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Effects of Forest Restoration on Forest Utilization of Ban Huai Pu Ling Forest Development Station,
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ABSTARCT

Background and Objectives: Forest restoration models often focus on shortening the recovery process into its original forest, as
well as fulfilling the need of forest utilization by surrounding communities. This study aimed to detect the effects of forest restoration
on forest utilization at Ban Huai Pu Ling Forest Development Station, Om-Koi District, Chiang Mai province.

Methodology: In 2021-2022, the quantitative data on plants were collected, using purposive random sampling method, from within
three 20 x 50 m plots in each of the three rehabilitated forest areas, namely naturally regenerated forest, 2004 restored forest, and
2008 restored forest areas. Also, interviews were designed and conducted on 142 households, followed by focus group discussions
in order to identify forest utilization patterns of the villagers, focusing especially on types of forest plant being use (food group, herb
group, timber group, etc.) and possibly forest management practices under the forest development station.

Main Results: There was a total of 51 species, 41 genera and 24 families found within three rehabilitated forest areas, which
moderated level diversity was found (H'= 2.4). Based on tree diameter class distribution, non-normally distributed according to the
bell curve pattern was found for all three areas. Indicating discontinued regeneration was detected, whereby number of small trees
was less than large trees. This may be due to over exploitation of the forest by villagers. For the forest utilized types, it was found
that the naturally regenerated forest was most used at 100% followed by the 2008 and 2004 restored forest, at 49.30% and 21.13%,
respectively. Focus group discussion results suggested that villagers wanted the station to supply the suitable native tree seedlings
for firewood or other uses, and suitable seedlings of economic fruit trees for planting in allocated lands. Moreover, they required
degraded areas for raising livestock during cropping season. In addition, the community regulations should be established that
villagers could participate together with the officials on forest conservation program.

Conclusion: Natural forest restoration had high supported the need of villagers on forest utilization. Thus, allowed natural recovery,

in particular small degraded areas, should be concerned for optimized efficiency on forest utilization under sustainable management.

Keywords: Plant regeneration; forest resources reliance; plant utilization.
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Table 1 Forest management pattern areas of Ban Huai Pu Ling Forest Development Station

Location Forest restoration age Forest type Number of plots
E 466104 N 1937571 natural regenerated forest DDF 3
E 445437 N 1937295 2004 restored forest (19 year) DDF 3
E 444991 N 1937935 2008 restored forest (15 year) DDF 3

Remark: DDF = deciduous dipterocarp forest

a) Natural regenerated forest,

b) 2004 restored forest (19 year),
¢)  2008restored (15 year)

20000

Thailand

W00 40000 40000 420000 430800 MO0 480000 480090

l:l Omkoi District, Chiang Mai Province

@ Ban Huai Pu Ling Forest Development Station

Figure 1 Location of study area at Ban Huai Pu Ling Forest Development Station, Chiang Mai province
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Table 2 A comparison of quantitative data between restoration plots using Kruskal Wallis test

Forest restoration Tree density Total DBH Total basal area Total species Shannon
age (tree/site) (average) (m3) number diversity index

NF 123.67 +£23.44 14.07 £1.21 2.49+0.12 25.00 £ 3.61 2.58+0.33
2004 128.00 + 12.12 12.17 +£0.71 2.08£0.04 17.67 +£2.31 2.14£0.11
2008 209.67 £+ 63.61 11.54 +£1.60 3.02 £0.46 22.67+1.15 2.50+£0.20
Kruskal Wallis Test ns ns ns ns ns

P-value 0.62 0.43 0.40 0.17 0.40
Chi-squared 5.33 8.00 7.33 6.44 7.33

Remarks: ns = non-significant different at p>0.05; NF = natural regenerated forest, 2004 = 2004 restored forest (19

year) and 2008 = 2008 restored forest (15 year)
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Figure 2 Diameter class distribution of tree population in each restoration plot; a) natural forest regeneration,

b) restored forest in 2004 (19-year) and ¢) restored forest in 2008 (15-year).
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Appendix table 1 The quantitative ecological data in each restoration plot and plant species of people utilization based on interview collection.

Stem density

Basal area (mz)

Utilization group

Family/Botanical name

NF 2004 2008 NF 2004 2008 Food Herb  Fuel and timber  Dying and tradition = Others
Anacardiaceae
Lannea coromandelica (Houtt.) Merr. 1 0.015 \/
Mangifera caloneura Kurz 1 1 0249 0.006 \/ \/ \/ \/
Buchanania lanzan Spreng. 4 2 0.028 0.008 \/
Gluta usitata (Wall.) Ding Hou 4 20 6 0.111 0.27 0.77 \/
Semecarpus cochinchinensis Engl. 2 1 0.02 0.01 \/
Annonaceae
Hubera cerasoides (Roxb.) Chaowasku 2 0.008 \/ \/
Bignoniaceae
Oroxylum indicum (L.) Benth. ex Kurz 1 0.006 \/ \/ \/
Burseraceae
Canarium subulatum Guillaumin 1 5 3 0.013 0.023  0.019 \/ \/
Combretaceae
Terminalia pierrei Gagnep. 11 2 1 0.181 0.026  0.011 \/
Terminalia alata B. Heyne ex Roth 3 0.065 \/
Terminalia chebula Retz. var. chebula 2 5 0.065 0.086 \/ \/ \/
Terminalia bellirica (Gaertn.) Roxb. 8 0.068 \/
Dilleniaceae
Dillenia obovata (Blume) Hoogland 1 0.021 \/
Dipterocarpaceae
Shorea obtusa Wall. ex Blume 105 144 139 2.922 1.995 3.057 \/ \/

n <

CLLIRLLELBELL
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Appendix table 1 (cont.)

Family/Botanical name

Stem density

Basal area (mz)

Utilization group

NF 2004 2008 NF 2004 2008 Food Herb Fuel and timber Dying and tradition  Others
Dipterocarpaceae
Anthoshorea roxburghii G. Don 3 0.011 \/
Dipterocarpus tuberculatus Roxb. 3 17 2 0.060 0.746 0.056 \/ \/ \/
Pentacme siamensis (Miq.) Kurz 36 53 2 1.196 2.087 0.134 \/
Ericaceae
Craibiodendron stellatum (Pierre) W. W. Sm. 6 0.025 \/
Vaccinium sprengelii (G. Don) Sleumer 1 15 0.003 0.086 \/ \/
Fabaceae
Dalbergia cana Graham ex Kurz var. cana 1 0.014 \/
Albizia chinensis (Osbeck) Merr. 3 0.081 \/
Dalbergia ovata Graham ex Benth. var.
6 1 0.029 0.007 \/
glomeriflora (Kurz) Thoth.
Dalbergia cultrata Graham ex Benth. 4 13 0.079 0.086 \/
Dalbergia assamica Benth. 3 6 15 0.047 0.129  0.115 \/
Pterocarpus macrocarpus Kurz 8 5 0.161  0.109 \/ \/
Fagaceae
Quercus brandisiana Kurz 42 5 54 0.826 0.155  0.755 \/ \/
Lithocarpus polystachyus (Wall. ex A. DC.) 5 0.007 \/
Quercus kerrii Craib 15 33 68 0.146 0379 1.153 \/
Lithocarpus magneinii A. Camus 8 38 0.089 0.831 \/

n <

LBLIMRLLELBELE
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Appendix table 1 (cont.)

n <

<

Stem density Basal area (m’) Utilization group
Family/Botanical name
NF 2004 2008 NF 2004 2008 Food Herb Fuel and timber Dying and tradition = Others
Hypericaceae
Cratoxylum formosum (Jack) Dyer 2 6 0.070  0.009  0.092 \/ \/
Lamiaceae
Vitex peduncularis Wall. ex Schauer 1 2 0.003 0.031 \/
Lecythidaceae
Careya arborea Roxb. 1 2 0.022  0.027 \/ \/ \/
Magnoliaceae
Magnolia baillonii Pierre 1 0.011 \/
Malvaceae
Pterospermum lanceifolium Roxb. 1 0.028 \/ \/
Sterculia sp. 1 0.015
Grewia eriocarpa Juss. 1 0.022 \/
Bombax insigne Wall. 4 1 2 0.038 0.005  0.010 \/
Melastomataceae
Memecylon plebejum Kurz var. plebejum 1 1 0.002  0.003 \/
Moraceae
Ficus benjamina L. 1 0.156 \/
Artocarpus lacucha Roxb. ex Buch.-Ham. 1 0.002 \/ \/ \/
Myrtaceae
Tristaniopsis burmanica var. rufescens 14 8 43 0.124 0.031 0.240 \/

2L 2

Syzygium claviflorum (Roxb.) Cowan & Cowan 8 27  0.188 0.262

LBLIMRLLELBELL
WV 6 <

(9950) 8ST - It {(T)L RU| PRILIE] L[LLRU
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Appendix table 1 (cont.)

Family/Botanical name

Stem density

Basal area (mz)

Utilization group

NF 2004 2008 NF 2004 2008 Food Herb Fuel and timber  Dying and tradition = Others
Pentaphylacaceae
Anneslea fragrans Wall. 2 5 17 0.018 0.029 0.143 \/
Phyllanthaceae
Emblica officinalis L. 5 2 17 0.019  0.005  0.085 \/
Phyllanthaceae
Aporosa villosa (Wall. ex Lindl.) Baill. 13 22 81 009 0129 0165 \ N
Proteaceae
Helicia nilagirica Bedd. 1 0.004 \/ \/
Rubiaceae
Mitragyna hirsuta Havil. 6 0.0504 \/
Wendlandia paniculata (Roxb.) DC. 17 16 74 0.098 0.077 0.416 \/ \/
Gardenia sootepensis Hutch. 16 14 12 0.104  0.075  0.055 \/
Pavetta indica L. var. indica 2 0.0083 \/
Symplocaceae
Symplocos racemosa Roxb. 3 2 0.007 \/
Theaceae
Schima wallichii (DC.) Korth. 2 4 0.026 0.012  0.018 \/
Total 367 373 624 17376 6.370  8.936 16 26 20 8 8

Remark: NF = Natural forest regeneration, 2004 = restored forest in 2004 (age 19-year) and 2008 = restored forest in 2008 (age 15-year)

n <

CLLIMRLLELBELL

<
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Applying Geographic Information System to Evaluate Risk Areas of Illegal Logging

in Conservation Areas at Maehongson Province
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ABSTRACT

Background and Objectives: Illegal logging in protected forest areas is a significant problem that has a major
impact on biodiversity and the habitats of forest animals. The objective of this study was to analyze the factors
influencing illegal logging and assess the areas at risk of illegal logging in Mae Hong Son province, Thailand.
Methodology: The study used data on observed logging points in the period between 2020-2021, and employed
statistical modeling with eight environmental factors: elevation above sea level, slope, aspect, distance from rivers,
distance from roads, distance from villages, distance from patrol station units, and NDVI. The MaxEnt program
and geographic information system (GIS) were applied.

Main Results: The study found that the factors with the highest impact on illegal logging were elevation above sea
level, distance from roads, and slope. The statistically significant AUC was 0.805. The results indicated that the
area at low risk of illegal logging covered approximately 2,457,988.34 rai, accounting for 78.58% of the total area.
The moderately high-risk area covered 590,761.76 rai, accounting for 18.89%, and the high-risk area covered
79,127.48 rai, accounting for 2.53%.

Conclusion: The area with a high risk of illegal logging is an area near the road, with low slopes, and at an elevation
of 100 to 400 meters above mean sea level. These findings can be used as a tool for planning and implementing
measures to prevent and combat illegal logging in conservation areas. They can be applied to plan forest patrolling
operations based on the level of risk in each area, thus improving the effectiveness of conservation efforts in the
conservation areas.

Keywords: Risk assessment; GIS; Maximum Entropy model; Conservation area
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Figure 1 The location of study area in Maehongson province. It contains 1) Mae Yuam Fang Khwa Wildlife

Sanctuary (MYFK) 2) Doi Wiang La Wildlife Sanctuary (DWL) 3) Lum Nam Pai Wildlife Sanctuary (LNP)

4) San Pan Daen Wildlife Sanctuary (SPD) 5) Salawin Wildlife Sanctuary (SLW) 6) Tham Pla — Nam Tok Pha

Suea National Park (TP) 7) Nam Tok Mae Surin National Park (MSR) and 8) Salawin National Park (SWN)
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Table 1 Factors used to evaluate the risk areas of illegal logging.

Factors Unit Data source
Elevation meter USGS
Slope degree USGS
Aspect degree USGS
NDVI USGS
Distance from road meter DNP
Distance from stream meter DNP
Distance from village meter DNP
Distance from ranger station meter DNP
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Figure 2 The results of the jackknife test of variable importance in MaxEnt models for illegal logging case

in conservation areas, Maehongson province.
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Figure 3 Omission rates versus predicted area for a MaxEnt model of risk of illegal logging on conservation

areas, Machongson province.
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Figure 4 Results of area under the receiver operating characteristics curve (ROC - AUC) analyses for a

MaxEnt model of risk of illegal logging on conservation areas, Machongson province.

Table 2 Assessment of model validity using the Equal test sensitivity and specificity Logistic threshold.

Actual
Testing data
Positive Negative sum Accuracy (%)
Positive 66 18 84 78.57
Predicted

Negative 32 80 112 71.43
sum 98 98 196

Accuracy (%) 67.35 81.63 74.49
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Table 3 Level of risk area of illegal logging on conservation areas in Maehongson province.

Risk Area (Rai)
Conservation Areas Area (Rai)
Low Middle High
Lum Nam Pai WS 748,209.41 501,110.94  214,848.91 32,249.56
Salawin NP 460,006.36 340,085.98  98,889.27 21,031.11
Tampla-Namtok Phasuea NP 395,707.35 310,633.01 72,466.80 12,607.53
Salawin WS 599,783.49 545,578.72  46,045.04 8,159.73
Namtok Maesurin NP 266,567.78 224,122.10  40,092.42 2,353.26
Sanpandaen WS 176,908.12 139,773.90  35,563.77 1,570.45
Mae Yuam Fang Khwa WS 182,421.22 130,271.99  51,121.35 1,027.88
Doi Wiang La WS 298,273.85 266,411.70  31,734.19 127.95
Total 3,127,877.58 2,457,988.34 590,761.76 79,127.48
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Figure 5 Map of areas under risk of illegal logging on conservation areas in Maechongson province.
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ABSTRACT

Background and Objectives: Litter production is an important component for estimation of net primary productivity.
However, there are few studies on the litter production of saplings in mangrove plantations. This research aimed to
estimated leaf litter production by leaf phenological study of Rhizophora mucronata saplings (3-year-old), and the
biomass increment was also observed in a mangrove plantation at Bangpu, Samut Prakarn Province.

Methodology: Four plots of 5 X 5 m’” were established for studying forest structure and evaluated biomass using the
allometric equation developed for Rhizophora sapling. The leaf phenology was studied by using tagging method from
August 2019 to July 2020. The leaf loss rate and monthly litterfall were estimated. Litter production was calculated by
summing monthly litterfall. The correlation between monthly litterfall and environmental factors was analyzed. Finally,
NPP was calculated by a summation of litter production and biomass increment which calculated biomass only living
saplings through the study period.

Main results: The highest leaf loss rate was in May and June 2020, but the highest monthly litterfall was found in May
2020. Moreover, the monthly litterfall positively correlated with air temperature. The litter production was 0.89 £ 0.45
t/ha/yr, while, the average increment biomass was 1.91 = 0.35 t/ha/yr. NPP in mangrove plantation ranged from 2.32—
3.45 t/ha/yr which litter production was relatively high and accounted for 21.2-45.2% of NPP.

Conclusion: Leaf phenological of R. mucronata varied among period and related with temperature changes. It can be

applied for an estimation of litterfall production and reflected a potential of a carbon storage in the sapling plantation.

Keywords: Biomass increment; litter production; carbon storage; sapling; mangrove plantation
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INTRODUCTION

Mangrove ecosystems, located at the land-
sea interface in the tropics and subtropics, consist
of diverse plant and animal communities and
provide several ecosystem services such as nutrient
cycling, regulation of climate cycles, stabilization
of substrates (Field ef al, 1998). They are also
recognized in terms of economic and ecological
values due to their functions as a nursery and habitat
for aquatic animals and sustain coastal ecosystems
by preventing coastal erosion (Ronnback, 1999). In
addition, mangrove forests are highlighted as an
important carbon sink which is indicated by high
net primary production (NPP) (Komiyama et al.,
2008; Poungparn et al., 2020). Litter production is
an important component of the NPP estimation. It
was accounted for approximately 30 — 60 % of NPP
(Amarasinghe & Balasubramaniam, 1992; Sukardjo
& Yamada, 1992; Kamruzzaman et al., 2017).

Litter production is the annual amount of
plant litter falling onto a defined forest floor area.
The litterfall in mangrove forest is consequently
decomposed by microorganisms and fed benthic
animals. The litter production indicated a potential
of mangrove forests as a source of organic matter
and nutrients that are exported from the forests to
adjacent aquatic ecosystems (Srisunont ef al.,
2017). Komiyama et al. (2008) reviewed that the

litter production of mangrove forests varied in a
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range of 3.07-12.52 t/ha/yr depending on species,
density and height of tree, location, and form of
mangrove forests. It was notably that there are few
studies on litter production in young mangrove
plantation. While NPP estimation in the young
plantations should not be ignored, according to high
NPP in the mangrove forests mentioned earlier.
Litter trap method is commonly used for
estimation of litter production in terrestrial forests
(i.e., Chave et al., 2010; Paudel ef al., 2015; Putra
et al., 2023). The litter traps are commonly square
or circular in shape, which allows to calculate an
area of the litter trap for an estimation of the litter
production per unit area. Generally, a height of litter
trap is set at 1.3 m from the ground which is the
standard height for a tree diameter measurement
(Feldpausch et al., 2011). However, to apply this
method for an estimation of litter production in the
mangrove forest where is usually inundated by
daily tide, the litter traps are raised above 1.3 m
height to avoid submerged litter in the traps during
a high tide (i.e., Poungparn et al., 2012; Liu et al.,
2017). Nevertheless, the litter trap method is not
applicable for estimation of litter production in a
young plantation where most of the plants are
saplings with an undeveloped or small canopy.
Moreover, the height of sapling is not sufficient to
place a litter trap away from the level of tidal

inundation. Alternatively, a study of leaf phenology
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and biological events of leaf such as leaf emergence
and fall occurring within a year (Kankong et al.,
2021; Spafford et al, 2023), will allow one to
estimate leaf litter production.

In last few decades, mangrove plantations
have been restored in abandoned coastal areas in
Thailand (Sremongkontip et al., 2000), which
Rhizophora species are widely used in mangrove
restoration because they develop viviparous
propagules more rapidly and efficiently than other
mangrove species (Naktang ef al., 2023). However,
litter production and biomass increment for NPP
estimation in the Rhizophora sapling plantation
have rarely been reported. Bangpu is a coastal
mangrove forest in Samut Prakarn Province that has
a regular restoration project. Therefore, the present
study aimed to estimate litter production by using a
leaf phenological study in a 3-year-old Rhizophara
mucronata plantation at Bangpu. Then, the
estimated litter production is combined with the

biomass increment for NPP calculation. It will

beneficially provide a database of mangrove NPP.

MATERIALS AND METHODS
Study site

The study site is a 3-year-old Rhizophora
mucronata plantation with an area of approximately
4,808 m” with a planting spacing of 0.5 X 0.5 m’at
the Bangpu Recreation Center in Samut Prakarn
(13°31°N, 100°39’E)

Province (Figure 1).
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This study site is a coastal fringe mangrove under a
tropical monsoon climate. The climatic data from
January 2013 to December 2018 were obtained
from the Samut Prakarn (Bang Pla) weather station,
which is the nearest station to the study site. The
rainfall is distinct between the dry (November to
April) and the rainy (May to October) seasons.
The mean rainfall in the rainy season was 1337 +
332 mm, accounting for 81.7% of the mean annual
rainfall. The mean temperature in the dry and rainy
seasons were 28.05 + 0.29 and 29.33 + 0.21°C,
respectively. A mixed semidiurnal tide was
investigated by Round (1988), with a relatively
long inundation period of more than 16 h per day
and the tides ranging from 0-1.5 m which were
calculated from the tide table of the Hydrographic

Department, Royal Thai Navy.

Sapling plots and data collections

The four plots of 5 X 5 m’ were
established in this plantation. We measured the
stem diameter at 30 cm above the highest prop root
(Dy,5) and total height (H) of all saplings in August
2019 and July 2020.

Three saplings of R. mucronata with
presenting of prop roots and having spread canopy
in all four main directions, were selected for the leaf
phenology study by using tagging method (Ochieng
and Erftemeijer, 2002).
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Figure 1 Mangrove plantation at the Bangpu Recreation Center in Samut Prakarn Province,lZl Rhizophora

mucronata sapling plantation

All shoots were tagged in number. All pairs
of leaves that fully expanded were tagged from the
lowest to the top of each shoot. We monthly
examined the occurrence of the loss leaves on the
tagged shoots for one year (August 2019 to July
2020), except March and April 2020 because of the
lockdown period due to COVID-19. The sum of
leaf losses in March and April was shown as the
average per month. The new fully expanded leaves
of each shoot were also continuously tagged. The
dates that the leaves turned yellow were recorded to
calculate the total number of days from the leaf
emergence until it turned yellow.

We assumed that the dry weight of monthly
leave loss represents the monthly litterfall in a
defined area. To estimate the dry weight of monthly
leave loss, we multiplied number of fallen leaves in

each month to mean dry weight of a leaf. Various

sizes of leave samples (n = 30) were collected from
different height of shoots of R. mucronata saplings
locating outside the plots. The leaf samples were
oven-dried at 60 °C to a constant weight and then
weighed dry.

The data of environmental factors (air
temperature, rainfall, and wind speed) were
retrieved from the Meteorological Department

(Samut Prakarn Province) during August 2019 to

July 2020.

Data analysis
Basal area and the mortality rate (Miura et
al., 2001) were calculated by using Eq. 1 and 2,
respectively.
Basal area = TT(Dy,,/2)’ (Eq. 1)

where Dy, is stem diameter at 30 cm above the

highest prop root (cm).
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Mortality rate = (In(N,/N)*100)/t (Eq. 2)
where N, is the number of initial planting (ca.
18000 stems/ha), N_ is the number of saplings that
survived throughout the study, t is time (year).

The leaf loss rate was estimated by the
method according to Kankong et al. (2021). The
leaf longevity was calculated from total number of
day from the leaf expansion to the leaf fall.
Pearson's correlation coefficient (r) was used to
assess the correlation between leaf loss rate and
environmental factors. The correlation between
monthly litterfall and environmental factors was
also analyzed.

The aboveground biomass (W) and root

op
biomass (W) was calculated using the allometric
equation developed for Rhizophora sapling (Eq.3

and 4) in southern Thailand (Umnouysin, 2011).

Woop = 0.2886 (Do s )" (Eq. 3)

Wy =0.1632 (Dyys H)">*? (Eq. 4)

where H is total height (m).

The biomass increment during the study
period was calculated from the biomass of living
saplings (Clark et al, 2001). For the litter
production, we calculated by summing monthly
litterfall from August 2019 to July 2020. Finally,
NPP was calculated by a summation of biomass

increment and litter production.
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RESULTS AND DISCUSSION
Climatic factors

The annual rainfall was 1196 mm from
August 2019 to July 2020. The highest monthly
rainfall was 384 mm in September 2019, and the
lowest rainfall was 0 mm in December 2019 and
January 2020 (Figure 2). The rainfall during the
rainy season was 1111 mm, accounting for 92.8%
of the annual rainfall. The average air temperature
was 29.2°C from August 2019 to July 2020. The
highest average air temperature was in May 2020
(31.1°C), and the lowest average air temperature
was in December 2019 (27.0°C) as shown Figure 2.
The maximum wind speed varied from 14-24 knot,
the highest maximum wind speed was recorded in

July 2020 (Figure 3)

Vegetation structure and sapling biomass

The initial planting density of the four plots
was approximately calculated to 18000 stems/ha
based on a planting distance of 0.5 X 0.5 m’. The
results showed that the average sapling density was
11000 + 5033 stems/ha at the beginning of the study
(August 2019) and decreased at the end of the study
(July 2020) due to increasing mortality of saplings.
Sapling mortality in the study site was due to strong
wind and waves on the shoreline. When considering
the growth of saplings that survived until the end of

study, the average size of Dy, , and height increased
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in all plots (Table 1). But the total basal area of the
stem decreased due to density reduction.

In August 2019, R. mucronata sapling in
the four plots had the aboveground biomass in a
range of 4.05—7.06 t/ha, the root biomass in a range
of 2.87—4.50 t/ha, and total biomass ranged from
6.92-11.56 t/ha (Table 1). In July 2020, the
decreased density of R. mucronata saplings resulted

in the decreasing biomasses (Table 1). The biomass

Rainy season
500 -

400

300

Rainfall (mm)

200

100

Dry season

of R. mucronata saplings in this study was higher
than that of a young R. mucronata plantation in
Myanmar (Aye et al., 2023); aboveground and
belowground biomass was 0.69 and 0.37 t/ha,
respectively. This was explained by the lower
density of R. mucronata (50 stems/ha) in Myanmar.
In addition, the climatic factors such as heavy rain
and tropical cyclone frequency in Myanmar may

result in different biomass from Bangpu.

Rainy season
~ 320

- 31.0
- 30.0
- 290
- 280

- 27.0

Air temperature (°C)

- 26.0

- 25.0

- 240

Aug-19
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Figure 2 Monthly rainfall

Feb20
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=

and average air temperature during August 2019 to July 2020 (Meteorological

Department of Thailand)
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Figure 3 Wind speed during August 2019 to July 2020 (Meteorological Department of Thailand)
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Table 1 The density, mortality rate, average Dy, , and height (H), total basal area (BA) aboveground biomass (AGB), root biomass (RB)

and total biomass (TB) of R. mucronata saplings at Bangpu, recorded in August 2019 and July 2020

plot density mortality Dy 5 H BA (m’/ha) AGB RB TB
(stem/ha) rate (%) (cm) (m) (t/ha) (t/ha) (t/ha)

1 16800 2.30 1.38£0.49 1.35+0.17 2.81 7.06 4.50 11.56
o 2 7200 30.54 2.254+0.23 1.65+0.15 2.89 4.83 3.45 8.29
% 3 6400 34.47 2.09+0.56 1.65+0.20 2.34 4.05 2.87 6.92
é 4 13600 9.34 1.52+0.41 1.40 £ 0.18 2.63 6.26 4.07 10.33
< average 11000 19.16 1.81 £0.42 1.51+£0.16 2.67 5.55 3.73 9.28
+5033 +15.75 +0.24 +1.36 +0.71 +2.07
1 6400 25.85 2.29+0.69 1.60 £0.29 2.86 4.32 3.14 7.46
2 3600 40.24 3.08 +£0.79 1.87+0.22 2.84 3.27 2.56 5.83
é 3 3600 40.24 3.17+£0.67 1.86 +£0.32 2.95 3.33 2.62 5.95
§ 4 5200 31.04 2.14+0.43 1.52+0.12 1.94 3.24 2.28 5.53
average 4700 34.34 2.67+0.53 1.71 £0.18 2.65 3.54 2.65 6.19
+1361 +7.13 +0.47 +0.52 +0.36 +0.86
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Phenology of R. mucronata saplings

The samples of R. mucronata saplings for
the leaf phenological study had Dy, in a range of
2.33-2.95 cm and total height in a range of 1.61-
1.98 m. The leaves started changing colour from
green to yellow in approximately 171 + 26 days and
the leaves fell at 39 = 20 days after that. Therefore,
the leaf longevity of R. mucronata saplings was
estimated at 210 + 32 days, which is less than
previous studies of Rhizophora trees reporting leaf
longevity of approximately 300-600 days (Burrow,
2003; Sharma ef al., 2012; Wium-Andersen, 1981).
It may be due to the difference in climatic factor
(rainfall pattern), different stage of plant (saplings

and trees), and biotic factor (insect herbivores).

Rainy season
0.90

0.80
0.70
0.60
0.50

Y%/day

0.40
0.30
0.20
0.10
0.00

Dry season

The average leaf loss rate was 0.59 + 0.11
%/day. The leaf loss rate was the highest in May
and June 2020 (Figure 4) which was statistically
significant difference during the study period (One-
way ANOVA, P = 0.009). The leaf loss rate in the
rainy and dry seasons was 0.58 + 0.14 and 0.60 +
0.07%/day, respectively. There was no statistically
significant difference between the seasons
(independent sample t-test, P = 0.728). Moreover,
the leaf loss rate was not related to environmental
factors (Pearson correlation, r = — 0.279, P = 0.406
for rainfall; r=0.349, P = 0.292 for air temperature,

andr=0.185, P =0.586 for wind speed).

Rainy season

Jf

Aug-19
Sep-19
Oct-19

Nov-19

Dec-19

Jan-20
Feb-20
May-20
Jun-20
Jul-20

Mar & Apr-20

Figure 4 Average of monthly leaf loss rate of R. mucronata saplings during August 2019 to July 2020
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The results of this study are consistent with
Wium-Anderson (1981) which studied in a R.
mucronata forest on Phuket Island, southern
Thailand. They reported that the leaf loss was not
different between the seasons and not related to
climatic conditions, although the highest leaf loss
was found in February of a dry season.
Nevertheless, the leaf loss rate in our study was the
highest in May and June of the rainy season. This
may be affected by the strong wind during the early
rainy season (Figure 3). Moreover, Wang’ondu et
al. (2013) reported the highest number of leaf loss
in October in Gazi bay, Kenya, which positively
correlated with air temperature but negatively
correlated with the relative humidity. The different
patterns of leaf loss may be induced by the
difference in local environmental factors and
characters of mangrove forests, even though these
forests are in the tropical monsoon climate.
Locating the south of Thailand on the Andaman
coast, Phuket Island is directly influenced by the
southwest monsoon during May to October leading
to higher annual rainfall than that of Bangpu located
in central Thailand. While the mangrove forest at
the Gazi Bay in Kenya is influenced by two
seasonal monsoons, namely the southeast monsoon

and northeast monsoon, with two peaks of rainy

season (April to July and October to December).
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The leaf loss pattern of R. mucronata in our
study was also different from those of other
mangrove species in the family Rhizophoraceae in
subtropical mangrove on Okinawa Island of Japan
including Kandelia obovata (Kamruzzaman et al.,
2012) and K. candel (Gwada et al., 2000).
Kamruzzaman et al. (2012) reported the highest
leaf loss in July according to typhoon season, while
Gwada et al. (2000) found that the highest leaf loss
and it did not relate to

was in October

environmental factors (temperature, relative

humidity, and day length). Therefore, both
mangrove tree species and local environmental

factors influence on the patterns of leaf phenology.

Litter production of R. mucronata sapling
plantation

The average dry weight per leaf of R.
mucronata sapling was 1.06 £+ 0.28 g. Based on this
value, the number of fallen leaves in each month
was converted to the monthly litterfall. The
monthly litterfall was the highest in May 2020 with
an average of 21.86 + 17.14 g/stem/month. While it
had the lowest value of 5.12 + 2.77 g/stem/month
in November 2019 (Figure 5). Moreover, the
litterfall in the rainy and dry seasons was not
statistically different (independent sample t-test, P

=0.751) with the average value of 15.86 = 5.68 and

14.67 £ 6.37 g/stem/month, respectively.
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The leaf litterfall was positively correlated
with mean air temperature (Pearson correlation, r =
0.646, P = 0.032). It is consistent with Rani et al.
(2016) which found that the litterfall positively
correlated with temperature because it might be due
to a response to water stress under high temperature
condition. High temperature induced leaf
senescence via accelerated transpiration rate and
increased the salt content in leaves that led to
increasing litterfall (Mchenga et al., 2017). But we
found no correlation between the leaf litterfall and
rainfall (Pearson correlation, r=—0.114, P=0.739)
and maximum wind speed (Pearson correlation, r =
- 0.015, P = 0.966). Litter production was
calculated as 0.89 t/ha/yr (Table 2). However, this
study observed the litter production of saplings

(1.35-1.87 m in height), thus, the litter production
400 - Rainy season

35.0 +
30.0 —
25.0 —
20.0 H
15.0 H

10.0 -+

Leaf dry weight (g/stem/month)

0.0

Dry season

was lower than other studies reporting the litter
production of mangrove trees. At a Tanzanian
mangrove forest, R. mucronata zone with tree
canopy height of 6-12 m had the annual litter
production rate was 2.8 t/ha/yr and it increased with
rising air temperature and wind speed (Mchenga et
al., 2017). While the study of leaf litter production
of K. obovata (average tree height of 4.27 m and
average diameter of 5.09 cm) in Japan showed the
average leaf litter production of 5.31 t/ha/yr and
positive correlations between litter production and
day length, air temperature and relative humidity
2012). Therefore,

(Kamruzzaman et al., size,

species, and local environmental factors are
considered to be the cause of different litter

production in mangrove forests.

Rainy season

il

53
O

Aug19 }
Sep19 }

Nov-19 El—u

Dec-19 }

Jun-20 L

Jan-20
Jul-20

Feb-20
Mar & Apr-20
May-20

Figure 5 Monthly litterfall (mean + SD) of R. mucronata saplings during August 2019 to July 2020
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Biomass increment and NPP of R. mucronata
sapling plantation

The biomass increment ranged from 1.62—
2.41 t/ha/yr and the litter production ranged from
0.64—1.56 t/ha/yr (Table 2). The NPP was estimated
in a range of 2.32-3.45 t/ha/yr with an average
value of 2.80 t/ha/yr (Table 2). Our estimated NPP
was relatively low in a comparison to the study of
R. mucronata in Sri Lanka (3.88-12.86 t/ha/yr,
Amarasinghe and Balasubramaniam, 1992) and
Indonesia (20.80-25.00 t/ha/yr, Sukardjo and
Yamada, 1992). The magnitude of NPP depends on

both biomass increment and litter production

(Komiyama et al., 2008). The proportion of

biomass increment was slightly higher in this
sapling plantation compared to the R. mucronata
trees (Amarasinghe & Balasubramaniam, 1992;
Sukardjo and Yamada, 1992). The litterfall
production in this study was lower than that of those
studies mentioned above, but the proportion of litter
production (21.2-45.2% of the NPP) was similarly
accounted for 30-40% of NPP. Although the
mangrove plantation along the coast of Samut
Prakarn Province is still in a stage of saplings
(3-year-old), it tended to be a high carbon stock due
to high NPP. It suggests a benefit of a mangrove

plantation by mean of increasing capacity of carbon

storage in the coastal areas.

Table 2 Biomass increment, litter production, and NPP of R. mucronata sapling at Bangpu during August 2019

to July 2020
plot Biomass increment (t/ha/yr) Litter production (t/ha/yr) NPP (t/ha/yr)
1 2.41 0.65 3.06
2 1.62 0.70 2.32
3 1.89 1.56 3.45
4 1.73 0.64 2.37
Average + SD 1.91 £0.35 0.89 + 0.45 2.80+£0.55
CONCLUSIONS May and June 2020 during the rainy season due to

The leaf phenology of R. mucronata
saplings in a coastal plantation at Bangpu was not
significantly ~different between the seasons,
although the variation in monthly rates of leaf loss

was occurred. The leaf loss rate was the highest in
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high wind speed. Based on the monthly fallen
leaves, we calculated the litter production. The litter
production and biomass increment were lower than
those of studies in other mangrove forests due to the

differences in size, species, and local environment.
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Also, the differences in litter production and
biomass increment may be attributed to the
limitation of data collection during the lockdown
period due to COVID-19. This study demonstrated
that the leaf phenological study of mangrove
sapling was applicable for an estimation of litterfall
production which is an essential component in NPP
estimation. The coastal mangrove forest in Samut
Prakarn Province continued to accumulate carbon.
The high NPP indicates that R. mucronata saplings
are still growing and may have carbon storage
capacity. Lastly, to further improve understanding
of NPP in young mangrove plantations, future
research might also look at other environmental
factors such as salinity, inundation period, and soil
nutrients. It may also be studied in other mangrove

species, especially that use for restoring mangroves.
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ABSTRACT

Background and Objectives: In the past, mangrove forest in the eastern region has been logged and extremely
exploited. Thus, it was degraded and difficult to recover. At present, it had been restored based on Rhizophora
apiculata, then, allowed to recovery and conserved its almost 30 years. This study aimed to evaluate the
characteristics of plant community, biomass, and carbon storage of restored mangrove forests under the Kung
Krabaen Bay Royal Development Study Centre in Chanthaburi Province during 2014, 2018, and 2022.
Methodology: Ten line transect plot system were applied which distanced adjacent of 400 m from the coastal
area. Each transect, the permanent plots, 10 x 10 meter, were setup with 20 m distanced between plots, total 92
plots, were established for plant observation. The forest structure based on quantitative chateristics was analysed,
including, species diversity index, biomass and carbon storage.

Main Results: The results showed that total 15 plant species, 10 genera, and 8 families were found which
dominance faimlies were Rhizophoraceae, Combretaceae, Meliaceae, Acanthaceae, Euphorbiaceae, Malvaceae,
Rubiaceae, and Lythraceae. Tree density and basal area were 2,217.75+113.67 individuals/ha” and 17.84+0.18
m’/ha”, respectively. Species diversity based on Shannon-Wiener index was quite low (H'=1.21+0.08). Five
dominant species with the highest important value index were Rhizophora apiculata, Ceriops tagal, Lumnitzera
racemosa, Lumnitzera littorea, and Xylocarpus moluccensis, respectively. Low species number in sapling and
seedling were found, 8 and 4species, respectively. The total biomass in 2022 was 193.49 ton/ha”’ and carbon
storage was 90.94 tonC/ha which were decreased from 2014, 8.63 ton/ha” and 4.06 tonC/ha”, respectively.
Conclusion: Rhizophora apiculata had high growth and suitabilty to promote for mangrove restoration which it
was facilitated not only increased species diversity but also biomass and carbon storage. However, it is necessary
to concern on both conservation and sustainable forest management during restoration program.

Key words: Restoration mangrove forest; Rhizophora apiculata; dominant species; biomass
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Table 1 Allometic equation for above ground biomass of Rhizophora and non-Rhizophora
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Allometric Equation

Rhizophora sp.
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Non-Rhizophora spp.
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(Rhizophora mucronata) Tisaunsg (Ceriops
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Table 2 The characterices of plant community during 2014-2022.

Year Change
Characterice
2014 2018 2022 T, T,
Species
Tree 14 15 15 1 0
Sapling 12 8 8 -4 0
Seedling 6 4 4 -2 0
Density (amount)
Tree 2,138 2,053 1,930 -85 -123
Sapling 831 695 588 -136 -107
Seedling 235 185 153 -50 -32
BA (m’.ha") 17.71 18.03 17.74 0.32 -0.29
Shannon — Wiener’ Index (H') 1.14 1.21 1.29 0.07 0.08
Relative growth rate (RGR)
Tree (individuals/yr'l) -0.007 -0.015
Sapling (individuals/yr") -0.030 -0.042
Seedling (individuals/yr ) -0.040 -0.047
Basal area (mz/h_l/yr'l) 0.003 -0.004
Biomass (ton/h_l/yr'l) -0.003 -0.007
Carbon storage (tonC/h”/yr’") -0.003 -0.007
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Table 3 Biomass of mangrove tree species at Kung Krabaen Bay Royal Development Study Centre,

Chanthaburi Province during 2014-2022.

Biomass (ton/h”)

Botanical name 2014 2018 2022
Mean + SD
ABG BG ABG BG ABG BG

Rhizophora apiculata Blume 12093 57.02 11582 54.61 109.66 51.71 169.91+8.30
Ceriops tagal (Perr.) C.B. Rob. 5.11 2.41 6.68 3.15 7.84 3.70 9.63+£2.01
Lumnitzera racemose Willd. 3.80 1.79 4.18 1.97 4.57 2.16 6.16+0.57
Lumnitzera littorea (Jack) Voigt 2.75 1.29 3.09 1.46 3.05 1.44 4.36+0.28
Xylocarpus moluccensis (Lam.) M. Roem. 2.11 0.99 2.45 1.16 2.59 1.22 3.51+0.36
Bruguiera gymnorrhiza (L.) Savigny. 1.18 0.56 1.49 0.70 2.02 0.95 2.30+0.62
Xylocarpus granatum Koenig 0.25 0.12 0.31 0.15 0.35 0.16 0.45+0.07
Rhizophora mucronata Poir. 0.25 0.12 0.13 0.06 0.13 0.06 0.24+0.10
Avicennia alba Blume 0.65 0.31 0.68 0.32 0.77 0.36 1.03+0.09
Hibiscus tiliaceus L. 0.04 0.02 0.01 0.01 0.02 0.01 0.03+0.02
Sonneratia alba J.SM. 0.05 0.02 0.05 0.02 0.05 0.03 0.07+0.01
Scyphiphora hydrophyllacea Gaertn.f. 0.02 0.01 0.02 0.01 0.04 0.02 0.04+0.01
Excoecaria agallocha L. 2.59 1.22 0.25 0.12 0.30 0.14 0.38+0.06
Avicennia marina Forsk. 0.02 0.01 0.12 0.06 0.11 0.05 0.12+0.09
Bruguiera cylindrica (L.) Blume - - 0.01 0.00 0.01 0.01 0.01+0.01

Total 13736  64.76 13530 63.79 131.49 62.00 198.24+4.38

Remarks: ABG = Above ground biomass
] ¢ 9y '
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=< @ A Y Y = ~ 9 a U an as
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1 v I 4 a zij A =\ (R [ =
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Table 4 Carbon storage of mangrove tree species at Kung Krabaen Bay Royal Development Study Centre,

Chanthaburi Province during 2014-2022

Carbon Storage (tonC/ha™)
Botanical name AVE+LSD
2014 2018 2022

Rhizophora apiculata Blume 83.64 80.1 75.84 79.86+3.90
Ceriops tagal (Perr.) C.B. Rob. 3.53 4.62 542 4.52+0.95
Lumnitzera racemose Willd. 2.63 2.89 3.16 2.89+0.27
Lumnitzera littorea (Jack) Voigt 1.9 2.14 2.11 2.05+0.13
Xylocarpus moluccensis (Lam.) M. Roem. 1.46 1.69 1.79 1.65+0.17
Bruguiera gymnorrhiza (L.) Savigny. 0.82 1.03 1.39 1.08+0.29
Xylocarpus granatum Koenig 0.18 0.22 0.24 0.21+0.03
Rhizophora mucronata Poir. 0.17 0.09 0.09 0.11+0.05
Avicennia alba Blume 0.45 0.47 0.53 0.48+0.04
Hibiscus tiliaceus L. 0.03 0.01 0.01 0.02+0.01
Sonneratia alba J.SM. 0.03 0.03 0.04 0.03+0.00
Scyphiphora hydrophyllacea Gaertn.f. 0.01 0.02 0.02 0.02+0.01
Excoecaria agallocha L. 0.15 0.18 0.21 0.18+0.03
Avicennia marina Forsk. 0.01 0.09 0.08 0.06+0.04
Bruguiera cylindrica (L.) Blume - 0.01 0.01 0.01+0.00
Total 95.00 93.58 90.94 93.17+2.06

gl ThaeauiinudinlngogluaedTnng

msanu lassadadeauiisnean (Rhizophoraceae) 34Fa U8 (Combretaceae) 197
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ABSTRACT

Background and Objectives: Bird diversity can indicate the complexity of ecosystems, including, serve as a habitat
management particular under disturbed areas by human activities. This study aimed to assess bird diversity and determined
plant community factors across the forest edge of the Song Kwae Non-Hunting area.

Methodology: Four line transects, each length of 1,500 m, was established and each line laid out from the natural forest
through forest edge and agricultural area which distanced of 500 m for each area. Point count method was performed for
bird observation with interval of 150 meter between each point (total of 11 points for each line transect). Monthly data
observation was done from December 2021 to November 2022 (total of 12 months). In addition, plant community data was
collected at each point with 10 m x 10 m plot size. Then, bird diversity was analyzed, including, the relationship between
birds and plant community was also analyzed.

Main Results: One hundred and twenty species of birds in 52 genera, and 15 families were recorded. Bird diversity based
on Shannon-Weiner index, Simpson index, and evenness index were 3.083+0.04, 0.087+0.13 and 0.867+0.007,
respectively. Number of species on conservation status of Thai Protected species, CITES Appendices, [UCN Red Data List
and Thai Red List (ONEP) were 117, 15, 120, and 119 species, respectively. For relative abundance, we found that the
medium abundant species were 9 species such as Megalaima lineata, Streptopelia chinensis while and also uncommon and rare
species were 19 and 92 species, respectively. The cluster analysis divided birds into 3 sub-communities; 1) the agricultural area, found
to be independent of the plant community (such as Prinia hodgsonii and Acridotheres grandis), 2) the forest edge area which related
to the tree basal area and density such as Coracina polioptera and Sitta frontalis and 3) the natural forest area-which related with the crown
cover size such as Cyornis banyumas and Zoothera citrina.

Conclusion: The forest edge creation had divided bird habitats, leading to distinct bird communities based on
characteristics of plant community. This valuable information can use to conserve bird diversity based on habitat
management and lead to long term sustainable utilization.

Key words: Bird communities; wildlife management; protected area management; habitat
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Figure 1 Layout of line transect systems for bird observation at Song Kwae Non-Hunting area.
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Figure 2 The dendrogram of birds clustering at Song Kwae Non-Hunting area, Phitsanulok province.

Remark; Al-1 = Agriculture (line 1), A1-2 = Agriculture (line 2), A1-3 = Agriculture (line 3), A1-4 = Agriculture

(line 4), FE2-1 = Forest edges (line 1), FE2-2 = Forest edges (line 2), FE2-3 = Forest edges (line 3), FE2-4 = Forest

edges (line 4), F3-1 = Forest (line 1), F3-2 = Forest (line 2), F3-3 = Forest (line 3), F3-4 = Forest (line 4)
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Table 1 Species diversity and Relative Abundant of birds in Song Kwae Non-Hunting area, Phitsanulok province.

Content Recorded Birds community

species Agricultural Forest edge Forest
Species 120 106 73 66
Genus 98 89 62 54
Family 52 49 38 33
Shannon-Weiner’s index (H) 3.083 £0.04  3.348+0.02 2.94+0.08 2.961+0.03
Simpson’s index 0.087+0.13  0.052+0.002 0.078+0.01 0.132+0.06
Evenness index 0.867+0.007  0.854+0.006 0.869+0.02 0.879+0.007
Abundant (species)
Abundant (species) - - - -
Common (species) - 4 1 1
Moderately Common (species) 9 6 9 7
Uncommon (species) 19 27 12 13
Rare (species) 92 69 51 45
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Figure 3 The CCA ordination diagram representing the relationship between the agricultural, forest edges, forest

and birds community.
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ABSTRACT

Background and Objectives: The amphibian diversity can used for indicating environmental quality and
biodiversity management in the protected area. This study aimed to observed amphibian diversity and their
distribution along the altitudinal gradient at Hala-Bala Wildlife Sanctuary.

Methodology: Line transects were determined along the stream with different altitudes; 50, 200, 400, and 600
m a.s.l. for amphibian observation. Monthly monitoring was done from 2013 — 2021. The cluster analysis was
applied for grouping the amphibian community along altitude gradient, including, species diversity and abundance.
Main Results: The results show that total amphibians of 35 species 25 genera and 5 families were found. Shannon-
Weiner index, Simpson index and evenness index were 1.40 £0.37, 0.37 £0.15 and 0.71 £0.17, respectively. The
conservation status of found species classified into protected species and [UCN Red List as 6 and 34, respectively.
Six species of highest abundant species were classified such as Phrynoidis asper, Chacorana raniceps and
Pulchrana signata, which common, moderately common, uncommon and rare abundance were 2, 5, 7 and 15
species, respectively. The cluster analysis divided amphibians into 3 sub-community; lower elevation (50 ma.s.l.),
intermediate elevation (200-400 m a.s.l.), and upper elevation (600 m a.s.l.). The lower community had highest
Shannon-Weiner index (1.57+0.31) and evenness index (1.57+0.31), while the middle community has highest
species richness (35 species) and Simpson index (0.37+0.15). The species of Amolops larutensis and Limnonectes
blythii was the most frequently found and distributed all elevations.

Conclusion: Amphibians varied along altitudinal gradients and specific to Malayan habitat. Thus, the specific
habitat of amphibians should be concerned on conservation plan to optimize the conservation and sustainable

management.

Key words: Biodiversity; wildlife management; species composition; Malayan mixed dipterocarp forest type
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Figure. 1 Study area at Bala Forest in Hala - Bala Wildlife Sanctuary, Narathiwat province.
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Figure. 2 The dendrogram of amphibians clustering at Hala-Bala Wildlife Sanctuary, Narathiwat province.
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Table 1 Species diversity and Relative Abundant of amphibians in Bala Forest, Hala-Bala Wildlife Sanctuary

Amphibian community

Lower Middle Upper

Species 35 29 31 24
Genus 25 21 22 17
Family 5 5 5 5
Shannon-Weiner index (H”) 1.40 £0.37 1.57 £0.31 1.30 £0.34 1.31 £0.37
Simpson’s index 0.37 £0.15 0.27 +0.10 0.44 +0.14 0.39 £0.16
Evenness index 0.71 £0.17 0.85 +0.11 0.60 +0.14 0.68 +0.14
Abundant level

Abundant (species) 6 2 6 3
Common (species) 2 3 3 2
Moderately Common (species) 5 2 - 5
Uncommon (species) 7 5 6 6
Rare (species) 15 17 16 9

Remarks: Amphibian community classification: lower ( 50 m a.s.1.), Middle (200-400 m a.s.1.), and Upper (600 m a.s.1.)
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Appendix 1: Species list, relative abundance and the status included protected from Wild Animal Reservation and

Protection Act, B.E. 2019, the International Union for Conservation of Nature (IUCN), Office of Natural Resources

and Environmental Policy and Planning (ONEP) and the Convention on International Trade in Endangered Species

of Wild Fauna and Flora (CITES)

Status Relative abundance
Thai name Science name
Protected IUCN ONEP. CITES Pooled Lower Middle Upper
Family Megophryidae
& Leptobrachium
NI Y[1YYA LC LC N U R R U
hendricksoni
ﬁqmwﬁmmau Megophrys nasuta LC LC N U R R U
éﬂﬂﬁﬂ‘ﬂ 1 Leptolalax balaensis LC N M R U U
gﬁﬂﬁﬂ‘ﬂﬁ1ﬂaw Leptolalax heteropus LC N M R U M
éﬂﬂi?ﬂﬁﬁnu Xenophrys aceras LC LC N R R R
Family Bufonidae
ﬂNﬂﬂﬁ,’Jﬂllam Ansonia malayana / LC LC N R R
ONIGEN Phrynoidis asper / LC LC N A C A C
ANANUATS Ingerophrynus parvus / LC LC N C U M M
ANANLUATSHAY Ingerophrynus divergens LC LC N M U M U
ANANUYIY Leptophryne borbonica / LC LC N M R 8] 8]
aanawu g Rentapia hosii / LC LC N U U U
Family Ranidae
auaoruiiosld Amolops larutensis LC LC N A A A A
nuvzdoumld Odorrana hosii LC LC N A M A M
WeAIN Hylarana erythraea LC LC N R R
auhndan Pulchrana laterimaculata LC LC N U U R
ﬂ‘]J’a}WﬂGlWﬂj Hylarana glandulosa LC LC N R R
ﬂﬂﬁﬁﬁﬂﬂ Pulchrana signata LC LC N A C A U
AVBOAAN Sylvirana nigrovittata LC LC N R R R
ALK AINDY Chacorana raniceps LC LC N A C A C
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Appendix: (Continued)

Status Relative abundance

Thai name Science name
Protected IUCN ONEP. CITES Pooled Lower Middle Upper

Family Dicroglossidae

AUNUDY Fejervarya limnocharis LC LC N U R R R
NUNYA Limnonectes blythii / NT NT N A A A A
nuNANagY Limnonectes malesianus NT EN N R R R R
NURIBT| Limnonectes kuhlii LC LC N M U U M
AUWAINHY Limnonectes laticeps LC LC N C M C M
AULTA Limnonectes plicatellus LC LC N R R R R
L%ﬂﬂéu Occidozyga laevis LC LC N R R
WIANT 1Y Occidozyga martensii LC LC N R R R
Family Rhacophoridae
1hathgaun Nyctixalus pictus NT LC N R R R R
thauaszih Raorchestes parvulus LC LC N R R
thaauaez1d Kurixalus appendiculatus LC LC N R R R
1ha 3 ath Rhacophorus cyanopunctatus LC LC N R R R
ihaenauag Rhacophorus prominanus LC vu N U U
1hathu Polypedates leucomystax LC LC N R R R R
thaym Polypedates macrotis LC LC N U R R R
ﬂmmﬂmmg Theloderma horridum LC LC N R R
Remarks:

IUCN: NT = Near Threatened, LC = Least Concern
ONEP.: EN = Endangered, VU = Vulnerable, NT = Near Threatened, LC = Least Concern

Relative abundance: A = Abundant, C = Common, M = Moderately Common, U = Uncommon, R = Rare
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Deciduous Forest Ecology and Community Forest Utilization in Ban Mae Chiang Rai Lum,

Mae Phrik District, Lampang Province
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ABSTRACT

Background and Objectives: The knowledge on forest ecosystems and their utilization can inform sustainable
forest management. This study aimed to assess tree species diversity, non-timber forest product (NTFPs)
utilization and contributing factors in the Ban Mae Chiang Rai Lum Community Forest in Mae Phrik District,
Lampang Province.

Methodology: Twenty-five sample plots, 40 x 40 m (0.16 ha) were established to investigate tree species
diversity in the community forest. Local NTFPs usage was identified and examined by responses to a
questionnaire submitted to 159 households.

Main Results: The study area is exceptionally diverse as 197 species, 144 genera, and 62 plant families were
recorded. The intermediate tree diversity based on Shannon-Wiener index (2.491 + 0.281) was found. The study
area was rich in NTFPs; 160 species for medicinal uses, 89 species for food, 37 species for chemical extractives,
32 for fuelwoods, and 12 species for fibers. However, 26 species are under threaten status based on the [UCN
Red List. A majority of surveyed households (68.55%) depended on NTFPs. The value of the harvested NTFPs
was US $60,358.62 or 6.35% of the annual community income. Female respondents, respondents under 60
years of age, married people, those whose principal occupation is farmer, and people who participated in
community forest management at a very high level all correlated to higher NTFPs dependence.

Conclusion: The community forest’s diversity of plants supports the economic, social and environmental
livelihoods of the surrounding communities. Understanding this can inform the effective management of forests

and the promotion of sustainable conservation of their resources.

Keywords: Forest ecology; deciduous forests; forest minor products; community forest management
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Figure 1 Location of the Ban Mae Chiang Rai Lum Community Forest in northern Thailand.
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@ 1 ] 1 S o
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Table 1 Ecological characteristics of the Ban Mae Chiang Rai Lum Community Forest.

Ecological characteristics

Mean + Standard deviation

Species

Families

Genera

Density (trees/ha)
Basal area (m’/ha)

24.32 +£6.87
16.80 £3.09
20.04 +£5.83
57.70 £ 15.81
16.74 +£3.99

Distance (Objective Function)

1.5E-01 2.2E+00

4.2E+00

6.2E+00 8.2E+00

100 75

Information Remaining (%)
50

25 0

Plot 1
S
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Plot 23
Plot 3 |

Plot 12 I
Plot 21

Plot13 —M——— |
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Plot 26 |

Plot2 ——
Plot 11 ——
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prot :I—’i
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Plot 19 — ‘

Plot 17

|
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SSS

Plot 14
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MDS

Figure 2 Classification of the stand types in the deciduous area of the Ban Mae Chiang Rai Lum

Community Forest in northern Thailand.
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waaailu 3 1) TInverted J-shape (Culmsee ef al.,
2010; Alvarez et al., 2012; Zhao et al., 2015)
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Wl Tufan1auan (Kimmins, 1987; Felfili,

1997; Hermhuk et al., 2019)
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Figure 3 Distribution of trees in (a) DBH-class and (b) height-class within the community forest.

12aviiannudinyvesviialal
(Importance value index, IVI)

wisaldiaudruluajogluaed

Anacardiaceae,

Dipterocarpaceae, Fabaceae,

Combretaceae, Burseaceae Il @ & Connaraceae

Hild J

siiawug i v ddanuaugalu 10 wiiausn
MUAFIAIANNAIAY (VD) (Table 2) WL 11
dy d‘ ] = 9 = [

Wunthygusuiaiiuadiendanusleau
msfnuhrdalululszmealne (Marod et al,

1999; Bunyavejchewin et al., 2011)

Table 2 The importance value indices of tree species in the community forest.

Ranking Species Family RD RF RD, M
) (W () (W)
1 Shorea obtusa Dipterocarpaceae 1090 947 1090 11.76
2 Shorea siamensis Dipterocarpaceae 10.12  6.82 10.12  8.93
3 Xylia xylocarpa Fabaceae 7.06 8.19 7.06 6.87
4 Sindora siamensis Fabaceae 6.83 3.53 6.83 5.53
5 Buchanania lanzan Anacardiaceae 0.86 1.52 0.86 5.29
6 Terminalia mucronata Combretaceae 4.05 4.02 2.76 3.61
7 Canarium subulatum Burseraceae 2.13 3.04 5.64 3.60
8 Millettia brandisiana Fabaceae 3.50 2.36 3.12 2.99
9 Dipterocarpus tuberculatus ~ Dipterocarpaceae 2.39 2.50 3.30 2.73
10 Ellipanthus tomentosus Connaraceae 3.06 3.88 0.89 2.61
119 other species 62 other families 40.09 54.66 3445 46.07

Remarks: R.D = relative density, R.F = relative frequency, R.D_ = relative dominance, IVI = importance value index.

1.3 ANUKAINTHA (Species diversity)

a Y 1
auraInvatevesyiia ldiuih
U IULNITEI3 0G0 AABIYDI Shannon-
Wiener Index (H') tM1111 2.491 = 0.281 U198

Tuszaviunae Tasanunaesves liflva
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(Tree) llfljglu (Sapling) 49 e adn sy (Seedling)
A1 2.486 + 0.289,2.251 £0.327 1ag 2.442 +
o w d‘ = [ =
0.434 uaay WerfSeueunuransdnun
Tusunou q vesdeauthwaalulumamiie

wosszme lnewudn avvanyiiaves i ng)
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2015, 2016; Papakjan ef al., 2017) nay aoruniwiinuridulndgaiug
L4 anumwvesyiiawug 15 (Vulnerable, VU) $1u3u 1 ¥iia fie Usumdon
1NNITATIVADUADIUN NS (Cycas siamensis) u@ﬂmﬂﬁﬁhﬂﬂﬁﬂiﬁmqﬂﬁ
yiiawuglda1uyF IUCN Red List of wueglunguitisenuisuaudsznnsd
Threatened Species Wugnialddaniuninlng uuaTuaafinzanaslueuinadiuan o vila
9NANAY Near threatened, NT) $1UIU 4 B LY NI (Casearia grewiifolia) ‘N"HWQﬂﬁ
"lﬁ’uﬂ' N5 ‘I‘/%;L‘ll 1918 (Dalbergia cultrata) (Cassia fistula) N3 < ‘ﬁunum (Dalbergia cana),

8191189 (Dipterocarpus obtusifolius), 14N Twnans (Holarrhena pubescens) 3 g an

g Siphonodon celastrineus) Wa < @ U UN (Vitex
(Dipterocarpus tuberculatus) W 2101 (Shorea (Sip ) (

v o @ pinnata) ez eNNU (Chukrasia tabularis) (Table 3)
obtusa) 701U W InAagW UG (Endangered,

Table 3 Current IUCN status of tree species in the community forest.

Population (stems)

Status Species Families Habit - :
Tree Sapling Seedling Total
LC Azadirachta indica MELIACEAE T 30 18 5 53
Bauhinia glauca FABACEAE C 48 15 67 130
Casearia grewiifolia SALICACEAE T 3 4 - 7
Cassia fistula * FABACEAE T 3 - - 3
Chukrasia tabularis * FABACEAE T 3 3 207 213
Cratoxylum cochinchinense HYPERICACEAE T 4 9 21 34
Cratoxylum formosum HYPERICACEAE T 16 65 386 467
Cyperus rotundus CYPERACEAE H - - 197 197
Dalbergia cana * FABACEAE T 1 - - 1
Globba winitii * ZINGIBERACEAE H - - 66 66
Holarrhena pubescens APOCYNACEAE S/T - 6 - 6
Irvingia malayana IRVINGIACEAE T 30 3 20 53
Markhamia stipulata BIGNONIACEAE T 11 3 15 29
Oxystelma esculentum APOCYNACEAE C - - 2 2
Phyllodium pulchellum FABACEAE S - 12 10 22
Shorea siamensis DIPTEROCARPACEAE T 390 46 79 515
Sindora siamensis FABACEAE T 263 50 49 362
Siphonodon celastrineus* CELASTRACEAE T 5 - - 5
Vitex pinnata™ LAMIACEAE T 4 1 5 10
Wendlandia tinctoria RUBIACEAE ST 18 10 18 46
NT Dalbergia cultrata * FABACEAE T 2 1 3 6
NT Dipterocarpus obtusifolius DIPTEROCARPACEAE T 72 14 26 112
NT Dipterocarpus tuberculatus  DIPTEROCARPACEAE T 92 20 30 142
NT Shorea obtusa * DIPTEROCARPACEAE T 420 107 161 688
vu Cycas siamensis * CYCADACEAE S - 488 116 604
EN Dalbergia oliveri FABACEAE T 1 3 5 9

Remarks: LC = least concern, NT = near threatened, VU = vulnerable, EN = endangered. C = climber, H = herb,

S=shrub, ST = S=shrubby tree, T =tree. * = population trend decreasing.
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2006; Larpkerna et al., 2017; Mianmit et al., 2017

Aerts et al., 2018)

Table 4 NTFPs of the Ban Mae Chiang Rai Lum Community Forest.

Species and type of NTFPs

Type Numbfer of
species Food plants = Medicinal plants Fuelwoods Fibers Extractives

Tree 92 47 74 25 6 27
Shrub 53 23 49 7 1 10
Climber 25 9 17 - 3 -
Herb 21 8 18 - 1 -
Bamboo 1 1 1 - - -
Fern 3 1 1 - 1 -
Orchid 1 - - - - -
Palm 1 - - - - -
Total 197 89 160 32 12 37

Remark: NTFPs = non-timber forest products.
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$ouaz 81.76 (Table 5)
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Table 5 Socio-economics of sampled households in Ban Mae Chiang Rai Lum.

Socio-demographics Groups Households (%)
Gender Female 100 (62.89)
Male 59 (37.11)
Age (year) <30 4(2.52)
30-60 100 (62.89)
> 60 55 (34.59)
Marital status Single 44 (27.67)
Married 115 (72.33)
Role in family Head 99 (62.26)
Member 60 (37.74)
Education level Uneducated 2(1.26)
Primary school 108 (67.92)
Secondary school 44 (27.67)
Bachelor’s degree 5(3.15)
Household size 1-3 92 (57.86)
>3 67 (42.14)
Primary occupation Farmer 133 (83.65)
Off-farm 26 (16.35)
Household income (US $) < 2,000 56 (35.22)
2,000-4,000 61 (38.36)
> 4,000 42 (26.42)
Land ownership Yes 140 (88.05)
No 19 (11.95)
Yes 29 (18.23)
Rented land No 130 (81.76)

US $1 =31 Baht (Bank of Thailand as of 31 January, 2018).
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Table 6 Total net NTFP income return from Ban Mae Chiang Rai Lum Community Forest in 2018.

Number of Economic value of NTFEPs (US $) Relative
NTFPs households Costs Net .NTFP
engaged Income . . Returns R
Opportunity Transportation (%)
Edible Plants 34 2.154.19 740.32 263.23 1.150.65 3.18
Wild Fruits 71 9.773.71 3.630.48 735.16 5.408.06 14.93
Mushrooms 105 34.306.61 5.802.39 1.889.03 26,615.19 73.47
Honey and 15 1.225.81 408.87 90.65 726.29 2.00
Small Animals 57 3.700.48 1.172.18 341.77 2.186.53 6.04
Medicinal Plants 7 32.26 13.31 9.03 9.92 0.03
Fuelwoods 5 170.94 33.87 13.71 123.35 0.34
Fibers 1 9.68 14.52 - -4.84 -
Total 109 51,373.68 11,815.94 3,342.58 36,215.15 100

NTFPs = non-timber forest products, US $ = United States Dollar.

US $1 = 31 Baht (Bank of Thailand as of 31 January, 2018).
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Table 7 Mean comparison between NTFP income and household income.

I Numb Mean Mean  Relative Gini
ncome umber Income range household  NTFP NTFP 1
quartile of . . . coefficient
( torich) h hold (Us$) income income income %)
poor to ric ouscholds (US $) (US $) (%) °
Q1 40 348.39 - 1,612.90 1,161.40 85.23 7.34 63.33
Q2 40 1,612.90 - 2,806.45 2,132.74  264.01 12.38 69.82
Q3 39 2,806.45 - 4,145.16 3,463.27 307.93 8.89 71.78
Q4 40 4,145.16 - 46,212.90 7,950.65 255.91 3.37 69.01

NTFPs = non-timber forest products, US $ = United States Dollar.

US $1 = 31 Baht (Bank of Thailand as of 31 January, 2018).
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Table 8 Level of participation in community forest management (CFM).

CFM Mean + Standard deviation Level
Community forest regulations 4.40 +0.39 Verv high
Perception and understanding 4.75+0.29 Very high
Benefit sharing 4.61 £0.47 Very high
Decision-making 3.35+0.91 Moderate
Forest activities 3.76 £0.74 High
Co-benefits 3.82+£0.82 High
Monitoring and evaluation 3.03+0.92 Moderate
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Table 9 Result of a Logistic Regression for variables predicting NTFP dependence (n = 159).

Predictors B coefficients  Std.Error  p-value
(Intercept) -5.093 1.208 0.000%**
Gender (female) 0.951 0.470 0.043*
Age (< 60 years) 1.323 0.471 0.004**
Marital status (married) 1.356 0.494 0.006%**
Household status (head) 0.369 0.467 0.428
Education levels (< primary school) 0.543 0.455 0.232
Number of household members (> 3 people) 0.402 0.426 0.345
Main occupation (farmer) 1.439 0.548 0.008%*:
Household income (< US $4,145.16) 0.612 0.509 0.228
Land ownership (rai) 0.021 0.039 0.586
Rented land (rai) -0.025 0.113 0.820
People’s participation (very high) 2.501 0.669 0.000%**
Chi-square, X 32.5%%*
Pseudo R’ (Nagelkerke) 0.375
Log-likelihood -82.747

B = beta, Std = standard, US $ = United States Dollar, OR = odds ratio, CI = confidence inveral. US $1 = 31

Baht (Bank of Thailand as of 31 January, 2018), 1 ha = 6.25 rai. *p < 0.05, **p < 0.01, ***p < (0.001
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ABSTRACT

Background and Objectives: Presently, biodiversity lost based on disturbed habitat is a crucial problem. Then, all
data collecting urgently needed for conservation and habitat management planning, in particular endemic and
vulnerable plant species. This study aimed to observe the species diversity and evaluate the status of flowering
herbs at Phu Sri Tan Wildlife Sanctuary.

Methodology: Four line transects were established which three lines were set up along the river bank and other on
the nature trail for observe the flowering herbs during May 2020 to September 2021. Found flowering herbaceous
species was identified and ecological environment factors were also recorded. In addition, all found species was
evaluated on conservation status based on IUCN red list data.

Main Results: Flowering herbs of 39 families, 95 genera and 144 species were observed. The most diverse families
were Zingiberaceae comprising 15 species in 5 genera and Asteraceae comprising 13 species in 10 genera. The
result also indicated that 6 species are endemic species, Camchaya spinulifera, Eriocaulon siamense, E. smitinandii,
Impatiens noei, Platostoma fimbriatum and Dimetra craibiana. In addition, ten species of rare, three species of
vulnerable, and five species of endangered were also found. Species of Amorphophallus brevispathus (Araceae) is
a critically endangered, while, two invasive species were also found. Indicating flowering herbs in the study area
are faced to local extinct, thus, the habitat management plan urgently needed to conserve this plant group.
Conclusion: The present status of all flowering herbs, particular, endemic and vulnerable species, is the necessary

for conservation planning. In addition, all biodiversity databased is also benefit for future uses.

Key words: diversity; flowering herbs plant; Phu Sri Tan Wildlife Sanctuary; Mukdahan province
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Figure 1 Map of the study area and plots design. Phu Sri Tan Wildlife Sanctuary. a) Location code for

exploration and observation. b) Transect lines; 1) Huai Kham Jang, 2) Huai Bang Heang, 3) Huai Kham Ka San

and 4) Phu Mae Nang Mon nature trail.
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Figure 2 Flowering herbs plant in Phu Sri Tan Wildlife Sanctuary. A) Osbeckia Setoso — annulata; B)
Camchaya spinulifera; C) Burmannia coelestis; D) Impatiens noei; E) Begonia hymenophylla;
F) Osbeckia cochinchinensis; G) Kaisupeea cyanea; H) Pecteilis hawkesiana; 1) Platostoma

Fimbriatum; J) Habenaria rhodocheila; K) Bulbophyllum moniliforme; L) Dimetra craibiana

[ Y
NNISANEINY N YR G 159N 2017) ( Figure 2B) , Impatiens noei (Forest
sadlunydufen (Endemic species) 749 6 ¥ila Herbarium, 2017), Dimetra craibiana (Rakarcha et
T&un Camchaya spinulifera (Forest Herbarium, al., 2020) ( Figure 2L), Eriocaulon smitinandii
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(Santisuk et al., 2006), E. siamense (Forest
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(Santisuk et al., 2006) (Figure 2I) uazﬁﬁﬂﬂé’qﬂg
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Appendix Table 1 List of flowering herbs plant in Phu Sri Tan Wildlife Sanctuary, Mukdahan province.

Local name(s)/ Location code No. of Plants Conservation Status
Family/Species
1 2 3 4
Acanthaceae
1. Barleria strigosa Willd. sang korani X X X X oK
2. Dyschoriste erecta Kuntze ya sam chan X X ok
3. Pseuderanthemum bracteatum J.B.Imlay - X ok
4. Ruellia repens (Nees) Angely toi ting lueai X sk
5. Strobilanthes quadrifaria (Wall. ex Nees) tin tang tia X X X ok
Y.F.Deng
6. Thunbergia fragrans C.Presl hu pak ka X X X Hox
Amaranthaceae
7. Gomphrena celosioides Mart. ban mai ru roi X X ok
Apocynaceae
8. Dischidia nummularia R Br. klet mangkon X X ok
9. D. major (Vahl) Merr. buap lom X *
Araceae
10. Amorphophallus brevispathus Gagnep. buk i rok khao X X X kK CR (IUCN, 2001),
(Forest Herbarium, 2015)

11. A. paeoniifolius (Dennst.) Nicolson hua buk X X X X Hkokk LC (IUCN, 2001)
12. Typhonium trilobatum (L.) Schott uttaphit X X kK
Asteraceae

X 3k
13. Acilepis attenuata (DC.) H.Rob. & Skvarla kradum muang
14. Bidens biternata (Lour.) Merr. & Sherff kon cham X X Hokk
15. Blumea axillaris (Lam.) DC. la ong phet X *ok
16. Camchaya gracilis (Thorel ex Gagnep.) oranit X X HAE
Bunwong & H.Rob.
17. C. loloana var. mukdahanensis phu muang X *x VU (Forest Herbarium,
H.koyama 2017)
18. C. spinulifera H.Koyama kradum thong X X X X HoAAk E (Forest Herbarium,

2015), EN (IUCN, 2001)

19. Chromolaena odorata (L.) RM.King & sap suea X X X X HoAAk Invasive specie
H.Rob.
20. Cyanthillium cinereum (L.) H.Rob. ya dok khao X X X Hkdok
21. Elephantopus mollis Kunth - X X HoAE
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Appendix Table 1 (continued)

Local name(s)/

No. of Plants

Conservation Status

Family/Species
1 4
22. E. scaber L. do mai ru lom X X oK
23. Emilia sonchifolia DC. hu pla chon ok
24. Gnaphalium polycaulon Pers. - Ak LC (IUCN, 2001)
25. Gynura pseudochina (L.) DC. var. pak kad kob X *ok R (Forest Herbarium,
pseudochina 2017)
Balsaminaceae
26. Impatiens noei Craib thian nai noei X *ok E, R (Forest Herbarium,
Begoniaceae 2017)
27. Begonia hymenophylla Gagnep. dat chomphu * R (Forest Herbarium,
2008)
28. B. integrifolia Dalzell - X Hox
Burmanniaceae
29. Burmannia coelestis D.Don sarat chanthon X Hkokok R (Santisuk et al., 2006),
(Forest Herbarium, 2017),

LC (IUCN, 2001)
30. B. disticha L. ya khao kam X ok LC (IUCN, 2001)
Campanulaceae
31. Lobelia alsinoides Lam. sadao din X Hkokok LC (IUCN, 2001)
Colchicaceae
32. Gloriosa superba L. dong dueng X X *x LC (IUCN, 2001)
Commelinaceae
33. Commelina diffusa Burm.f. phak plap X ok LC (IUCN, 2001)
34. Cyanotis vaga (Lour.) Schult. & phak plap na X ok
Schult.f.
35. Murdannia edulis (Stokes) Faden wan khao niao X wkk
36. M. medica (Lour.) D.Y.Hong haeo kratai X *ok
37. M. nudiflora (L.) Brenan kin kung noi X X ook
38. M. spectabilis (Kurz) Faden haeo kratai X ok
39. Rhopalephora scaberrima (Blume) Faden ya bai phai X o
Convolvulaceae
40. Argyreia lanceolata Choisy thao kra dueng X *x
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Appendix Table 1 (continued)

Local name(s)/

Location code

No. of Plants

Conservation Status

Family/Species

2 3
41. Camonea vitifolia (Burm. f.) A.R.Simoes & chingcho X X Hokokok
Staples
42. Ipomoea marginata (Desr.) Manitz sa uek X *ok
43. I pileata Roxb. chingcho liam X X ok
44. Jacquemontia paniculata Hallier f. chingcho phi X X wAE
45. Merremia hirta (L.) Merr. chingcho nuan X Hokk
46. M. vitifolia Haller f. chingcho khon X *x
Cyperaceae
47. Carex tricephala Boeckeler ya dok din *ok NT (IUCN, 2001)
48. Cyperus brevifolius (Rottb.) Endl. ex Hassk. - X X Hkokk LC (IUCN, 2001)
49. C. cyperoides (L.) Kuntze ya rang ka X wokk LC (IUCN, 2001)
50. C. dubius Rottb. haeo mu hin X ook LC (IUCN, 2001)
51. C. leucocephalus Hassk. haeo mu pa X HoHE
52. Fimbristylis dichotoma (L.) Vahl ya nio nu X X *ok LC (IUCN, 2001)
53. F. insignis Thwaites kok kandan X X ok
54. Fuirena umbellata Rottb. ya sam khom X Hokk LC (IUCN, 2001)
55. Lipocarpha chinensis (Osbeck) J.Kern ya hon ngueak X ok LC (IUCN, 2001)
56. Perotis indica (L.) Kuntze ya waen X *k
Dioscoreaceae
57. Tacca leontopetaloides (L.) Kuntze thao yai mom *k LC (IUCN, 2001)
Droseraceae
58. Drosera burmannii Vahl. chok bo wai X X HAAK
59. D. indica L. ya nam khang *x LC (IUCN, 2001)
Eriocaulaceae
60. Eriocaulon cinereum R.Br. ya hua mi khit fai Hokk LC (IUCN, 2001)
61. E. setaceum L. sarai hua mai khit X Hokokok LC (IUCN, 2001)
62. E. siamense Moldenke chuk nok yung *x E (Forest Herbarium,

2017)

63. E. smitinandii Moldenke kradum tem X ook E, EN (IUCN, 2001),

R (Santisuk et al., 2006),

(Forest Herbarium,

2015;2017)
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Appendix Table 1 (continued)

Local name(s)/

Location code

No. of Plants

Conservation Status

Family/Species
2 3 4
Euphorbiaceae
64. Phyllanthus amarus Schumach. & Thonn. luk tai bai X X ok
Fabaceae
65. Aeschynomene aspera Muhl. ex Willd. sano kang khok X X okokok
66. A. americana L. sano khao X ok
67. Calopogonium mucunoides Desv. thua kha lo po X X ok
68. Centrosema pubescens Benth. thua lai X X wE
69. Christia vespertilionis (L.f.) Bakh.f. khio nang X ok LC (IUCN, 2001)
70. Crotalaria ferruginea Scheele mak khing nu X X oAk
71. Desmodium heterocarpon (L.) DC. chiat noi X *k
72. D. triflorum (L.) DC. ya klet hoi X X HoAkK LC (IUCN, 2001)
73. Mucuna pruriens (L.) DC. ma mui X X X ok
74. Pueraria phaseoloides (Roxb.) Benth. thua sian pa X X Hokk
75. Uraria rotundata Craib mak ka nuan kui X X oK
Gesneriaceae
76. Microchirita hypocrateriformis C. Puglisi suan sa wan X X Hokokk EN (Forest Herbarium,
2017)
77. Kaisupeea cyanea B.L.Burtt kaeo krai lat X *k EN (Forest Herbarium,
dok muang 2017)
Hydrocharitaceae
78. Ottelia alismoides (L.) Pers. santawa bai phai X HoAkK LC (IUCN, 2001)
Hydroleaceae
79. Hydrolea zeylanica (L.) Vahl po phi X X HoAkK LC (IUCN, 2001)
Hypoxidaceae
80. Curculigo orchioides Gaertn. wan phrao X X ok
Lamiaceae
81. Anisomeles indica (L.) Kuntze kom ko huai X *ok
82. Hyptis suaveolens (L.) Poit. maeng lak kha X X oAk Invasive specie
83. Orthosiphon rubicundus Benth. nuat suea khiao X **
84. Platostoma cochinchinense (Lour.) A.J.Paton hang suea lai X *okk
85. P. fimbriatum A.J.Paton mueang phuphan X HoHAE E, VU (Santisuk et al.,

2006),

(Forest Herbarium, 2015)
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Appendix Table 1 (continued)

Local name(s)/

Location code

No. of Plants

Conservation Status

Family/Species
2 3
Lentibulariaceae
86. Utricularia aurea Lour. sarai khao niao X X ok LC (IUCN, 2001)
87. U. bifida Wight s0i su wanna X Hokekok LC (IUCN, 2001)
88. U. delphinioides Thorel ex Pellegr. var. dusita ok LC (IUCN, 2001)
minor Pellegr. R (Forest Herbarium,
2017)
89. U. hirta J.G.Klein ex Link ya foi X X oAk
90. U. minutissima Bojer ex A.DC. thip keson X Hdokk LC (IUCN, 2001)
91. U. odorata Pellegr. - X ok
Malvaceae
92. Abelmoschus moschatus Medik. chamot ton X K
93. Decaschistia parviflora Kurz thong phan dun *x
Melastomataceae
94. Osbeckia cochinchinensis Cogn. khlong khleng X Hokk EN (IUCN,2001),
tua phu (Forest Herbarium
,2017),
R (Forest Herbarium,
2008; 2015)
95. O. Setoso - annulata E.T.Geddes en a khon kheng X X Aok k R (Forest Herbarium,
2008)
96. Sonerila erecta Jack phan si X X Aok k R (Forest Herbarium,
2008)
Menispermaceae
97. Cissampelos pareira L. khruea ma noi X X ok
Oleaceae
98. Dimetra craibiana Kerr - ok E (Rakarcha et al., 2020)
Orchidaceae
99. Bulbophyllum moniliforme C.S.P.Parish ueang hua *
& Rchb.f. khem mut
100. Coelogyne trinervis Lindl. ueang mak **
101. Dendrobium venustum Teijsm. & Binn. ueang dok kham X *x
102. Habenaria dentata Schltr. nang ua noi X **
103. H. lucida Wall. ex Lindl. khu lu *K
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Appendix Table 1 (continued)

Family/Species

Local name(s)/ Location code

No. of Plants

Conservation Status

104. H. rhodocheila Hance

105. Liparis sutepensis Rolfe ex Downie

106. L. tschangii Schltr.

107. Pecteilis hawkesiana (King & Pantl.)
C.S.Kumar

108. Nervilia aragoana Gaudich.

109. Aeginetia indica L.

Oxalidaceae

110. Biophytum adiantoides Wight ex Edgew.

& Hook.f.

111. B. sensitivum (L.) DC.
Plantaginaceae

112. Adenosma indianum (Lour.) Merr.
Poaceae

113. Heteropogon contortus (L.) P.Beauv.
114. Ischaemum rugosum Salisb.

115. Melinis repens (Willd.) Zizka
Polygalaceae

116. Salomonia ciliata DC.

Pontederiaceae

117. Monochoria vaginalis (Burm.f.) C.Presl ex

Kunth

Rubiaceae

118. Aphaenandra uniflora (Wall. ex G.Don)

Bremek.

119. Hedyotis affinis Wight & Arn.
120. H. coronaria (Kurz) Craib
121. H. corymbosa (L.) Lam.

122. H. ovatifolia Cav.

123. Richardia scabra L.

124. Scleromitrion linoides (Griff.)

Neupane & N. Wikstr.

lin mangkon

aueng mor ra X X
kod
khiao phra in X
nang ua X
sakhrik
wan phra chim X X
dok din daeng X X
kra thuep yop
khan rom X
kra tai jam X X
ya nuat ruesi X X
ya daeng X X
ya dok daeng
ya rak hom X X
kha khiat
X
mali lueai X
ya lin ngu X X
wang ot X X
- X X X
phak khang khao  x X
kra dum bai X X
thong haeng X

sk

ok

sk

sk sk ok

skoksk sk

ok

EE

EE T

skoskoskok

EEE T

Kk

skoskoskok

kkok sk

skoskoskok

skoskoskok

EE T

skoskoskok

skoskoskok

kK

skoskoskok

R (Santisuk et al., 2006)

LC (IUCN, 2001)

LC (IUCN, 2001)
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Appendix Table 1 (continued)

Local name(s)/ Location code No. of Plants Conservation Status
Family/Species
1 2 3 4
125. Mazus pumilus (Burm.f.) Steenis muang lai X X X Hkkok
126. Torenia fournieri Linden ex Fourn. waeo mayura X X X X ok
127. T. violacea (Azaola) Pennell ya lin ngueak X sk
Xyridaceae
128. Xyris indica L. kra thin na X ok LC (IUCN, 2001)
129. X. intersita Malme kra thin thung X *k LC (IUCN, 2001)
Zingiberaceae
130. Boesenbergia pulcherrima Kuntze butsabong X *x LC (IUCN, 2001)
131. Curcuma aeruginosa Roxb. wan maha mek X X Hokk LC (IUCN, 2001)
132. C. candida (Wall.) Techapr. & SkorniCk. dok din X *ok VU (Forest Herbarium,
2017), (IUCN, 2001)
133. C. parviflora Wall. krachiao khao X X X ok
134. C. petiolata Roxb. bua chan X X Hokokok DD (IUCN, 2001)
135. C. singularis Gagnep. krachio khok X *
136. C. sessilis Gage krachiao daeng X X X HAAK
137. C. sparganifolia Gagnep. krachiao bua X X *x NT (IUCN, 2001)
138. Gagnepainia godefiroyi K. Schum kam boe X X kK LC (IUCN, 2001)
139. Globba adhaerens Gagnep. wan khamin X X X ok
140. G. schomburgkii Hook.f. krathue ling X *x
141. G. marantina L. khao phansa X X ok LC (IUCN, 2001)
142. Kaempferia angustifolia Roscoe prap samut X X HoAE LC (IUCN, 2001)
143. K. marginata Carey pro pa X X X X ok
144. K. rotunda Blanco wan hao non X X oA

Remark * Location code: 1 : Huai Kham Jang, 2 : Huai Bang Heang, 3 : Huai Kham Ka San and 4 : Phu Mae Nang Mon
nature trail.; Number of Plants: * = 1-3, ** = 4-10, *** = 11-20, **** = more 20 Plants; Conservation Status: E =
Endemic, R = Rare, VU = Vulnerable, EN = Endangered, CR = Critically Endangered, NT = Near Threatened, DD = Data

Deficient and LC = Least Concern
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