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ABSTRACT

Background and Objectives: Natural forests are dynamic ecosystems in which the structure and
composition of plant communities continuously change through the process of natural regeneration. This
regeneration process is an important ecological mechanism that maintains forest structure, species
composition, and plant diversity over long periods of time. The seedling stage represents a critical phase in
the life cycle of forest plants because seedlings must cope with intense competition and environmental
filtering, which influence germination, growth, and survival. This process is particularly important in
ecosystems with specific environmental characteristics, such as montane forests, which generally occur at
elevations higher than 1,000 meters above mean sea level and are characterized by cool and humid
conditions as well as dense forest canopies that limit light penetration to the forest floor. As a result, many
plant species exhibit shade-tolerant characteristics. However, disturbances such as the fall or death of large
trees can create forest gaps, which alter local environmental conditions, including light intensity,
temperature, and humidity. These environmental differences influence seed germination and seedling
establishment. Light-demanding species generally exhibit higher recruitment and growth rates in forest gap
areas, whereas shade-tolerant species are better able to establish and survive under low-light conditions
beneath the crown canopy. In addition, variations in light intensity and temperature also affect seedling
mortality rates, reflecting the adaptive capacity of each species under different environmental conditions.
However, quantitative information on the relationships between light intensity and temperature and the
recruitment and mortality rates of seedlings in montane forest remain limited. Therefore, this study aims to:
1) compare light intensity and temperature between forest gap areas and crown canopy areas; 2) examine
the recruitment and mortality rates of different seedling species in both habitat types; and 3) analyze the
relationship between light intensity and seedling recruitment rates in both habitat types during 2013 - 2015.
This study is expected to enhance the understanding of some role of environmental factors in natural
regeneration processes of plant communities in a lower montane forest at Huai Kog Ma watershed,

Doi Suthep—Pui National Park, Chiang Mai Province.
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Methodology: The study was conducted in a 16-hectare permanent plot measuring 400 x 400 meters located
within Doi Suthep—Pui National Park, Chiang Mai Province. Two types of forest environments were
investigated: forest gap areas and areas under crown canopy. Nine sampling locations were selected for each
type of environment, resulting in a total of 18 study locations. At each location, five seedling subplots
measuring 1 X 1 meter were established, giving a total of 90 seedling plots. All seedlings occurring within
each subplot were tagged and identified to species level. Each seedling was assigned an identification
number in order to monitor its survival and recruitment over time. Field observations were conducted
monthly from August 2012 to December 2015. During each monitoring period, newly recruited seedlings
and dead seedlings were recorded. The collected data were then analyzed to calculate seedling species
diversity, seedling density, recruitment rates, and mortality rates in both forest gap areas and crown
canopies. The relationships between environmental factors and seedling recruitment were examined in both
gap and crown canopy using Spearman’s rank correlation in R.

Main Results: A total of 105 seedling species belonging to 80 genera and 48 families were recorded during
the study period, with an overall seedling density of 293,222 individuals. ha'. Most seedlings belonged to
the families Fagaceae and Lauraceae, which are dominant components of montane forests in northern
Thailand. When the two habitat types were considered separately, 77 species representing 62 genera and 39
families were recorded in forest gap areas, whereas 70 species representing 53 genera and 36 families were
found under the forest canopy. In both environments, Castanopsis acuminatissima were the most abundant
species, with seedling densities of 210,000 and 136,444 individuals.ha under forest gap and crown canopy
conditions, respectively. Seedling recruitment and mortality in both forest gap and under crown canopies
varied among years and also showed seasonal variation. The highest seedling recruitment was observed
during the late rainy season to the early dry season, indicating that favorable moisture conditions during the
rainy season may enhance seed germination and early seedling establishment. In contrast, seedling mortality
occurred intermittently throughout the study period and remained lower than recruitment overall. When
focusing on species with more than 10 individuals recorded between 2013 and 2015, a total of 11 species
were analyzed. The results showed that recruitment and mortality rates differed among species. Seedlings
in the family Fagaceae, including Castanopsis acuminatissima and Castanopsis tribuloides were found in
both forest gaps and crown canopies, indicating that these species are able to establish under a wide range
of light intensity. For species in the family Lauraceae, including Litsea martabanica and Persea gamblei,
seedling recruitment occurred more frequently under the forest canopy than in forest gaps, reflecting the
shade-tolerant characteristics of these species. In contrast, Cinnamomum iners seedlings were found only in

forest gap areas, suggesting that this species requires higher light availability for successful establishment.
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The relationships between light intensity and seedling recruitment and mortality of all 11 species did not
differ significantly between forest gap and under crown canopy conditions (p > 0.05). However, Castanopsis
acuminatissima, Castanopsis tribuloides and Syzygium tetragonum showed a tendency to occur under lower
light conditions, whereas Macaranga indica and Memecylon plebejum tended to be associated with higher
light intensities.

Conclusion: Seedling recruitment and mortality rates varied among species which related to the ecological
niches, in particular species light demanding. Differences in light availability between under gap and crown
canopy had influenced seedling establishments in montane evergreen forest. The formation of canopy gaps
therefore play an important role in natural regeneration processes and contributes to the maintenance of

plant diversity and forest dynamics in tropical forest ecosystems.

Keywords: Forest gap; montane forest; forest dynamics
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Table 1 Selected forest gap sizes in the lower montane forest permanent plot (LMFP).

Sampling point Area (m2) Vegetation cover
1 1000 M
2 1000 M
3 1000 G
4 900 G
5 600 G
6 500 G
7 500 G
8 400 G
9 400 G
Mean 700+269.26

Remarks: M = coverage by wild banana (Musa acuminanta), G = forest gap
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Figure 1 Map of vegetation cover and the layout of seedling sampling plots under gap and crown canopy in the

permanent plot. Abbreviate shown vegetation covers; (W) woody, (P) palm, (M) wild banana, (B) bamboo cover,

(K) Calathea, and (G) gap, respectively.
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Ma watershed, Chiang Mai province.
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Figure 3 Number of seedling species in lower montane forest permanent plot, Huai Kog Ma watershed.
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Figure 4 Seedling density during 2012-2015 in lower montane forest permanent plot, Huai Kog Ma watershed.
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Table 2 Recruitment rate and mortality rate of dominant seedlings in gap and crown canopy during 2013 — 2015

Gap Crown canopy
Botanical Name Family Recruitment Mortality Recruitment Mortality
rate (%.yr'l) rate (%.yr'l) rate (%.yr']) rate (%.yr'])

Macaranga indica Euphorbiaceae 1.64 2.21 5.78 0.00
Castanopsis acuminatissima Fagaceae 2.62 1.08 3.40 1.71
Castanopsis tribuloides Fagaceae 5.58 1.47 2.81 1.32
Garcinia merguensis Guttiferae 1.87 0.93 4.53 1.23
Cinnamomum iners Lauraceae 1.81 1.84 0.00 0.00
Litsea martabanica Lauraceae 2.57 1.62 3.23 1.12
Persea Gamblei Lauraceae 1.32 0.70 1.85 1.55
Memecylon plebejum Melastomataceae 1.23 0.84 0.62 0.00
Syzygium tetragonum Myrtaceae 3.50 0.38 1.42 0.74
Syzygium claviflorum. Myrtaceae 2.24 1.31 0.89 1.59
Helicia nilagirica Proteaceae 1.13 1.75 1.28 1.36

Average 2.50 1.18 3.12 1.80
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Table 3 Spearman’s rank correlation coefficients (r,) between light intensity and seedling recruitment and mortality

under gap and crown canopies.

Gap Crown canopy
Species Recruitment Mortalit Recruitment Mortali
p-value p-value p-value p-value
(r,) y (r,) () ty ()

Castanopsis acuminatissima -0.231 0.176 -0.068 0.690 -0.066 0.702 -0.191 0.264
Castanopsis tribuloides -0.099 0.563 -0.126 0.465 -0.013 0.937 -0.083 0.630
Cinnamomum iners -0.146 0.396 -0.200 0.242 NA NA NA NA
Garcinia merguensis -0.135 0.431 0.140 0.416 0.104 0.548 -0.0205 0.905
Helicia nilagirica -0.102 0.554 0.210 0.219 -0.044 0.796 0.061 0.723
Litsea martabanica ( -0.027 0.873 0.012 0.945 -0.092 0.590 0.172 0.315
Macaranga indica 0.156 0.365 -0.109 0.526 -0.106 0.539 NA NA
Memecylon plebejum 0.106 0.537 0.022 0.896 -0.171 0.319 NA NA
Persea Gamblei -0.049 0.775 0.106 0.539 -0.083 0.627 -0.081 0.635
Syzygium claviflorum 0.049 0.777 0.011 0.950 -0.212 0.215 -0.096 0.577
Syzygium tetragonum -0.209 0.221 0.315 0.061 -0.104 0.548 -0.031 0.854

Remark: NA indicates that the correlation could not be computed due to lack of variation in the data.
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