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The Effect of Tree Pruning on Growth and Potential of Carbon Storage in Aboveground Biomass in

Royal Park Rajapruek in Chiang Mai Province

Worachet Worawetchakun'* Napaphat Wongnan1 Vikanda Saywongjai1 Preeyaporn Sangruan1 Kittinan Puinta'
Thirapon Butsithongl Teeranon Pasutham' Piyaphong Meepanya1 Korramit Sornwangl Phuthadol 'l"heera-athiyut1

Arnada Niruntayakul1 Sutheera Hermhuk” and Witchaphart Sungpalee2

Received: 26 March 2024 Revised: 16 May 2024 Accepted: 20 May 2024

ABSTARCT

Background and Objectives: Royal Park Rajapruek is an urban green area that plays important role on the environments. The
suitable canopy pruning promotes tree growth and increase potential of carbon dioxide (CO,) absorption. This study aimed to
evaluate the effect of canopy pruning on growth rate and carbon storage in tree aboveground biomass.

Methodology: The selected tree species was canopy pruned (CP) in three types; 1) > 50% of CP (Pterocarpus macrocarpus and
Swietenia macrophylla), 2) < 50% of CP (Phyllocarpus septentrionalis, Ficus subpisocarpa, Mimusops elengi , and Cassia fistula)
and 3) no canopy pruning. Then, the evaluate on the growth rate and carbon storage in aboveground biomass was done during
2021-2023 based on allometric equation of Chave et al. (2005).

Main Results: The relative growth rate (RGR) of Pterocarpus macrocarpus and Swietenia macrophylla (> 50% canopy pruning)
had significantly (P < 0.05) different with no CP. In term of relative growth on biomass, the CP and without CP of Pterocarpus
macrocarpus had significantly (P < 0.05) that lower value was found, 0.08 and 0.12, respectively, but it had no significant for
Swietenia macrophylla. Regarding the CP < 50%, the absolute growth rate (AGR) of Phyllocarpus septentrionalis and Mimusops
elengi was significantly (P < 0.001 and P<0.05, respectively) different with no CP which increased rate was found. In contrast, the
negative RGR of diameter for CP was found for Cassia fistula, however, the AGR and RGR of height showed positive correlation.
In terms of biomass and carbon storage, these were significantly (P < 0.001, and P < 0.05, respectively) different for Phyllocarpus
septentrionalis and Mimusops elengi which increased up to 95 percent. Then, they showed significantly (P<0.001, and P<0.05,
respectively) increased aboveground biomass (49.59 and 12.6 km.yr’l, respectively). While, Cassia fistula with CP had low RGR
and carbon storage. Contrasting with Ficus subpisocarpa that had no significantly different between two practices.

Conclusion: Canopy pruning is important on tree growth rate that effected on variation of biomass and carbon storage. Thus,
appropriate canopy pruning should concern for specific species, in particular to promote growth and carbon storage.

Keywords: Urban forest, service area, ecology, environment
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g Faculty of Agricultural Production, Maejo University, Chiang Mai 50290
* Corresponding author: WORACHETV@gmail.com
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Table 1 Number of samples of trees whose canopies were pruned in 2021.

Canopy pruning practices Data in 2021
species Without pruning
>50% <50% DBH (cm) Height (m)
(control)
Phyllocarpus septentrionalis Donn. Sm. 10 trees 20 trees 11.54 5.28
Pterocarpus macrocarpus Kurz 9 trees 10 trees 29.99 11.02
Ficus subpisocarpa Gagnep. 10 trees 10 trees 78.51 11.48
Mimusops elengi L. 9 trees 11 trees 16.8 6.19
Swietenia macrophylla King 20 trees 20 trees 27.73 12.61
Cassia fistula L. 7 trees 30 trees 16.98 8.79
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Table 2 Absolute growth rate (AGR) and relative growth rate (RGR) of breast diameter and the height

of 6 species of trees that were pruned at various levels.

Canopy pruning practices T-test
Species
>50% <50% without pruning (control)

Phyllocarpus septentrionalis Donn. Sm.

AGR DBH (centimeter/year) 2.77 1.18 ok

RGR DBH 0.17 0.12 *

AGR height (meter/year) 1.16 0.69 ns

RGR height 0.17 0.11 ns
Pterocarpus macrocarpus Kurz

AGR DBH (centimeter/year) 1.28 1.65 ns

RGR DBH 0.04 0.06 *

AGR height (meter/year) 0.72 1.00 ns

RGR height 0.07 0.08 ns
Ficus subpisocarpa Gagnep.

AGR DBH (centimeter/year) 1.88 0.97 ns

RGR DBH 0.02 0.01 ns

AGR height (meter/year) 1.83 1.56 ns

RGR height 0.14 0.12 ns
Mimusops elengi L.

AGR DBH (centimeter/year) 1.80 1.11 *

RGR DBH 0.09 0.06 *

AGR height (meter/year) 0.64 0.47 ns

RGR height 0.10 0.07 ns
Swietenia macrophylla King

AGR DBH (centimeter/year) 0.78 0.84 ns

RGR DBH 0.03 0.03 ns

AGR height (meter/year) -1.84 0.72 Aok

RGR height -0.17 0.05 HkE
Cassia fistula L.

AGR DBH (centimeter/year) 0.91 0.86 ns

RGR DBH 0.03 0.05 *

AGR height (meter/year) 1.84 0.77 kK

RGR height 0.17 0.07 *okk

Remark:; ns = non significant different; * = p<0.05; ** = p <0.01; *** = p < 0.001
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yauznuzganm i lunuanuuana1an1aan ad1la
9 = v I 4 1
(Table 3) AMUUIATIDTWLAS AN UATITUDULA
Table 3 Biomass change (%), absolute growth rate (AGR) and relative growth rate (RGR) of the biomass and
carbon storage of each canopy-pruned practice based on aboveground biomass accumulation of woody plants

of Chave et al. (2005).

Canopy pruning practices t-test

species
>50%  <50%  without pruning (control)

Phyllocarpus septentrionalis Donn. Sm.

Changes in Biomass (%) 99.19 252 Hokok
AGR biomass (kilogram/ year) 49.59 12.6 Hokok
RGR biomass 0.36 0.26 *
AGR carbon content (kilogram/ year) 23.31 5.92 Hokok
RGR carbon content 0.36 0.26 *

Pterocarpus macrocarpus Kurz

Changes in Biomass (%) 101.68 104.78 ns
AGR biomass (kilogram/ year) 50.84 52.39 ns
RGR biomass 0.08 0.12 *
AGR carbon content (kilogram/ year) 23.90 24.62 ns
RGR carbon content 0.08 0.12 *

Ficus subpisocarpa Gagnep.

Changes in Biomass (%) 277.65 113.36 ns
AGR biomass (kilogram/ year) 138.82 56.68 ns
RGR biomass 0.04 0.03 ns
AGR carbon content (kilogram/ year) 65.25 26.64 ns
RGR carbon content 0.04 0.03 ns

Mimosops elengi L.

Changes in Biomass (%) 96.77 55.97 *
AGR biomass (kilogram/ year) 48.39 27.98 *
RGR biomass 0.18 0.12 *
AGR carbon content (kilogram/ year) 22.74 13.15 *
RGR carbon content 0.18 0.12 *
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Table 3 (Continued)

Canopy pruning practices T-test
Species
>50% <50% without pruning (control)
Swietenia macrophylla King
Changes in Biomass (%) 41.75 42.54 ns
AGR biomass (kilogram/ year) 21.11 21.27 ns
RGR biomass 0.05 0.06 ns
AGR carbon content (kilogram/ year)  9.92 10.00 ns
RGR carbon content 0.05 0.06 ns
Cassia fistula L.
Changes in Biomass (%) 59.77 36.73 ns
AGR biomass (kilogram/ year) 29.89 18.36 ns
RGR biomass 0.07 0.1 *
AGR carbon content (kilogram/ year) 14.05 8.63 ns

Remark: ns = non significant different; * = p<0.05; ** = p < 0.01; *** = p <0.001
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(Table 4 t19g Figurel)

Table 4 Regression of carbon stock in biomass between control and canopy pruning practices; (a) and (b) >

50 % and (c), (d), (e) and (f) < 50 %, of six selected species.

Control Canopy pruning practices
Equation R’ P-value Equation R’ P-value
a y=37.32765+1.06437x 0.94 <0.001 y=-3.04337+1.18108x 0.99 <0.001
b y=-23.80624+1.34821x 0.97 <0.001 y=0.37532+1.11212x 0.99 <0.001
c y=-0.5292+1.7541x 0.87 <0.001 y=64.7364+0.5917x 0.15 >0.05
d y=36.46560+1.01801x 0.97 <0.001 y=-17.42676+1.11260x 0.95 <0.001
e y=-19.4653+1.5225x 0.92 <0.001 y=27.1289+1.1709x 0.91 <0.001
f y=9.15166+1.09858 0.85 <0.001 y=-13.11966+1.22467x 0.98 <0.001
J0150ima MIAauAUUITaIna1dnaln ldaulina

1% 1 ' Y 9 Y '
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Figure 1 Regression of carbon stock in biomass at 2021 and 2023 of 6 selected species of trees that were pruned at various

practices.; (a) and (b) > 50 % and (c), (d), (¢) and (f) < 50 %.
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Diversity of ferns in oil palm plantations of different age-classes

at Si Banphot District, Phatthalung Province
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ABSTRACT

Background and Objectives: There was a controversial issue whether oil palm plantations could be regarded as
a valuable place for Ex-Situ fern biodiversity conservation. Consequently, this research was set up to study the
diversity of ferns in the oil palm plantations of 3 different age-classes (younger than 10-year-old, 10 to 20-year-
old, older than 20-year-old) which have similar management program. This is then subjected to compare with ferns
in the nearby natural moist evergreen forest.

Methodology: The temporary sampling plot of 40 x 40 m, 3 replicates for each plantation age-class and the forest,
were laid to study the terrestrial and epiphytic ferns on the oil palms or other trees of 4.5 cm (diameter at breast
height), and from the ground level to the reachable height of no more than 2 m high. This work was conducted
during 13 July-31 August 2022 at Si Banphot District, Phatthalung Province.

Main Results: The results showed that 7 families, from 20 genera and 26 species of ferns were found in total. Of
these, 16 species are terrestrial ferns while the other 10 are epiphytic ones. Polypodiaceae (8 genera 8 species) was
the family of ferns most found in this study, followed by Pteridaceae (5 genera 6 species), Aspleniaceae (3 genera
6 species), Schizaeaceae (1 genus 3 species), and the others 3 families (Cyatheaceae, Marattiaceae and
Gleicheniaceae), 1 species each found. Among the 3 age-classes oil palm plantations: 3 families, 5 genera, 5 species
of the ferns were found in the younger than 10-year-old oil palm plantation; 4 families, 11 genera, 11 species in
the 10 to 20-year-old oil palm plantation, and 4 families, 11 genera, 13 species in the older than 20-year-old oil
palm plantation. Whilst 7 families, 11 genera, and 14 species were found in the forest.

Conclusion: It can be concluded that the older plantations tend to have a higher species diversity of ferns than the
younger plantations. Even though the older than 20-year-old oil palm plantation and the moist evergreen forest
possessed a similar number of fern species (13 vs 14 species, respectively), the similarity between the two was
relatively low (22.22%). Therefore, further study is required before concluding that palm oil plantation is a valuable
and suitable place for Ex-Situ biodiversity conservation of fern.

Keywords: Agriculture, alien species, biodiversity, forest, Thailand
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Table 1 List of fern species and habitats in oil palm plantations and forest at Si Banphot District, Phatthalung Province.

Oil palm plantations

Family Thai names Botanical names Habits  Forest
P1 P2 P3
Aspleniaceae MNrarerasans Asplenium nidus L. E X X X
Ussau Stenochlaena palustris (Burm.f.) Bedd T
ungm'h Thelypteris dentata (Forssk.) E.P.St.John T
NGN Thelypteris repanda (Fée) C.V.Morton T
Qﬂ‘ﬂ'l sp. I Thelypteris sp. 1 T
i.]ﬂ‘l'h sp. II Thelypteris sp. 11 T X
Cyatheaceae Qﬂv’l'u Alsophila borneensis (Copel.) R.M.Tryon T
Gleicheniaceae 1Y Dicranopteris speciosa (C.Presl) Holttum T
Marattiaceae imﬁuusﬂ Angiopteris evecta (G.Forst.) Hoffm. T
Polypodiaceae NUINATY Davallia denticulata (Burm.fil.) Mett. Ex Kuhn. E X X X
gm’n Drynaria sparsisora (Desv.) T.Moore. E X X
nszdsenyina@est  Microsorum punctatum (L.) Copel. E X X X
GlSudatlan Nephrolepis biserrata (Sw.) Schott E X X
BN Phymatosorus scolopendria (Burm.f.) Pic.Serm. E X X
AN Pleocnemia irregularis (C.Presl) Holttum T X
dninln Pyrrosia lanceolata (L.) Farw. E X
AN Tectaria impressa (Fée) Holttum T X
Pteridaceae udluua” Adiantum latifolium Lam. T X X
171ummnga Antrophyum callifolium Blume E
Qﬂ?]n"lﬁ Haplopteris ensiformis (Sw.) E.H.Crane E X
n%’q Haplopteris scolopendrina (Bory) C.Presl E
Wuky Pteris ensiformis Burm.f. T X
Qﬂﬂﬂ Taenitis blechnoides (Willd.) Sw. T X
Schizaeaceae aminaln Lygodium circinnatum (Burm.f.) Sw. T
Qﬂﬁ’ﬂﬂ Lygodium polystachyum Wall. ex. Moore. T
?um“lmg' Lygodium salicifolium C.Presl. T X
Total 26 14 5 11 13

Remarks: E=Epiphytic ferns, T=Terrestrial ferns, **=Exotic fern, and P1, P2 and P3 indicated oil palm plantation in

different ages, < 10, 1-20, and > 20-year-old, respectively.
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Figure 1 Some fern species found in this study; A) Davallia denticulata (Burm.fil.) Mett. Ex Kuhn., B) Nephrolepis

biserrata (Sw.) Schott, C) Drynaria sparsisora (Desv.) T.Moore., D) Asplenium nidus L., E) Adiantum latifolium

Lam., F) Alsophila borneensis (Copel.) RM.Tryon, G) Angiopteris evecta (G.Forst.) Hoffm., H) Dicranopteris

speciosa (C.Presl) Holttum, and I) Pleocnemia irregularis (C.Presl) Holttum.
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Table 2 Relative frequency (RF), Relative dominance (RDo, based on the cover area) and importance value

index (IVI) of the (Top 3) dominant fern species found in the oil palm plantations of 3 different age-classes

and the moist evergreen forest.

Oil palm plantations Thai names Species RF(%) RDo (%) IVI(%)
and Forest

All age-class oil palm Msuharan Nephrolepis biserrata (Sw.) Schott 10.71 26.57 37.28

plantations TUUINTY Davallia denticulata (Burm.fil.) Mett. Ex Kuhn. 7.14 14.53 21.67

fMudluuia Adiantum latifolium Lam. 5.95 12.00 17.95

Other 13 species 76.20 46.90 123.10

Summation of 15 species 100 100 200

Less-than-10-year-old fudluuia Adiantum latifolium Lam. 20.00 86.96 106.96
oil palm plantation MSufatlan Nephrolepis biserrata (Sw.) Schott 20.00 11.74 41.74
YIYUND Phymatosorus scolopendria (Burm.f.) Pic.Serm. 30.00 0.98 20.98
Other 2 species 30.00 0.38 30.38

Summation of 5 species 100 100 200
10-to-20-year-old oil palm Lﬂ§uﬁ’1&ﬂa1 Nephrolepis biserrata (Sw.) Schott 13.04 47.24 60.28
plantation fudluuia Adiantum latifolium Lam. 8.70 38.56 47.26
NUUINTIS Davallia denticulata (Burm.fil.) Mett. Ex Kuhn. 13.04 6.62 19.66
Other 8 species 65.22 7.58 72.80

Summation of 11 species 100 100 200
More than-20-year-old MFufatlan Nephrolepis biserrata (Sw.) Schott 8.33 44.56 52.90
oil palm plantation NUUIATIS Davallia denticulata (Burm.fil.) Mett. Ex Kuhn. 8.33 34.64 42.97
Qﬂ’jn Drynaria sparsisora (Desv.) T.Moore. 8.33 6.29 14.62
Other 10 species 75.01 14.51 89.52

Sum of 13 species 100 100 200
Moist evergreen forest NuULUSA Angiopteris evecta (G.Forst.) Hoffm. 13.33 30.81 44.15
Taru Dicranopteris speciosa (C.Presl) Holttum 6.67 30.81 37.48
AN Pleocnemia irregularis (C.Presl) Holttum 13.33 20.03 33.36
Other 11 species 6.67 18.35 25.02

Summation of 14 species 100 100 200
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Remarks: Values in the White-area represent the percentage of similarity while those in the Grey-area represent the

percentage of dissimilarity.
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ABSTRACT

Background and Objectives: This study aims to investigate the presence and characteristics of microplastics in
the tadpoles of three amphibian species: Hoplobatrachus chinensis, Hylarana erythraea, and Kaloula pulchra.
Methodology: Tadpole samples were collected from two study areas, Bueng Kan and Khon Kaen provinces.
The tadpoles were euthanized with chlorotone solution and preserved in 70% alcohol. The species were identified
by examining external morphological characteristics and comparing them with relevant descriptions. The tadpoles
were digested using 30% hydrogen peroxide at 60°C, then allowed to settle at room temperature. The remaining
residue was filtered using Whatman No. 1 filter paper (110 mm), and the filter paper was examined for
microplastic particles using a Nikon SMZ-745T stereo microscope. Images and measurements of the microplastics
were taken using the NIS Elements software.

Main Results: This study used 12 tadpole samples, consisting of 3 tadpoles of H. chinensis (average TL
17.5+1.03; stage 29), 3 Hy. erythraea (average TL 38.5+5.69; stage 43), and 6 K. pulchra (average TL 26.8+1.23;
stage 38). The results revealed a total of 26 microplastic particles, comprising both fragments and fibers.
The banded bullfrog had the highest number of microplastics (15 particles), all of which were fibers. Microplastics
of varying sizes were found in all three species, with the rice frog showing a higher number of fragment-type
microplastics.

Conclusion: This study reports the presence of microplastics in tadpoles of amphibians from Thailand and

emphasizes the importance of further research in the future.

Key words: Microplastics, amphibians, tadpoles, contamination, ecology
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Introduction

Microplastic pollution has emerged as a
significant environmental concern globally, with
its detrimental impacts extending across various
ecosystems (Barnes et al., 2009; Wagner et al.,
2014; Wu et al., 2017; Munno et al., 2018; Singh
et al., 2021). Anuran tadpoles, as integral
components of aquatic ecosystems, are
susceptible to the effects of microplastic
contamination due to their reliance on aquatic
habitats during their early life stages (Hu et al.,
2018; Aratjo & Malafaia, 2020; Hou & Rao,
2022). Despite growing awareness of microplastic
pollution (Wu et al., 2017), studies investigating
its presence and potential impacts on amphibians,
particularly tadpoles, remain limited.

Northeastern Thailand, characterized by
its rich biodiversity and extensive freshwater
habitats, serves as an ideal region to assess
microplastic contamination in anuran tadpoles.
This preliminary study aims to assess the
prevalence of microplastic pollution in tadpoles
belonging to three common species:
Hoplobatrachus chinensis (family
Dicroglossidae, Kaloula pulchra (family
Microhylidae), and Hylarana erythraea (family
Ranidae), inhabiting in freshwater environments
across in northeastern Thailand. These species H.
chinensis, K. pulchra, and Hy. erythraea are
widespread species found in various aquatic
habitats, including ponds, marshes, and rice

fields throughout the country (Chuaynkern &
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Chuaynkern, 2012; Chuaynkern & Duengkae,
2014; Frost, 2024). Despite their ecological
importance, tadpoles of these species (along with
other Thai species) have remained not
investigated concerning microplastic
contamination. Through this preliminary
assessment, the result reveal to enhance
understanding of the potential threat posed by
microplastics to anuran tadpoles in northeastern
Thailand. This study contributes valuable insights
into the extent of microplastic contamination in
freshwater ecosystems and underscores the
urgency of further research to mitigate its adverse
effects on amphibian populations and ecosystem

health.

Materials and Methods

Tadpole specimens (Figure 1) were
collected from field sites situated in two
provinces. H. chinensis tadpoles were sourced
from Bueng Karn province, while those
belonging to K. pulchra and H. erythraea were
collected from Khon Kaen province, specifically
obtained from Khon Kaen University. Animal
ethics approval, under reference number
ACKU66-SCI-019, was granted by the Kasetsart
University’s Institutional Animal Care and Use
Committee, Thailand. Subsequently, the tadpoles
were humanely euthanized by immersion in
chloretone and then preserved in 70% ethanol.
Upon arrival at the laboratory, located within the

Department of Biology, Faculty of Science, Khon
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Kaen University, the tadpoles underwent detailed
examination of their external morphology to
facilitate species identification.

The developmental stage of each tadpole
was determined following the classification
system outlined by Gosner (1960).
The measurements of 11 morphological
characteristics followed the methods described
by Chuaynkern et al. (2019). These characteristics
include: SVL (snout to vent length), TAL (tail
length), TL (total length), MTH (maximum tail
height), BH (body height), BW (body width), PP
(interpupillary distance), ID (internarial
distance), RN (rostro-narial distance), NP
(nanopillar distance), and ED (maximum eye
diameter). A digital caliper was utilized for
conducting these measurements. For characters
smaller than 1 mm, measurements were taken
using an ocular scale attached to a
stereomicroscope. The identification process was
carried out in accordance with established
taxonomic literature, as referenced in works by
Aran et al. (2012) and Chuaynkern et al. (2023).

To prepare tadpole specimens for the study
of microplastics, the tadpoles underwent a series
of steps. Initially, they were washed with tap
water to remove any traces of ethanol.
Subsequently, each tadpole was immersed in
30% hydrogen peroxide and subjected to heat at
60 degrees Celsius for 24 hours or until the

tadpole completely digested. The remaining
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materials were then collected and filled with
saturated NaCl solution (prepared by dissolving
250 grams of NaCl per liter of water). The
mixture was stirred until the NaCl was fully
dissolved and left overnight for sedimentation.
The clear solution was then filtered using 11-
micron filter paper. The filtered solution was
incubated at 60 degrees Celsius for 24 hours or
until it was completely dry. Finally, the filter
paper was examined under a stereomicroscope to
identify microplastics. The type of plastics
present was analyzed using Fourier-transform

infrared spectroscopy.

Results

This study employed three H. chinensis
tadpoles (average TL 17.5+1.03, Gosner stage
29), six K. pulchra tadpoles (average TL
26.8+1.23, Gosner stage 38), and three Hy.
erythraea tadpoles (average TL 38.8+5.69,
Gosner stage 43) for the assessment of
microplastic contamination (Table 1). The
identification of these tadpoles (Figure 1) relied
on previous descriptions. Specifically, the H.
chinensis tadpoles were identified according to
the descriptions provided by Grosjean et al.
(2004), Aran et al. (2012), and Chuaynkern et al.
(2023), The K. pulchra and Hy. erythraea
tadpoles were identified based on the descriptions

by Chou & Lin (1997) and Inthara et al. (2005).
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Table 1 Morphometric measurements (in mm) of tadpoles from three species: Hoplobatrachus chinensis,

Hylarana erythraea, and Kaloula pulchra.

Species H. chinensis | Hpy. erythraea | K. pulchra Species | H. chinensis | Hy. erythraea | K. pulchra

Gosner stage 29 43 38 BW 3.6+0.36 5.5+0.76 5.6+0.10
No. specimens 3 3 6 PP 2.4+0.34 7.0+£1.26 5.2+0.17
SVL 6.6+0.55 10.1+1.26 6.0+0.34 NN 1.0£0.16 6.6+0.19 0.7+0.01
TAL 11.0+0.68 29.446.46 20.8+0.95 ID 0.6+0.13 2.4+0.21 1.4+0.10
TL 17.5+1.03 38.845.69 26.8+1.23 NP 0.8+0.25 0.9+0.08 1.5+0.03
MTH 1.9+0.23 4.1+0.23 4.3£0.42 ED 0.940.10 2.4+0.25 1.6+0.06

BH 2.8+0.40 5.5+0.76 4.6£0.10

B —,C

Figure 1 Photographs of preserved three tadpole specimens. A, Hylarana erythraea; B, Hoplobatrachus

chinensis; C, Kaloula pulchra. Scale bar equals 10 mm.

Our analysis has revealed the presence of
microplastics in tadpoles across all three
investigated species: H. chinensis (3 individuals),
Hy. erythraea (3 individuals), and K. pulchra (6
individuals) (Table 2, and Figure 2). A total of 26
microplastic pieces, identified as small plates (3
plates) and fibers (23 fibers), were detected
among 12 tadpoles of these species. The
abundance of microplastics varied among the

species, with K. pulchra exhibiting the highest
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count of microplastic pieces (15 fibers), followed
by Hy. erythraea with 7 microplastic pieces
(comprising 2 plates and 5 fibers), and the lowest
count observed in H. chinensis with 4
microplastic pieces (consisting of 1 plate and 3
fibers). Small microplastic plates were observed
in Hy. erythraea and H. chinensis but not in K.
pulchra (Table 3). Furthermore, three colors of
small microplastic plates were identified: pink,

red, and yellow plates. Small microplastic fibers
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were prevalent and found in all three tadpole green, orange, and red fibers. K. pulchra
species. Additionally, five colors of small exhibited the highest count of small microplastic
microplastic fibers were detected: black, blue, fibers (15 fibers).

Table 2 Summarizes the presence of microplastics observed in tadpoles of Hoplobatrachus chinensis,

Hylarana erythraea, and Kaloula pulchra.

Microplastic types (pieces) Average
Plates Fibers (pieces/
Pink | Red | Yellow | Black | Blue | Green | Orange | Red | individual)
H. chinensis - - 1 2 1 - - - 1.3
Hy. erythraea 1 1 - 3 - 1 - 1 2.3
K. pulchra - - - 4 7 - 2 2 2.5

Figure 2 Selected photographs of microplastics found in three tadpole specimens: Hoplobatrachus
chinensis, Hylarana erythraea, and Kaloula pulchra. A, Pink plate; B, Red plate; C, Yellow plate; D,

Black fiber; E, Blue fiber; F, Green fiber; G, Orange fiber; H, Red fiber

The analysis of microplastics found in variations in their dimensions (Table 3).
three amphibian species, namely Hy. erythraea, Hy. erythraea exhibited fiber microplastics with
H. chinensis, and K. pulchra, revealed intriguing an average width of 0.021 + 0.005 mm and a
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length of 1.713 + 0.627 mm, while also detecting
plate microplastics measuring 0.081 + 0.070 mm
in width and 0.104 = 0.037 mm in length.
Conversely, H. chinensis showed slightly larger
dimensions for fiber microplastics, with an
average width of 0.022 + 0.005 mm and a length
of 1.673 £0.926 mm. Notably, this species also
found plate microplastics significantly larger
than those of Hy. erythraea, measuring 0.269
mm in width and 0.445 mm in length. On the

other hand, K. pulchra displayed fiber

microplastics with a narrower width of 0.018 +
0.004 mm but comparable length of 1.453 +
0.823 mm. These findings suggest species-
specific variations in microplastic dimensions
among the studied amphibians, with Hy.
erythraea and H. chinensis exhibiting similar
sizes in fiber microplastics but differing
significantly in plate microplastics dimensions,
highlighting the complexity of microplastic

interactions within amphibian ecosystems.

Table 3. Dimensions (in mm) of microplastics found in three tadpole species: Hoplobabrachus chinensis,

Hylarana erythraea, and Kaloula pulchra.

Microplastic H. chinensis Hy. erythraea K. pulchra
type Width Length Width Length Width Length
Fiber 0.022+0.005 1.673+£0.926 0.021+0.005 1.713+£0.627 | 0.018+0.004 | 1.453+0.823
(0.019-0.027), | (0.915-2.706), | (0.016-0.030), (0.751- (0.012- (0.517-
n=3 n=3 n=5 2.506), 0.025), 3.198),
n=>5 n=15 n=15
Plate 0.269 0.445 0.081+0.070 0.104+0.037 - -
n=1 n=1 (0.031-0.130), (0.077-
n=2 0.130),
n=2
Discussion susceptibility to environmental changes,

Tadpoles serve as a significant food source
in Thailand and elsewhere (Chuaynkern &
Duengkae, 1014; Thomas & Buju, 2015). Various
species of tadpoles have been consumed in
northern and northeastern Thailand for a
considerable period (Chuaynkern & Duengkae,
2014). Given the critical role of water

environments for amphibians and their
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numerous studies have indicated the widespread
contamination of tadpoles by microplastics (Hu
et al.,2018; Bibfanti et al., 2020, 2021). Our
findings represent the initial documentation of
microplastic presence in tadpoles of three anuran
species from Thailand (H. chinensis, Hy.
erythraea, and K. pulchra). These results suggest

the potential transfer of microplastics to
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subsequent trophic levels in ecosystems,
including humans.

Differences in the types of microplastics
consumed by three tadpole species (H. chinensis,
Hy. erythraea, and K. pulchra) suggest potential
variations in microplastic exposure or ingestion
among the studied populations, which may be
influenced by habitat characteristics, feeding
habits, or other ecological variables. Tadpole
feeding behavior is affected by various factors,
including mouthpart structure and ecological
niche. H. chinensis and Hy. erythraea tadpoles
possess distinct mouthpart structures
characterized by keratodonts, facilitating grazing
on algae and detritus in aquatic habitats (Chou &
Lin, 1997; Inthara et al., 2005; Aran et al., 2012;
Moonasa et al., 2018; Chuaynkern et al., 2023).
These tadpoles can scrape and rasp algae
efficiently, aiding in their foraging. In contrast,
K. pulchra tadpoles lack keratodonts and likely
exhibit different feeding behaviors. Without
specialized structures for grazing, they may rely
more on filter or suspension feeding mechanisms
to obtain nutrients. They may feed on suspended
particles or planktonic organisms in the water
column, using their oral discs or other mouthpart
adaptations. The absence of keratodonts in
K. pulchra tadpoles indicates a deviation in their
feeding strategy compared to H. chinensis and
Hy. erythraea. While the latter species are
adapted for substrate grazing, K. pulchra tadpoles

may exploit alternative food resources in their
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environment. These differences in feeding
behavior could be attributed to ecological factors
such as habitat characteristics, resource
availability, and interspecific competition (Altig
et al., 2007). Moreover, variations in foraging
behavior among these tadpole species could
affect their growth and development rates, as
well as overall fitness and survival. Future studies
investigating the specific dietary preferences and
foraging efficiencies of these tadpoles could
provide valuable insights into their ecological
roles and interactions within aquatic ecosystems.

The morphological analysis of
microplastics highlights species-specific
variations in dimensions, particularly evident in
plate microplastics. H. chinensis tadpoles
displayed larger plate microplastics compared to
H. erythraea, indicative of potential differences
in microplastic sources or accumulation
mechanisms between these species. Such
variations underscore the complexity of
microplastic interactions within amphibian
ecosystems and emphasize the importance of
considering species-specific responses when
assessing the impacts of microplastic
contamination.

The identification of multiple colors of
microplastic plates and fibers further adds to the
diversity of microplastic pollution observed in
tadpole habitats. This diversity in color may
reflect differences in polymer composition or

weathering processes, highlighting the dynamic
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nature of microplastic pollution in aquatic
environments. Additionally, the prevalence of
small microplastic fibers across all tadpole
species underscores the ubiquitous nature of
microplastic contamination in freshwater
ecosystems.

Finally, our study contributes to the
growing body of research on microplastic
pollution in amphibian habitats, providing
insights into the distribution, characteristics, and
potential ecological implications of microplastics
in tadpole populations. Further investigations are
warranted to elucidate the pathways of
microplastic exposure, potential effects on
tadpole health and development, and broader
ecological consequences within amphibian

ecosystems.

Conclusion

Our study provides valuable insights into
the presence and characteristics of microplastics
in tadpoles of three amphibian species: H.
chinensis, Hy. erythraea, and K. pulchra. The
investigation revealed a widespread occurrence
of microplastics across all studied species, with
K. pulchra exhibiting the highest microplastic
count, primarily comprising fibers. Species-
specific variations in microplastic dimensions,
particularly in plate microplastics, highlight the
complexity of microplastic interactions within
amphibian ecosystems. The diversity of

microplastic colors observed underscores the
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dynamic nature of microplastic pollution in
freshwater habitats, with potential implications
for polymer composition and weathering
processes. The prevalence of small microplastic
fibers across all tadpole species further
emphasizes the ubiquitous nature of microplastic
contamination in aquatic environments.
These findings underscore the urgent need for
continued research to better understand the
sources, pathways, and ecological impacts of
microplastic pollution in amphibian habitats.
Efforts to mitigate microplastic contamination
should prioritize species-specific responses and
consider the broader implications for amphibian
health and ecosystem functioning. Overall, this
study contributes to the growing awareness of
microplastic pollution in freshwater ecosystems
and underscores the importance of addressing
this issue to safeguard amphibian biodiversity

and ecosystem integrity.
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ABTRACT

Background and Objectives: Forest restoration in conservation areas is the key success of nature-based solution on
environmental crisis and illegal land use changes. The study aimed to clarify the forest restoration types, suitable
species and practices, for ecosystem recovery and livelihood benefits.

Methodology: The degraded areas for forest restoration experiment at Sri Nan National Park were selected. Tree
seedling of 27 species were selected and planted into 6 forest restoration types, Type-1) natural restoration, Type-2)
fast-growing species planting, Type-3) mixed planting with fast-and slow growing species, Type-4) framework species
planting by climax species, Type-5) mixed species planting, and Type-6) under Royal initiative reforestation by 3
forests and 4 benefits. Tree and seedling monitoring was done every year during 2019-2023.

Main Results: All tree seedling of 27 planted species had the average height and diameter at the root collar were 91.0
cm. yr'l. and 20.6 mm. yr-], respectively. Intermediate of seedlings survival rate was found, 42.3% .yr']. All measured
indicators had significantly different among forest restoration types. We found that Type-4 had the highest survival
rate (51.4% yr-]), and followed by Type-5, Type-6, Type-2, and Type-3, respectively. While, the growth rate of
diameter at root collar had highest in Type-4, 28.6 mm. yr'l, followed by Type-5, Type-3, Type-2, and Type-6,
respectively. In addition, the highest of height growth rate was found in Type-3, 104.7 cm.yr'l, followed by Type-4,
Type-6, Type-5, Type-2, respectively. Most indicators under Type-4 (framework species planting) had high values,
indicating high sufficiency on forest recovery is detected.

Conclusion: The framework species planting type is high efficiency on forest restoration, leading high biodiversity

recovery and future use for villagers, and it is mostly accepted for community.
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Figure 3 The top five of seedling species ranked based on growth rate of height.

62

61
60
T 59
L)
53
= 58
=
=
E 57
&
56
55
54

Pterocarpus mucr ocarpus Dalbergia cultrata Spodias pinnata Albizia lebbeck Phyllanthus emblica

Figure 4 The top five seedling species ranked based on the survival rate.

324



NsasdvetnaInethldiiodIneg 8(1): X-X 2567)

2. msiAvlnvesnd imuguuumsiuy

U

a a Y Y o
s aay Tavesndt ldniun
4
Ugniuy luudazzUunuiisasimsseanms

gasimsaulaniennugaazidurig

4 o 1

AUINANTZAVADTIN UANANNUTZHIN

U

Y Y
siiana lfuazgUiuumsiuy il
Y H
-susuumsuyindr 10l ons
A a A
n13seAA1gaIga Ao nisUgnaiiaiy

Taseadig (Framework species planting,

Survival rate (2o)
60

FSP, 51.4 %.yr') 509091170 Mylgnuuu
WEFUNWA1Y (Mixed species planting, MSP)
M31gAMuUNINGEI1%A1T (Royal initiative
reforestation, RIR) 151anTae 14 1 Tai3 2
(Fast growing species planting, FGS) (18 n173
UgawenTaels i Taiswas 18 Tadh (Mixed
planting with fast-and slow growing species,
MFS) 1N101 44.8,42.7,41.6 1182 31.2 %.yr|

Mua1AU (Figure 5)

40

30

20

10

0
FSP MSP FGP RIR MFS

Figure 5 The ranking of forest restoration types ranked based on seedling survival rate (%.yr'l).

Abbreviates indicate forest restoration types; FSP (Framework species planting), MSP (Mixed species

planting), FGP (Fast growing species planting), RIR (Royal initiative reforestation), and MFS (Mixed planting

with fast-and slow growing species), respectively.
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Figure 6 The ranking of forest restoration types based on seedling growth rate of; A) diameter at collar

root (D10, mm.yr) and B) height (cm.yr"). Abbreviates indicate forest restoration types; MFS (Mixed

planting with fast-and slow growing species), FSP (Framework species planting), RIR (Royal initiative

reforestation), MSP (Mixed species planting), and FGP (Fast growing species planting), respectively.
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Table 1 Species diversity index (H)) in each forest restoration type. SD. means the standard deviation.

Forest Restoration types Species diversity index (H)

Plot!  Plot2 Plot3  MeantsD.
Type-1 Natural restoration 2.57 2.50 2.80 2.62140.16
Type-2 Fast-growing species planting 1.56 0.84 1.99 1.4610.58
Type-3 Mixed planning by fast and slow-growing species ~ 1.23 1.67 217 1.6910.47
Type-4 Framework species planting by native species. 291 2.07 2.86 2.6210.48
Type-5 Mixed species planting with 10 species 2.25 1.97 1.96 2.0610.16
Type-6 Royal initiative reforestation 2.23 2.15 1.69 2.0210.29

Table 2 ANOVA test of average of species diversity index (H”) at various forest restoration types.

Source of Variation SS df MS F P-value Frit
Between Groups 3.35 5 0.67 4.38 0.01%* 3.10
Within Groups 1.84 12 0.15

Total 5.18 17

Note: significant different ** p <0.01
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Table 3 The Percentage of people who understand about restoring of degraded forest

Topic Yes No
1. Degraded forest is restoring by passive restoration 82.35 17.65
2. Restoring should be selected proper tree 82.35 17.65
3. Restoring of forest is a need to be one of need of the community 88.24 11.76
4. Restoring of forest requires the proper means of each type of forest 94.12 5.88
5. Restoring of forest can increase the biodiversity 100.00 0.00
6. Forest restoration is necessary to prevent forest fires 100.00 0.00
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Table 4 The percentage of the information on the knowledge and understanding of the forest restoration

project of the villagers who come to the discussion

Type of forest restoration

Question
1 2 3 4 5 6 7

1. What type of forest restoration do you think is best forthe  20.59  20.59  2.94 1765 2647 1176 0.00
forest to be perfect?
2. What type of forest restoration do you think is the fastest 5.88 2353 1765 11.76  20.59 17.65 294
way to complete the forest?
3. What type of forest restoration do you think best benefit 2.94 2353 294 1471 2353 2941 294
your community?
4. What type of forest restoration do you think contribute the ~ 5.88 5.88 17.65 1471 11.76 3824 588
most to your family’s income?
5. What type of forest restoration do you think youwillbe able ~ 5.88 8.82 1176~ 2941 2647 1471 294

to restore the forest to the area that is adjacent to your own?

Remarks:

Type 1: natural restoration

Type 3 mixed planning by fast and slow-growing species
Type 5: mixed species planting with 10 species

Type 7: Other types based on interviewers
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Type 2: fast-growing species planting
Type 4: framework species planting by native species

Type 6: Royal initiative reforestation
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The Importance of Natural Forest Gap on Migratory Birds in a Lower Montane Forest

at Doi Suthep-Pui National Park
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ABSTRACT

Background and Objective: Gaps in the natural forest create complexity within the forest structure, providing unique
habitats that attract birds. The objectives aimed to examine the presence, body condition index, microhabitat selection
(under closed canopy; UCC and forest gap; FG), and the influence of forest gap size on the abundance of capture
migratory birds, Martens's Warbler (Phylloscopus omeiensis) and Bianchi's Warbler (Phylloscopus valentini) in lower
montane forest (LMF) at Huai Kog Ma watershed, Doi Suthep-Pui National Park, Chiang Mai province.

Methodology: The study was carried out at LMF permanent plot, 400 x 400 m, and 12 mist net points were established to
observe migratory birds in under FG and UCC areas. All captured birds were ringed tagged and monthly monitored for a
total of 61 months, from October 2014 to October 2019.

Main Results: The survey results recorded 63 captures of the Martens's Warbler (P. omeiensis) from 45 individuals,
and 79 captures of the Bianchi's Warbler (P. valentini) from 50 individuals, all marked with ring bands. Recapture data
showed that both species returned to the same location up to three consecutive years. The stopover duration ranged of P.
valentini had slightly longer than P. omeiensis, 5-8 and 3-7 months, respectively. Fat score assessments had increased
during migration for P. omeiensis and P. valentini, 69% and 78%, respectively, indicating fat accumulated before they
migrated back to their habitats. Habitat preference analysis revealed no statistical significant differences of species
between FG and UCC. Additionally, forest gaps approximately 400 — 500 m’ were frequently utilized by these birds.
Conclusion: The natural succession creates forest gap with unique environments in LMF, providing the habitats and
rejuvenate for migratory birds before return back to their original habitats.

Keywords: Fat; forest gap; migratory bird; montane forest; Phylloscopus

] Program in Forestry, the Established Project of College of Forestry, Maejo University Phrae Campus, Phrae 54140
* School of Agriculture and Cooperatives, Sukhothai Thammathirat Open University, Nonthaburi 11120
* Doi Chiang Dao Wildlife Research Station, Department of National Parks, Wildlife and Plant Conservation, Chiang Mai 50170
! Department of Forest Biology, Faculty of Forestry, Kasetsart University, Bangkok 10900
*Corresponding author: E-mail: yawadee ppt@mju.ac.th
https://doi.org/10.34044/j.tferj.2024.8.1.05

336


mailto:yuwadee_ppt@mju.ac.th

NsasdetnaInethlfiiesIneg 8(1): 335-350 (2567)

A
a 9 A <
AISUUDINWINI 1D UVYDIUNLY U

v
a =

NTZUIUNITNINTITNIA ‘%\‘lﬂzlﬂﬂﬂluﬁ)ﬂuﬂ

A3

a

DWW (Migratory birds) Unlunguilinganssuy

e

=<

a Li’ d' é 1 =} =S v a
mstuewewannuinilellgdnnunvile du
9 a
anenluszeznialnavarsiosn Tawas luuia
¥UATUOWIN INAYA 18N UD TaluAs uag
a @ 1 a 49! I o = A
nganssuaanazinavulszsimni e
Y a oA o Aad
AuaaIMMIinaALazLraINegeIdenaNga
A ~ o 2 Y = ~ ~
1ioanianusniludeananrilanine1nan
I~ 1A A A a ~ 1
wurndu ldgusnunliguugieiniaeugu

J X I 1 a
N1 G?Nﬁmﬂummauﬁuamaﬁmwgummﬁ

=

(Liang et al., 2021) luduo1deiau

Y Ao 1 v
ﬁﬂ’lW!L'JﬂﬁE]jJﬁQmﬁﬂil@niu%')ﬂq@ﬂu'nﬁﬂfﬂﬁ

U

v
1 =

anegeorde liulianumuizauaoun
A d' 1 [} 1 a ] 9
Wudunegederiarsuralulsnavasou
WANMUNAINNAIININTINTNYDIUNANNN
é’ 1 A a 9 Ay A
vulusrenunowenduewewd 1w lunun
Tagmmzed1989 1 uF1NOANUIINT DT IUDNNY
Ly o 1 =
Wﬁmwu‘ﬁqmmuﬂawawimmazﬂ (Greenberg et
al., 1995) TU5EHIIMIDNINUARBINVA LAY
mmelumsdumninedouazurasnause
1 Y S o A é’ 1
dawaliunioasimameiugavulusgniing
4 - 4 »
MyoneMLofTeuMeunuggnIaauY vodll
(Boz6 et al., 2018) unainogo1dsnunangn

Y
= g 1

Y A A 1
!fd’f]ﬂcl,‘]ﬂW’f]WﬂlLa$V\Iuwuﬁﬂ1Wi'l\3ﬂ']EJﬂ’f]u@WﬂW

v
v A a ° A A A '

& v g A
NAUDUITULAY mLﬂuﬂmLﬂuwuﬂﬂmma

%9

NINGINTOIMININGINDADNIT0YDIRYIINAY

AUUNTLI10Y (resident birds) 1H09910TAT

337

UANLEINTWOINTTZHI19¥UA (Inter-species
competition) tazn1eluyiaAeIN WD (Intra-
a 2 A 42
species competition) AU luNUNUY 9 (Marod
Y
and Kutintara, 2009) A4HUUNTE1TIINUUNONEN
=< 1 dyd =Y A d‘ 1
WaWIUIFDIST LAz A INYeIDUNDY
v A J Y] aly ¥
mﬁﬂmﬂu@ﬂLL”AWﬂﬂJﬂWﬂMﬁiMM%
Y = I
UNNTLAYIATND LD UUNDWIN N
o o $ o
UDNHAWTUNWUT (Non-breeding visitor) “Tf\‘]gﬂi]ﬂ
] Y o

agcluamm Passeriformes ¢ Phylloscopidae Tu
Uszmalnewy 4 ¥iia Usznovudie unnizios
NATNDIN AN (Phylloscopus tephrocephalus)

Y = =
UNNTSIDYWANTANOIN WALIYY (P. soror) UN

Y = o o
NIZIDYIANTNDINUTIU (P. omeiensis) ALUN
Y = ~ A
N5EI08AIANIAVI A (P. valentini)
(Bird Conservation Society of Thailand, 2023)
A Y a

naneutolszmea lne upnszIeeIIIAN0Y
v o Yy = = A
WUFIUUAZTUNNITZIDY WM AN VNI ADS
2 { ] < °
Wuunowsnnawsonudiu Idulsedr lu
a I a [ é ; =)
vinuthavszaud vazwuaiuauennillu
ANITUUHIFIAADEFINN-1]8 (Siri er al., 2019)

' 9

a o g’/ dyd A k) =
myaveluaseativejuduliunnszdesrsand
g a A 33| Aa
NBIN 2 Bila 1IN uuneNENNTAINY
dy =R S a a ]
gugluiunAny s InNgANTINNITHINUDY
moldiGousea’lil (Understory birds) 4038910
Birdlife International (2024) izu’h ﬁugmgﬁu
9
YBIUNNTZI0O 1A TNOINIT0IFHAD IAIAL
hsanalaegluthiwaongu (Temperate forest)
Y = [V sldy ~ '

Tagunnszdosrsaranaanugaulenuinluil

9
Tropical moist montane AYTNFIAILA 1,200 1UAT



NsasdetnaInethlfiiesIneg 8(1): 335-350 (2567)

I 2 v A 1 o

Wuduerdenlinnumuizauaen1suIzin

Tugreggnmaonen dauunnszdosrsmanes
. . <

L!,ﬂ‘U“]iJﬂL‘Viﬁ’éNal%l Tropical moist montane 1w
1 o @ 9/:3 A . .

uvaszinvanuas lgnunih Tropical moist

< ' @ 4 &
lowland tfunviaaurzwninen s Huyaniw
sumelurieggniasnenueun
2 d. -

uenvniuNn lusssusa@ (Natural

A o Y1 I a ~ 4 1

forest) Nva laduiuusnunganauysaiuas T

9

gnIUNIUUAITY VINUFe9119Th lusssuma
A A ' Y

(Natural forest gap) NN HANININNT IAUAY

[l ) 1 X 2 I
w1 liduedraiosnauaniladuaiu i Wuaung

]
S 1

Y a dy P~ Y dy A
1/]ﬂi’)clﬁLﬂﬂ’ﬁﬂ'l‘WE]1ﬂ1ﬁlﬂW1$WuﬂLLﬁ$ﬁ§1\‘lwuﬂ

Glﬂ/dw = y o

HUANHULIRNIEAD (Zhu et al., 2007) DN

I a A o o AAa a

WUUTNUNTNSNenIUINNINLasonIna

1 % a ﬁy ti' 1 .

AON15NTL10A3 FINUNVeIunI (Lima &
v Y

Guilherme, 2021) %135 Iauduvea lifdulu

dal A A Y 1 I a ~
waw‘wu‘nmiaﬂgﬂﬂuﬂmuﬂumnmwuﬂ

Uszidunazunenewasnazan 1149 se Towl

1un15%1AU (Smith & Dallman, 1996; Perkins,
2014; Siri et al., 2019; Leuenberger ef al., 2021)
Wunnsuduadiauideniingg

[

) a a Id aA
mmummamﬂmﬂuizﬂzﬂnzﬂmmmm

e

< I 0 { o X
ﬂiziﬂ%u L‘}Juuuamﬁmimmuﬁmm@ﬁmmi

U

9 >~ [ a Ao Y 9 4
ﬂ')'lll!ﬂl'lbli]lﬂﬂﬂﬂﬂigﬂﬂulﬂﬁﬂcﬁﬂcﬁ@u ERNRRA

anwi vy nazawnsnaesen lignistanis
dy Y A d% o

fiuit 18589 u deyafiunninaisdisavedis
1 A A J A Y
dorfloailunuiiiqguer ilesnnaisals
FoyaluFean’la wu msnlaounlaslasead

o a J
HAZNITNMUVBITEUUULIA ANYANTNY TN

338

A 1Y ] [} ]
VYDIDUDIAY ANUHUILUUVDI5EWNTTRI1
d[ o 9 [y 4
Feamniorh 1l lslumseysndanunainvaie

= 4 = ~ =\
NNFININ UAEAIANITUANINITINDI1N
wansznuaemssaminsnernsth i lueuiae
(Danell et al., 2006, Lindenmayer et al., 2012)

[ g}l < Y ) a
gy azmu ldmsdisaazaaau
J
main 1z Tosrivoaunonenszaznoulsn
< A { [l [ g}l [
Wudun NI UNogeIdy SIuNIGIE 5D

d A A A 9 o [
sgyuiinunidonlduss Tenilugaangnia
onen'ld HoNIING VAV BRIaMY
Y] {o & Y]
ﬂuﬂu%y’aﬁmu,ﬂusl,umimnaaummﬂiwu

é =) d‘ U 1 1 1
FIUANWFON TN BN 9 vounluua

a 1 ] v d o w 1
asnNINIIN YU GIf'NﬂWii’?f‘]J‘WH‘ﬁ "]5'3\1‘1/]']5\‘1')1\1'1%

Q

' y A < y A v &
UASBINDITIDNINTIIDU Lﬂu@u fl\illﬂﬂj']uu

wIaneo1azReuden 1z Insuinsuaznay
N oUN19IA1UI19N1BUBIUA (Labocha & Hayes,
[ g’/ [ J =2 A a
2012) aauu Jagilszaaamsanyuie 1) aaaiu
4
m3singuesunewew 2) Usziiiuimin ludu
vy & =
tagnaudoveaunowewn 3) 1ssuimeunis
idenldduNege1fdodos (Microhabitat) ¥9IUN
1 a Aa A v =2
ANENITTUINVINUNTGToUsDAUUUN AL
a ] 1 N [ o 4
VInuree319th wag 4) Anyianuduius
FEHINUNNVVUIAVDI¥D9191)1 (Gap size) Tu
129917391 UTEA gNIIULNITIAADY
& = v 4
qmn-1o Fansanens lgiunvesunawenly
VINUFDINNNNUAUHANINNMTTUNIUAY
F554%19 (Natural disturbance) 1AgMNILOE198

TuilszmalnedaimsAnuiitvegodiaina



NsasdetnaInethlfiiesIneg 8(1): 335-350 (2567)

J ad
aUnsamazizms

A ax
NUNANHN

o a = 1 a
gutunmsans luuilasorisihaumn

[

) 4 1
FEAUA YUIA 400 X 400 1WAT VINDUNUNAIIY
Fawmmaudar-nond (18° 54' N — 98° 54' E)
PNEUUKHITIAADIFINNWIo 994 Ta1T o3 11
4

A A
‘WuVI‘JJﬂ'J’I?JQ\T 1,250 — 1,540 tUNT

W g

i Y

Figure 1 Canopy gaps (size 130 — 1,020 m’) in a lowe

Y
2. @1579Un 1AeITNITAIAIUIY (mist-
9

net) 91UIU 12 YA LABEYATITIVNINITAIAIVIY
#1579 UnA0I I UTENINNUT NUYDII1911

a d’dd ] =S
(Forest gap; FG) LazUsnunuEousoaiuny

Y ]
(Under closed canopy; UCC) 1agtUszo21i19

1 1 1 dy l:'
seviaanvie luuaaznunlszuia 10 1was
o Y] [ d‘ 9) 1 I~ 1 1 1 dld
dvsuvuraavienlguuuily ¥o91919190%
< 9 [

YUIALAN (130 — 209 A15191AT) THA1U18¢9

[ 9
9 AT 817 9 1WAT AIUF0INNINRVHIAALA

339

mathudeyamaainy
1. 1579999219111 (Forest gap) n1eu
v
wilasnns uazimsgquidenseainethnivua
Y
12 94 (Figure 1) wounaiimsiavuianiuis
é 1 1 A\l = g’/ 1
Y04 Runkle (1992) FanUF09119T " UvHIaaLea

130, 154, 209, 240, 380, 392, 442, 450, 494, 532,

589 1A 1,020 AT NULUNT

240 M3NWAT 1HA101859 9 10AT 81 18 1WA
9 1 =) [ dy A A [
saz lgmvigvuameInu lununisoveaaL LY
= ) a 1 d‘ o g}l 1
Ny M danivigied1539UNAILALIAN
06.00 — 16.00 . HAZATIVADUAIVIENN ] 30 —
= = A ) [
60 1N INNHUANKHIDWIGYULF13I99LNING
Tamanenuiithienulasansvesun (Bibby et
al., 1998; Wunderle et al., 2005)
3. NITVMUAFHAUN BNHULAIYUDA

9
maauﬂﬂiz%amam%mmm 2 ¥Ha YA



NsasdetnaInethlfiiesIneg 8(1): 335-350 (2567)

Y =R o =KX A 1 A a [ dy

AAEARINY TINT TUTIUMIUN LAY A9
Y = v oA = A

uﬂﬂ33‘U’f)fJ?\WIWﬁﬂﬂﬂwu‘lj%uﬂzﬂﬁﬂlTJﬂﬂaTﬂ

L!' [} 9

YUKW 2 guon Taeniuduiogoadiuianig
] = = H A j’ 1 k4
ANBNFAVLUUDVAVNIATUNIOAUNIIUNANTL IO

= = A &~ = =
g1 aANW VU NMaes FINUAVFV1IE1IAN
AW UNUATIVOIAINGIIN N (Figure 2) NIOHAT
MnszyriaMsTuiinnaiunaan1iie Wne
ke ] Q'J aO’ 9 o 4 Q'J %’ v
9A99A1910 FaimindundenIedaimin

PlANVaZBEANANYY 1 MUY NITAUTEAL

9
"lwuiﬂﬂﬁmﬂzuuumgm 0—8 ASLUU DY

a [ 9y ,ﬂ' I~ 3‘, 1
NTUITLAVUNA VLB TASUAIASUUUATLA
0 — 3 AZLUU 91N Kaiser (1993) 4182 Milenkaya et
Y
al. (2013) MAUUAAKIVIUANNAINDUUADY
v A 1 a a o g’/ dy 9
NAUAUGTITNIA Tasarudvelunsaily
<] Y ] = =
szeza lumsinuveyanduaRaugaIny 1
=< A = 2 o ° I
2557 D3 @ougaInN U 2562 FuMsd1y
Uszdmniden houay 4 U Aanenu 11UITY
Z’J dy a o Yo
unenenlunssilauzideldsuluoyginin

1 a o J v J
NIUYNIIULTIBIN dadth uazwuﬁﬁ% nygav

lueyna 0907.4/9819

?t

Figure 2 Keys to species identification: A. the lateral view of P. omeiensis, B. whitish outer two rectrices (R6,

R5) of P. omeiensis, C. the lateral view of P. valentini and D. whitish outer two rectrices (R6, R5) of P. valentini.

a Jdy

MIIATITHVDYE

1. A529A0UNITNTLIIOVDIT 0y AN
9 A ' A .
AoamMsSeuNounA1naeaI8 Shapiro's test LAY
nagoUnNNl515IUsEHI9NqUAIY Bartlett's
test auHiuA15 Iaale 1150ATN R version 4.3.2
(R Core Team, 2023)

= 1 t!' o g’/ t!'
2. 1WSeuMgUAIRAITIUIUATINNLUA

(Capture bird) 5¥MI19UTIUTDI91 A

340

v
a =

uinafiideuseamiuiiviuilusaszaesu
A Independent Samples t-test Tagmnuaszay
Hediamaadan 0.0s

3. mmanuduiusve s uIua Safin
unsUYUIAFeI31911 dreArdulszAn
aAvdy ﬁuﬁgﬁﬂﬁfﬁ”u (Pearson’s Correlation
Coefficient) HALAANNITLAVANNFUWUT AU

Hinkle et al. (1988)



NsasdetnaInethlfiiesIneg 8(1): 335-350 (2567)

a d
WNaLas VNI
1. ﬂ]ﬁﬂi]ﬂ{]m@@uﬂ@ﬂﬂ‘w
= A Ay a o
ﬂﬁﬁﬂmuﬂ@WﬂMuWLmﬂmmmszmJ
o a = o A ¥ 1A
A1 Uﬁl']mllﬂaﬂﬁﬂﬂ’lﬁﬂﬂllW‘lfﬂT’Jﬁ FNLIALABD U

= = A =) Y as
a1nn Y 2557 D9 PaUA[INY 1 2562 ABITMS

o]

(34

NENU1Y Wafﬂi?chi’mW‘Uuﬂﬂﬁz%IEJEJ’NGH?(‘V]@Q

h3]

e

I . . o Y I A
UTIU (P. omeiensis) NITUA 63 AT Wuunn
99U 1423915186 (Individual) 314U 45 A7

' 4 = = A
FIuuUNNTZIBYMANII VY NIMaeS (P.
Y Y Y v
valentini) T3 WNUNIAU 79 AT 1INUN 50 A2 N
PNIATOINLIOT1EA)
a = U A a
vinaudasnedinuneo1s luthay
(2 o Y = @ o
ITEAVAT WUUANTLIDHIIAITANDINUFIU
v XA Az A A a a
angn I lununGIngaluwaeudanian I
A a A A o 9
2562 WWONNTUUADUNWLUNAWLTNOWINIUIN
dy d' 1 Y 1 1 =)
Tununlugrsauggmiaenennud luuaazil
UNNTZIBE M ANDINUTIUTTLOZIA1UPINTS

A

f1o

k4 1
A A

ﬁ?MWSﬂWUHﬂﬁ’JLLiﬂﬂI@QQ@ﬂWﬁ@WﬂWGI,UWUV]

9 dy A g’/ 1 9 Y
GWfJWlflﬂMWELUWUVIﬂiQLﬁﬂﬂE]uGIHQﬂ'NQ

= 9 g}, 1T A a =1 A
Anurlaaquaifoudariay lidaudatfou
% @ @ 1 dy ~ I
suNAutazWneIdsed lulunuwiluszezna
37 109U AOUILBNINNEY FIUUNNTLT084
=S =) A % d‘ ) 1
AANDILDVT MM ADIATNNFITIVNDUDIUA
= 9 49; A U A @
221 wuewew N IuNUNTTHNUADUN U B
= o [ 1 dy dl ]
- 1ipugaIaN nagWne1deeg lununluyag
I [
ggniaewenuuiluszezie s - 8 o nou
VUONINAAUDUFIUAN (Table 1)
4‘ = A d' (%
WotfSeuneuaouUNUAAIUTNOWEN

=2 o o A 4
NTﬂQLLazigﬂgL?ﬁqiuﬂﬂlillﬁz'Wﬂ@"Iﬂﬂiuwuﬂ

341

Y
ANHIVDIUNNIADIFLANUI UNITOWINIHILN
Y v
lunuandounulwdouaainu @l 2557 — 2558)
= 9 [ A [
HazeNeNYIDINsouNU luAeunuensy (1 2559
1 = 9 =
—2560) ua 111l 2561 UANTZIDBIIMTANDILAL
=y A 9 tg A g 1
Unrassewend 1w I unuMTINIIUNNTE
9 = @ 5 = A =1
10823 AN0INUFIUDI 2 1aou tazluil 2562
1Y =~ v o 9 A A
UNNTZVOINAANDINUFIURWEWA W TUNUN
I~ 1 A [l Y]
159071 1 taeu luairuvedszeznarlunswn
[ 1 Y =) ~ A
9178 WUNUANTZIDYNAANDUD VNN ADY
9 o @ ] dy ~
l¥5zoznarlunmsneideeg luiiunegrnuiy
! Y =) v oI
NIUNNTZIDYWATANOINUFIU
Y
NuuasalumsdrisranuunaanIve
o (% Ad' % 9 =
pazduaudIuniasnszyseal lanin 1
2R A, L=
2557 9491 2562 W11 2560 (Table 2) @115
o 9 ) Y] [ 9
d13nuunnszivea@nesiugaulduin
d' g’/ % = =
Nga 21 A33 (17 97) 3030391 A0 1 2559 WuUN
Y
18 A543 (15 @2) Tudruraunnszing 191 anss
~ A a 1 o d’
wovunmane wuundamvIBd1ININAgA Y
= A A = 2 o
1) 2560 5090911 AB U 2559 1azil 2561 HId1599
Y Y Y
WUUN 22 AT (20 §2) 20 AT (14 §2) 1AL 18 AT
(13 §7) MUAINY AdUEAI518a2D8A 1Y Table 2
Y
AIUNUIUATITUMITFIT VNV UALAEIIUIUUN

o = A o 9
5'1891'3114‘1J 2562 NWUITUIUUDYIDY B9

i
A o a

A 3 A 9 ' 9
LUE]\HJ'I%WﬂHJ‘L!‘]J mmumammauﬂummu

Y
99MADNENINIIY
Y o 1 9y
HUATHUNITEITIINVUN T UFIIAY
ganiaeneniianuuana1anuluuaazil a9
[ P % I (% [ {
Fasennervestuanimermatluladeviann

AINAADNTONINUBIUN (Bozd ef al., 2018)



NsasdetnaInethlfiiesIneg 8(1): 335-350 (2567)

Table 1 Bird migration captured during January through December between 2014 — 2019 in a lower montane

forest, Doi Suthep-Pui National Park.

Year Martens's Warbler (P. omeiensis)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2014 v v v
2015 v v v v
2016 v v v v v v v
2017 v v v v v
2018 v v v v
2019 v v v
Year Bianchi's Warbler (P. valentini)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2014 v v
2015 v v v v
2016 v v v v v v
2017 v 4 4 v v v
2018 v 4 4 v v v
2019 v v v v

Table 2 Number of observations and number of individual birds on seasonal migration from 2014 — 2019, Doi

Suthep-Pui National Park.

Year Martens's Warbler (P. omeiensis) Bianchi's Warbler (P. valentini)
Observation Individual birds Observation Individual birds

2014 9 8 4 3

2015 8 7 10 5

2016 18 15 20 14

2017 21 17 22 20

2018 5 5 18 13

2019* 2 2 5 5

Remarks: * Seasonal migration in 2019 was conducted from August through October.
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Table 3 Recaptured data of Marten’s Warbler (P. omeiensis) and Bianchi’s Warbler (P. valentini) from 2014

—2019 in a lower montane forest, Doi Suthep-Pui National Park. Gray color indicated recaptured birds.

Ring no. Marten’s Warbler (P. omeiensis)

2014 2015 2016 2017 2018 2019

#1
#2
#3
44
45
46
#7

Ring no. Bianchi’s Warbler (P. valentini)

2014 2015 2016 2017 2018 2019

#1
#2
#3
#4
#5
#6
#7
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Table 4 Mean with standard error of body weight, fat and muscle score of Marten’s Warbler (P. omeiensis)

and Bianchi’s Warbler (P. valentini), Doi Suthep-Pui National Park.
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Figure 3 Mean of birds captured: Marten’s Warbler (P. omeiensis) (left) and Bianchi’s Warbler (P. valentini) (right)

between forest gap (FG) and under closed canopy (UCC) in a lower montane forest, Doi Suthep-Pui National Park.
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ABSTRACT

Background and Objectives: Chulalongkorn University Centenary Park (CU 100 Park) has been established as urban
park to serve communities as a climate change mitigator and provide recreational purposes. This study aimed to assess
the willingness to pay (WTP) for maintaining the park using a contingent valuation method (CVM).

Methodology: A total of 403 respondents with the 15-60 age groups was interviewed face to face Thailand during
January to March 2020. The Chi-square analysis was applied to test the independence between variables and WTP
based on RStudio program.

Main Results: The most favorite activities in the park were exercising and leisure. The average WTP values was THB
100-yr'1 person (USD 3.03) based on 71 % of respondents who agreed to pay. The most favorite activities in the park
were exercising and leisure. Demographic variables including age, education, occupation, and income were highly
significantly related to WTP based on X2 test. In addition, the more frequent of visiting the park, the better chance to
contribute to WTP. The results indicated that the environmental awareness and socio-economic status are important for
people to willing to pay to conserve the park.

Conclusion: Our findings could help urban planners to understand urban residents’ perceptions and enable them to
offer the proper welfare benefits to communities. We recommended to an authority of the park to build a program

related to environmental education in order to improve the public’s awareness.

Keywords: Economic value, urban forest, assessing monetary value, park recreation
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Introduction

The world population is projected to reach
8.5 billion in 2030 especially in developing
countries such as those in Asia. Half of the world’s
population lives in urban areas and expected to
increase to 68% by 2050 (United Nations, 2022).
Urban areas are, thus, the places where
environmental problems as known as pollutions,
urban heat island (UHI), and stressful lifestyle
directly affect citizens’ daily lives (Piracha &
Chaudhary, 2022). Green areas, mainly the parks
provided many social, ecological and economic
benefits; improving air quality such mitigating the
urban heat island effect; believing to heal and
provide relaxation conditions for urban residents,
by enhancing human health and well-being either
directly or indirectly (Konijnendijk et al., 2013;
Nowak et al., 2013). The usefulness of parks is
various including of aesthetic, recreational, and
sporting purposes, play area for children, and as
peaceful retreat for adults (Lopez-Mosquera ef al.,
2014). However, the roles of parks in urban areas
are usually under consideration, in terms of the
awareness and the monetary.

Urbanization impacts on biodiversity and
ecosystems on various scales and modifying
existing ecosystem, thus creating unique urban

environments (Cilliers et al., 2013; Niemeli et al.,

2010; Williams et al., 2009). Local and regional
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energy balance are affected in terms of the
hydrological cycle, gas exchange, total carbon
fixational and plant production (Schneider et al.,
2012). Indeed, urban ecosystem is unique and differ
qualitatively from other ecosystems (Daily, 1997).
Forests in urban areas provide various services to
human (Nowak & Dwyer, 2007), as it either
contributes direct or indirect services which are
known collectively as ecosystem services (ES) (The
Economics of Ecosystems and Biodiversity
(TEEB), 2010). Urban park primarily aims at
providing cultural services which enhancing
amenity values and serve benefits to humans who
interact with nature on physiological function and
health, psychological and spiritual well-being
(Fuller et al., 2007). Moreover, regulating services
related to pollution mitigation (Kura et al., 2013),
UHI, and carbon sequestration under microclimate
change are also provided from urban green space
(Nowak et al., 2013), and noise pollution (Morillas
etal.,2018). Whereas provisioning services (timber
and non-timber products) and supporting services
(soil regeneration and nutrient cycle etc.) are less
emphasized relatively to natural ecosystems.
Assigning a monetary value to cultural
ecosystem services under the concept of non-
market valuation is difficult especially with natural

services. However, some techniques designated for

measuring values of those services, for example,
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revealed and stated preference techniques which are
widely used to measure the utility of economic
value of environmental changes (The Economics of
Ecosystems and Biodiversity, 2010). One of the
preferable techniques used for cultural service
valuation is stated preference (Hanemann, 1994;
Spash & Hanley, 1994). The choice experiments
(CE) and contingent valuation method (CVM) are
two common methods of stated preference
approaches. The CE provides various scenarios for
the respondents to choose based on the design of the
choices for the future estimation which is time
consuming (Seenprachawong, 2016), while the
CVM uses the supposed situation for the
respondents to decide to pay to prevent or to
encourage that situation to happen (Pearce, 2006).
However, the results from CVM can be sensitive to
numerous sources of bias due to survey design and
implementation (The Economics of Ecosystems
and Biodiversity, 2010), therefore, the researchers
should be consider and aware of this issues. With
CVM people’s attitudes are reveled through the
questions leading toward the maximum willingness
to pay (WTP) for environmental improvement
(Brandli ef al., 2014; Song et al., 2015; Tyrvainen,
2001; Wang et al., 2017). The responses will
directly reflect the interaction and the benefits of

urban park to urban residents. As a result, the

authority of the park can improve the well-being of
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residents based on their acceptance. Several studies
have been conducted to value environmental goods
or services using the CVM on perspective on the
WTP value of urban green spaces (Botes & Zanni,
2021; Lépez-Mosquera et al., 2014; Lorenzo et al.,
2000; Song et al., 2013).

The CU 100 Park was established in the
middle of capital city, Thailand and mainly provide
leisure, sports, amenities and aesthetic so called
“cultural services” (Chulalongkorn University
Centenary Park, 2016) for urban residents.
Recently, ES in provisioning and regulating
services provided by the CU 100 Park were
reported by Yarnvudhi et al. (2021a), but no
culturing services with evaluated monetary value
been reported in this park. Therefore, this study has
an emphasis on the CVM applied to obtain
information associated with people’s preferences
for ES especially in culturing services provided by
the CU 100 Park. The finding would support the
decision of the authority to maintain and improve
the quality of ES in the park.

Materials and Methods
Study areas

This study was  conducted in
“Chulalongkorn University Centenary Park” (CU
100 Park) with the area of 4.48 ha. This park was

created with the objectives of future uncertainties

climate change to serve to societies’ activities,
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communities’ health, economic, climate change on

flood defenses (Chulalongkorn  University

Centenary Park, 2016). It is a Chulalongkorn
University (CU) property and authorized by
Property Management Chulalongkorn University

(PMCU) with a free access. It is located in

664640 664720 664800
L i L

(MISHB

metropolitan city of urban area in Pathumwan
district Bangkok, Thailand (lat 13.73°N, long
100.52°E), where it ranges in altitude from 2 m
above mean sea level near Chao Phraya River
(Bangkok Metropolitan Administration (BMA),
2019) (Figure 1).
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Figure 1 Location and outdoor activities of the Chulalongkorn
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(4.48 ha) (Chulalongkorn University centenary Park, 2016).

Data collection and analysis
To investigate the preferences toward the

CU 100 Park in cultural services, we conducted a

355

contingent valuation method (CVM) to elicit the
visitors and non-visitors within the Pathumwan

district to earn the willingness to pay (WTP) to
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maintain the CU 100 Park services. Non visitors
would benefit the park as the admiration of exists
the park and might be preserved for future use or
future generations. The survey data were collected
from face-to-face interviewing in the CU 100 Park
and Pathumwan district, Bangkok, Thailand from
January to March 2020. Sample sizes were
calculated using Eq.1, following Krejcie & Morgan
(1970).

S =X’ NP(1-P) / *(N-1)+X’P(1-P)........ (Eq.1)

where; S is required sample size, X’ is the
table value of chi-square for 1 degree of freedom at
the desired confidence level (0.05 =3.841), N is the
population size, P is the population proportion
(assumed to be 0.50 since this would provide the
maximum sample size), d is the degree of accuracy
expressed as proportion (0.05).

The total sample size of 403 was
representative of visitors and non-visitors as
population in Pathumwan district where the
population were 46,925 (Pathumwan District
Office, 2022). Respondents over the age of 15 were
interviewed because it was stated that the age
between 15-60 years are capable of working in
labor market (Bureau of Technical Advisors
department of health, 2022). The interviews were

conducted in the CU 100 Park between 07.00-10.00

am. due to main activity of exercise in the park and
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03.00-06.00 pm. when it is after the kindergarten,
school, and office time in Thailand.

The questionnaire was based on Idris et al.
(2022) in which the profile of the respondents can
be identified, such as gender, age, education,
income, and occupation. Before implementing the
full-scale survey, there were two stages for
complete questionnaire. The first stage was a pilot
tests which were launched to improve the quality of
questions (Mitchell & Carson, 1989; Whitehead,
1993). We used 50 pilot tests (Mertens, 2023), in
this study and the respondents were required to
express their preferences on the monetary value to
maintain the CU 100 Park applying an open-ended
question with 6 trained interviewees. The study was
conducted in accordance with the Declaration of
Helsinki (World Medical Association, 1964). The
protocol was applied for the Strategic Initiative for
Developing Capacity of Ethical Review (SIDCER)
of Thailand which provided the certificate of the
Central Research Ethics Committee (CREC). The
author, Aerwadee Premashthira is certified by the
CREC (Office of Research Ethics, 2014).

Second stage, the questionnaire was
adjusted, and some information was inserted to
promote the clear understanding of the questions by
the survey respondents.

The three

questionnaire  comprised

sections, the first section aimed to identify the
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respondent’s perception on culturing services
which provided by the CU 100 Park (Appendix
Table 1 and 2). The second section descript to
maintaining the CU 100 park, the CVM research
was undertaken in this section because it outlines
the information about the sample and the WTP
(Appendix Table 1). The third section were
demographic factor; gender and age, education,
income, and occupation. For the first and the third
section were using a quantitative method because it
focuses on the measurement of phenomena
involved the collection and analysis of numerical
data using descriptive statistic with percentage
(Collis and Hussey, 2003). To perform the tests, the
excel Microsoftll was accumulated the data and
the RStudio program was used statistical software
of the Chi-square analysis to test the independence
between variables and WTP (Appendix Table 2).
ParticipantT were willing and able to give informed

consent for participation in the study.

Results and Discussion
1. Demographic information
Questionnaires from 403 respondents who
visited (88%) and non-visited (12%) to the CU 100
Park, showed that 61% of the respondents were
female and 39% were male. The majority of the
respondents were at the age of 21-40 (68%)

(Table 1), which people in this age group were
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reported to be more concerned on environment
problem such as pollution especially particulate
matter 2.5 (PM, ) (Tantiwat et al., 2021) and health
concerning (Thavorncharoensap et al., 2013) than
other age groups. Moreover, the young generations
(26-35 years old) are greatly concerned with global
environmental problems (Petcharat et al., 2020).
Most of the respondents (62%) obtained
undergraduate degree while 27% of them were
Master’s degree or above indicating that most of the
respondents had high education. The employees,
government officers, undergraduate and graduate
students were the most used the park. The monthly
income between THB 10,001- and THB 30,000-
was account for 50% of the respondents (Table 1).
In summary, the respondents in this study were in
the working age, educated, and having average

monthly income according to the GDP per capita of

Thailand THB19,760- (World Bank, 2022).

2. Awareness and activities of respondents
Among all respondents, 44% has lived in
Pathumwan district and 56% came from outside of
Pathumwan district (Appendix Table 1). Over 60%
of respondents was either unknown that the park is
managed by the Property Management
Chulalongkorn University (PMCU) or the objective

of the park is to mitigate climate crisis in the future.

People usually visited the park 1-3 times a week
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Table 1 Percentage of respondents willing to pay by demographic and socioeconomic variables for

Chulalongkorn University Centenary Park (CU 100 Park).

Variable/ Respondents Willingness to pay (WTP) in THB (%)
characteristic (%) 0 100 500 1,000 1,500 > 1,500
Gender
Female 61 14.39 37.97 6.20 1.49 0.25 0.50
Male 39 14.64 18.86 4.47 0.50 0.25 0.50
Age category (years)
less 20 12 2.23 8.19 0.99 0.25 0.00 0.25
21-30 37 10.92 20.84 4.47 0.50 0.00 0.00
31-40 31 9.93 17.12 3.23 0.50 0.25 0.25
41-50 15 2.98 9.93 1.24 0.25 0.00 0.25
51-60 3 1.24 0.50 0.50 0.25 0.25 0.00
More than 60 2 1.74 0.25 0.25 0.25 0.00 0.25
Education
High school 11 4.71 4.96 0.50 0.74 0.00 0.50
Bachelor degree 62 18.11 36.48 5.21 0.74 0.25 0.50
Master degree 27 6.20 15.38 4.96 0.50 0.25 0.00
Occupation
Government 18 3.47 11.17 2.98 0.00 0.25 0.25
Private company
38 11.66 23.82 2.23 0.00 0.25 0.00

employee
Student 30 7.69 16.87 422 0.50 0.00 0.25
Retirement 1 0.74 0.00 0.25 0.50 0.00 0.00
Trader 3 1.24 1.24 0.25 0.00 0.00 0.00
Housewife 3 2.23 0.74 0.00 0.00 0.00 0.25
Others 7 1.99 2.98 0.99 0.74 0.00 0.25

Monthly income (THB)

Less10,000 27 8.44 15.14 2.23 0.25 0.00 0.50
10,001 - 30,000 50 13.90 31.27 3.23 1.24 0.00 0.50
30,001 - 60,000 16 3.47 8.19 3.47 0.25 0.25 0.00
More than 60,000 6 1.24 2.23 1.74 0.25 0.25 0.00
Not mention 1 1.99 0.00 0.00 0.00 0.00 0.00
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and spent time up to an hour for exercises (walk,
run and yoga), leisure time such as picnic, sitting,
and chatting and taking photos (Figure 2).
Respondents believed that these activities are good

for maintaining physical health, for satisfying

psychological needs, and provide bridge between

family members and neighbors and friends.
While, playing game such as Pokémon game and
using free wifi were the least frequently recorded in

this study (Pokemon Go Thailand, 2019).

Activities provided by the CU 100 Park

- - ’
Relax X 28

Photographic event

Free concert in the garden

Meeting point

Game

17

%

3

Figure 2 Activities provided by the Chulalongkorn University Centenary Park (CU 100 Park) (activities can

be answer more than one answer).

The PMCU provides various facilities in
the park to support the activities of urban residents.
The most satisfied facilities were the greenness of
the trees, trails for walking and running, while the
building was the least facility that respondents used
(Figure 3). The respondents would like the PMCU
to add more toilets and the exercise equipment
(Figure 4). Events of concerts and/or marathon are
often arranged in the park but 42% of respondents

indicated that it was quite difficult to access the
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information of the events in the park. This is
because the information is only posted on Facebook
page that requires to be friend before accessing to
the information online. Even the events are difficult
to obtain information, but all activities are free of
charge. Therefore, most respondents suggested the
PMCU to organize more activities on outdoor art
exhibition, running event, yoga, and outdoor

concerts (Figure 5).
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34%0 WALK TRAILS

Respondent
satisfaction
facilities in
CU 100 park

4% PLAYGROUND

Figure 3 Satisfaction facilities of respondents toward the CU 100 Park.

Facilities in the CU 100 Park required by the respondents

Toilet
46

Exercise equipment
02

ER
-—

Shops/Market
03 17%

-~ Trees
10%

Figure 4 Facilities required by the respondents for the CU 100 Park (facilities can be answer
more than one answer).
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Activities required

6%

by the respondents
15%
A: Outdoor activity

C: Yoga

]"‘h aneort
ar., Lulil

16%

G: Chinese opera

G
6%0

19%

C
16%

Figure 5 Activities required by the respondents (activities can be answer more than one answer).

3. Analysis of willingness to pay (WTP)

Seventy percent of the respondents would
like to pay with the monthly payment. Interestingly,
in the study of Bejranonda and Attanandana (2011)
reported that among the WTP respondents, entrance
fee and environment tax were chosen as the method
payment. In this study, 30% of them refused to pay
because these people realized that the park was
financially supported and managed by the PMCU.
Bejranonda and Attanandana (2011) studied the
WTP using the CVM technique in Bangkok
residents towards green space in Thailand.
Respondents were asked for WTP to use green

space and 36% refused to pay, which was similar to

this study, with the reason that the government
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should provide green space area for urban residents
because they already paid income tax.

Total WTP in this study was worth
THB4,692,500- yr-1 base on the average payment
from sample size of THB 100 (USD 3.03)
(Table 1). The WTP in this study was lower when
compared to the other studies because people
unaware of payment for services and believed that
CU should be responsible for the expenses.
Bejranonda and Attanandana (2011) reported that
people were willing to contribute an average of
THB 750.48 (USD 23.45) yr' per person and they
used the parks during weekend for exercise and
recreational activities in Bangkok, Thailand. While
Petcharat et al. (2020) reported that the respondents
were WTP USD42- yr' for

per person
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Bang Kachao public park, Thailand as they were
more amenable to paying for a better quality of
ecosystem services and value the green area. In
addition, the WTP was reported with higher amount
of USD 32.60 yr'l per person in Wuhan, China
(Tian et al., 2020) because people were aware of the
negative impacts of biophysical environments
when there is no green space.

The demographic characteristics (gender,
age, education, occupation, and income) and
awareness factors (Pathumwan residential, park
objective, park owner, PMCU activities, and
frequency of visiting the park) were analyzed for
the relevance to WTP. The WTP was highly
significant correlated with all demographic
variables (P<0.05) apart from gender that was
marginally significant (p=0.0563) (Table 2).
The results were consistent with the report of Tian
et al. (2020) who indicated that perception related
to WTP of people in the city of Wuhan, China were
income, occupation and education level. The
respondents with more monthly income would pay
more than who’s with less income which associate
with occupation as employees and government
officer in this study. While, Bejranonda and
Attanandana (2011) also found that the factor
affecting respondents” WTP for green space
development were income, age, and gender. They

also stated that male WTP wvalues in male
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respondents were more than female, therefore, the
more often ones used green space areas, the greater
the probability that they would pay compared to
others. Interestingly, the awareness factor on
frequency of visiting the park was the only variable
that had a significant correlation on influent of the
WTP value in this study (Table 2). Song et al.
(2015) found similar results in Jinan park, China
that the WTP value was related with living
standards, especially monthly income and visit
frequency as high income person could better
afford to visit the park more often and pay for
maintenance. However, in this study even female
visited the park more frequent than male and might
positively influence on the probability of WTP, X2
indicated that no statistical difference in WTP
between gender (Table 2).

The elderly was less likely to be WTP for
using green space when compared to younger
respondents. Petcharat ef al. (2020) indicated that
young respondents between age 26-35-years old
tended to pay more to improve the green area in
Bang Kachao public park in Thailand, as so it can
provide various activities such as jogging, riding,
bicycles, and environmental education programs
for young group. As well as is can become a well-
known check in location among young Facebook
education level of

users.  Respondent’s

undergraduate and graduate education has positive
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effect on WTP, indicating that improving education
on environmental awareness is in need to be
concerned. The results are similar to the study in
Kampala city in South Africa by Gelo a& Turpie

(2021) that the high education (bachelor’s degree)

increased the likelihood of accepting of WTP. In
summary, educated people might have a better
chance to obtain various and updated information
and be able to decide wisely to believe in the

reasonable information in environmental situation.

Table 2 Chi-square (Xz) test of variables related to willingness to pay (WTP) for Chulalongkorn

University Centenary Park (CU 100 Park).

Variables Xz df p-value
Demographic variables
Gender 10.759 5 0.0563
Age 54.183 25 0.0006**
Educational 26.868 10 0.0027**
Occupations 90.423 30 <0.00071***
Income 57.307 20 <0.00071 #**
Awareness variables

Pathumwan residential 5.217 5 0.3899
Park objectives 5.059 5 0.3850
Park owner 8.599 5 0.1262
PMCU activity 8.027 5 0.1547
Frequency of visiting park 39.486 20 0.0057*

Environmental awareness is likely to be
the key factor influencing WTP. In Pinggu urban
green spaces in Beijing, China, the researcher
concluded that enhancing ecological education can
lead to the sustainable preservation for long term
(Xua et al., 2020). Apart from the frequency of
visiting the park, other awareness factors including
Pathumwan residential, park objective, park owner,

PMCU activities were not significantly correlated
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to the WTP value. This could be that these factors
might not be the driving force to pay because they
were unable to relate how this awareness could lead
to the improvement of their life with the green
space services. In summary, the important of
factors affecting the WTP in this park of the
surveyed respondents were income and occupation
because these factors lead to a lifestyle and

recreation as well as the free time to appreciate the
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nature. Age and education are also as important in
terms of awareness and the ability to access that
environmental information. The background of the
urban residents can relate to the WTP as well as the
time they spend to visit the park. The frequent they
visit the park, the better chance for them to connect
to the nature and realize how important for them to

have some relax green space.

Conclusion

This study adopted CVM to measure
respondents’ WTP for maintain of the CU 100 Park
as the main results are that concerning of
environmental issue and the benefits of green
spaces in urban are what influence WTP. Assessing
valuation, the park utility of aesthetic, amenity,
spaces, and park environmental where the
respondent can usually take benefits and escape
from the urban life. The respondents” WTP for the
park was measured of this value (THB100- yr
person) with an interesting result was found that
respondents demanding of environmental for
physical health and concerning environmental
problem through their lifestyle in urban. However,
believed that PMCU or

the respondents

government should pay for environmental
maintenance of the park. The result also indicated
that the respondents’ awareness of the maintenance
and environmental issue of the park should be

improved. To improve the respondents’ or people
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should understand of non-use value of urban park
and the importance of ecological function which is
necessary to strengthen ecological education in the
sense of awareness or responsibilities of
environmental changes need to be emphasis on
knowledge and learning through schools or
universities program. Thus, the combination of
above can be create people responsibility and/or
improvement of natural environment. In order to
gain more responsibility and awareness of the park,
the differences in the use of facilities which can be
support physical activities (exercise equipment),
recreation (bird watching, sitting by the pond or fish
feeding), and social interactions (arrange some

event such animal event or seasonal product market

ete.) for visitors could be provided by the PMCU.
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Appendix 1 The description of variables (demographic and awareness variables) visitors and non-visitors for

estimating willingness to pay (WTP) to the CU 100 Park that related to awareness.

Variable Description

Willingness to pay (WTP) 1 if the person is willing to pay per year, otherwise: 0

Demographic variables

Gender 1 if female, 0 if male

Age (years) Less than 20, 21 — 30, 31 — 40, 41 — 50, 51 — 60, More than 60
Education High school, Bachelor degree, Master degree

Occupation Employee, Student, Government, Housewife, Trader, Retired, Others
Income Less THB10,000, THB 10,001 - THB30,000,

THB 30,001 - THB60,000, More THB60,000, Not mention

Awareness variables

Residential 1 if Phatumwan residential, 0 if non Phatumwan residential
Park objectives 1 if know objectives of the park, otherwise: 0

Park owner 1 if know the owner of the park, otherwise: 0

Park provides activity 1 If know the park provide activities, otherwise: 0
Spending visits the park Amount of visiting the park per week

Descriptive question related to awareness

Variables Number %

Residential
Hypothesis: the one who live closer will be more aware
Pathumwan resident 176 44

Non Pathumwan resident 227 56

Objectives of the park establishment
Hypothesis: the one who know objective establishment of the park will be more aware
Know the objectives 151 37

Not know the objectives 252 63

The owner of the park (Property Management Chulalongkorn University PMCU)

Hypothesis: the one who know the Park owner will be more aware
Know the PMCU 133 33
Not know the PMCU 270 67
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Activities provided by PMCU

Hypothesis: the one who know that the Park provide various activities will be more aware
Know 193 48
Not know 210 52

Frequency of park visiting

Hypothesis: the one who visit the Park more often will be more aware

Never 47 12
1 - 2 times 303 75
3 -5 times 37 9
More than 5 times 16 4

Appendix 2 Willingness to Pay for maintain the Chulalongkorn University Centenary Park CU 100 Park.

Willingness to pay Number Percent of respondents
Not Willing to pay 220 54.59
Willing to pay THB 100 137 34.00
Willing to pay THB 500 32 7.94
Willing to pay THB 1,000 8 1.99
Willing to pay THB 1,500 2 0.50
Willing to pay above THB 1,500 4 0.99

220 Respondents not WTP at first if the PMCU organized some event, the respondents would

WTP for the Park

Not Willing to pay 117 53.18
Willing to pay THB 100 92 41.82
Willing to pay THB 500 11 5.00
Willing to pay THB 1,000 0 0
Willing to pay THB 1,500 0 0
Willing to pay above THB 1,500 0 0
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Species Diversity and Tree Seedling Dynamics in Moist Evergreen Rain Forest

at Khlong Naka Wildlife Sanctuary, Ranong Province
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ABSTRACT

Background and Objectives: Recently, the current climate change, the reproduction of seedlings that respond relatively
quickly to changes in environmental factors may be affected. This study aimed to clarify the impact of micro-climate on
the establishment of seedlings in moist evergreen forest at Khlong Nakha Wildlife Sanctuary.

Methodology: Fifty seedling quadrats; The plot of 2 X 2 m, were established and all tree seedling were tagged and
identified. Seedling monitoring was done every month from February 2023 to January 2024. In addition, the data logger
with automated recorded for temperature and light intensity was also set up. Data analysis includes the importance value
index (IVI), diversity index, recruitment rate, mortality rate, and climate change.

Main Results: The total seedlings species of 128 species 83 genera and 39 families was found the seedling density is
47,100 individual. ha" and which had high species diversity based on Shannon-Weiner index (H'= 4.33). The dominance
species based on importance value index (IVI) was Ixora javanica, Cinnamomum altissimum, Rinorea sclerocarpa, Syzygium
attenuatum, and Diospyros wallichii, with values of 8.81, 8.68, 7.84, 7.31, and 6.17 percentage, respectively. Seedling
dynamics during one year showed that the recruitment rate had higher than mortality rate, almost five times (5.57 £3.79
and 0.27 + 0.42 %m’"). Especially, the mortality rate is very high during the dry season (December-February), which
corresponds with low rainfall, high temperatures, and high light intensity throughout the year. Although mortality and
recruitment rate vary between species, the species with the highest recruitment rate are Hopea montana, Hopea subpeltata,
Hopea griffithii, Parashorea stellata, and Diospyros ranongensis. These species are mostly dominant trees in Thailand's
tropical rainforests. In contrast, species with high mortality rates include Gaertnera vaginans, Greenea corymbosa, and
Mischocarpus pentapetalus which are secondary trees in the rainforest. However, Dipterocarpus kerrii and Mesua ferrea
which are also dominant species, exhibit high mortality rates during the dry season.

Conclusion: Micro-climate changes obviously showed high impacted on seedling regeneration, in particular increased drought
event. This knowledge on seedling adaptation is useful for species conservation planning, in particular, susceptible species to
maintain their species in the forest ecosystem.

Keywords: Seedling dynamics, species diversity, regeneration, micro-climate change
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Figure 2 Climate changes, rainfall, mean and max monthly temperature, during 1994-2023 at Andaman Sea coast.
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Figure 3 Forecasting climate trends at Andaman Sea coast based on climatic data from 1994-2023; A) rainfall,

B) maximum temperature, and C) minimum temperature, respectively.
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Figure 4 Average daily temperature, light intensity and rainfall around the seedling quadrats during February 2023

- January 2024
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Figure 5 Dominance seedling species; A) Hopea montana, B) Mesua ferrea, C) Dipterocarpus kerrii, D) Swintonia
floribunda, E) Syzygium siamense, F) Rinorea sclerocarpa, G) Greenea corymbosa, H) Hopea oblongifolia and 1) Syzygium
attenuatum

Table 1 Ten dominance seedling species based on IVI in MEF at Klong Naka Wildlife Santuary.

NO. Botanical name Family Density (individual. ha'l) IVI (%)
1 Greenea corymbosa Rubiaceae 2,350 8.81
2 Cinnamomum altissimum Kosterm. Lauraceae 2,600 8.68
3 Rinorea sclerocarpa Melch. Violaceae 2,050 7.84
4 Syzygium attenuatum Myrtaceae 1,800 7.31
5 Diospyros wallichii King & Gamble Ebenaceae 1,500 6.17
6 Diospyros sumatrana Miq. Ebenaceae 1,500 6.01
7 Syzygium siamense (Craib ) Chantar. Myrtaceae 1,100 5.16
8 Hopea oblongifolia Dipterocarpaceae 1,200 4.71
9 Hopea montana Dipterocarpaceae 1,350 4.69
10 UK 4 Rubiaceae 1,000 4.45

other species (118) 30,850 136.76
47,100 200
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Table 2 Seedling dynamics of Tropical Rain Forest during February 2023-January 2024.

Variables

Month Feb Mar Apr May Jun Jul
Species 112 117 120 122 127 128
Seedling density
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(individual. ha™)
M (%.m™) 0.00 3.11 1.24 0.29 0.00 0.00
R (%.m™") 10.52 4.36 2.61 10.62 5.65 0.00
Month Aug Sep Oct Nov Dec Jan Feb-Jan
Species 128 128 128 128 128 128 124.50+5.49
Seedling density 39,957.50
40,950 44,600 46,250 47,200 46,840 43,250
(individual. ha™) +6,066.95
M (%.m") 0.00 0.86 0.22 1.09 2.37 2.84 1.09+1.18
R (%.m") 0.00 9.40 3.86 3.12 0.15 0 4.57+4.05
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Figure 6 The relationship between the recruitment rate and mortality rate in the Tropical Rain Forest

at Khlong Naka Wildlife Sanctuary
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ABSTRACT

Background and Objectives: Pollinators can do to conserve biodiversity with the pollination services in
ecosystems services. The objective evaluated in ecosystem services of pollinators in regulation services and
provisioning services.

Methodology: Study area was included 6 parts of Thailand which concluded in 16 provinces as collected
data using purposive sampling 29 samples by questionnaire. Methodology was applied the concept of total
economic value of environments.

Main Results: Potential of bee pollinators in part of regulation services was maximizing yielded of bee in
longan farm 68 kg./rai and stingless bee in lychee mixed farm 359.34 kg./rai. Provisioning services were
maximizing income of bee in longan farm 13,080 ThB/rai and stingless bee in lychee mixed farm 15,734.43
ThB/rai/year. On the other hand, economic value from bee production was maximizing profit in royal bee
1,183.93 ThB/bechive/year, honey bee 742.16 ThB/bechive/year, stingless bee 517.83 ThB/beehive/year
and Indian honey bee 337.96 ThB/beehive/year, respectively.

Conclusion: The monetary value showed worth and potential of bee pollinators which in part of the
pollination services in regulation services and provisioning services. Therefore, awareness of pollinators

will protect farm ecosystem that no chemicals pesticides for the pollination efficiency of pollinators.

Keywords: Monetary value, regulation services, agribusiness
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Table 1 Samples’ community enterprise and private farm of pollinators

Community enterprise Member Samples Fruit Pollinator
(person) (person) farm farm
Doilang stingless bee bank, Chiangmai 7 1 - ‘/(Stingless bee)
Banchangpian community enterprise,
20 1 - ‘/(Stingless bee)
Chiangmai province
Native honeybee community enterprise,
82 1 - ‘/(Indian honeybee)
Uttaradit province
Honeybee community enterprise,
7 1 ‘/(Longan) ‘/(European honeybee)
Lamphun province
Honeybee community enterprise, Phrae 36 1 - ‘/(European honeybee)
Organic farm, Phrae province 50 1 ‘/(Orange mixed) ‘/(Indian honeybee)
Total Northern 202 6
Native honeybee and pollinators center,
200 1 - ‘/(Indian honeybee)
Ratchaburi province
Stingless bee farm, Samut Songkhram 2 2 ‘/(Lychee mixed) ‘/(Stingless bee)
Private farm name koonton bee farm,
1 1 - ‘/(European honeybee)
Saraburi province
Total Center 203 4
‘/(Avocado &
Avocado farm, Tak province 101 2 ‘/(Indian honeybee)
avocado mixed )
Total Western 101 2
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Table 1 (continue)

Community enterprise Member Samples Fruit Pollinator
(person) (person) farm farm
Banthapma community enterprise of
48 1 - ‘/(Stingless bee)
stingless bee, Rayong province
Banbangsakaeo community enterprise
20 1 - ‘/(Stingless bee)
of stingless bee, Chanthaburi province
Farmer group of stingless bee, Trad 42 1 ‘/(Rambutan) ‘/(Stingless bee)
Baantungtarad large scale farming of
20 1 - ‘/(Stingless bee)
stingless bee, Chanthaburi province
Total Eastern 130 4
Farmer group of stingless bee,
3 1 ‘/(Avocado mixed) ‘/(Stingless bee)
Nakhon Ratchasima province
Pakchong khoayai avocado club,
66 4 ‘/(Avocado) ‘/(Stingless bee)
Nakhon Ratchasima province
Total Northeastern 69 5
Lamae farmer group of stingless bee,
4 1 - ‘/(Stingless bee)
Chumphon province
Sirichan farm of bee and stingless
19 1 - ‘/(Stingless bee)
bee, Trang province
Native honeybee community
37 1 - ‘/(Indian honeybee)
enterprise, Songkhla province
Native honeybee community
50 1 - ‘/(Indian honeybee)
enterprise, Chumphon province
Native honeybee community
40 1 - ‘/(Indian honeybee)
enterprise, Nakhon Si Thammarat
Private farm name rungtip farm of
1 1 - ‘/(European honeybee)
bee, Chumphon province
Khunsai native giant bee community
60 1 - ‘/(Giant honeybee)
enterprise, Songkhla province
Native honeybee community
50 1 - ‘/(Indian honeybee)
enterprise, Phatthalung province
Total Southern 261 8
Overall total 966 29
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Table 2 Potential of pollinators in regulating services of each farm type; orange mixed farm (OMF), longan farm (LF),

avocado mixed farm (AMF), avocado farm (AF), lychee mixed farm (LMF) and rambutan farm (RF), respectively.

1

2

List OMF LF AMF AF LMF RF
Pollinators Indian European Indian Stingless Stingless Stingless
honeybee honeybee honeybee bee bee bee
Samples (person) 1 1 2 5 2 1
Average area (rai) 24 10 110 18 61 15
Yield (kg.)
Orange 3,000
(75 ThB/kg.)
Avocado 1,000 30,000 12,675
(35 ThB/kg.) (40 ThB/kg.) (40 ThB/kg.)
Longan 17,000
(45 ThB/kg.)

Lychee 3,000

(200 ThB/kg.)
Rambutan 30,000

(15 ThB/kg.)
Durian 9,975
(170 ThB/kg.)

Coconut 80,000

(10 ThB/unit)
Pomelo 54,000

(65 ThB/kg.)
Other 19,770 54,420
Total yield (kg./year) 23,770 17,000 94,395 12,675 137,000 30,000
Average yield 990.42 1,700.00 858.14 704.17 2,245.90 2,000.00
(kg./rai/year)
Potential of pollinators 39.62 68.00 34.33 112.67 359.34 320.00

(kg./rai/year)

Note: IOrange mixed farm included in lime, sugar cane, pomelo, climbing wattle, Melientha suavis Pierre, Burmese grape, santol.

*Avocado mixed farm included in custard apple, mango, yellow star apple, canistel, passion fruit.
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Table 3 Cost-benefits of each orchard farm; orange mixed farm (OMF), longan farm (LF), avocado mixed farm

(AMF), avocado farm (AF), lychee mixed farm (LMF) and rambutan farm (RF), respectively.

1

2

List OMF LF AMF AF LMF RF
Samples (person) 1 1 2 5 2 1
Average area (rai) 24 10 110 18 61 15
Fixed cost (ThB/year)
Lawnmower 2,250 1,500 24,000 30,000 1,500 5,000
Water pump 5,500 4,000 4,000 10,000
Insecticide sprayer 750 800 800 5000
Total fixed cost (ThB/year) 8,500 6,300 24,000 30,000 6,300 20,000
Variable cost (ThB/year)
Labor 30,000 60,000 24,000 60,000 45,000
Fertilizer 4,000 14,700 36,000 60,000 14,700 50,000
Bagasse 3,500
Fuel 6,000 15,000 15,000
Plant hormones 15,000 15,000 4,000
Total variable cost (ThB/year) 43,500 104,700 60,000 60,000 104,700 99,000
Total cost (ThB/year) 52,000 111,000 84,000 90,000 111,000 119,000
Income (ThB/year)
Orange 225,000
Avocado 35,000 1,200,000 507,000
Longan 765,000
Lychee 600,000
Rambutan 450,000
Durian 1,695,750
Coconut 800,000
Pomelo 3,510,000
Other 416,900 3,594,000
Total income (ThB/year) 676,900 765,000 6,489,750 507,000 4,910,000 450,000
Profit (ThB/year) 624,900 654,000 6,405,750 417,000 4,799,000 331,000
Area (rai) 24 10 110 18 61 15
Average profit (ThB/rai/year) 26,037.50 65,400.00 58,234.09 23,166.67 78,672.13 22,066.67
Potential of pollinators 5,207.50 13,080.00 11,646.82 4,633.33 15,734.43 4,413.33

(ThB/rai/year)

Note: 1Orange mixed farm had income included in lime 325,500, sugar cane 30,000, pomelo 24,000, climbing wattle 10,400,

Melientha suavis Pierre 2,000, Burmese grape 22,500, and santol 2,500 THB/year.

*Avocado mixed farm had income included in custard apple 1,800,000, mango 360,000, yellow star apple 147,000,

canistel 387,000, and passion fruit 900,000 THB/year
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Table 4 Cost-benefits of pollinators farm

List Indian honeybee = European honeybee Giant honeybee Stingless bee
Samples (farm) 9 4 1 15
Total beehive (beehive) 150 259 150 305
Cost (THB/year)

Breeder bee box 2,457.14 38,640 38,333.33
bee box 2,142.86 20,000 51,425
Artificial food 11,040 2,500
Sugar 198,832

Equipment 31,714.30 69,000 3,050 41,916.67
Labor 3,600 176,225 4,500 3,600
Fuel 3,360 3,360 4,500 3,360
Renting bee box 2,400 1,800

Total cost (THB/year) 45,674.30 518,897.00 12,050.00 141,135.00
Income (THB/year)

Honey bee 286,286 948,000 900,000 394,375
Bees Wax 5,714.29 217,000

Royal Jelly 30,000

Bee larvae 7,142.86 21,000

Breeder bee box 511,250.00
Honey comb 24,000 10,000.00
Propolis 5,625.00
Bee soap 240,000

Renting bee box 9,583.33
Total income (THB/year) 299,143.15 1,480,000.00 900,000.00 930,833.33
Profit (THB/year) 253,468.85 961,103.00 887,950.00 789,698.33
Average profit 1,689.79 3,710.82 5,919.67 2,589.17
(THB/beehive/year)

Potential of pollinators 337.96 742.16 1,183.93 517.83

(THB/beehive/year)

Note: European honeybee (4pis mellifera ligustica L.), Indian honeybee (4. cerana indica F.), Giant honeybee (4. dorsata

F.) and stingless bees (Tetragonula pagdeni (Schwarz) and T. laeviceps Smith)
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Profit (THB/year) 253,468.85 961,103.00 887,950.00 789,698.33
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