimed at
mitigating extinction risks. Such efforts are essential for sustaining ecological balance and promoting the long-term
resilience of forest ecosystems under changing environmental conditions.

Keywords: Fruit phenology, fruit trees, climatic factors, montane forest
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Figure 1 Average monthly temperature and total monthly rainfall recorded during the study period (2016 —2018)
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Table 1 The selected fruiting tree species for phenological research

Botanical Name Family Observed trees
Saurauia roxburghii Wall. ACTINIDIACEAE 7
Choerospondias axillaris (Roxb.) B. L. Burtt & A. W. Hill ANACARDIACEAE 7
Toxicodendron succedaneum (L.) Kuntze ANACARDIACEAE 6
Heptapleurum heptaphyllum (L.) Y. F. Deng ARALIACEAE 5
Canarium euphyllum Kurz BURSERACEAE 6
Protium serratum (Wall. ex Colebr.) Engl. BURSERACEAE 5
Mastixia pentandra subsp. Chinensis (Merr.) K. M. Matthew CORNACEAE 5
Diospyros glandulosa Lace EBENACEAE 7
Elaeocarpus floribundus Blume ELAEOCARPACEAE 5
Baccaurea ramiflora Lour. EUPHORBIACEAE 5
Balakata baccata (Roxb.) Esser EUPHORBIACEAE 5
Bischofia javanica Blume EUPHORBIACEAE 6
Garcinia celebica L. GUTTIFERAE 8
Apodytes dimidiata E. Mey. ex Arn. ICACINACEAE 8
Beilschmiedia lucidula (Miq.) Kosterm. LAURACEAE 5
Cinnamomum verum J. Presl. LAURACEAE 5
Litsea cambodiana var. cambodiana LAURACEAE 7
Phoebe cathia (D. Don) Kosterm. LAURACEAE 5
Melia azedarach L. MELIACEAE 6
Ficus curtipes Corner MORACEAE 5
Ficus simplicissima Lour. MORACEAE 6
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Table 1 (Continued)

Thai For. Ecol. Res. J. 9(1): 157-172 (2025)

Botanical Name Family Observed trees
Ficus elmeri Merr. MORACEAE 5
Syzygium claviflorum (Roxb.) Wall. ex Steud. MYRTACEAE 5
Syzygium tetragonum (Wight) Wall. ex Walp. MYRTACEAE 5
Podocarpus neriifolius D. Don PODOCAPACEAE 7
Prunus arborea (Blume) Kalkman ROSACEAE 5
Canthiumera glabra (Blume) K. M. Wong & Mahyuni RUBIACEAE 5
Acronychia pedunculata (L.) Miq. RUTACEAE 6
Sarcosperma arboreum Hook. f. SACOSPERMATACEAE 7
Madhuca floribunda (Pierre ex Dubard) H. J. Lam SAPOTACEAE 5
Eurya acuminata DC. THEACEAE 7
Ternstroemia gymnanthera (Wight & Arn.) Bedd. THEACEAE 7
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Table 2 The correlation between fruiting phenology, rainfall, and average temperature

Species Coefficient of Coefficient of R-squared
average temperature rainfall
Protium serratum -0.47108 0.01119* 0.1574
Baccaurea ramiflora 1.935%%* 0.0004659 0.3209
Apodytes dimidiata -0.68225 0.02755%* 0.2533
Ficus curtipes 0.548536* -0.004107 0.2243
Ficus simplicissima 2.34877 -0.03892* 0.2494
Acronychia pedunculata -3.82502* 0.01472 0.1658
Madhuca floribunda -0.093818 -0.008146* 0.3103
Eurya acuminata -1.91803* -0.002982 0.3267

Remarks: * p<0.05, ** p<0.01
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Figure 2 Average monthly Temperature and Total Monthly Rainfall (2019-2022)
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ABSTRACT

Background and Objectives: The genus Leiolepis (family Agamidae), commonly known as butterfly lizards, is
widely distributed across Southeast Asia and typically inhabits dry, open areas with sandy soils and sparse
vegetation. Among the ten recognized species, L. rubritaeniata is notable for its distinctive red-striped flanks and
occurrence in northeastern Thailand. Although previous studies have explored its taxonomy, distribution, and
behavior, limited information is available on its physiological and nutritional biology, particularly regarding protein
content and amino acid composition. Proteins are essential macromolecules involved in tissue development,
immune response, metabolism, and energy balance, and reptiles living in seasonal environments may develop
adaptations to cope with fluctuating food availability. In some rural communities, agamid lizards are also consumed
as supplementary sources of protein, making their nutritional value relevant from both ecological and
ethnobiological perspectives. Despite this importance, most reptilian nutrition studies have focused on snakes and
turtles, leaving small lizard species such as L. rubritaeniata understudied. This research aims to confirm the species
identity of L. rubritaeniata specimens collected from Udon Thani Province using morphological and ND2 gene
sequence analyses and to determine and compare the total protein content and amino acid composition in the body
and tail tissues of male and female individuals. The findings will provide baseline data that support further studies
in reptilian nutritional ecology, physiological adaptation, and conservation planning.

Methodology: Specimens of L. rubritaeniata were collected from Kham Khok Sung and Bayao Subdistricts in
Wang Sam Mo District, Udon Thani Province, using snares and excavation methods. Following euthanasia, liver
tissues were preserved in 95% ethanol at —20 °C for DNA analysis. For protein and amino acid composition
analysis, muscle samples were collected separately from two regions: (1) the body, comprising the head, neck,
trunk and limbs, and (2) the tail, consisting exclusively of tail muscle. All samples were promptly processed for
analysis. All specimens were deposited in the Khon Kaen Vertebrate Collection (KKUC), and the study received
ethical approval from the Institutional Animal Care and Use Committee of Khon Kaen University (Ref. no.
660201.2.11/318 [50]). Species identification was based on morphology and mitochondrial ND2 gene sequences,
amplified using METF6 and CO1R1 primers and sequenced by Pacific Science. Sequences were aligned in
SeaView and phylogenetic trees constructed using Maximum Parsimony in PAUP* and Bayesian Inference in
MrBayes, with model selection via MrModelTest. Pairwise sequence divergences were calculated in MEGA X.

Morphological identification included snout-vent length (SVL), tail length, scale and pore counts, and coloration
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traits. Crude protein was analyzed in triplicate using the Kjeldahl method with a Gerhardt KT 8s system, and protein
content was calculated from nitrogen percentage following Horwitz and Latimer’s formula. For amino acid
composition, hydrolyzed samples were analyzed using ion-exchange chromatography and an automatic amino acid
analyzer (SCION Artemis 6000), with detection via post-column derivatization and ninhydrin reaction.

Main Results: Molecular analyses based on the mitochondrial ND2 gene confirmed that the Leiolepis specimens
from Udon Thani Province belong to L. rubritaeniata. Phylogenetic analyses using Maximum Parsimony and
Bayesian Inference revealed that the new sequences (PV746783 and PV746784) clustered strongly with published
L. rubritaeniata sequences in GenBank, supported by minimal genetic distances and clear separation from L.
reevesii and L. glaurung. Morphologically, the Udon Thani Province specimens closely resembled L. rubritaeniata
in key traits such as size, scalation, and coloration patterns, including diagnostic flank markings. Although slightly
larger, their body measurements, labial counts, and femoral pore numbers fell within the species' intraspecific
variation. Crude protein analysis showed significantly higher protein content in the tail than in the body in both
sexes, confirmed by paired #-tests (p < 0.05), while no significant sex-based differences were observed. Amino acid
profiles showed that female tail tissue contained the highest total amino acid content, with glutamic acid, aspartic
acid, and lysine being the most abundant. Cysteine was consistently the least abundant across all samples. These
molecular, morphological, and nutritional findings provide robust evidence for the identification of the specimens
as L. rubritaeniata and highlight notable tissue-specific differences in protein quantity and amino acid composition,
with possible biological and ecological significance.

Conclusion: This study confirms the identification of L. rubritaeniata specimens from Udon Thani Province,
northeastern Thailand, through both molecular and morphological analyses. Mitochondrial ND2 gene sequencing
placed the specimens firmly within the L. rubritaeniata clade with strong nodal support, and their external
morphological traits were consistent with those of known L. rubritaeniata populations. Crude protein analysis
revealed that tail tissues contained significantly higher protein levels than body tissues in both sexes, while no
significant differences were found between males and females for either body or tail protein content. Amino acid
profiling showed that glutamic acid, aspartic acid, and lysine were the most abundant amino acids across all
samples, with the highest total amino acid content observed in female tail tissues. These findings provide evidence
for the taxonomic status of L. rubritaeniata in Udon Thani and also offer new insights into its nutritional
composition, particularly the higher protein and amino acid content in tail tissues, which may have implications

for both biological understanding and potential utilization in reptiles and amphibians.

Keywords: Amino acids; Butterfly lizard; Crude protein; Leiolepis rubritaeniata; ND2 gene

: Department of Biology, Faculty of Science, Khon Kaen University, Khon Kaen Province 40002, Thailand
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Introduction

The genus Leiolepis (family Agamidae),
commonly known as butterfly lizards, comprises
a group of agamid lizards widely distributed
across Southeast Asia. These lizards inhabit a
range of open and semi-arid environments, often
characterized by soils and

sandy sparse

vegetation. Currently, the genus Leiolepis
comprises ten recognized species (Uetz ef al.,
2025): L. belliana (Hardwicke and Gray, 1827),
L. boehmei Darevsky and Kupriyanova, 1993, L.
guentherpetersi Darevsky and Kupriyanova,
1993, L. guttata Cuvier, 1829, L. ngovantrii
Grismer and Grismer, 2010, L. ocellata Peters,
1971, L. peguensis Peters, 1971, L. reevesii
(Gray, 1831), L. rubritaeniata Mertens, 1961, and
1971. Among the ten

L. triploida Peters,

recognized species, L. rubritaeniata is
particularly notable for its striking red-striped
lateral markings and its preference for dry, open
habitats in  northeastern  Thailand and
neighbouring regions (Mertens, 1961; Kohler &
Thammachoti, 2023). Over recent decades, this
species has been the focus of several ecological
and taxonomic studies (Wanchai et al., 2024),

with research addressing its geographic

distribution  (Nabhitabhata et al, 2004;

Chuaynkern & Chuaynkern, 2012; Poyarkov et
al., 2023), and behavioral ecology (Kohler &
Thammachoti, 2023). Despite these efforts,
relatively little is known about the physiological
this  species,

and nutritional biology of
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particularly regarding its protein content and
composition. This knowledge gap is significant,
as nutritional attributes, especially protein
profiles, are vital to understanding reptilian
ecology, health, and adaptability to changing
environments (Dolly & Tardieu, 2023; John &
Jones, 2024).

Proteins are vital macromolecules that
underpin key biological functions such as tissue
growth, immune competence, enzymatic
reactions, and energy metabolism (Hoffman &
Cawthorn, 2012). In ectothermic vertebrates like
reptiles, protein requirements vary depending on
life stage, habitat conditions, diet composition,
and seasonal activity cycles. Species such as L.
rubritaeniata, which inhabit environments with
seasonal  fluctuations,

pronounced may

experience  nutritional stress  when

prey
availability decreases during dry periods. These
conditions can lead to physiological adaptations
related to nutrient storage and metabolic
regulation (Santos et al., 2018; van Wijngaarden
et al., 2020). Therefore, assessing protein content
and composition in this species provides valuable
insight into its nutritional ecology and functional
biology. From an ethnobiological perspective,
understanding the protein profile of L.
rubritaeniata is also important, as agamid lizards
in Southeast Asia are occasionally consumed for
subsistence or traditional purposes. In some rural
communities, wild monitor lizards and Agama

species are regarded as supplementary sources of
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protein (Hartman et al., 2012). Reliable data on

their nutritional value, particularly protein
content, can help inform sustainable wildlife use
and support food security initiatives. However, to
ensure that such usage does not negatively impact
wild populations, it is important to consider the
conservation status of the species. L.
rubritaeniata is currently listed as Least Concern
(LC) on the TUCN Red List due to its wide
distribution, adaptability to disturbed habitats,
and continued presence in many protected areas
(Cota et al., 2018). Although the species faces
significant exploitation across much of its range
and has experienced population declines, it still
persists at low densities even in areas with
ongoing harvesting and is therefore considered to
face no immediate risk of extinction. In Thailand,
the species has been evaluated under the name L.
reevesii rubritaeniata and classified as Near
Threatened (NT) by the Office of Natural
Resources and Environmental Policy and
Planning (2017). Despite this status, it is not
currently included in the list of protected animals
under the Wild Animal Conservation and
Protection Act (Wild Animal Conservation and
Protection Act, 2019). On a broader scale,
comparative studies of protein composition
among reptile species contribute to identifying
species-specific adaptations and physiological
markers relevant to environmental stress or
et al., 2018;

overall health (Santos van

Wijngaarden et al., 2020). However, most
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research on reptilian nutrition has focused on
captive diets or commercially significant taxa
such as snakes and turtles (Dolly & Tardieu,
2023; John & Jones, 2024), leaving smaller
agamids like L. rubritaeniata underrepresented in
the scientific literature. Generating baseline data
on the protein composition of L. rubritaeniata
will not only enhance understanding of its
physiology but also strengthen the comparative
framework for reptilian nutritional science. Such
information can support future research in
ecological physiology, conservation biology, and
sustainable resource management.

This study aims to quantify the total
protein content and analyse the protein
composition of L. rubritaeniata collected from
Udon Thani Province, northeastern Thailand.
Species identification was confirmed through
morphological assessment and genetic analysis of
the NADH dehydrogenase subunit 2 (ND2) gene,
which verified that the specimens from Udon
Thani Province correspond to L. rubritaeniata.
By establishing foundational knowledge on the
nutritional biochemistry of this species, the
research contributes to both ecological and
conservation perspectives. The findings are
expected to support further investigation into
reptilian  physiological adaptations, guide
sustainable wildlife use, and potentially inform

conservation management of agamid species in

habitats undergoing environmental change.
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Materials and Methods

Specimens and Ethics statements

Specimens were collected from Kham
Khok Sung and Bayao Subdistrict, Wang Sam
Mo District, Udon Thani Province of northeastern
Thailand. The specimen was captured using a
snare and by digging into its burrow. After
euthanasia, the liver tissue was preserved in 95%
ethanol and stored at —20°C for DNA extraction.
Meat samples for protein content and
composition analysis were taken from all parts of
the body except the tail, and from the entire tail.
The meat samples were promptly taken for
analysis. The specimens were stored in the Khon
Kaen Vertebrate Collection (KKUC) at Khon
Kaen University, located in Khon Kaen Province,
northeastern Thailand. This study was reviewed
and approved by the Institutional Animal Care
and Use Committee of Khon Kaen University, in
accordance with the Ethical Guidelines for
Animal Experimentation of the National

Research Council of Thailand (reference no.

660201.2.11/318 [50]).

Specimen identification

The Leiolepis specimens were identified
at the species level using both molecular
techniques and morphological characteristics.
Genomic DNA was extracted from liver tissue
sample using NucleoSpin® Tissue (Ciontech
Laboratorues, Inc., CA, USA). Approximately

600 base pairs of the NADH dehydrogenase
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subunit 2 region (ND2) from mitochondrial DNA

(mtDNA) using primer METF6 (5°-
AAGCAGTTGGGCCCATACC-3’) and COIR1
(5>~ AGRGTGCCAATGTCTTTGTGRTT-3")
(Macey et al., 1997, Grismer & Grismer, 2010;
Wanchai et al., 2024). The PCR conditions were
adapted from Wanchai et al. (2024),
amplification of 50 {l PCR consisting of an initial
denaturation at 95°C for 2 minutes, followed by
32 cycles of denaturation at 95°C for 35 seconds,
annealing at 50°C for 35 seconds, and extension
at 72°C for 150 seconds, with a final extension at
68°C for 5 minutes. The PCR products were
purified using the GF-1 PCR Clean-Up Kit
(Vivantis, Inc., Malaysia) and sent to Pacific
Science  (Bangkok, Thailand) for DNA
sequencing. DNA sequences were aligned using
SeaView version 4. Reference sequences used in
this analysis were downloaded from GenBank
(Supplementary material 1). Phylogenies were
built using Maximum Parsimony (MP) and
Bayesian inference (BI). A heuristic search for
the most parsimonious tree was conducted using
PAUP* 4.0a 169 (Swofford, 2022) with 1,000
replicates, utilizing the TBR (tree bisection-
reconnection) branch swapping option and
treating gaps as missing data. The Bayesian
analysis parameter model was estimated from the
dataset using MrModelTest 2.2 (Nylander, 2004).
The best-fit nucleotide substitution models for
ND2 genes based on the Akaike information

criterion was GTR+I+G (-InLs=4765.992; p-
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inv=0.221137; gamma shape=0.649944),
respectively. BI was performed using MrBayes
3.2.7 (Ronquist et al., 2012). Markov chains were
executed for 10 million generations, with trees
sampled every 1,000 generations. The initial 25%
of samples were discarded as burn-in, leading to
a potential scale reduction factor of < 0.005. To
compute the posterior probabilities of tree nodes,
a consensus of the sampled trees was established
using majority rule at 50%. In MEGA X,
uncorrected pairwise sequence divergences (p-
distance) were computed (Kumar et al., 2018).
For morphological identification, two
morphometric characters were measured: snout-
vent length (SVL) and tail length (TaiL). Three
meristic characters were counted: number of
supralabial scales, ventral scales at midbody, and
femoral pores. In addition, five coloration traits
were observed: dorsal pattern, mid-dorsal stripe,

dorsolateral stripe, anterior flank pattern, and

posterior flank pattern.

Protein analysis

Crude protein in meat samples was
determined using the Kjeldahl method (Saez-
Plaza et al., 2013) with a Gerhardt KT 8s system.
The analysis was performed in triplicate, and the
average was calculated. Meat samples were dried
at 70°C for 10 hours and grind finely with pestle
and mortar, following Manapim (2006), and then
baked at 103£2°C for 1-2 hours to remove
After desiccator,

moisture. cooling in a
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approximately 1 g of the dried sample was
digested with 20 ml of concentrated H,SO, and a
catalyst at 400°C for 70 minutes until a clear
green solution formed. Ammonia was distilled
into an Erlenmeyer flask containing 80 ml of 4%
H,BO;, and nitrogen content was determined by
titration with 0.1 HCI using an automatic titrator.
Total protein was calculated using the equation
from Horwitz and Latimer (2000). Total protein
content was calculated using the method
described by Horwitz and Latimer (2000). The
percentage of nitrogen (%N) was determined
using the formula: %N = [(A — B) x M x 1.4007]
/' W, where A is the volume of acid (ml) used for
titration of the sample, B is the volume of acid
(ml) used for titration of the blank, M is the
molarity of the acid used for titration, and W is
the weight of the sample in grams. The protein
content was then obtained by multiplying the

nitrogen percentage by a conversion factor: %

Protein = %N x factor.

Protein composition analysis

Approximately 100 mg of dry, crushed
meat sample was placed in a DigiTube with 10
mL of 6 mol/L hydrochloric acid solution and
heated at 110°C in a DigiPREP Block Digestion
system for 22 hours (adapted from Cernikova et
al., 2015). After cooling to room temperature, a
200 pL aliquot of the hydrolyzed sample was
transferred to a 1.5 mL tube and dried at 60°C.

The residue was dissolved in 1,000 pL of 0.12 N
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citrate buffer (pH 2.20, Sykam GmbH, Germany)
and diluted 5x. The hydrolyzed sample was then
centrifuged at 10,000 rpm for 10 minutes and
filtered through a 0.2 um membrane. Amino acid
content was determined by ion-exchange
chromatography (150 mm x 4.6 mm Cation
Separation Column, K06/Na) with post-column
derivatization and spectrophotometric detection
of ninhydrin reaction products, using an
automatic amino acid analyzer (SCION Artemis
6000, Netherlands), the

Goes, following

manufacturer’s standard procedure.

Results

Identity of specimens

The combined Maximum Parsimony
(MP) and Bayesian Inference (BI) analyses based
on the ND2 mitochondrial gene clearly resolved
the phylogenetic relationships among Leiolepis
species, with each species forming distinct and
well-supported clades (Figure 1). The two new
sequences generated in this study, PV746783 and
PV746784, were placed firmly within the L.
rubritaeniata clade with strong nodal support
(MP = 100%, BI = 1.00), clustering closely with
previously published sequences (PP987942—
PP987939, AB357553), which confirms their
identification as L. rubritaeniata. The pairwise
uncorrected p-distances (Table 1) support this
placement, with a value of 0.00 between
PV746783 and PV746784, indicating genetic

identity, and values ranging from 0.03 to 0.05
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when compared to other L. rubritaeniata
sequences, reflecting low intraspecific variation.
In contrast, the genetic distances between the new
sequences and L. reevesii ranged from 0.05 to
0.06, while distances to L. glaurung were notably
higher, from 0.11 to 0.13, highlighting clear
genetic divergence and supporting species-level
separation. These findings confirm that the
specimens from Udon Thani Province are L.
rubritaeniata and provide molecular evidence
reinforcing the distinctiveness and monophyly of
this species relative to other closely related taxa.
Based on molecular analysis of the
mitochondrial ND2 gene (Figure 1), the Leiolepis
specimens from Udon Thani Province are closely
related to L. rubritaeniata, L. reevesii, and
L. glaurung, with phylogenetic placement most
strongly supporting assignment to
L. rubritaeniata. Morphologically (Table 2 and
Figure 2), the Leiolepis specimens from Udon
Thani Province are assigned to L. rubritaeniata
based on their close resemblance in external
characteristics, and they are clearly
distinguishable from L. reevesii and L. glaurung
by differences in size, scalation, and coloration
patterns. The snout—vent length (SVL) of males
from Udon Thani Province (128.9 + 7.84 mm)
overlaps with that of L. rubritaeniata
(103.4 £ 10.14 mm), though the Udon Thani
specimens are slightly larger. Similarly, SVL in
females is also greater in the Udon Thani
(106.3 + 7.72 mm)

population than  in
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L. rubritaeniata (88.6 + 4.78 mm), yet the values

fall within an expected range of intraspecific

variation. Tail length in both sexes is longer in the

100/1.00
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overlapping ranges.
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Figure 1 Maximum Parsimony (MP) and Bayesian Inference (BI) tree based on ND2 mitochondrial gene sequences
of Leiolepis species. Support values are shown at each node as MP bootstrap values (left) and BI posterior

probabilities (right). Only values =70% for MP and =>0.70 for BI are shown. Ctenophorus slateri and Calotes

versicolor were used as outgroups.
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Table 1 The pairwise uncorrected p-distances of the Leiolepis species ND2 gene in the clade of L. glaurung, L. reevesii, and L. rubritaeniata in phylogenetic analysis.

No. GenBank no. Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 PV746783 L. rubritaeniata -

2 PV746784 L. rubritaeniata  0.00 -

3 PP987938 L. rubritaeniata  0.03  0.04 -

4 PP987937 L. rubritaeniata  0.03 0.04 0.00 -

5 PP987943 L. rubritaeniata  0.04  0.04 0.04 0.04 -

6 PP987942 L. rubritaeniata 0.04  0.04 0.04 0.04 0.00 -

7 PP987939 L. rubritaeniata 0.04  0.04 0.00 0.00 004 0.04 -

8 AB537553 L. rubritaeniata  0.05  0.05 0.05 0.05 0.05 0.05 0.05 -

9 PP987941 L. reevesii 0.05 005 0.06 006 006 0.06 0.06 0.07 -

10 PP987915 L. reevesii 0.05 005 0.06 005 006 0.06 0.06 0.07 0.01 -

11 PP987914 L. reevesii 0.05 005 0.06 006 006 0.06 0.06 007 001 0.00 -

12 PP987940 L. reevesii 0.05 005 0.06 005 006 0.06 0.06 007 00l 0.01 001 -

13 PP987916 L. reevesii 0.05 005 0.06 006 006 0.06 0.06 007 001 0.00 0.00 0.01 -

14 PP987986 L. glaurung 0.13 0.13 013 0.13 0.12 0.11 0.13 0.12 0.12 0.13 0.12 0.13 0.12 -

15  PP987985 L. glaurung 0.13 013 0.3 0.13 0.12 o0.11 0.13 0.12 0.12 0.13 0.12 0.13 0.12 0.00 -

16  PP987984 L. glaurung 0.13 o0.12 0.13 0.13 0.12 0.1 0.13 0.12 0.12 0.12 0.12 0.12 0.12 0.00 0.00 -

17 PP987983 L. glaurung 0.12 0.12 0.12 0.13 0.1 o0.11 0.13 0.12 0.12 0.12 0.12 0.12 0.12 0.00 0.00 0.00 -
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Table 2 Comparison of morphological and meristic characters between Leiolepis specimens from Udon

Thani Province and L. rubritaeniata, L. reevesii, and L. glaurung. Values are present as mean, standard

deviation, minimum, and maximum. Data sources: a — Wanchai et al. (2024) and b — Phan ez al. (2022).

Characters Udon Thani L. rubitaeniata L. reevesii L. glaurung

SVL in males 128.9+7.84 103.4+10.14 127.3+£20.80 142.7+17.56
(116.6-144.2), n=13 (87.0-120.0), n=22" (94.1-167.1), n=10° (123-170), n=6"

SVL in females 106.3+£7.72 88.6+4.78 87+21.21 136.3+13.91

TaiL in males

Tail females

Supralabials

Infralabials

Ventral scales

Femoral pores in males

Femoral pores in females

Dorsal pattern

Mid-dorsal stripe

Dorsolateral stripe

Anterior flank pattern

Posterior flank pattern

(94.6-123.8), n=24
274.6+£19.84
(229.6-302.1), n=10
235.5+17.63
(205.9-272.4), n=12
10.0+£0.81
(8-12), =33
10.4+1.03
(8-12), n=33
36.0£2.45
(34-39), n=4
16.6+1.17
(15-18), n=10
16.4+0.66
(15-17), =23
Black reticulate pattern
forming a spot with

a central dot

Absent

Absent

4 black bands

Black reticulate pattern
forming a spot with

a central dot

(82.0-97.0), n=8"
197.5+40.96
(88.0-238.0), n=10°

(72-102), n=1°
212.5+£71.45

(53.0-309.0), n=10°

(120-151), n=4"

9.5+0.82 9.3+0.50 9.9+0.74
(7-11), n=30° (9-10), n=4" (9-11), n=10"
9.6+0.85 9.8+0.50 11.24+0.79
(8-12), n=30" (9-10), n=4" (10-12), n=10"
32.6+1.63 32.3+1.50 28.3+0.50
(27-35), n=30" (30-33), n=4" (28-29), n=9"
16.6+0.96 17, n=1" 18.2+1.33
(14-19), n=22" (17-20), n=6"
16.4+1.06 16.5+0.71 18.8+0.96
(15-18), n=8" (16-17), n=2" (18-20), n=4"
Black reticulate pattern  Black reticulate pattern Dot
forming a spot with forming a spot with
a central dot a central dot
Absent Absent Present
Absent Absent Present
4 black bands 20 black bands 2 black bands
Black reticulate pattern — Dot

forming a spot with

a central dot

The numbers of supralabials (10.0 = 0.81 in
Udon Thani vs. 9.5 £ 0.82 in L. rubritaeniata)
and infralabials (10.4 = 1.03 vs. 9.6 £ 0.85) are

similar. Ventral scale counts (36.0 £2.45 in
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Udon Thani vs. 32.6 = 1.63 in L. rubritaeniata)
are slightly higher in the Udon Thani specimens,
but not diagnostically distinct. The number of

femoral pores in males (16.6 £ 1.17 in Udon



NsmsssineIneth e neg 92): 173-194 (2568)

Thani vs. 16.6 = 0.96) and females (16.4 + 0.66
vs. 16.4 +1.06) are identical. In terms of
coloration and pattern, the dorsal and posterior
flank patterns in Udon Thani specimens show a

black reticulate pattern forming a spot with a

central dot, identical to that of L. rubritaeniata.

Thai For. Ecol. Res. J. 9(2): 173-194 (2025)

Both populations also exhibit 4 black bands in the

anterior flank, and lack mid-dorsal and

dorsolateral stripes. These consistent similarities
in meristic characters and coloration patterns

strongly support the assignment of the Udon

Thani specimens to L. rubritaeniata.

Figure 2 Life photographs showing differences color patterns in dorsal (A and B) and flank (C and D) patterns

between adult male (A and C) and female (B and D) Leiolepis rubritaeniata. Photographs not to scale.

Crude protein

The comparison of crude protein levels
in the body and tail of male L. rubritaeniata
(Table 3), measured using the Kjeldahl method
(Sdez-Plaza et al., 2013), reveals a significant
difference in protein content. The body protein
content is 78.75 + 1.36 g/100 g dry weight,
ranging from 77.34 to 80.06 g/100 g (n=3), while
the tail protein content is higher at 88.41 + 1.69
2/100 g, with values ranging from 86.67 to 90.04
g/100 g (n=3). This indicates that the tail of male

L. rubritaeniata has a notably higher protein
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content compared to the body. The greater
variability in tail protein content, indicated by the
larger standard deviation (1.69 g/100 g)
compared to the body (1.36 g/100 g), may reflect
more diversity in the tail samples. This difference
could suggest an anatomical or functional
distinction between the body and tail that
influences protein distribution. A paired z-test

analysis would be required to confirm whether

this difference is statistically significant.
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Table 3 Mean, standard deviation, minimum, and maximum values of crude protein content (g/100g dry

weight basis) of body and tail of male and female specimen from Udon Thani Province in Thailand, derived

from three replicates.

Parts of body tested Crude protein content (g/100g) t-test statistics
(Total dry weight mass/sex) male female
Body (5 g) 78.75+1.36 76.68+1.03 p=0.104

(77.34-80.06)

Tail (5 g) 88.41+1.69
(86.67-90.04)

Total 83.58+5.47

(77.34-90.04)

(76.04-77.87)

86.33+3.57 p=0412
(82.27-88.94)

81.51+5.79 p=0.537
(76.04-88.94)

Similarly, in female L. rubritaeniata, the
crude protein content in the body is 76.68 = 1.03
g/100 g, with a range from 76.04 to 77.87 g/100
g (n=3), while the tail protein content is higher at
88.33 £ 3.57 g/100 g, with values ranging from
82.27 to 88.94 g/100 g (»=3). This suggests that,
similar to males, the tail of female L.
rubritaeniata contains significantly more protein
than the body. The tail also exhibits higher
variability in protein content, as indicated by the
larger standard deviation (3.57 g/100 g)
compared to the body (1.03 g/100 g). This
difference may be attributed to biological or
anatomical  factors  influencing  protein
distribution. A paired #-test analysis would be
necessary to confirm if this difference is
statistically significant.

The paired #-test analysis of crude
protein levels in the body and tail of male L.
rubritaeniata showed a statistically significant

difference in protein content (p < 0.05). This
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suggests that the protein content in the body and
tail differs, with the observed variation unlikely
to be due to random chance. Therefore, the data
supports the conclusion that the protein content in
the body and tail of male L. rubritaeniata is
significantly different. Similarly, the paired #test
analysis of crude protein levels in the body and
tail of female L. rubritaeniata also indicated a
statistically significant difference (p < 0.05),
supporting the conclusion that the protein content
in the body and tail of female L. rubritaeniata is
significantly different.

In contrast, the independent #test
analysis of body crude protein levels between
males and females of L. rubritaeniata showed no
statistically significant difference in protein
content (p > 0.05). This suggests that the crude
protein levels in the bodies of both male and
female L. rubritaeniata are similar, and any
observed variation is likely due to random chance

rather than a true biological difference. Similarly,
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the independent #-test analysis of tail crude
protein levels between males and females
revealed no statistically significant difference in
protein content (p > 0.05), indicating that the
crude protein levels in the tails of both male and
female L. rubritaeniata are comparable, with any
observed variation likely due to random chance

rather than a genuine biological difference.

Protein composition

The amino acid content of body and tail
tissues from male and female specimens was
analyzed (Figure 3; Table 4), revealing notable
differences in protein composition across sexes
and body parts. The total amino acid content was
highest in the female tail tissue (11.811 mg/100
mg dry weight), followed by the male tail (9.666
mg/100 mg), female body (9.620 mg/100 mg),

and male body (9.208 mg/100 mg). Glutamic acid

12.00
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was the most abundant amino acid across all
samples, with the highest concentration observed
in the female tail (2.049 mg/100 mg). Aspartic
acid and Lysine were also present in significant
amounts, particularly in the female tail tissue,
which showed elevated levels of Aspartic acid
(1.224 mg/100 mg) and Lysine (1.115 mg/100
mg). Conversely, Cysteine was consistently the
least abundant amino acid across all tissues and
sexes, with concentrations ranging from 0.024 to
0.034 mg/100 mg. These results indicate sex-
based and tissue-specific variations in amino acid
composition, with the female tail showing the
highest overall amino acid richness. The higher
amino acid content in the female tail tissue
suggests its potential biological significance,
possibly reflecting differing metabolic or

functional demands between sexes and tissues.

11.81

10.00

8.00

6.00

4.00

2.00

Total amino acids (mg/100mg)

0.00

male

female

Figure 3 Total amino acid content (mg/100 mg dry weight) in the body (blue) and tail (red) of male and

female Leiolepis rubritaeniata from Udon Thani Province, Thailand.

The amino acid composition of body and tail

males, the total amino acid content was higher in

the tail (9.666 mg/100 mg dry weight) compared

tissues from male and female specimens revealed

distinct patterns across sexes and tissue types. In to the body (9.208 mg/100 mg). Glutamic acid
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was the most abundant amino acid in both tissues,
with slightly higher levels in the tail (1.637
mg/100 mg) than the body (1.567 mg/100 mg).
Aspartic acid (0.986 mg in the tail and 0.952 mg

in the body) and Lysine (0.911 mg in the tail and

Thai For. Ecol. Res. J. 9(2): 173-194 (2025)

0.875 mg in the body) were also present in
significant amounts. In contrast, Cysteine was the
least abundant amino acid, with similar
concentrations in both tissues (0.028 mg in the

body and 0.024 mg in the tail).

Table 4 Amino acid content (mg/100mg dry weight) of body and tail of male and female Leiolepis

rubritaeniata from Udon Thani Province in Thailand

Amino acid content (mg/100mg dry weight basis)

No. Amino acid types Male Female
Body Tail Body Tail

1 Aspartic acid (Asp) 0.952 0.986 1.008 1.224
2 Threonine (Thr) 0.471 0.487 0.487 0.596
3 Serine (Ser) 0.395 0.406 0.450 0.524
4 Glutamic acid (Glu) 1.567 1.637 1.661 2.049
5 Glycine (Gly) 0.524 0.557 0.574 0.682
6 Alanine (Ala) 0.589 0.619 0.637 0.768
7 Cysteine (Cys) 0.028 0.024 0.033 0.034
8 Valine (Val) 0.436 0.453 0.401 0.518
9 Methionine (Met) 0.220 0.251 0.228 0.309
10 Isoleucine (Ile) 0.396 0.414 0.362 0.475
11 Leucine (Leu) 0.779 0.807 0.808 0.990
12 Tyrosine (Tyr) 0.291 0.312 0.301 0.383
13 Phenylalanine (Phe) 0.433 0.454 0.448 0.543
14 Histidine (His) 0.243 0.284 0.233 0.290
15 Lysine (Lys) 0.875 0911 0.895 1.115
16 Arginine (Arg) 0.614 0.645 0.647 0.796
17 Proline (Pro) 0.396 0.420 0.448 0.517

Total 9.208 9.666 9.620 11.811

In females, the total amino acid content
was significantly higher in the tail (11.811
mg/100 mg) compared to the body (9.620 mg/100
mg). Glutamic acid was again the most abundant
amino acid, with elevated levels in the tail (2.049

mg) compared to the body (1.661 mg). Aspartic
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acid (1.224 mg in the tail and 1.008 mg in the
body) and Lysine (1.115 mg in the tail and 0.915
mg in the body) were also prominent. Similar to
males, Cysteine was the least abundant amino
acid, with concentrations of 0.034 mg in the tail

and 0.033 mg in the body.
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Discussion

This study found that L. rubritaeniata
has a total protein content ranging from 76.04 to
90.04 g/100 g dry weight, with an average of
82.55 g. These values align with protein levels
reported in other reptiles. For example, Boyd &
Goodyear (1971) reported an average protein
content of 75.7% in eight reptile species,
including Sceloporus undulatus, Cnemidophorus
sexlineatus, and Anolis species. In comparison,
15 amphibian species showed a slightly lower
average of 74.4%. Protein levels in domestic
birds and mammals typically fall within the range
of 70 to 80% (Maynard & Loosli, 1962), while
edible insects such as crickets contain 58.3 to
71.7% protein (Udomsil et al., 2019). Therefore,
L. rubritaeniata is notable for its relatively high
protein content among these groups.

The amino acid profiling revealed

significant  sex-based and tissue-specific
differences. Notably, female tail tissue exhibited
the highest total amino acid content,
characterized by elevated levels of glutamic acid,
aspartic acid, and lysine. These differences may
reflect physiological or reproductive demands,
particularly in females, and may correspond to
specific metabolic or functional roles of the tail in
both sexes.

In male specimens, the crude protein
content from all body parts excluding the tail
averaged 78.75 g/100 g dry weight, while the tail

alone averaged 88.41 g/100 g. A similar trend was
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observed in females, with the body and tail
averaging 76.68 g/100 g and 86.33 g/100 g,
respectively. These data indicate a consistent
pattern of higher protein concentration in the tail
across both sexes (Tables 9-10), supported by
statistical ~ significance (p < 0.05). Such
anatomical specialization mirrors findings in
other reptiles. In Crocodylus niloticus, for
example, tail dorsal, shoulder, and leg regions
contained significantly more protein than the
neck and tail ventral areas (Cerm’kové et al.,
2015). Similarly, Tupinambis merianae showed
uniform protein levels across different cuts, with
a slight elevation in the hind leg (Caldironi &
Manes, 2006). The elevated tail protein levels in
L. rubritaeniata may therefore relate to muscle
mass, energy storage, or defensive behavior, all
of which are important in both ecological and
functional contexts.

Amino acid composition supported these
trends. Glutamic acid was the most abundant non-
essential amino acid across all tissues, aligning
with patterns seen in other vertebrates, including
Nile crocodiles (Cernikova et al., 2015), pigs (Dai
et al., 2014; Zhang et al., 2021), and turkeys
(Essary & Ritchey, 1968). Lysine, the most
prominent essential amino acid, also consistently
appeared in high concentrations, as observed in
proteins from beef, poultry, fish, and amphibians

(Beach ef al., 1943; Zhang et al., 2021). These

amino acids are crucial for muscle growth and
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metabolic regulation, further underscoring the
nutritional potential of L. rubritaeniata.

From a genetic perspective, this study
provides the first integrated analysis of both
protein composition and amino acid profiles in L.
rubritaeniata, validated by morphological and
molecular data. The newly sequenced individuals
(PV746783 and PV746784) were firmly placed
within L. rubritaeniata clade with strong nodal
support (MP = 100%, BI = 1.00), and showed
minimal (0.00-0.05

genetic  divergence

uncorrected  p-distance) from  previously
published sequences. Their distinction from
related congeners such as L. reevesii (0.05-0.06)
and L. glaurung (0.11-0.13) (Wanchai et al.,
2024) further supports species-level integrity and
genetic cohesion of northeastern Thai population.

Importantly, the findings of this study
highlight L. rubritaeniata as a promising
candidate for small-scale or community-based
farming. The high protein and essential amino
acid content, particularly in the tail, suggest that
this species may offer significant nutritional
benefits. Moreover, the observed consistency in
protein content between males and females
suggests stable nutritional profiles, which is
advantageous for farming practices. In some rural
communities, agamid lizards

are already

consumed as a traditional protein source

(Hartmann et al., 2012), supporting the cultural

and practical feasibility of farming this species.
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In recent years, the global shift toward
alternative protein sources has highlighted the
potential of non-traditional foods such as insects,
amphibians, and reptiles to support sustainable
nutrition and reduce reliance on conventional
livestock (Dolly & Tardieu, 2023; John & Jones,
2024; Nirmal et al., 2024). In reptiles, for
example, several species have been identified as
having high potential for farming to meet
growing consumer demand while minimizing
pressure on wild populations (Klemens &
Thorbjarnarson, 1995; Aust et al., 2017; John &
Jones, 2024). Among these, L. rubritaeniata, a
butterfly lizard native to Southeast Asia, emerges
as a promising candidate for reptile farming due
to its local consumption, high protein content, and
biological traits that are favorable for captive
breeding. Our study, which provides the first
integrated analysis of the species’ protein and
amino acid profiles, underscores its nutritional
value and potential for sustainable farming
initiatives aimed at improving food security and
reducing harvesting pressure on wild populations.
However, the development of L. rubritaeniata
farming systems should be approached with
caution, incorporating ecological assessments,
genetic monitoring, and disease management to
avoid overexploitation and negative impacts on
wild stocks (Kusrini & Alford, 2006; Gratwicke
et al.,2010). When guided by scientific evidence,

farming practices for this species can contribute
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meaningfully to both conservation and local

economic development.
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ABSTRACT

Background and Objectives: Forest and climate are strongly intertwined. As photosynthesis increases, more
atmospheric CO, is converted into biomass, thereby reducing carbon in the atmosphere and sequestering it
within plant tissues both above and belowground. In the global carbon cycle, biomass is an important building
block, significant carbon sequestration, and is used to help quantify pools and changes of greenhouse gases
(GHGs) from the terrestrial biosphere to the atmosphere associated with land use and land cover changes. In
recent decades, rising carbon emissions have become a major global concern, as highlighted in the Kyoto
Protocol. Consequently, urban greenery—particularly tree planting—has gained importance as a climate
change adaptation and mitigation strategy. The potential benefits and services provided by greenery to the urban
ecosystem from a physical point of view include removal GHGs emissions, thermal comfort, improved air
quality, energy-use reduction, flood protection and improved runoff-water quality. From a social perspective,
green spaces provide health and a range of recreational and psychological benefits, create environmental
awareness and encourage positive actions toward climate change. As evident, the carbon sequestration potential
of trees in urban landscape revolves around the important biological process of photosynthesis, respiration, and
decomposition as the carbon sequestered is the difference between the carbon benefited by photosynthesis and
the carbon lost by respiration. Peltophorum pterocarpum is a commonly planted species in heavily motorized
urban areas. It tolerates vehicular pollution due to the high ascorbic acid concentration and pH levels in its
leaves. It is also the symbolic tree of Kasetsart University, where numerous individuals are widely distributed
across the campus. This study therefore focused on evaluating the biomass accumulation and carbon storage of
Peltophorum pterocarpum at Kasetsart University, Bang Khen campus. Specifically, we aimed to address the
following research questions: (1) What is the current status of biomass accumulation and carbon storage of

Peltophorum pterocarpum? and (2) How do these variables differ among size classes?
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Material and method: The plotless method was used to observe the tree species of Peltophorum pterocarpum
in Kasetsart University, Bangken comapus during August to October 2019. All Peltophorum pterocarpum trees
with a diameter at breast height (DBH) > 4.5 cm were DBH and total height measured, and the spatial location
(UTM) were recorded for every observed tree. The total height was measured using a laser rangefinder, while
spatial coordinates were collected using a global positioning system (GPS). We analyzed quantitative stand
characteristics, including stem density, basal area, diameter class distribution, aboveground biomass (AGB),
belowground biomass (BGB), and total carbon storage (TC). Differences in median carbon storage among size
classes were tested using the Kruskal-Wallis nonparametric test. In addition, the relationship between total
carbon storage and basal area was examined using Spearman’s rank correlation.

Results and discussion: The total density and basal area of Peltophorum pterocarpum were 1,011 stems and
148.34 m?, respectively. The estimated AGB and BGB were 668.65 t and 173.85 t, corresponding to 0.66 +
0.02 t/stems for AGB and 0.17 + 0.004 t/stems for BGB. The TC of Peltophorum pterocarpum was 454.95 tC,
with an average of 0.45 + 0.01 tC/stems. The diameter class distribution exhibited a unimodal pattern, indicating
that this population represents an even-aged stand. The highest stem density occurred in the 40—50 cm diameter
class (305 stems), followed by the 30—40 cm class (293 stems), suggesting that these size classes contribute
most to carbon sequestration potential. In contrast, the largest trees (DBH > 60 c¢cm) accounted for the highest
proportion of total carbon stock (44.6%), whereas the smallest size class contributed only 0.30%. The Kruskal—
Wallis test confirmed significant differences in carbon stock among diameter classes (p < 0.001). Furthermore,
Spearman’s correlation analysis revealed a strong positive relationship between basal area and total carbon
stock (p < 0.001), indicating that carbon storage increased consistently with size class. This indicated that
increasing in pattern of total carbon storage was observed with increasing in size class. These findings highlight
the importance of conserving and managing larger trees to sustain carbon storage in Kasetsart University.
Conclusion: This study highlights the significant role of Peltophorum pterocarpum in biomass accumulation
and carbon storage within Kasetsart University, Bang Khen campus. The TC of the species was estimated at
454.95 tC, with an average of 0.45 £ 0.01 tC/stems, demonstrating its high potential for carbon sequestration.
AGB served as the principal carbon reservoir, while larger trees contributed the most to overall carbon storage,
highlighting the need to prioritize their conservation. Furthermore, trees with a DBH of 30—-50 cm represent a
critical component of future carbon sequestration potential and should be protected. Smaller trees should also
be conserved as part of the regeneration class. The findings provide essential field-based biomass and carbon

data for improving carbon flux models in urban green spaces. To strengthen these insights, long-term
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monitoring and studies involving multiple tree species are recommended. Developing a species matrix
optimized for carbon storage will be instrumental in advancing urban greening strategies aimed at achieving
carbon offsetting targets, conserving biodiversity, and enhancing the provision of ecosystem services in a

sustainable manner.
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Table 1 The DBH class wise aboveground biomass (AGB), belowground biomass (BGB) and total carbon

(TC) of Peltophorum pterocarpum in Kasetsart University, Bangkhen campus

Class Density Total Average Total Average Total Average Total Average
(cm) (stem) BA (m’) BA AGB (t) AGB BGB(t) BGB TC(tC) TC
(m’/stem) (t/stem) (t/stem) (tC/stem)
45-10 23 0.11 0.00 0.31 0.01 0.08 0.00 0.21 0.01
10-20 48 0.85 0.02 2.75 0.06 0.72 0.01 1.87 0.04
20-30 121 6.41 0.05 23.62 0.20 6.14 0.05 16.07 0.13
30-40 293 29.12 0.10 122.99 0.42 31.98 0.11 83.69 0.29
40-50 305 47.45 0.16 210.45 0.69 54.72 0.18 143.19 0.47
50-60 138 31.98 0.23 145.94 1.06 37.94 0.27 99.30 0.72
>60 83 32.42 0.39 162.59 1.96 42.27 0.51 110.63 1.33
Total 1,011 148.34 - 668.65 - 173.85 - 454.95 -
Average - - 0.14 - 0.66 - 0.17 - 0.45
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ABSTRACT

Background and Objectives: Climate change has become a critical global issue affecting ecosystems
worldwide, especially forests, which play a key role in carbon sequestration. While assessments often focus
on large forests, small green spaces such as green university, nature trails, and urban green areas—also
contribute to carbon storage and serve as platforms for environmental education. This study aimed to assess
carbon storage of individual trees and generate spatially interactive carbon map the Khao Nam Sub Forest
area at Kasetsart University, Sriracha Campus, Chonburi Province. This knowledge can apply the
sustainable management of urban small green areas, including serve as a database for supporting
environmental learning, as well as to supports the Sustainable Development Goals (SDGs 13 and 15) and
aligns with Thailand’s Bio-Circular-Green (BCG) Economy Model.

Methodology: The study was conducted within Khao Nam Sub area comprising dry evergreen forest (DEF)
and mixed deciduous forest (MDF) types. Field data were collected along two designated nature trails: the
summit trail (1.5 km) and the foothill loop trail (2.5 km), during August—October 2024. All trees and lianas
with a diameter at breast height (DBH) = 4.5 cm were identified, measured for DBH and total height, and
georeferenced using the WGS84 coordinate system via the Google Earth mobile application. Some
morphological characteristics were also photographed. Aboveground biomass (AGB) was estimated using
forest-type-specific allometric equations, and belowground biomass (BGB) was derived as 0.27 x AGB.
Carbon stock was calculated as 47% of total biomass (AGB + BGB) and expressed in tones of CO2
equivalent (tCO2e). The integrated application between Google Earth and Spreadsheet LESS-FOR-01Version
6 which developed by Thailand Greenhouse Gas Management Organization (TGO) was used to create the
interactive map that included information of scientific names, GBH, carbon values, and morphological

images of each tree in both 2D and 3D formats. The research was done during August to October 2024.
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Main Results: A total of 467 individual trees and climbing lianas were recorded along two designated
nature trails, representing 70 species, 59 genera, and 33 families, indicating relatively high species richness
within the study area. The most abundant climbing species was Lasiobema scandens. Across all individuals,
the average diameter at breast height (DBH) was 15.40 £ 8.00 cm, and the average height was 8.76 + 4.21
m, reflecting a structurally mixed stand composed of both small and maturing tree stages. The estimated
total tree biomass for the entire surveyed area was 61.56 tons, comprising 48.47 tons of aboveground
biomass (AGB) and 13.09 tons of belowground biomass. This corresponded to a total carbon stock of 28.93
tons carbon (tC), or 106.07 tons of CO,-equivalent (tCO,e). Upon analysis, clear structural differences were
evident. The Summit trail contained the highest number of individuals (321 stems representing 48 species),
which were mostly small in size, with a mean DBH of 14.37 + 7.47 cm and a mean height of 7.89 +2.45 m.
The total biomass was 31.51 tons (24.81 tons AGB and 6.70 tons BGB), storing 14.81 tC or 54.29 tCO2e.
In contrast, the Foothill trail contained fewer trees (146 stems from 52 species), but trees were generally
larger and taller, with a mean DBH of 17.87 + 8.16 cm and a mean height of 10.65 + 5.04 m. Its total
biomass was 30.05 tons (23.66 tons AGB and 6.39 tons BGB), sequestering 14.12 tC or 51.78 tCOze.
Despite the smaller number of individuals, the foothill trail showed comparable carbon stocks to the summit
trail, highlighting the greater influence of large-sized trees on carbon storage compared with high densities
of small-sized trees. The forest composition and structure along both routes reflect a transitional mosaic of
DEF and MDF tree species, with stratified canopy layers and varied stem sizes indicating ongoing
regeneration and partial recovery from past disturbance. However, the accumulated carbon stock was lower
compared with estimates from full-plot assessments of the entire Khao Nam Sub Forest. This discrepancy
may be attributed to several limitations, including measurement uncertainties of tree height measured, the
use of a fixed root-to-shoot ratio (0.27), and the linear-based sampling design along nature trails, which
access forest edges and cannot fully represent the entire landscape. Although the positional accuracy of
Google Earth Mobile depends on mobile signal quality, it proved suitable for generating interactive mapping
and spatial visualization in the Khao Nam Sub Forest. The resulting map enables users to easily and clearly
access tree-specific information along the nature trails, including scientific name, GBH, total height, carbon
stock, and morphological images, with georeferenced positions displayed in both 2D and 3D formats. Such
tools facilitate participatory learning, future research applications, and effective management of small-scale

green spaces.
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Conclusion: Integrating Google Earth with the LESS-FOR-01 spreadsheet proved to be an effective method
for assessing and visualizing tree-level carbon storage in small green areas. The resulting interactive Tree
Carbon Storage Map enhances the assessment of carbon sequestration potential at a micro-scale level and
spatial-based learning while raising awareness of each tree’s contribution to carbon storage in an ecosystem.
This low-cost and replicable approach provides practical support for green space management,
environmental education, and Thailand’s pursuit of Carbon Neutrality and the Sustainable Development

Goals (SDGs 13 and 15) within academic institutions and local communities.

Keywords: Google Earth, Spreadsheet, Interactive map, Tree carbon storage, Nature trail

: Department of Resources and Environment, Faculty of Science at Sriracha, Kasetsart University Sriracha Campus,
Chonburi Province 20230, Thailand
*Corresponding author: E-mail: oranut.ni@ku.th
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Figure 1. Nature trail routes in the Khao Nam Sub area, consisting of (A) the summit trail and (B) the foothill trail,

located partially within the forest restoration area of Kasetsart University, Sriracha Campus, Chonburi Province.
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Table 1. Biomass and carbon sequestration of tree species along the nature trails in the Khao Nam Sub Conservation Area, Kasetsart University Sriracha Campus.

Number Mean DBH Mean Tree Above-Ground Below-Ground Biomass Carbon Sequestered
Scientific Name Family
of trees (cm) Height (m) Biomass (WT) (t) Biomass (t) (t) Storage (tC) CO2 (tCO2e)
Terminalia nigrovenulosa Pierre Combretaceae 44.00 21.48 11.19 8.92 241 11.32 532 19.51
Pterocarpus macrocarpus Kurz Fabaceae 25.00 2243 11.62 7.39 2.00 9.39 4.41 16.17
Dialium cochinchinense Pierre Fabaceae 19.00 16.60 11.00 2.49 0.67 3.16 1.48 5.44
Vitex limonifolia Wall. ex Walp. Lamiaceae 25.00 17.43 8.57 2.20 0.59 2.79 1.31 4.81
Diospyros coaetanea H. R. Fletcher Ebenaceae 16.00 18.49 10.52 2.18 0.59 2.77 1.30 4.71
Lannea coromandelica (Houtt.) Merr. Anacardiaceae 40.00 13.11 8.10 1.99 0.54 2.53 1.19 4.36
Bombax anceps Pierre Malvaceae 12.00 19.86 8.91 1.93 0.52 245 1.15 4.22
Grewia eriocarpa Juss. Malvaceae 23.00 15.39 8.31 1.57 0.42 1.99 0.94 3.43
Atalantia monophylla (L.) DC. Rutaceae 16.00 15.32 7.40 1.34 0.36 1.70 0.80 293
Spondias pinnata (L.f.) Kurz. Anacardiaceae 9.00 17.64 10.36 1.32 0.36 1.68 0.79 2.90
Lasiobema scandens (L.) de Wit. Fabaceae 6.00 13.05 - 1.22 0.33 1.55 0.73 2.66
Canarium subulatum Guillaumin Burseraceae 3.00 26.52 13.60 1.14 0.31 1.45 0.68 2.51
Wrightia arborea (Dennst.) Mabb. Apocynaceae 6.00 21.27 11.36 1.01 0.27 1.28 0.60 221
Pterospermum grandiflorum Craib Malvaceae 2.00 28.99 16.40 0.84 0.23 1.07 0.50 1.84
Albizia lebbeck (L.) Benth. Fabaceae 1.00 33.92 28.30 0.81 0.22 1.03 0.49 1.78
Lagerstroemia floribunda Jack var. floribunda Lythraceae 5.00 18.96 11.92 0.78 0.21 0.99 0.47 1.71
Cordia cochinchinensis Pierre. Boraginaceae 1.00 33.73 25.00 0.72 0.19 0.91 0.43 1.57
Garuga pinnata Roxb. Burseraceae 5.00 18.54 9.72 0.69 0.19 0.87 0.41 1.50
Azadirachta indica A. Juss. var. siamensis Valeton. Meliaceae 1.00 49.00 10.70 0.65 0.18 0.83 0.39 1.43
Hubera cerasoides (Roxb.) Chaowasku Annonaceae 18.00 10.62 7.66 0.61 0.16 0.77 0.36 1.33
Other 50 species 190.00 12.81 7.34 8.68 2.34 11.02 5.18 19.00
Total 467.00 15.40+8.00 8.76+4.21 48.47 13.09 61.55 28.93 106.07
222
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Table 2. Biomass and carbon sequestration of tree species along the summit nature trail in the Khao Nam Sub Conservation Area.

Number Mean Mean Tree Above-Ground Below-Ground  Biomass Carbon Sequestered
Scientific Name Family
of trees DBH (cm) Height (m)  Biomass (WT) (t) Biomass (t) (t) Storage (tC) CO2 (tCO2e)
Terminalia nigrovenulosa Pierre Combretaceae 37 21.51 10.77 7.56 2.04 9.60 4.51 16.54
Dialium cochinchinense Pierre Fabaceae 16 16.27 10.26 2.01 0.54 2.55 1.20 4.40
Pterocarpus macrocarpus Kurz Fabaceae 18 17.94 9.27 1.80 0.49 2.29 1.07 3.94
Vitex limonifolia Wall. ex Walp. Lamiaceae 19 17.42 8.05 1.58 0.43 2.01 0.94 3.46
Lannea coromandelica (Houtt.) Merr. Anacardiaceae 35 12.71 7.56 1.50 0.41 1.91 0.90 3.29
Atalantia monophylla (L.) DC. Rutaceae 13 16.69 6.76 1.25 0.34 1.58 0.74 2.73
Spondias pinnata (L.f.) Kurz. Anacardiaceae 8 16.53 10.03 1.08 0.29 1.37 0.64 2.36
Bombax anceps Pierre Malvaceae 8 17.92 8.04 0.77 0.21 0.98 0.46 1.69
Grewia eriocarpa Juss. Malvaceae 13 14.80 7.56 0.76 0.20 0.96 0.45 1.66
Azadirachta indica A. Juss. var. siamensis Valeton. Meliaceae 1 49.00 10.70 0.65 0.18 0.83 0.39 1.43
Hubera cerasoides (Roxb.) Chaowasku Annonaceae 17 10.87 7.70 0.60 0.16 0.76 0.36 1.31
Lasiobema scandens (L.) de Wit. Fabaceae 5 10.25 - 0.54 0.15 0.69 0.32 1.18
Cratoxylum cochinchinense (Lour.) Blume Hypericaceae 11 12.13 7.26 0.50 0.14 0.64 0.30 1.11
Tamarindus indica L Leguminosae 2 29.99 8.45 0.46 0.12 0.58 0.27 1.00
Microcos tomentosa Sm. Malvaceae 10 10.36 8.01 0.35 0.09 0.44 0.21 0.76
Diospyros coaetanea H. R. Fletcher Ebenaceae 7 13.46 8.08 0.34 0.09 0.43 0.20 0.74
Lagerstroemia cochinchinensis Pierre. Lythraceae 6 11.19 8.88 0.33 0.09 0.42 0.20 0.72
Lagerstroemia duperreana Pierre ex Gagnep. var. duperreana  Lythraceae 7 12.65 6.49 0.30 0.08 0.38 0.18 0.65
Diospyros malabarica ( Desr.) Kostel. var. malabarica Ebenaceae 7 12.85 6.02 0.23 0.06 0.30 0.14 0.51
Wrightia arborea (Dennst.) Mabb. Apocynaceae 1 29.75 9.20 0.22 0.06 0.28 0.13 0.48
Other 28 species 80.00 15.21 8.97 1.98 0.53 2.51 1.18 4.33
Total 321.00 14.27+7.47 7.89+2.45 24.81 6.70 31.50 14.81 54.29

n <

LHLIRLLELBELL

WV 6 <

(895T) 1€T-11T :(7)6 RU] PRILIE] L[LLRU

(STOT) 1€T-117:(T)6 [ "SAY '[09F "104 TRy,



NsasdvetinaIneth e Ineg 92): 211-231 (2568)

WenSeuieudoyaidalaseaduazdnenin
MIANAVA VOUTEHINADUFUNI WU
Y a = 9) 1 4 =
idumasuniia vinaduriugudnalaios
= 3 ~
pnInaY (DBH) A0 (Height) 42232010

A a = ya
MUeaYN (AGB) u1a¥101nldau (BGB)

J 1 I'4 4
AU UTTAY HAazAIAISUIU laoen lua

= 1 A 1 & 9 1 Y ds@l
MYV RAYADNUIAUGINIUAUNNUUIDA

v
= o 2 a

W1eg NN Wed 1A EININada (p<0.001)

o

) K

TuvazNduUn19d U AN UIUA LAY

a <3

ANUUUILUFINTT uaduT VAN
HAMINATOUNITDANIY Independent
I~ 1 1
samples t-test AR 1917 1IN VUIALFUAIY
o ~ a
AUINa1NeI0n (DBH) INAY (t=-4.88, p <
0.001) mmqqmﬁﬂ (t=-6.03, p<0.001) AGB
(t=-4.27,p <0.001) BGB (t = -4.18, p < 0.001)
a 14 1
Suanisusy (t=-4.36,p <0.001) Ltaz A
4 = 1
msvoulaoen ledieumii (t=-4.36, p<0.001)
YOUFUNIUFUVIGINII0GNFAIIU 1TAI
F
idumasaunegluszozuailiglnseaiig
1 9 ] A d' ] é’
13 IvajuaziSeuseanvuiniuuiniu
v Y Y v
yuziduneiugeadiogluszoz luyad
9 o 9 I~ =] [l 1A
THvunadrduandevuianaiseguin ualinig
A 1 o my 1 A
duaeus Inaldedeaeriio
A d= a s ¥
WunAny1lesnlsyneunssa'ldn
3 a 9 1 [
nannatevesthavuawazthaaunaaluni
yedanianzTueonvyesdszimalneg msiny
9 =< a 4
wssa ldunde 70 ¥iia 59 ana waz 33 196
X A Y o o 9 =
MeluNunAouUI 199 1nA deNoUnINIU

¢ ¥ v
ﬁuyjimmaﬂmdﬁsnwssmllmmzmm

224

Thai For. Ecol. Res. J. 9(2): 211-231 (2025)

Y Y A A
mu13aummﬁmwumaau‘luwamuw

L‘Viiﬂ%f’fﬂﬁ'?‘ﬂ%Uﬂ’ﬂﬂﬂﬁ"lﬂﬂﬁ?ﬂ‘l/]"lﬂ%ﬁﬂ'lw)

[
IS

@Qﬁ@ﬂﬂé}ﬁlﬂﬁlﬂuu?ﬁﬂ 11 ANUNATHUAY

[ 1

NNFIMNTUNUINFIAYADANNIADITUAL

o

2 o v g

MNNVOITLUVIIA TINDIFNEMNATANIAL
I'4
ANTUDU (Cardinale et al., 2012; Chazdon, 2014)
d'dy d‘tdyw [ a Y 1
msnnuntdiausasessurtia liiauvearh
a ] dy Y 1o
FITNEIA U 919 Uszgir 109 tag 1vaa
x I a [ { [T
Faduwiia liaunnuluthauuds (Marod er
< 9 v
al., 2018) naaaliwiudanszuauns luyad
Y
uurTdudulaseadrathauauldodis
= a =)
wzauazilszanson
A = )= 9 [
WetlSevineulnsaas19sening
Y
FUNNANHITITUTIANIADI WUANVUANA
] 9
Nagiou szezmsnudIvesrh (Successional
Y o 9 ds! A o
stage) lavanu Taadumevugoan I
[ o 1 < 1
du'lifuinndi (321 a1dw) ualvura@ann N
9 [l o ~ =
(taUFIUgUEINAIUNYIDN (DBH) Moy 14.37 +
Y
7.47 ISURIIAT AU 7.89 + 2.45 1UAT) 19T
= dy v 1 .
295281 NUAIFI5N (Early successional
A 9 < A [ Y
phase) N1 ldfvuadnuazmsduaovesdugu
Ty uun vaed@unIusu U5

Sdutioond (146 d1du) uativuialuani

98190 ed 1Ay (DBH 1RdYy 17.87 £ 8.16
EFFUANAT; AIINGD 10.65 + 5.04 1AT) Hagll
= v 9 ' 3’/ = A A
WIATFINWABAUFINIT NINIATIN WK DAY
(AGB) tazu1a3 10w 1dau (BGB) iainde

S o

INNBINNIBTIAYNNADA (p < 0.001)

a



gee

Table 3. Biomass and carbon sequestration of tree species along the foothill nature trail in the Khao Nam Sab Conservation Area.

Number Mean DBH Mean Tree Above-Ground Below-Ground Biomass Carbon Sequestered
Scientific Name Family
of trees (cm) Height (m) Biomass (WT) (t) Biomass (t) (t) Storage (tC) CO2 (tCO2e)

Pterocarpus macrocarpus Kurz Fabaceae 7.00 33.97 17.68 5.59 1.51 7.10 3.34 12.24
Diospyros coaetanea H. R. Fletcher Ebenaceae 9.00 2241 12.42 1.84 0.50 2.34 1.10 4.03
Terminalia nigrovenulosa Pierre Combretaceae 7.00 21.32 13.42 1.36 0.37 1.72 0.81 2.97
Bombax anceps Pierre Malvaceae 4.00 23.74 10.64 1.15 0.31 1.47 0.69 2.53
Canarium subulatum Guillaumin Burseraceae 3.00 26.52 13.60 1.14 0.31 1.45 0.68 2.51
Pterospermum grandiflorum Craib Malvaceae 2.00 28.99 16.40 0.84 0.23 1.07 0.50 1.84
Albizia lebbeck (L.) Benth. Fabaceae 1.00 33.92 28.30 0.81 0.22 1.03 0.49 1.78
Grewia eriocarpa Juss. Malvaceae 10.00 16.17 9.28 0.81 0.22 1.03 0.48 1.77
Wrightia arborea (Dennst.) Mabb. Apocynaceae 5.00 19.57 11.79 0.79 0.21 1.00 0.47 1.73
Lagerstroemia floribunda Jack var. floribunda Lythraceae 5.00 18.96 11.92 0.78 0.21 0.99 0.47 1.71
Cordia cochinchinensis Pierre. Boraginaceae 1.00 33.73 25.00 0.72 0.19 091 0.43 1.57
Lasiobema scandens (L.) de Wit. Fabaceae 1.00 27.05 - 0.68 0.18 0.86 0.40 1.48
Garuga pinnata Roxb. Burseraceae 4.00 20.24 10.23 0.65 0.18 0.83 0.39 1.43
Vitex limonifolia Wall. ex Walp. Lamiaceae 6.00 17.44 10.21 0.62 0.17 0.79 0.37 1.36
Dalbergia cochinchinensis Pierre Fabaceae 3.00 23.70 11.40 0.52 0.14 0.65 0.31 1.13
Lannea coromandelica (Houtt.) Merr. Anacardiaceae 5.00 15.88 11.87 0.49 0.13 0.62 0.29 1.07
Dialium cochinchinense Pierre Fabaceae 3.00 18.36 14.90 0.47 0.13 0.60 0.28 1.04
Lagerstroemia loudonii Teijsm. & Binn. Lythraceae 4.00 17.94 10.99 0.41 0.11 0.52 0.24 0.89
Streblus asper Lour. Moraceae 4.00 19.35 6.88 0.38 0.10 0.48 0.23 0.83
Mallotus philippensis (Lam.) Miill. Arg. Euphorbiaceae 7.00 12.77 9.86 0.36 0.10 0.45 0.21 0.78
Other 35 species 55.00 13.47 8.19 3.25 0.88 4.13 1.94 7.12

Total 146.00 17.87+8.16 10.65+5.04 23.66 6.39 30.05 14.12 51.78

n <
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Figure 2. Mobile interface view when tapping Tag no. H5 Lagerstroemia duperreana on the Google Earth map of
the summit trail, shown from a visitor’s perspective. A) Overview tree mapping on mobile screen, B) view when
zooming to an interesting location, C) view when tapping Tag no. H5 and D) view when swiping up mobile screen

to show Tag no. H5 information
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ABSTRACT

Background and Objectives: The diversity of species and plant communities varies among the areas.
Understanding of species and their habitats is vital on conservation and sustainable natural management
under the anthropogenic disturbances. This study aimed to detect the types of plant communities and plant
species diversity of each community that existed within the Satun Geopark, Satun province, including the
comparison analysis of the similarity between found plant communities, as well as examine the conservation
status of plant species that appear in the sample plots. The result provides important information that can be
used in considering the conservation of plant resources in the Satun Geopark and others.

Methodology: Plant communities are classified into different types based on the physiognomic of the plant
communities following Smitinand (1977). The temporary plot size of 20 m x 50 m, total 17 sample plots,
were set up and covered all the classified plant communities. Each plot measured the trees at DBH > 3.5 cm
and also tree identified was done. Analyses were made of the importance value index of tree species. The
diversity index of each plant community was analyzed, as was the similarity index between communities.
All founded tree species were examined using the [IUCN Red List Categories and Criteria.

Main Result: The results showed the plant communities in Satun Geopark can be classified into
9 communities: 1) Moist evergreen forest (MEF) inhabits on deep soil, the dominant species are in the
family of Dipteroccarpaceae, Fabaceae, Moraceae, Malvaceae, and Annonaceae. 2) Dry evergreen forest
(DEF) inhabits limestone mountains. The structure is a mixture of deciduous and evergreen tree species.
The dominant species are in family of Dipteroccarpaceae, Fabaceae, Annonaceae, Ebenaceae, and
Melastomaceae. 3) Semi-arid evergreen forest (SEF), the structure of the community is a mixture of moist
evergreen forest and some dry evergreen forest trees. The dominant species are in family of
Dipteroccarpaceae, Fabaceae, Annonaceae, Ebenaceae, and Myrtaceae. 4) Mixed deciduous forest (MDF)
found on limestone mountains. The structure of the community consists mainly of deciduous trees mixed
with some evergreen trees. In some areas, bamboo is dominated at understory plant. The prominent plants

are Malvaceae, Dipterocarpaceae. Annonaceae, Combretaceae, Lythraceae, and Phyllanthaceae. 5) Mixed
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deciduous forest with Pentacme siamensis dominant is found in limestone mountain areas with very shallow
soil layers. The dominant trees in the canopy layer are Dipterocapaceae (Pentacme siamensis) and some
other family such as Moraceae and Combretaceae. 6) Limestone scrub forest (LSF) is found in the limestone
mountain areas or limestone cliffs where there is a lack of soil layer. The prominent trees include family of
Malvaceae, Combretaceae, Lythraceae, Lamiaceae, and Phyllanthaceae. 7) Beach forest (BF) community is
found on sandy beaches and along sand dunes. The dominant plants are the family of Fabaceae, Malvaceae,
Myrtaceae, Casuarinaceae, and Baringtoniaceae. 8) Mangrove forest (MF) consists of vegetation structures
in zones, starting from the group close to the water's edge to the group close to the terrestrial forest. The
dominant plant species include the family of Rhizophoraceae, Malvaceae, Meliaceae, Acanthaceae, and
Euphorbiaceae. And, 9) Dwarf mangrove forest (DMF) is found in sinkholes that occur on islands. The
plant species that appear are similar to those in general mangrove forests, but it consists of small and stunted
trunks. The canopy is only one layer and 5-6 meters high. The diversity index values based on Shannon-
Weiner (H/) in the moist evergreen forest of all study sites (Phu Pha Phet Forest Protection Unit, Ko Tarutao,
and Ko Rawi) had higher diversity (H/:3.28—3.3 8) than other forest types, MEF in the sinkhole (H/:2.83),
SEF (H/:2.83), DEF at Ko Khaoyai (H/:2.99) and Khao To Ngai (H/:2.64), respectively. The MEF in the
sinkhole has a diversity index value close to that of the SEF. While, the diversity index values in the BF of
Ko Tarutao and Ko Rawi were low (H=2.07 and 2.16, respectively), in addition almost closed to the LSF
(H/:2.24). However, the MF diversity index showed the lowest values for all study sites (Ko Tarutao, Tha
Oi, Rawai and MF in sinkhole) which H ranged from 0.86-1.40. The diversity index value in limestone
scrub forest is 2.24. Indicating low species and evenness was detected when compared to other forests.
Concerning similarity between plant communities, two main category types were divided, deciduous and
evergreen forests, and similarity index was analyzed for each group, The similarity index of mixed
deciduous forest groups is more than 60%. Therefore, it’s implied that the mixed deciduous forest in Satun
Geopark have similar plant species. The similarity index of the evergreen forest group showed all areas are
less than 40%, indicating that all plant communities have differences in plant species. The conservation
status of plant species that are components of the plant community by [UCN Red list of Threatened species
found that only one species is endangered (Endangered: EN), which is Hopea ferrea, and there are 6 species
with a vulnerable (Vulnerable: VU) status, which are: Cinnamomum ilicioides, Mitrephora alba, Payena
lucida, Parashorea stellata, Garcinia costata, and Monoon cupulare. The other species found in the study
areas were mostly of Least Concern (LC), indicating that their populations are still large enough to not be

at risk of extinction.
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Conclusion: There are 9 plant communities were found that the MEF have the highest diversity index value
than the other communities, followed by the MEF in the sinkhole area, SEF, DEF, LSF, BF, and MF had
the lowest than the other types. The similarity between forests in the deciduous forests had higher than 60%,
while in the evergreen forests were less than 40%, indicating that in the evergreen forest, although the
physical characteristics are similar, the plant species that make up the community are still different. As for
the conservation status of plant species, it was found that most of them have a status of least concern (LC),
and only one species is endangered (Endangered: EN), which shows that the H. ferrea is at risk of extinction
from nature in the future if the threatening factors continue. Thus, our findings on species establishment
within specific habitats may be useful for conservation and sustainable management planning on species

diversity, in particular, other effective area-based conservation measures, OECMs.

Keywords: Limestone karst, forest, Satun province
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Figure 1 The characteristics of plant communities found in the study area: A) moist evergreen forest at Khao
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National Park, D) beach forest of Ko Tarutao and E) Semi-arid evergreen forest in vicinity of Papon School.
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Figure 2 The characteristics of plant communities found in the study area; A) mangrove forest at Ko Tarutao,

B) dwarf mangrove forest in sinkhole at Khaoyai island, Petra National Park, C) mixed deciduous forest at Khao

Toh Ngai of Petra National Park, D) mixed deciduous forest with Pentacme siamensis dominant at Khao Toh Ngai,

Petra National Park, and E) limestone hill scrub forest at Khaoyai island, Petra National Park.
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Table 1 Similarity index (SI, %) between deciduous forests, mainly mixed deciduous forest (MDF) and other

sub-type (MDF with P. siamensis dominant) of each study site.

MDF - Khaoyai Island

MDF - Khao To Ngai ~ MDF - P. siamensis dominant

MDF - Khaoyai Island X 63.41 53.41
MDF - Khao To Ngai 63.41 X 73.33
MDF — P. siamensis dominant 53.41 73.33 X
Table 2 Similarity index (SI, %) between evergreen forests.
MEF SEF DEF DEF
(Phuphapet ~ MEF MEF MEF (Papon (Khao To (Ko
Unit) (Ko Rawi) (Ko Taruta) (Talu Cave)  School) Ngai) Khaoyai)
MEF (Phuphapet Unit) X 37.14 38.24 26.23 26.67 9.09 11.43
MEF (Ko Rawi) 37.14 X 34.38 14.04 17.86 9.68 24.24
MEF (Ko Taruta) 38.24 34.38 100 7.27 18.52 10 12.5
MEF (Talu Cave) 26.23 14.04 7.27 X 12.77 0 0
SEF (Papon School) 26.67 17.86 18.52 12.77 X 19.23 21.43
DEF (Khao To Ngai) 9.09 9.68 10 0 19.23 X 29.03
DEF (Ko Khaoyai) 11.43 24.24 12.5 0 21.43 29.03 X
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