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Tree Species Diversity and Carbon Stock Based on Tree Biomass

in Ban Wang Kabak Community Forest, Wang Thong District, Phitsanulok Province
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ABSTRACT

Background and Objectives: At present, the roles of community forest not only for conservation and sustainable
utilization but the carbon storage sequestration of trees can also use for evaluate the potential of the forest. This
information will be beneficial policy to reduce the emission from deforestation which related to the REDD"
framework that supports reducing deforestation and forest degradation. The task for increasing conservation and
sustainable management will be response to the United Nations Convention on Climate Change (UNFCCC). The
objectives of this study were to know amount of biomass, carbon sequestration, the absorption of carbon dioxide
and the releasing of oxygen gas by trees in the Ban Wang Kabak community forest.

Methodology: Tree data were collected by 40 randomized plot sampling of 10 m x 10 m in dry dipterocarp forest,
DDF, (20 plots) and mixed deciduous forest, MDF, (20 plots). The species diversity index, the aboveground and
underground tree biomass, carbon sequestration, carbon dioxide absorption and oxygen gas release were analyzed.
Main Results: Tree species diversity included 63 tree species, 54 genera and 26 families were found both in DDF
and MDF. The species diversity index (H') was high level as 3.17. The Fabaceae was the most diverse family that
consisted of 15 species, following with Rubiaceae, Anacardiaceae and Bignoniaceae that comprised of 7, 5 and 4
species, respectively. Species of Dipterocarpus obtusifolius was the most abundance which had highest IVI value
(47.68 %.). The total tree biomass, carbon sequestration stocks, carbon dioxide absorption and oxygen gas releasing
of these forests were 566.63 ton/hectare, 266.63 ton carbon/hectare, 976.49 ton CO, /hectare and 2,603.98 ton
O,/hectare, respectively.

Conclusion: Tree species in Ban Wang Kabak Community Forest has good supported for carbon storage and
carbon dioxide absorption. Thus, the forest management both maintain and forest restoration is one of the nature-

based solution for increasing carbon storage areas and mitigating the effect of global climate change.

Keywords: Plant diversity, carbon absorption, REDD’ , Community Forest

'F aculty of Agriculture, Natural Resources and Environment, Naresuan University, Phitsanulok 65000
* Corresponding author: Email: chirdsakt@nu.ac.th
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Table 1 Characteristics of tree community (only top ten species in terms of IVI orders are shown) at Ban Wang

Kabak Community Forest, Wang Thong District, Phitsanulok Province.

BA D Do RD RF RDo VI
No. Species y 4 3 F a

(m“.ha) (no.ha ) (m~ha ) (%) (%) (%) (%)

1 Dipterocarpus obtusifolius 2.85 312.50 0.45 7.13 19.84 6.69 21.15 47.68
2 Pterocarpus macrocarpus 2.49 175.00 0.60 6.23 11.11 8.92 18.48 38.51
3 Shorea siamensis 0.68 135.00 0.45 1.70 8.57 6.69 5.04 20.31
4 Vitex canescens 0.71 85.00 0.33 1.77 5.40 4.83 5.25 15.48
5  Millettia leucantha 0.54 87.50 0.38 1.36 5.56 5.58 4.03 15.16
6  Chukrasia tabularis 0.74 45.00 0.30 1.86 2.86 4.46 5.52 12.84
7  Mitragyna rotundifolia 0.42 65.00 0.33 1.06 4.13 4.83 3.14 12.10
8  Xylia xylocarpa 0.36 62.50 0.28 0.91 3.97 4.09 2.70 10.76
9  Markhamia stipulata 0.29 70.00 0.28 0.72 4.44 4.09 2.12 10.66
10  Lannea coromandelica 0.63 35.00 0.25 1.57 2.22 3.72 4.66 10.60
Other species 3.76 502.50 3.10 9.41 31.90 46.10 27.90  105.90

Total 13.49 1,575 6.73 33.73 100 100 100 300

Remark; BA = basal area, D = density, F = frequency, Do = dominance, RD = relative density, RF = relative frequency,

RDo = relative dominance, IVI = importance value index
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Table 2 Tree biomass (only top ten species in terms of total biomass orders are shown) at Ban Wang Kabak

Community Forest, Wang Thong District, Phitsanulok Province.

No. Species Biomass (ton/ha)
Stems Branches Leaves Roots Total
1 Dipterocarpus obtusifolius 84.31 16.41 3.52 28.14 132.38
2 Pterocarpus macrocarpus 70.68 15.14 3.02 23.99 112.83
3 Chukrasia tabularis 22.82 5.31 1.00 7.87 37.00
4 Vitex canescens 20.46 4.51 0.89 6.98 32.84
5 Albizia odoratissima 17.96 3.99 0.78 6.14 28.87
6 Shorea siamensis 16.84 2.69 0.60 5.44 25.57
7 Lannea coromandelica 14.65 3.34 0.64 5.03 23.66
8 Mitragyna rotundifolia 10.28 2.08 0.44 3.46 16.26
9 Millettia leucantha 9.64 1.91 0.41 3.23 15.19
10 Gluta usitata 9.19 2.00 0.40 3.13 14.72
Other species 81.56 15.41 3.29 27.05 127.31
Total 358.39 72.79 14.99 120.46 566.63
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Table 3 Tree carbon stocks (only top ten species in terms of total carbon stock orders are shown) at Ban Wang

Kabak Community Forestry, Wang Thong District, Phitsanulok Province.

No. Species Carbon Stocks in different parts of tree (ton C/ha)
Stems Branches Leaves Roots Total
1 Dipterocarpus obtusifolius 39.63 7.71 1.65 13.23 62.22
2 Pterocarpus macrocarpus 33.25 7.12 1.42 11.29 53.03
3 Chukrasia tabularis 10.99 2.53 0.48 3.80 17.39
4 Vitex canescens 9.80 2.14 0.43 3.31 15.44
5 Albizia odoratissima 8.47 1.88 0.37 2.88 13.57
6 Shorea siamensis 7.92 1.27 0.28 2.56 12.02
7 Lannea coromandelica 6.89 1.57 0.30 2.37 11.12
8 Mitragyna rotundifolia 4.90 0.99 0.21 1.68 7.65
9 Millettia leucantha 4.86 0.94 0.21 1.55 7.14
10 Gluta usitata 432 0.94 0.19 1.47 6.92
Other species 38.33 7.24 1.53 12.72 59.82
Total 169.44 34.21 7.04 56.62 266.32
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Table 4 Tree CO, absorption equivalent (only top ten species in terms of total CO, absorption orders are shown)

at Ban Wang Kabak Community Forestry, Wang Thong District, Phitsanulok Province.

No. Species CO, absorption capacity in different part of tree (ton CO,/ha)
Stems Branches Leaves Roots Total
1 Dipterocarpus obtusifolius 145.29 28.27 6.06 48.50 228.13
2 Pterocarpus macrocarpus 121.80 26.09 5.21 41.34 194.44
3 Chukrasia tabularis 39.32 9.16 1.73 13.56 63.76
4 Vitex canescens 35.25 7.78 1.54 12.03 56.60
5 Albizia odoratissima 30.95 6.88 1.35 10.58 49.76
6 Shorea siamensis 29.02 4.64 1.04 9.37 44.08
7 Lannea coromandelica 25.25 5.76 1.11 8.67 40.79
8 Mitragyna rotundifolia 17.72 3.59 0.76 5.96 28.03
9 Millettia leucantha 16.61 3.30 0.71 5.57 26.19
10 Gluta usitata 15.84 3.44 0.69 5.39 25.36
Other species 140.56 26.53 5.63 46.63 219.36
Total 617.62 125.44 25.83 207.60 976.49
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Table 5 Tree emission of O, (only top ten species in terms of total O, emission orders are shown) at Ban Wang Kabak

Community Forestry, Wang Thong District, Phitsanulok Province.

No. Species O, emission in different parts of tree (ton O,/ha)
Stems Branches Leaves Roots Total
1 Dipterocarpus obtusifolius 387.44 75.39 16.17 129.33 608.34
2 Pterocarpus macrocarpus 324.81 69.57 13.90 110.24 518.52
3 Chukrasia tabularis 104.85 24.42 4.62 36.15 170.03
4 Vitex canescens 94.01 20.74 4.10 32.09 150.94
5 Albizia odoratissima 82.52 18.35 3.60 28.21 132.68
6 Shorea siamensis 77.39 12.38 2.78 24.99 117.54
7 Lannea coromandelica 67.34 15.35 2.95 23.12 108.77
8 Mitragyna rotundifolia 47.25 9.58 2.03 15.89 74.76
9 Millettia leucantha 44.30 8.79 1.90 14.85 69.83
10 Gluta usitata 42.24 9.18 1.84 14.38 67.63
Other species 374.84 70.76 14.99 124.36 584.94
Total 1,646.99 334.51 68.88 553.60 2,603.98
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ABSTRACT

Background and Objectives: Management of recreational forests requires basic information on the plant community
characteristics that appear in the area. Therefore, this study aimed to detect the relationship between plant community
structure characteristics and some soil properties in the Tham Sing recreational forest area, Udon Thani Province.
Methodology: Twenty purposive sampling plots of 20 m x 20 m were set up for observing tree species composition
and collecting soil samples. The ordination analysis using canonical correspondence analysis (CCA) was applied to
clarify the relationship between plant community and soil properties based on software of PC-Ord version 6.

Results: The results shown that two forest types had been found, mixed deciduous forest and deciduous dipterocarp
forest, and can be divided into 3 sub- communities. First, mixed deciduous forest comprised 35 species, 31 genera, and
21 families. Tree density, basal area, and species diversity index were 812.5 stems ha'l, 20.42 mz.ha-l, and 2.92,
respectively. The important species such as Microcos tomentosa, Vitex peduncularis and Xylia xylocarpa were
determined by the value of organic matter (OM; %), nitrogen (N; %) and Potassium (K; mg kg-l). Second, ecotone
forest comprised 28 species, 25 genera, and 16 families. Tree density, basal area, and species diversity index were 755
stems ha ', 25.79 mz.ha-], and 2.9, respectively. The important species such as Irvingia malayana, Aporosa villosa and
Cratoxylum formosum had less determined by soil properties. Third, deciduous dipterocarp forest showed comprised
30 species, 28 genera, and 17 families. Tree density, basal area, and species diversity index showed were 972.22 stems
ha', 25.85 m>ha’, and 2.42, respectively. The important species such as Dipterocarpus obtusifolius, Shorea obtusa
and Xylia xylocarpa were determined by calcium (Ca; mg.kgq) value of soil properties.

Conclusion: The results indicated that soil properties clearly determine the appearance of different plant communities.
Therefore, the management of Tham Sing recreational forest area should be concerned the relationship between tree

species and soil properties, particularly selecting suitable species relating to soil properties and recreation activities.

Keyword: Plant species composition, plant-soil relationship, tropical deciduous forest, forest ecotone
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Figure 2 The dendrogram based on tree species in each sample plot of Tham Singha recreational forest.
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o w <3 Qy 1w a . ’
5 819UISD AB B1aHed 1A HileALe AU HA1AFHANNAINTUA (Shannon index, H')
R v Y 9 " W a 1 y a 1
waziszailr (Table 2) Tuszaundr ldwy MR 2.88 (Table 1) ¥ila TdiauiloNnsana
a 4 1 [ o w o w
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Table 1 Plant community characteristics of mixed deciduous forest (MDF), forest ecotone (ETC), and

deciduous dipterocarp forest (DDF) in Tham Singha recreational forest, Udon Thani Province.

Community character MDF ECT DDF
Tree

Number of species 35 28 30
Number of genera 31 25 28
Number of family 21 16 17
Stem density (stems ha ') 812.5 755 972.22
Basal area (m” ha'') 20.42 25.79 25.85
Shannon-Weiner index 2.97 291 242
Sapling

Number of species 19 22 26
Number of genera 18 22 24
Number of family 13 13 16
Stem density (stems ha) 8,866.67 8,640 8,977.78
Shannon-Weiner index 2.47 2.84 2.66
Seedling

Number of species 19 24 26
Number of genera 18 22 23
Number of family 12 15 14
Stem density (stems ha ) 28,466.67 21,120 24,044.44
Shannon-Weiner index 2.55 2.85 2.88
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Table 2 Top five ranking based on IVI of mixed deciduous forest (MDF), forest ecotone (ETC), and
deciduous dipterocarp forest (DDF) in Tham Singha recreational forest, Udon Thani Province, including

relative dominance (RDo, %), relative density (RD, %), and relative frequency (RF, %).

Plant community Staged Species RDo RD RF IVI
MDF Tree 1. Microcos tomentosa 9.63 15.90 8.00 33.53
2. Vitex peduncularis 15.31 10.26 5.33 30.90

3. Xylia xylocarpa 9.07 8.21 8.00 25.27

4. Cratoxylum formosum 5.47 10.77 8.00 24.24

5. Dialium cochinchinense 8.02 4.62 4.00 16.64

Sapling 1. Cratoxylum formosum - 21.80 11.36 33.17

2. Microcos tomentosa - 12.03 13.64 25.67

3. Memecylon edulae - 18.80 6.82 25.62

4. Aporosa villosa - 7.52 9.09 16.61

5. Xylia xylocarpa - 5.26 6.82 12.08

Seedling 1. Microcos tomentosa - 10.54 13.64 24.18

2. Memecylon edulae - 13.82 9.09 22.91

3. Xylia xylocarpa - 11.48 11.36 22.84

4. Croton oblongifolius - 12.65 9.09 21.74

5. Cratoxylum formosum - 14.52 6.82 21.34

ECT Tree 1. Irvingia malayana 28.50 3.31 5.08 36.89
2. Aporosa villosa 5.78 15.23 8.47 29.49

3. Cratoxylum formosum 4.64 15.23 8.47 28.34

4. Dipterocarpus obtusifolius ~ 7.04 9.27 5.08 21.39

5. Pterocarpus macrocarpus 5.94 5.96 6.78 18.68

Sapling 1. Aporosa villosa - 10.19 10.00 20.19
2. Xylia xylocarpa - 12.04 7.50 19.54
3. Pterocarpus macrocarpus - 7.41 7.50 14.91
4. Dipterocarpus obtusifolius - 7.41 7.50 14.91
5. Irvingia malayana - 9.26 5.00 14.26

427



NsansdsetineInethldidesIneg 82): 419-436 (2567)

Table 2 (continued)

Plant community Staged Species RDo RD RF IVI
(ETC) Seedling 1. Cratoxylum formosum - 12.88 8.11 20.99
2. Memecylon edulae - 8.33 8.11 16.44

3. Xylia xylocarpa - 7.58 &.11 15.68

4. Aporosa villosa - 7.95 541 13.36

5. Irvingia malayana - 7.95 541 13.36

DDF Tree 1. Dipterocarpus obtusifolius ~ 22.33  27.43 9.38 59.14
2. Shorea obtusa 16.73 21.71 9.38 47.82

3. Xylia xylocarpa 15.77 7.43 8.33 31.53

4. Pterocarpus macrocarpus 8.82 7.43 8.33 24.58

5. Gluta laccifera 8.25 8.00 6.25 22.50

Sapling 1. Dipterocarpus obtusifolius - 1535 1250  27.85

2. Shorea obtusa - 13.37 12.50 25.87

3. Memecylon edulae - 17.33 7.81 25.14

4. Cratoxylum formosum - 10.89 10.94 21.83

5. Pterocarpus macrocarpus - 4.95 6.25 11.20

Seedling 1. Shorea obtusa - 11.09 15.00 26.09

2. Dipterocarpus obtusifolius - 11.09 10.00 21.09

3. Pterocarpus macrocarpus - 9.98 10.00 19.98

4. Cratoxylum formosum - 9.98 8.33 18.31

5. Xylia xylocarpa - 7.39 6.67 14.06
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A g‘/ 2 ' a Y
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.. ' 2 v o v
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1 [ A 1 [ g’/ a da!
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1Y ] I Y A A A 1
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Table 3 Comparing of soil properties of mixed deciduous forest (MDF), forest ecotone (ETC), and deciduous dipterocarp forest (DDF) in Tham Singha recreational

forest, Udon Thani Province, by using ANOVA test significance at CI 95%.

MDF ECT DDF
Soil condition p-value
Mean + SD Min Max Mean + SD Min Max Mean + SD Min Max
OM (%) 3.37+1.61 1.22 5.16 299 +£141 1.07 4.84 2.31+£0.94 1.21 3.74 0.3
N (%) 0.15+0.08 0.05 0.24 0.12 +0.06 0.04 0.21 0.09 £0.04 0.05 0.16 0.23
P (mg kg_l) 2.22+0.42 1.62 2.57 9.26+12.94 1.96 32.36 3.49+1.35 1.96 5.73 0.18
Ca (mg kg_l) 207.92 +70.20 132.01 294.77 185.39 £ 65.11 86.8 247.71 299.33 + 186.24 148.65  769.18 0.27
K (mg kg']) 70.49 +28.93 43.02 109.16 93.47 +£51.15 37.55 175.72 66.31 £26.21 28.8 112.66 0.37
Mg (mg kg_l) 56.87 +39.33 19 116.62 59.31 £29.40 20 99.3 70.31 £46.76 30.66 171.63 0.8
Bulk density (g cms) 1.05+0.19 0.86 1.37 0.99 +0.13 0.85 1.12 1.00 £0.21 0.76 1.36 0.84

n <

EMLIMRLLELBELE

WV 6 <

(L9ST) 9€t-61% :(7)8 BU| DRITITE] L[LLRU
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Figure 3 The CCA ordination diagram representing the relationship between the tree species in each group

and the edaphic factors. Triangles with five abbreviations indicated tree species, while, the circles expressed

sample plot in each plant community.
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Factors Affecting the Nest Survival of Painted Stork (Mycteria leucocephala)

at Khao Kheow Open Zoo in Eastern Thailand
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ABSRRACT

Background and objectives: The painted stork is a large wading bird that once considered as rare but now
distributed across many regions in Thailand. However, suitable nesting sites remain limited, while, Khao Kheow
Open Zoo is the most significant location where painted storks frequently establish nests. This study aimed to
analyze the monthly age classes of painted stork chicks and to identify the factors influencing nest survival at
Khao Kheow Open Zoo during 2020 and 2021.

Methodology: The nesting site survey involved recording various details, including nest coordinates, number
of nests, start date of nest construction, egg incubation date, number of chicks, date of parent abandonment, chick
age, fledging date, and factors affecting chick survival. The analysis utilized the following methods; Mayfield to
estimate the nest survival rate, Kaplan-Meier to estimate survival probability over time, Generalized Linear
Model (GLM) to analyze factors affecting nest survival, such as temperature, wind speed, relative humidity,
rainfall, nest age, and nest height.

Main results: The painted stork began nesting in early August and varied periods among individuals, resulting
age differed between the chicks. The highest nesting activity was observed in January. The study found that the
daily survival rate of the nests was 0.997, and the overall nest survival rate was 74%. Survival rates decl ined
during the nesting and incubation periods but stabilized after the eighth weeks, coinciding with chicks older than
16 days. The age of the chicks is the most critical factor affecting survival, with older chicks exhibiting higher
survival rates.

Conclusion: The survival rate of nests during the early nesting and incubation periods was found to be low.

Successful nests were often associated with chicks older than 16 days.

Keywords: Kaplan-Meier method, large wading bird, nest success rate
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INTRODUCTION

The Painted Stork (Mycteria
leucocephala), a large wading bird in the family
Ciconiidae (Kumar & Kanaujia, 2015), typically
has a body length 93 - 102 centimeters (Wildlife
Conservation Office, 2013). It is a resident
species in Thailand (BirdLife International,
2023) that exhibits monogamous behavior,
breeding only within a single season (Jaiyawat,
2003). The nesting sites of Painted Storks in
Thailand have changed over the years. In 1990,
the storks were last observed laying eggs at Thale
Noi Wildlife Hunting Area in Phatthalung
Province (Repaijit & Suparatwikorn, 2005).
Subsequently, two nests were found in the Bung
Boraphet, Nakhon Sawan (Eiam-Ampai, 2006).
In 2017, nesting groups were observed in Uthai
Thani Province, with one group at Uthai Rat
Crocodile Farm and another at Safari World,
Bangkok (Wildlife Conservation Office, 2013).
Nesting activities were also documented in the
Thale Noi Non-hunting Area, which was later
reintroduced to the natural habitat in 2017 (Thale
Noi Non-hunting Area, 2021), Khao Kheow
Open Zoo (Jaiyawat, 2003; Arsaithamkul, 2019)
Songkhla Zoo (Songkhla zoo, 2022), and
RAMA 5 road next to the former Dusit Zoo
(Reungrit, 2024).

Understanding the factors that influence
bird nest survival requires consideration of three
aspects: Breeding adult factors, nest predators,

and other environmental factors. Breeding adult

439

factors includes such as nest constancy (Brussee
et al., 2016), the physical condition of adult birds
(Ost & Steele, 2010), their age and breeding
experience (Linz et al., 2013), and their defensive
behaviors regarding nest protection (Remes,
2005; Brussee et al., 2016). The nest predator
factors involve consider in the composition and
abundance of predator communities (Burr et al.,
2017) and the activity patterns of these predators
(Wegge & Storaas, 1990; Béty et al., 2001).
The other environmental factors include a broad
range of variables such as the characteristics of
the nesting habitat (Fuller et al., 2017), prevailing
weather condition (Webb ef al., 2012), temporal
factors like the nesting season (Grant et al.,
2005), nest age (Smith and Wilson, 2010), and
the level of human disturbances (Uherkoch et al.,
2015).

These factors can influence nest survival
independently, synergistically, or interactively.
For example, experienced breeders may select
concealed nesting sites to minimize the risk of
predator detection (Ost & Steele, 2010), while
adverse weather condition can directly impact
nest survival or indirectly alter the behaviors of
both incubating adults and predators (Smith &
Wilson, 2010). Identifying the key species-
specific variables that significantly affect nest
survival is essential for developing effective
conservation and management strategies in avian
conservation efforts (Kolada ef al., 2009; Anteau

etal., 2012).
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This study aimed to examine the number
of nests, the age-class structure of chicks in each
month, nest survival, and the factors affecting
nest survival for Painted stork nesting in natural

areas at Khao Kheow Open Zoo.

MATERIALS AND METHODS
Study area
The study area is Khao Kheow Open

Z00, located in Chonburi Province in the eastern

11247000 11247500 11248000 11248500 11249000

1483000

11247000 1247500 11248000 11248500

11249500

Khao Kheow Open Zoo

Figure 1 Map located at Khao Kheow Open Zoo

Data collection

The data collection method involved a
compressive survey of the Khao Kheow Open
Zoo area to identify bird nesting sites. Detail
information was recorded on nesting duration,
nest loss, and instances of parent bird

abandonment. The location of each nest was
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Thailand (Figure 1), adjacent to the Khao
Kheow-Khao Chompoo Wildlife Sanctuary. The
z00's terrain includes two distinct forests types.
The first type is the original forest compound,
characterized by a mix of deciduous and dry
evergreen forests extending along the zoo's
mountain range. The second type is a landscape
area featuring general trees covers and a water

reservoir.

11251500 11252000
1486000
- 1485500
1485000
1484500
- 1484000

1483500

1483000

11251500

documented using a high-magnification camera
and binoculars. Nest height and tree height were
measured with a range finder. Rainfall data was
obtained from the Eastern Region Irrigation
Hydrology Center, Royal Irrigation Department.
While wind speed data was sourced from the

National Hydro Informatics Data Center.
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Air temperature and relative humidity data were
monitored using a data logger placed within the
Khao Kheow Open Zoo area.

Data analysis for the study period was
divided into two distinct phases: the nest-
building phase and the egg incubation period.
Chicks were categorized by their developmental,
stage into the following age group: 1-15 days,
16-30 days, 31-45 days, and 4660 days (Urfi,
2011). Only chicks older than 45 days were
included in this classification, and a nest was
considered successful if at least one chick
survived (Urfi, 2011; Tiwary & Urfi, 2016).

The Mayfield Method was used to
determine nest survival. This method involves
calculating the number of failed nests and
exposure days (Mayfield, 1961). For failures
occurring between two nest visits, half of the

interval length was applied (Johnson, 1979).

Daily Survival Rate (DSR) = 1 - (number of
failed nests/number of exposure days)
Nest Survival = (DSR)d
‘= average number of days in the

nesting period (100 days for the Painted stork)

Kaplan-Meier, estimation was utilized
to determine the proportion of subjects surviving
over time following treatment (Kaplan & Meier,
1958). This method tracks the number of
participants surviving over time in clinical or
community trials (Lira ef al., 2020). Survival

curves were constructed under various
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assumptions, with probabilities of events
calculated at specific times (Goel et al., 2020).
Generalized Linear Model (GLM), the
model factors affecting bird nest survival were
analyzed using the GLM method (Rotella et al.,
2004). The best model was selected based on
Akaike's Information Criterion (AIC), with the
model having the lowest AIC value considered
optimal (Etterson, 2013). The statistical
significance of coefficients was assessed based
on the 95 percent confidence interval of

coefficients (Walsh et al., 2014).

RESULTS AND DISCUSSION

1. Dynamics of nest construction and fledgling
emergence in Painted Storks

The observation of painted storks
engaging in pairing behavior and nest
construction revealed a progressive trend over
the observed period. Initially, during August
2020, a modest number of nests were observed,
indicative of the early stages of nesting activity.
However, over subsequent months, the frequency
of nest construction exhibited a consistent
upward trajectory. The zenith of nest abundance
was reached in January, marking a notable
culmination of nesting efforts within the
observed population of painted storks (Figure 2).

In a comprehensive study examining
bird nest survival, data from 142 nests revealed
fluctuating counts of newly constructed nests

across consecutive months. Specifically,
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in August, 7 new nests were documented, with a
substantial increase observed in subsequent
months: 33 in September, 35 in October, and 43
in November. December maintained a relatively
high count with 21 new nests, followed by a
marked decline in January, where only 3 new

nests were observed, signifying the cessation

Amount of nests

0 T T T

of nest-building activity. Throughout the study
period, instances of unsuccessful nests were
consistently recorded, punctuating the breeding
seasons. Noteworthy occurrences of unsuccessful
nests were recorded in October, November,

December, January, February, and March

(Figure 3).

Sep-20 Oct-20 Nov-20 Dec-21

Jan-21

Feb-21 Mar-21 Apr-21 May-21 Jun-21

Date

Figure 2 Monthly nest numbers during the breeding season of painted stork

50

Amount of nests

Aug-20 Sep-20 Oct-20

Nov-20

I new nests

1 | U-I..l 1

Dec-20
B nest failed

Jan-21 Feb-21 Mar-21

Figure 3 Monthly counts of newly built nests (n = 142) and failed nests.

The fledgling phase, a critical stage in
the avian lifecycle, was meticulously studied
across a sample size of 142 nests, revealing a
range of fledglings per nest varying between 1

and 3. During this developmental period,
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characterized by the birds' immaturity, one parent
bird typically assumes the role of sentinel,
especially during sun-drenched days, using its
wings to provide shade and shield the young

within the nest. Parental care extends to feeding,
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wherein regurgitated food is provided for the
offspring, and the parent may reclaim any
unconsumed portions. September 2020 marked
the commencement of the birds' incubation
period, heralding what research findings identify
as the most prolonged breeding season observed
in avian species. Notably, a significant proportion
of young birds, hatched from eggs laid between
November and December 2020, emerged
predominantly in December 2020 and January

2021 (Figure 4).
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25 4

15 A

10 A

Amount of nests

A notable influx of fledglings aged 1 to
15 days was documented during December 2020
and January 2021. In January 2021, a pinnacle in
the population distribution of fledglings aged 16
to 30 days was noted, with a substantial presence
of birds aged 31 to 45 days persisting throughout
the month. January or February 2021 witnessed
the emergence of many fledglings aged 46 to 60
days, with February 2021 particularly notable for
the prevalence of chicks aged 61 to 70 days,
including those born in the preceding months

of January and February (Figure 5)
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2. Environmental conditions and
developmental phases of Painted Stork chicks
For chicks aged 1 to 15 days, the
prevailing ambient temperature averaged
26 OC, with a typical low of 20 degrees Celsius
and a peak of 33 oC. Monthly average rainfall
stood at 21 millimeters, accompanied by a
relative humidity of 68 %. As chicks matured to
16 to 30 days, the temperature profile remained
consistent, averaging 26 c>C, with a minimum of
20 OC and a maximum of 34 oC. This phase
notably experienced no recorded rainfall, with
relative humidity registering at 63 %. Chicks
aged 31 to 45 days encountered a slightly
elevated average temperature of 27 c)C, with a
corresponding low of 21 OC and a maximum of
34 OC. Rainfall during this interval diminished to
an average of 5 millimeters per month, while
relative humidity was maintained at 70%.
Transitioning to the 46 to 60 days age
group, the ambient temperature increased to an
average of 29 OC, with a minimum of 23 oC and
a maximum of 35 OC. Monthly rainfall averaged
24 millimeters during this stage. The
comprehensive nesting and incubation phase,
encompassing nest construction, egg laying, and
nurturing until fledglings reach independence,
spans an average duration of 147 days.
Remarkably, the longest recorded nest persisted
for approximately 270 days, while the shortest

duration recorded was approximately 85 days.
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3. Survival of Painted stork nestling
The fledglings of Painted Storks exhibit
a remarkable daily survival rate of 0.997 and nest
survival of 74 %, while a nest success rate of
0.73 or 73 % by nest success divides total nests
(104 successful nests from 142 nests). During the
bird breeding season, precipitation levels varied
significantly between heavy and light rain
periods. This variability affected the duration of
nest construction, as demonstrated by the
Wilcoxon signed-rank test (p < 0.05). Nest-
building time was notably longer during the rainy
season from August to October, averaging 38.5
days (SD +30). In contrast, the average nest-
building time decreased to 21.7 days (SD +20)
during low precipitation, November to January.
The breeding season can be divided into two
distinct periods: the first, characterized by heavy
rainfall from August to October (Phase 1), and
the second, with minimal rainfall extending from
November to January (Phase 2) (Figure 6).
During Phase 1, when birds began nesting,
21.3% rate of unsuccessful nesting was observed.
However, in Phase 2, when nesting began, the
rate of unsuccessful nests increased to 32.8%.
The nest survival was analyzed using the Kaplan-
Meier method, which encompasses the
observation of various occurrences, including the
appearance and disappearance of nests from the
initiation of nest construction by birds to the
hatching of eggs and until the young ones reach

an age between 1 and 45 days.
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Figure 6 Monthly rainfall in 2020 and 2021 during the study period

The nest survival diagram illustrates a
rapid decline in survival rates during the early
stages of nest formation and the incubation
period, followed by stabilization around the
eighth week (nestling age over 16 days) (Figure
7). The weekly and cumulative Kaplan-Meier
survival proportion for Painted Storks offers
invaluable insights into the survival trends of
fledgling storks during their critical
developmental phases. This meticulously
collected and analyzed dataset provides a

comprehensive overview of the likelihood of

survival for Painted Storks over ten weeks.
Throughout the observed timeframe, the survival
proportions exhibit a gradual decline, reflecting
the myriad challenges and hazards encountered
by the fledglings as they progress through their
early life stages. In the initial week, the survival
proportion is notably high at 0.979, indicating a
robust likelihood of survival shortly after
hatching. However, as subsequent weeks unfold,
this proportion steadily diminishes, reaching

0.774 by the tenth week (Table 1).
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Figure 7 Nest survival during nest formation and chick development
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Table 1 Weekly and Cumulative Kaplan-Meier Survival Proportion for Painted Stork

Week Survival Proportion Std. Error
1 0.979 0.012
2 0.972 0.014
3 0.965 0.015
4 0.951 0.018
5 0.944 0.019
6 0.894 0.026
7 0.824 0.032
8 0.774 0.140
9 0.774 0.140
10 0.774 0.140

4. Factors Influencing the Nest Survival
Various factors may influence nest
survival, including average air temperature,
average wind speed, average relative humidity,
average precipitation, nest age, and nest height.

These relationships can be analyzed using

statistical models such as generalized linear
models (GLMs). Models with the lowest Akaike
Information Criterion (AIC) values are
considered the most appropriate for analyzing
nest survival. The table below (Table 2) presents
the top 10 models with the lowest AIC values

from a total of 63 models analyzed.

Table 2 Models of factors Influencing the nest survival

Model AIC

Nest age 20.092
Nest age * nest height 21.427
Temperature average * nest age 22.044
Humidity average * nest age 22.073
Precipitation average * nest age 22.073
Wind speed average * nest age 22.081
Humidity average * nest age * nest height 23.379
Temperature average * nest age * nest height 23.419
Wind speed average * nest age * nest height 23.422
Precipitation average * nest age * nest height 23.427
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This study identified a significant
positive correlation between the survival of
painted stork nests and nestling age, particularly
noteworthy once chicks reached 16 days.
Another study conducted in different regions
highlighted environmental influences on nest
survival, with nestling age, annual rainfall, and
winter temperatures notably affecting survival
rates, which stabilized notably after chicks
surpassed 20 days of age (Tiwary & Urfi, 2016).
Adverse environmental factors like strong winds
further contributed to nest failures (Urfi et al.,
2007). The vulnerability of younger nestlings,
especially those under ten days old, led to higher
mortality rates (Jovani & Tella, 2004). Nest
survival has emerged as crucial for avian
breeding success, with nest losses being a
primary cause of reproductive failure across
species (Martin, 1993), particularly during
extreme weather events such as cold spells in
December and January, resulting in nest mortality
due to hypothermia (Tiwary & Urfi, 2016).

Environmental variables such as
temperature and rainfall critically influence
nesting success and nestling development, with
high temperatures during the early stages
reducing survival rates and rainfall patterns in
tropical semi-arid regions influencing breeding
timing, food availability, and fecundity (Bourne
et al., 2020; Franca et al., 2020). Moreover,
environmental conditions affected nest

construction and parental behaviors, influencing
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provisioning rates and post-fledging survival
(Facey et al., 2020). Humidity levels during
incubation impacted water loss and embryonic
mortality, thus affecting nest productivity (Van

der Pol et al, 2013; Bobek et al, 2018).

CONCLUSION

The painted stork began nesting in the
Khao Kheow Open Zoo area in August.
Due to asynchronous nesting, the age of the
chicks varies. Analysis of factors affecting
nest survival indicated that nests with chicks
older than 16 days had higher survival.
Conversely, nests with chicks younger than
16 days, may be more vulnerable to
hypothermia from adverse weather conditions

and may have lower survival.
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ABSTRACT

Objectives: The abandoned teak plantation (ATP) is an area without silvicultural practices and has been left for natural
succession. Many tree species had high established and increased species diversity. This study aimed to analyze the
forest structure and species compositions in these abandoned teak plantations of North Forest Industry Organization.
Method: Total of Forty-five purposive sampling plots, each of 0.16 ha (40 m x 40 m) were established in thirty forest
plantations. The sampling plots were divided according to the age of abandon into two age ranges; 16-20 yrs-ATP
(planted since 1982 - 1986) and 21-25 yrs-ATP (planted since 1977 - 1981) and in the natural forest (NF). The forest
structure and relationship between plant and environments were analyzed.

Main Results: The results show that total of 153 species 110 genera from 41 families with Shannon-Weiner (H/)
diversity index was 3.66. The 16 - 20 yrs-ATP showed that 105 species 83 genera from 32 families with H of 3.52.
while, the 21 — 25 yrs-ATP showed that 101 species 79 genera from 32 families and H' of 3.39. The dominant species
of both ATP forest types; Tectona grandis, Pterocarpus macrocarpus, and Xylia xylocarpa. The NF showed that 106
species 73 genera from 31 families and species diversity index was 3.55. The dominant species such as Tectona grandis,
Pterocarpus macrocarpus, and Millettia leucantha. All of three forests had high similarity index values (94.34—
97.08%). The results of some environmental factors study found height above sea level (ELE) and slope (SLO) affects
the established of pioneer species and rainfall (RAN) and temperature (TEM) affects the established of primary species.
Conclusion: Abandoned teak plantation in teak plantation area can encourage the establishment of tree species,
however, depended on the time of abandoned and physical environment. Therefore, using dominant species that appear

in the abandoned teak plantation for forest restoration may be rapidly supported on plant community succession.

Key words: Mixed deciduous forest, natural succession, climax species, diversity, economic forest management
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Figure 1 The location of study area in North Forest Industry Organization. It contains 1) Chiang Mai (CMI)
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Table 1 Plant community characteristics in abandoned teak plantation (ATP) and natural forest (NF) of

North Forest Industry Organization

Community characteristics Total 16 - 20yrs-ATP 21 - 25yrs-ATP NF
Number of species 153 105 101 106
Number of genera 110 83 79 73
Number of family 41 32 32 31
Steam density (Steams ha " D) 709 799 648 681
Basal area (m’ ha ) 18.40 19.63 18.78 16.79
Shannon - Weiner index 3.66 3.52 3.39 3.55
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Table 2 Top five species based on importance value index (IVI) in each sub-community of forest in North Forest

Industry Organization, including relative dominance (RDo %), relative density (RD %), and relative frequency (RF %).

Plant Community Species RDo(%) RF(%) RD(%) vl
Total Tectona grandis L 1. 33.17 4.03 20.18 57.39
Pterocarpus macrocarpus Kurz 11.32 3.53 11.22 26.07
Xylia xylocarpa (Roxb.) W. Theob. var. kerrii
3.96 3.23 5.21 12.39
(Craib & Hutch.) I. C. Nielsen
Millettia brandisiana Kurz 1.99 2.32 491 9.22
Lannea coromandelica (Houtt.) Merr. 3.18 2.92 2.56 8.67
Others (148 species) 46.39 83.97 55.91 186.27
16 - 20yrs-ATP Tectona grandis L.f. 32.94 4.29 22.05 59.28
Pterocarpus macrocarpus Kurz 7.73 2.86 6.78 17.36
Xylia xylocarpa (Roxb.) W. Theob. var. kerrii
5.60 3.71 6.73 16.04
(Craib & Hutch.) I. C. Nielsen
Millettia brandisiana Kurz 3.17 2.86 8.24 14.26
Lannea coromandelica (Houtt.) Merr. 3.85 3.14 3.02 10.01
Others (100 species) 46.71 83.14 53.18 183.04
21 - 25yrs-ATP Tectona grandis L.f. 39.97 4.44 22.12 66.53
Pterocarpus macrocarpus Kurz 11.43 3.81 11.83 27.07
Xylia xylocarpa (Roxb.) W. Theob. var. kerrii
2.49 3.49 431 10.29
(Craib & Hutch.) I. C. Nielsen
Grewia eriocarpa Juss. 2.16 3.81 4.05 10.02
Lannea coromandelica (Houtt.) Merr. 3.25 3.17 2.70 9.13
Others (96 species) 40.71 81.27 5498 176.96
NF Tectona grandis L.f. 25.83 3.36 16.15 45.35
Pterocarpus macrocarpus Kurz 15.40 3.98 15.84 35.22
Millettia leucantha Kurz var. buteoides (Gagnep.) P. K. Loc 4.95 1.83 6.24 13.02
Xylia xylocarpa (Roxb.) W. Theob. var. kerrii
3.68 2.45 4.28 10.40
(Craib & Hutch.) I. C. Nielsen
Vitex canescens Kurz 1.91 3.36 3.24 8.52
Others (101 species) 48.23 85.02 54.25 18749
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Figure 2 The CCA ordination diagram representing the relationships between the vegetation of each tree

species (5-capital letters) and physical environmental factors; elevation (ELE), temperature (TEM),

rainfall (RAN), and slope (SLO).
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Vegetation Structure Characteristics and Carbon Stock of Mixed Deciduous Forest

in Protected Area of Teak (Tectona grandis) Plantation, North Forest Industry Organization
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ABSTRACT

Background and Objectives: Knowledge on plant community characteristics and environments in natural forest can
support conservation plan and promote carbon stock. Therefore, this study aimed to clarify the structural characteristics
and carbon stock of mixed deciduous forest (MDF) in protected area of plantation of North Forest Industry Organization.
Methodology: Fifteen of purposive sampling plots of 0.16 ha (40 m x 40 m) were established in five teak plantations. All
trees and physical environmental factors were collected for plant community analyzing and evaluated the carbon stock.
Results: The results showed that a total of 122 tree species, 88 genera, and 40 families from 2,246 trees individually was
found. The stems density and basal area were 935.83 trees ha” and 40.48 m” ha”, respectively, while, the species diversity
index was 3.57. The MDF can be classified into three stands: 1) Tectona grandis stand, (MDF-TEGR), dominated with tree
species such as Tectona grandis, Xylia xylocarpa, Pterocarpus macrocarpus, Terminalia phillyreifolia, and Lannea
coromandelica and was determined by elevation (ELEV), slope (SLPE), and distant from stream (DIST). Additionally,
there was a carbon storage value of 493.44 ton.ha”. 2) Pterocarpus macrocarpus stand, (MDF-PTMA), dominated with
tree species such as Pterocarpus macrocarpus, Cratoxylum formosum, Vitex peduncularis, Tectona grandis, and Litsea
glutinosa. 1t had not clear for determined factors, while, the carbon stock value was 157.03 ton.ha". And, 3) Millettia
leucantha stand, (MDF-MILE), dominated by Millettia leucantha, Lagerstroemia cochinchinensis, Spondias pinnata,
Millettia brandisiana, and Lannea coromandelica. The determined factor was temperature (TEMP) and the carbon storage
was 184.29 ton.ha .

Conclusion: The tree stands in MDF of protected area in teak forest plantation were differed relating to specific
environments, affecting the difference of carbon stock ability. Therefore, managing forest plantation for biodiversity

conservation and carbon stock should be concerned on relationship between plant community and environmental factors.

Keyword: Tree species diversity, limiting factors, economic plantation management, climate changes
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Figure 1 location of sampling plots of mixed deciduous forest in teak forest plantation of the north forest

industry organization
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Figure 2 The dendrogram of stand clustering of mixed deciduous forest in teak forest plantation of the north

forest industry organization
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Table 1 Plant community characteristics of mixed deciduous forest and sub-community of Mixed deciduous

forest with Tectona grandis, (MDF-TEGR), Mixed deciduous forest with Pterocarpus macrocarpus, (MDF-

PEMA), and Mixed deciduous forest with Millettia leucantha, (MDF-MILE) in teak forest plantation of the

north forest industry organization

Community characters Total MDF-TEGR  MDF-PEMA MDF-MILE
Number of species 122 76 71 29
Shannon-Wiener index 3.57 2.99 3.36 2.11
Basal area (m”ha’) 40.48 21.01 10.60 9.52
Stem density (tree ha ) 935.83 796.09 1140.65 1035.42

9 1 v A o
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Table 2 Top five ranking based on IVI of tree in mixed deciduous forest and sub-community of Mixed

deciduous forest with Tectona grandis, (MDF-TEGR), Mixed deciduous forest with Prerocarpus

macrocarpus, (MDF-PEMA), and Mixed deciduous forest with Millettia leucantha, (MDF-MILE) in teak

forest plantation of the north forest industry organization, including basal area (BA; m’ ha_l), density (D,

tree ha''), and importance value index (IVI, %).

Plant Community Species BA D IVl
Total Tectona grandis 11.11 162.08 47.52
Millettia leucantha 2.97 107.92 20.50
Pterocarpus macrocarpus 3.13 77.08 19.00
Xylia xylocarpa 1.60 33.75 9.77
Lagerstroemia cochinchinensis 1.74 29.58 9.66
MDF-TEGR Tectona grandis 10.37 274.21 88.22
Xylia xylocarpa 1.29 55.46 16.43
Pterocarpus macrocarpus 1.18 48.43 15.56
Terminalia phillyreifolia 1.52 42.18 15.29
Lannea coromandelica 0.49 23.43 8.053
MDF-PT Pterocarpus macrocarpus 1.95 192.19 38.34
Cratoxylum formosum 1.68 150.00 31.34
Vitex peduncularis 0.82 64.06 16.50
Tectona grandis 0.74 59.38 13.72
Litsea glutinosa 0.45 53.13 11.26
MDF-MILE Millettia leucantha 2.58 460.42 77.14
Lagerstroemia cochinchinensis 1.50 122.92 33.14
Spondias pinnata 1.39 85.42 28.38
Millettia brandisiana 0.48 110.42 21.29
Lannea coromandelica 0.78 41.67 17.74
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Figure 2 The data analysis showed CCA of environmental affecting tree species in mixed deciduous forest

in teak forest plantation of the north forest industry organization
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Table 3 Biomass and carbon stock of each sub-community, mixed deciduous forest with Tectona grandis,

(MDF-TEGR), mixed deciduous forest with Pterocarpus macrocarpus, (MDF-PEMA), and mixed

deciduous forest with Millettia leucantha, (MDF-MILE). ABG and BLG are the above ground biomass and

below ground biomass, respectively.
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ABG BLG
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Total 65.3 13.42 2.42 81.07 21.88 102.96 48.39 177.43
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Appendix A. Count of 50 species with a total of = 5 stems in the 15 0.16 ha 40 x 40 plots in the teak

forest plantation of the north forest industry organization.

No. Name Code Total stems
1 Albizia odoratissima ALOD 20
2 Aporosa villosa APVI 14
3 Arfeuillea arborescens ARAR 31
4 Azadirachta indica AZIN 10
5 Barringtonia acutangula BAAC 23
6 Bombax anceps BOAN 43
7 Careya arborea CAAR 16
8 Canarium subulatum CASU 18
9 Chukrasia tabularis CHTA 9
10 Cratoxylum cochinchinense CRCO 10
11 Cratoxylum formosum subsp. Pruniflorum CRFO 96
12 Croton hutchinsonianus CRHU 17
13 Croton persimilis CRPE 8
14 Dalbergia cana DACA 20
15 Dalbergia cultrata DACU 17
16 Fernandoa adenophylla FEAD 12
17 Garuga pinnata GAPI 6
18 Gardenia sootepensis GASO 38
19 Grewia eriocarpa GRER 27
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Appendix A (continued)

No. Name Code Total stems
20 Holarrhena pubescens HOPU 9
21 Huberantha cerasoides HUCE 21
22 Irvingia malayana IRMA 19
23 Lagerstroemia cochinchinensis LACO 71
24 Lagerstroemia duperreana LADU 7
25 Lannea coromandelica LANC 56
26 Lagerstroemia villosa LAVI 13
27 Lepisanthes tetraphylla LETE 11
28 Markhamia stipulata MAST 35
29 Litsea glutinosa LIGL 23
30 Millettia brandisiana MIBR 84
31 Millettia leucantha MILE 259
32 Mitragyna rotundifolia MIRO 32
33 Microcos tomentosa MITO 20
34 Miliusa velutina MIVE 7
35 Phyllanthus emblica PHEM 9
36 Pterocarpus macrocarpus PTMA 185
37 Schleichera oleosa SCOL 8
38 Spondias pinnata SPPI 51
39 Stereospermum neuranthum STNE 11
40 Sterculia pexa STPE 22
41 Suregada multiflora SUMU 10
42 Tectona grandis TEGR 389
43 Terminalia phillyreifolia TEPH 55
44 Terminalia triptera TETR 7
45 unknown UNKN 11
46 Vitex canescens VICA 28
47 Vitex peduncularis VIPE 50
48 Walsura trichostemon WATR 26
49 Wrightia arborea WRAR 13
50 Xylia xylocarpa var. kerrii XYXY 81
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Growth and Morphology of Tree Seedlings in Lower Montane Forest at Doi Suthep-Pui National Park
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ABSTRACT

Background and Objectives: Seedlings growth and morphological characteristics are important for selecting for forest
restoration and biodiversity conservation. This study aimed to clarify seed germination rate and seedling growth, while,
morphological characters use for dichotomous key in lower montane forest at Doi Suthep-Pui National Park, Chiang
Mai Province.

Methodology: Seeds of fruited tree species in the permanent plot and surrounding were collected, total of 38 species,
34 genera, and 23 families. All seeds size and weight were measured, then, seed germination rate was done in the
nursery. Germination patterns were recorded using cotyledon leaf. Seedling height and root collar growth, and survival
were monitored every 7 day. Germination rate, growth and survival of seedlings and dichotomous key were analyzed.
Main Result: Only 16 species of 12 genera and 12 families had germinated which species of Podocarpus neriifolius
had highest germination rate (100%), followed by Prunus cerasoides (87%), and Ailanthus triphysa (73%). Two seed
germination types were detected; epigeal (cotyledons emerge above the soil), 10 species, and hypogeal (cotyledons
remain below the soil), 6 species. Eight cotyledon leaf shapes were categorized which divided into simple leaf (11
species) and compound leaves (5 species). Leaf arrangements were classified into three types: opposite (2 species),
alternate (9 species), and whorled (5 species). This information is useful for dichotomous key establishment.
Conclusion: The potential of seed germination and seedling survival are important on selecting appropriate species for
preparing seedlings for forest restoration. The seedling dichotomous key obtained from the study is useful for collecting
seedlings that found in forest understories. Therefore, selecting species with high germination rates, low mortality rates,
and fast-growing species, such as Prunus cerasoides, is a key criterion in choosing suitable species for forest restoration.
This species can be used as nurse trees to facilitate the suitable environments on establishment of native trees.

Keywords: Seed morphology, forest restoration, germination rate, type of germination
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Figure 2. The cotyledon shape grown from seeds in the nursery; A = Reniform, B = Oblong, C = Serrated,

D = Linear, E = Orbicular, F = ovate, G = Obovate and H = Elliptic
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Appendix Table 1. Morphology of seeds of the studied plants.

Seed size First leaf size
No Botanical name Family Width Length Thickness Weight Root collar Width length
height (cm)
(mm) (mm) (mm) (2 diameter (mm) (mm)

1 Holoptelea integrifolia ULIMACEAE 0.86+0.88 14.10+1.54 1.40+0.20 0.04+0.01 0.84+0.57 11.03£7.0 21.52+14.98 25.46+17.67
2 Eribotrya bengalensis LAURACEAE 8.78+0.83 9.57+1.43 6.84+1.17 0.47+0.07  0.14+0.38 2.10+5.41 5.77+14.87 5.46+15.49
3 Schima wallichii (DC.) THEACEAE 6.010.79 9.77+1.17 0.21+0.14 0 0.05+0.25 0.50+2.71 0.81+4.36 1.36+7.32

4 Prunus cerasoides ROSACEAE 6.47+0.43 9.36+0.37 5.21+0.30 0.18+0.02 1.1540.42 22.52+11.37 47.12+25.36 65.99+27.05
5 Podocarpus neriifolius PODOCARPACEAE 9.44 £0.30 10.90 £0.42 9.11+0.32 0.71+0.06 1.9240.21 6.49+1.49 35.18+8.84 56.52+9.23
6 Protium serratum Engl. BURSERACEAE 9.55+0.51 6.80+0.58 8.78+0.57 0.39+0.04  0.9+1.25 4.80+14.37 6.80+20.31 24.20+34.75
7 Adenanthera pavonina FABACEAE 6.27+0.41 6.67+0.35 4.25+0.32 0.13£0.01 1.0+0.84 6.70+12.3 12.00+23.36 34.10+30.32
8 Balakata baccata EUPHORBIACEAE 4.75+0.13 6.57+0.34 4.54+0.12 0.08+0.01 1.0240.98 13.45+12.94 19.13+18.45 38.06+36.82
9 Acrocarpus fraxinifolius FABACEAE 4.40+0.24 6.30+0.43 1.40+0.11 0.04+0.01  0.9+0.64 10.40+9.9 13.70+13.79 28.60+21.49
10 Melia azedarach MELIACEAE 3.71+0.78 12.10+1.10 2.48+0.18 0.05+0.01  0.36+0.72 6.01+18.0 16.62+19.99 16.50+34.27
11 Litsea grandis Hook.f. LAURACEAE 23.12429.31 25.59+3.00 46.73+2.37  4.50+1.03  2.4+1.50 35.40423.54 71.10+46.83 71.10+46.83
12 Artocarpus rigidus MORACEAE 8.31+1.12 12.0241.20 6.22+0.85 0.40+0.09  0.60.75 10.10+12.00 18.30422.15 18.30+22.15
13 Cinnamomum porrectum ~ LAURACEAE 9.70+12.9 11.97+1.22 6.56+0.56 0.34+0.06  0.9+1.08 11.80+15.56 21.00+27.21 21.00+27.21
14 Mesua ferrea L. CALOPHYLLACEAE 19.52+43.14 27.79+2.76 13.92+3.32 3.12+0.64  0.63+1.06 8.41+15.4 20.45+37.23 20.45+37.23
15 Caesalpinia sappan Linn ~ FABACEAE 11.70+0.7 18.50+0.70 5.40+0.40 0.09+0.10  0.1+0.36 3.66+14.0 3.47+13.29 3.47+13.29
16 Syzygium nervosum MYRTACEAE 6.10+0.41 11.27+0.95 6.27+0.44 0.40+0.07  0.6+0.65 3.90+6.44 7.60+12.65 7.60+12.65
17 Ficus altissima Blume. MORACEAE 0 0 0 0 - - - -

18 Betula alnoides BETULACEAE 0 0 0 0 - - - -

19 Albizia chinensis ( FABACEAE 4.50+0.29 6.20+0.36 0.20+0.12 0.05+0.01 - - - -

20 Styrax benzoin Dryand STYRACACEAE 9.35+1.82 13.79+17.06 8.17+0.95 0.57+0.11 - - - -

21 Diospyros glandulosa EBENACEAE 8.10+0.32 14.52+0.71 3.65+0.28 0.31+£0.04 - - - -

22 Nyssa javanica (BL). NYSSACEAE 10.78+12.90 13.39+0.79 3.46+0.33 0.27+0.03 - - - -

23 Fernandoa adenopha BIGNONIACEAE 4.26+0.36 5.38+0.60 3.09+0.48 0 - - - -

24 Garcinia cowa Roxb. Ex ~ CLUSIACEAE 14.05+1.45 21.39+1.88 10.17+1.89 1.60+0.57 - - - -

25 Ficus semicordata MORACEAE 0 0 0 0 - - - -

26 Ficus racemosa L. MORACEAE 0 0 0 0 - - - -

27 Polyyalthai evecta ANNONACEAE 14.90+2.0 26.40+1.60 12.20+0.80 3.30+0.30 - - - -

28 Adinandra integerrima PENTAPHYLACACEAE 0 0 0 0 - - - -

29 Ficus hirta Vahl. MORACEAE 0 0 0 0 - - - -

30 Choerospondias axillaris ~ ANACARDIACEAE 14.30+1.00 17.50+3.20 14.30+1.10 1.78£0.50 - - - -

31 Antidesma sootepense PHYLLANTHACEAE 4.86+0.62 6.66+0.45 2.96+0.31 0.05+0.01 - - - -

32 Ficus carica MORACEAE 0 0 0 0 - - - -

33 Phyllanthus emblica L. PHYLLANTHACEAE - - - - - - - -

34 Morinda coreia Buch.- RUBIACEAE 3.60+0.40 8.50+1.90 1.60+0.50 0 - - - -

35 Mallotus paniculatus EUPHORBIACEAE 2.20+0.40 2.30+0.10 2.50+0.20 0 - - - -

36 Ostodes paniculata EUPHORBIACEAE 12.50+0.40 13.30+0.50 10.10+0.50 0.85+0.10 - - - -

37 Macaranga denticulate EUPHORBIACEAE 3.40+0.20 3.80+0.10 3.60+0.10 0.04+0.01 - - - -

38 Elaeocarpus stipularis ELAEOCARPACEAE 0.05+0.01 12.10+1.10 2.50+0.20 0.05+0.01 - - - -
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Appendix Figure 1 Type of germination and Morphological of seedlings species in lower montane forest.
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Artocarpus rigidus
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Mesua ferrea
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Syzygium nervosum
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Weeks 1-4

Appendix Figure 1 (continue)
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Litsea grandis
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Cinnamomum porrectum
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Social Return On Investment Analysis from Values of Ecosystem Services in an Urban Park Designed

in Bangkok, Thailand: The Chulalongkorn University Centenary Park
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ABSTRACT

Background and Objectives: This study focused on social return on investment by monetizing the ecosystem
services of Chulalongkorn University Centenary Park (CU 100 park).

Methodology: Collecting secondary data of ecosystem services from empirical studies and then monetizing the
data by using the concept of cost-benefit analysis to analyze net present value and social return on investment.
Evaluating the benefits of ecosystem services consist of 1) provisioning services using the timber values 2)
regulating services using the value of avoided runoff as well as carbon storage and sequestrations 3) cultural
services using the willingness-to-pay data and 4) supporting services using the value of bird habitats. These four
suspects were estimated in 20 years (2020 —2039), and hence the values must be adjusted by monetary variables
such as inflation rate and discount rate (4%).

Main Result: The CU 100 park could provide ecosystem services in the length of 20 years. This study
monetizing the services in two scenarios. First, the best-case scenarios, assuming fully grown trees, show the
net present value (NPV) of 65,240,382 Baht in 2024 terms and social return on investment (SROI) is equal to
1.24 indicating that every 1 Baht invested yields a return of 1.24 Baht. The best-case scenario highlights that
investing in the CU 100 park is worthwhile. On the contrary, the worst-case scenario, assuming zero grown
trees, provides a negative NPV and SROI is equal to 0.63. This scenario indicates that the investment is not
worthwhile.

Conclusion: This study provides empirical evidence on the cost-effectiveness of investments in ecosystem
service benefits under the constraints of optimizing small urban green spaces for maximum efficiency in
supporting wildlife and human well-being. The findings highlight the significant value of trees, which play a

pivotal role in enhancing cost-effectiveness. Therefore, stakeholders are encouraged to maintain and extend the
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lifespan of trees. Additionally, the study contributes to policymakers' understanding of social return analysis
derived from the ecosystem service values of urban parks, supporting the sustainable development of the nation's

green space master plan.

Keywords: Social return on investment, net present value, ecosystem services, urban forest, public park.
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Table 1 Co-benefit measurement instruments, conversion to monetary values and sources.

Co-benefit

Instrument to measure

co-benefit

Conversion to monetary value

Sources(s)

Provisioning Services:

Incremental Values

Timber value

Estimate the annual capability of
timber (AR) by:

Ty = Tr—g X (1 + GW)
when Tj; is the T of species i at
yeart, G WL-T is an annual growth

rate of species 7 at year ¢.

(Yarnvudhi et al. 2021)

Regulating Services: Avoid
Runoff, Carbon Storage,

Carbon Sequestrations,

Secondary data from trees
data using i-Tree Eco
model international for
future cost avoid runoff,
and

carbon  storage

sequestrations

Estimate the annual capability of

avoided run off (AR) by:
ARy = AR,_; X (1 + GW])
when AR;; is the AR of species i at

yeart, G VVL-T is an annual growth
rate of species 7 at year ¢.
Estimate the capability of carbon
storage and sequestrations (CSS)
by:

for evergreen tree species:
CSS;e = CSS;_q x (1 + GW)
for deciduous species:

CSS, = CSS,_4

(Yarnvudhi et al. 2021)

Culturing Services:

People Satisfaction

Secondary data based on
willingness to pay (cost

per visit)

WTP, = WTP,_; X I
when / is an average of 20-year

inflation rate (2004 — 2023)

(Yarnvudhi et al. 2024)

(Bank of Thailand 2024)

Supporting Services:

Birds’ habitats

Secondary data based on
price for nursing each
bird species and market

value

Estimate the value of bird habitats

(BH) by:
BH, = (VN + MV),_y X1

when VN is the value of nursing,
MYV is the market value, and / is a

20-year inflation rate.

(Yarnvudhi et al. 2022)

(Bank of Thailand 2024)

2. AIUNITUINITAIUNITAIVANNA 1N

Y = a
UBITIS VY @'luﬂ'lﬁl,ﬂﬁUHLLﬂa@ﬁﬂWWngJ’]ﬂ’lﬁ

nazmIussmMgnnae Taglddoyaninanuive

Yarnvudhi ef al. (2021) #a1935ms1lszitiuyan

. . I
910 i-Tree Eco International Model 13]1 T1/51n 51

mstsziiuyamdu ldluwlodlumslduims

511




NsasdetnaInethlfisesIneg 8(2): 503-520 (2567)

v Y
STUVLNARIUNTIAEINT IMativeday
[ ] <3
yaAini1snntnvuagnIsasdy
P P = Y Ayvoe o
msveulaseonlyd lumsanuinseil laiiens
a a 9 9 A (= a
mssaan Invesau ldmasaotunasunlu
v Y
nsUsziiuygaaimsfeans Inatveai nag
[ o <
yaAainisnntnunasnIsayay
P S A ~
Asvoulasen lyantasuulasaiunis
a a Y Y 1 =
WAy Invesdu ldnaoarieszezine 201
3. AUNMTUTMIAIUTANUTTTY AU
=] Y a Y Y a
anuianelalumslesusms Taglddoyanae
U998 Yarnvudhi er al. (2024) F3111013
) I ! g
159 Muan 1992918 (Willingness to pay) 910

NquA20819¥ 53103 Tuvalyuiu vazlu

= y 2 Yo 9 a A a Y
fﬂﬁﬁﬂ‘]&l’l‘ﬂﬁ\iuhl@ﬂWWu@ﬂJ@ﬁMﬂ@llWNlﬁNiﬂ

1 <3 ' 4 @
yamanuaulesgnelasuuaslamdni
Rulo 1oz touyaa1fnunzg (Real value)

3 1 Y Aa
voanNuanlavzielumslsusmagneiua Tu
TELER

o 3
4. drunmsadvayuludiunisiu

oA 1 @ A 9
uriadanegedetazomsveIunluios Tagly

AoyaNAwNNINIIUITE Yarnvudhi ef al. (2022)

A A 1 [ I
Tagld35n1ssziiuyaninindnsiiSoniny

M 14918 AUTMT HIPAMPVUNY Az ITaT

1 A o 7
P1nnnsugnerudadthuazwugine dszine
' A
Ine wazyammsaevisunluaainszmalne
Y o w = dy A o
(Round, 1990) "II'E']%'lﬂﬂﬁluﬂ'liﬁﬂH']u 9 N1IUY
a A A = ' 1Ta

%uﬂuﬂﬂWUﬁlui'ﬁ]ﬂ!ﬂ@u m%"ln‘mm’mﬂuuﬂ
v a A Vo & Y A )
G]'Jlﬂil'ﬁi’f]lli] muuﬂzizullmwslwuﬂuﬂmm

wlFuSmsszuniinglugneiua uaziiiesan

512

A #3Tungal Best case nnualnaulinndu

[ []

N A A < A A <
Gb’l&ﬂuﬂ“VI@WﬁfJfJfJﬁluliJ’t’NL‘]J‘L!‘IJﬂVIﬁJGUuW]!ﬁﬂ

U

R

Vet muaauuagiuldnumeun
53 s lunn vazyaniainavzlasunlag
Tawsasdudemoazdouyaninuiesaluy

1 I
uaae
a J
WauasIaIwu

1INMIANEINDIINTUszIduyan
s A g £ o a
wadse Towiletdsaaunisanidulasanis
. 1 = =

(Ex-post evaluation) Iﬂﬂﬁjuﬁlﬁﬂlunﬂﬁﬁﬂ‘]sﬂﬂﬁ
Y UNan UUNUNIAIANIINNTAINUNIT

=y a ] gj 9 é =
VIAMITTLUVRNAIUATUNG 4 A1 FIAITANHN

Y Ay P a
asaillamuranalss Torin1ansidunms
Y
VIMITLVVRIANG 4 11 TAguanIITIAITIZH
9 1 J I A A

ANVANAIMUATHIMAAS pBNIU 2 NIRIAD
el
5y

I
1l lal

14 (Best case scenarios) ﬁmuﬂﬁwa;@miﬁ’

a 4 4
Mgz inals: Teriluouiaa aa
.. 2563 aUDI W.a. 2582 lunsain'las

=h.

4 a a
U5z TorianmsuImsseuuinAgIgan

a a A t4
auldnnduasganTanuinianisal 13 100%
= o a a ° =~
saznsdilsz Tesimsuinisszuuinamgan
< °
! ’1J U Vl ‘ﬂ "l @9]} (Worst case scenarios) N 1H U A
a Yy 4 v a a
avuagulndu ldnimuanganisnsyaua
= v = = (% dy
HAMIANYIA3UAY Table 2 HseazBoanail
a L4 1 a
1) MIAATIZHANNANATNINATHFNY
Y < 1 a
aumsiluundnae
vnmssgau Tavesdn i luuaazil

9 a dy Y A 49! 1
vaawaldmsiszduyariio ldmuauluuaay

EY

q



NsasdetnaInethlfisesIneg 8(2): 503-520 (2567)

wigndauTa msUsziluanufuanAsEgne
1 a J { )

neldinalse Temigegamiulyld 26% vos

¢ & a & '

nalse Towinanuasiu 4 d1u asduyann

[ Y =) 1 9 é

MR 3,217,784 VIMABY (4,617 1NaBAY) &9

1naIReaRUNANTANEIVEY Yotapakdee (2019)

Tumsianziyamdu 1 va Tuung

n3z191 nuNlyaar ldnanue 450,988.17 Um

w01l (3,758.23 unaedu) dnsunisysziiuy
[ ~ o Y Y 9 9

yan lunsdl Worst case viualiaulimndu

ngaMIIAyIn

Table 2 Summary of all monetary value benefits over 20 years (2020 — 2039) in the Chulalongkorn

University Centenary Park (CU 100 Park).

Scenarios
Best Case Worst Case
Assumptions
Calculate the growth rate of three Yes No
( Trees growth as predicted) (Trees died)
Provision of bird habitats Yes Yes
(Trees, Lawn, Grassland, (Lawn, Grassland,
Wetland) Wetland)
An average of 20-year inflation rate 2.12% 2.12%
Discount rate 4% 4%
Value of Ecosystem Services Thai Bath Thai Bath
Provision services: Timber Values 64,355,675 -
Regulating services:

Avoided Runoff 195,522 -
Climate Change 22,052,019 -
Culture services: people satisfaction 112,509,616 112,509,616
Supporting services: birds’ habitats 50,802,893 36,860,175
Total Value 249,915,727 149,369,791
Total Present Value in 2024 328,426,739 195,278,609
Present Value of Investment in 2024 263,186,355 263,186,355
NPV in 2024 65,240,383 (67,907,746)

SROI 1.25 0.74
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