
BIODIVERSITAS  ISSN: 1412-033X 
Volume 25, Number 9, September 2024 E-ISSN: 2085-4722  
Pages: 3141-3153 DOI: 10.13057/biodiv/d250936 

Effects of long-term fire protection on Deciduous Dipterocarp Forest 

dynamics in Northeastern Thailand 

NATTAKARNDA DUANGON1,2, CHONGRAK WACHRINRAT3, CHATCHAI NGERNSAENGSARUAY4,  

SATHID THINKAMPHEANG1, SUTHEERA HERMHUK5, JAKKAPHONG THONGSAWI6, 

WONGSATORN PHUMPHUANG8,9, ANUSORN KULLAWONG7, ARERUT YARNVUDHI8, DOKRAK MAROD1,8,  
1Department of Forest Biology, Faculty of Forestry, Kasetsart University. 50 Phahonyothin Rd, Chatuchak District, Bangkok 10900, Thailand. 

Tel.: +66-2-579-0176, Fax.: +66-2-942-8107, ♥email: ffordrm@ku.ac.th 
2Royal Forest Department. 61 Phahonyothin Rd, Chatuchak District, Bangkok 10900, Thailand 

3Department of Silviculture, Faculty of Forestry, Kasetsart University. 50 Phahonyothin Rd, Chatuchak District, Bangkok 10900, Thailand 
4Department of Botany, Faculty of Science, Kasetsart University. 50 Ngamwongwan Rd, Chatuchak District, Bangkok 10900, Thailand 
5Faculty of Agricultural Production, Maejo University. Nong Han Sub-district, San Sai District, Chiang Mai Province 50290, Thailand  

6Border Patrol Police Sub-division 41. Mueang Chumphon District , Chumphon Province 86000, Thailand 
7Research Management and Academic Services Division, Kasetsart University. Chalermphakiat, Sakon Nakhon Province Campus, Mueang Sakon 

Nakhon District, Sakon Nakhon Province 47000, Thailand 
8Cooperation Centre of Thai Forest Ecological Research Network, Department of Forest Biology, Faculty of Forestry, Kasetsart University. 

50 Phahonyothin Rd, Chatuchak District, Bangkok 10900, Thailand  
9Department of National Parks, Wildlife and Plant Conservation. 61 Phahonyothin Rd, Chatuchak District, Bangkok 10900,Thailand 

Manuscript received: 5 August 2024. Revision accepted: 19 September 2024.  

Abstract. Duangon N, Wachrinrat C, Ngernsaengsaruay C, Thinkampheang S, Hermhuk S, Thongsawi J, Phumphuang W, Kullawong 
A, Yarnvudhi A, Marod D. 2024. Effects of long-term fire protection on Deciduous Dipterocarp Forest dynamics in Northeastern 
Thailand. Biodiversitas 25: 3141-3153. Forest fires are a significant problem that is often unmanaged, particularly their effect on tree 
regeneration. We aimed to clarify the forest dynamics and effects of climbers on tree regeneration after fire protection in a Deciduous 
Dipterocarp Forest in Northeastern Thailand. In 2004, permanent plots of 4 ha were established, and all trees with a Diameter at Breast 

Height (DBH) larger than 4.5 cm were labeled, measured, and identified. Monitoring was conducted in 2017 and 2022 when all trees 
with a DBH of more than 2 and 1 cm, respectively, were included and measured. The 92 species comprised 72 genera and 35 families 
with low species diversity. Tree density and basal area (DBH≥1 cm) were 22.01 m2 ha-1 and 1,740 stem ha-1, respectively. The average 
recruitment rate was higher than the mortality rate throughout the study period (9.43 and 0.51 % y-1, respectively). However, it varied 
between periods. Long fire protection from 2004 to 2017 promoted the highest tree recruitment (12.67 % y-1, about 60 times to mortality 
rate) and regeneration of climbers on tree stems. It induced slightly higher mortality rates from 2017-2022, and approximately 18.87% 
of dead trees were damaged by dense climber cover. Our findings can help evaluate forest sustainability and support the planning of 
forest fire management strategies preserving species diversity in other tropical dry forests. 

Keywords: Climbers, fire protection, long-term ecological research, size class distribution, tropical dry forests 

INTRODUCTION 

Tropical forests encompass <5% of Earth's terrestrial 

area (Dinerstein et al. 2017) and are the most biodiverse 

ecosystems (Lewis et al. 2015; Pillay et al. 2022). Tropical 

Dry Forests (TDFs) grow in regions with a markedly dry 

season, in which drought stress is indexed mostly by 

precipitation and temperature (Powers et al. 2018; Stan et 

al. 2021; Zou et al. 2021). Some tree species defoliate 

during the dry season, depending on the severity of the 
moisture deficit (Allen et al. 2017). The structure of a TDF 

is simpler than that of a tropical rainforest, with fewer tree 

strata and less luxuriant growth of climbing and herbaceous 

plants. Challenging dry conditions limit the number of 

species that can survive and thrive (Allaby 2006; Stan and 

Sanchez-Azofeifa 2019). Accounting for a large proportion 

(approximately 40%) of all tropical forests (Siyum 2020), 

TDFs are reported to play substantial roles in climate 

mitigation and adaptation measures by significantly 

contributing to global carbon stock (Kreier 2022) and 

supporting and regulating various ecosystem services 

(regulating local and global weather patterns, maintaining 

water cycles, and supporting complex food) (Artaxo et al. 

2022). Despite their extensive coverage and manifold 

significance, TDFs are currently severely threatened by the 

interplay between anthropogenic and natural factors, including 

pressures from agricultural encroachment, climate change, 

fire, and population explosion (Djoudi et al. 2015; 

Sunderland et al. 2015; Lara-Reséndiz et al. 2024), which 
have a considerable impact on forest dynamics and carbon 

balance (Martínez-Vilalta and Lloret 2016). Nevertheless, 

they are still among the least studied ecosystems (Siyum 2020). 

Apart from Mixed Deciduous Forest (MDF), Deciduous 

Dipterocarp Forest (DDF) is Thailand's central tropical 

deciduous forest. These two forests tended to have 

overlapping distributions, but DDF had a narrower covered 

area. It often occupies areas with severe drought, 

particularly in the dry season, and lateritic and sandy soils 

are characterized by dense rock-out crops with a low water 

retention capacity (Rundel et al. 2017; Hermhuk et al. 
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2020). Surface fires often occur during the dry season in 

these forest types, and it is an ecologically important factor 

that helps maintain certain types of plant communities in 

TDFs worldwide (Verma et al. 2017; Condé et al. 2019; De 

Andrade et al. 2020; Kaewsong et al. 2022; Zahed and 

Bączek-Kwinta 2023). Fire reduces protective vegetation 

and litter cover, heats the soil, intensifies light within the 

forest, and lowers soil moisture (Barlow et al. 2016; Marod 

et al. 2023; Pati et al. 2024). Consequently, it affects 

various stages of growth and development, including 
flowering, seed germination, seed dispersion, seedling 

establishment, and plant mortality (Verma et al. 2017; He 

et al. 2019; Neeraja et al. 2021). Adapting plants to fire-

prone communities, including life forms and regeneration 

strategies, may promote their survival following a fire 

(Miller et al. 2019; Malasiya et al. 2022; Tangney et al. 

2022). However, suppose the fire has a consistent frequency 

or occurrence every year. In that case, if the fire has a 

consistent frequency or occurrence every year, it can burn 

the biomass of all plants (herbs, climbers, and trees), increasing 

mortality, particularly at early stages, i.e., seedlings and 
saplings (Marod et al. 2002, 2004; Trouvé et al. 2020; Pati 

et al. 2024). Lower fire frequency may promote the 

establishment and increase the abundance of undergrowth 

and climber species (Schnitzer 2015; Trouvé et al. 2020; 

Nieman et al. 2022) which may prohibit the regeneration of 

these forests (Schnitzer 2015; Yang et al. 2018).  

However, the interaction between climbers and tree 

regeneration under the influence of fire is not well 

documented, particularly based on long-term forest 

dynamics plot data. Therefore, this study aims to clarify 

forest dynamics, with an emphasis on the effects of fire 
protection and climbers on DDF. The practical application 

of this knowledge to fire management is crucial for 

ensuring sustainable plant diversity and conservation in 

other TDFs, making the research highly relevant and 

informative for our audience.  

MATERIALS AND METHODS 

Study area 

The study was set up in the DDF at Kasetsart University 

Chalermphrakiat, Sakon Nakhon Province Campus, 

Thailand (16°45'-18°15'N 103°15'-104°30' E) (Figure 1). It 

is a lowland DDF ranging from 170-180 masl, which is 

located in Northeastern Thailand. The rainy season occurs 

from May to mid-October, with a mean annual 

precipitation of 1,300-2,000 mm. The mean temperature is 

26.58°C, with January having the lowest and April having 
the highest temperature (22.35 and 29.12°C, respectively). 

The soil texture is sandy clay-loam, with a low soil bulk 

density and an available soil water capacity in the range of 

34.37, capacity incent (Aramrak et al. 2017). In the DDF, 

the four stand clusters, based on a 50% similarity 

coefficient, were divided as follows: 1) Pentacme 

siamensis (Miq.) Kurz - Shorea obtusa Wall. stand or 

climax species stand, 2) Aporosa villosa (Lindl.) Baill. - 

Buchanania lanzan Spreng. stand, 3) Peltophorum 

dasyrhachis (Miq.) Kurz - Cratoxylum formosum (Jack) 

Benth. & Hook. fil. ex Dyer subsp. pruniflorum (Kurz) 
Gogelein stand, and 4) C. formosum subsp. pruniflorum-

Mitragyna hirsuta Havil. stand (Marod et al. 2017). In the 

past, large trees were selected for cutting by local 

individuals, and they have been protected not only from 

illegal cutting but also from fire since 2004. At the same 

time, water drained into the DDF area during the rainy 

season, which increased the soil moisture content above 

that of the usual DDF. New environments not only support 

tree regeneration in different forest types, but also many 

climbers. Climbers grow rapidly, lean on the trunks of 

dominant species, and damage trees, leading to high 
mortality. However, fires occurred in 2004 and 2017 

(Marod et al. 2017), and these fires were reprotected up to 

the present study. 

 
 

 
 

Figure 1. The location of the study area and 4 ha permanent plot in an abandoned area of DDF at Kasetsart University Chalermphrakiat, 
Sakon Nakhon Province Campus, Thailand 
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Methods 

In 2004, a 4 ha (200 × 200 m) Permanent Sample Plot 

(PSP) was established in the DDF and divided into subplots 

(400 subplots, each subplot 10 × 10 m). All trees with a 

Diameter at Breast Height (DBH, at 1.30 m) ≥4.5 cm had 

their positions recorded in every subplot during field data 

collection, and were tagged, measured, and identified based 

on the methods by Smitinand (2014). Tree monitoring was 

carried out at 13-year (in 2017 after the fire) and 5-year 

intervals (in 2022 with 5-year fire protection), in which all 
trees DBH≥2 and 1 cm were included, respectively. During 

the recent 2022 monitoring, all climbers, depending on the 

host tree, were measured DBH (at 1.3 m from the ground) 

were recorded, for species identification of most climbers 

was not possible in the field. Therefore, specimens of 

unidentified species were collected, pressed, dried, and 

identification was made by botanists at Kasetsart 

University. In addition, damaged trunk characteristics 

(broken or dead) were recorded to detect the effect of 

climbers on tree regeneration.  

In this paper, the forest structure and tree regeneration 
were based on all woody plants with DBH≥1 cm in 2022, 

while the forest dynamics were considered only for woody 

plants with DBH≥4.5 cm. 

Data analysis 

The species composition and forest structure were 

described in terms of the dominant species, number of 

stems, and basal area (De Oliveira et al. 2014). The species 

dominance was defined according to the relative dominance, 

relative density, relative frequency, and Importance Value 

Index (IVI), which were estimated following the methods 

by Kent (2012) for all species by separating them into two 
groups: saplings (1 cm≤DBH<4.5 cm) and trees (DBH≥4.5 

cm).  

The size class distribution for all species with at least 

30 stems in the 4-ha plot was selected, which included all 

trees (DBH≥2.0 cm). The population structure across this 

size range reflects that of larger trees. The size class 

distribution of each species was defined by the families of 

probability mass functions fitted to the class frequency. To 

specifically select the most suitable family of mass 

distribution, the Anderson-Darling statistic (Anderson and 

Darling 1952; Liebscher 2016) and probability-probability 

plot (Chambers et al. 2017) were applied to determine the 
goodness-of-fit among families of the probability function. 

Subsequently, the optimal probability function was 

specified from the set of distribution functions (varied 

number of parameters) of the selected family using the 

likelihood ratio test and Akaike information criterion 

(Akaike 1998). The regeneration status of each tree species 

was predicted based on the size class distribution. 

The Shannon-Wiener Index (H/) was analyzed following 

Shannon and Weaver (1949) according to the equations: 

H´=- ∑s
 i=1 (Pi) ln(Pi) 

Where: Pi is the proportion (n/N) of individuals of one 
particular species found (n) divided by the total number of 

individuals found (N). 

The forest dynamics were characterized using 

annualized Mortality (M) and Recruitment rate (R) 

following. Sherman et al. (2012) according to the 

equations:   

, 

, 

Where: 

Nt, N0: The population sizes at times t and 0, respectively 

Ns  : The number of survivors at time t 

RESULTS AND DISCUSSION 

Forest structure and species composition 

The latest monitoring in 2022 showed that the total 
trees (DBH≥1 cm) in the DDF permanent sample plot was 

4,273 stem ha-1, consisting of 92 species, 72 genera, and 35 

families, while the tree density and Basal Area (BA) for 

DBH≥4.5 cm were 1,740 stem ha-1 and 22.01 m2 ha-1, 

respectively. The intermediate tree diversity based on the 

Shannon-Wiener Index (H/) was H/=2.62. After fire 

protection, tree density tripled compared to other DDF in 

Southeast Asia (range of 400-600 stem ha-1) 

(Bunyavejchewin 1979; Tuan et al. 2021; Ito et al. 2022). 

Considering mature tree species based on the IVI, DDF 

species such as P. siamensis and S. obtusa still dominated 
the top canopy layer (Table 1). However, we found other 

climax species (Tables 1 and 2) in the MDF, such as Xylia 

xylocarpa (Roxb.) W. Theob. var. kerrii (Craib & Hutch.) 

I. C. Nielsen and Pterocarpus macrocarpus Kurz (Marod et 

al. 1999), and Adina cordifolia (Roxb.) Brandisin Dry 

Evergreen Forests (DEF) (Muthupandiyan et al. 2019; 

Singh et al. 2022). In addition, C. formosum subsp. 

Pruniflorum has a high population density, particularly 

during the sapling stage. It had high regeneration after fire 

protection. A similar result was also reported in low fire 

frequency in the MDF, Northern Thailand (Chernkhunthod 
and Hioki 2020). The dominant species composition after 

fire protection differed from that of other DDF, which 

mostly belonged to the deciduous Dipterocarpaceae 

(Nguyen and Baker 2016; Larpkerna et al. 2017; Tuan et al. 

2021; Kantasrtla et al. 2023). This indicates that long-term 

fire protection led to tree species composition shifting to 

other forest types in succession. The operation of drained 

water in the DDF increases the soil moisture content and 

induces the regeneration of evergreen species, such as A. 

cordifolia. 

Regeneration of tree species 

The characteristics of tree regeneration were explored 
using DBH class distributions. In total, 34 tree species with 

populations comprising more than 30 stems were analyzed. 

DBH classes followed two distributions: Negative 

Exponential (NE; reverse-J) and Polynomial (PO). Almost 

all tree species (24 species) were NE forms, while the rest 

were PO forms. The climax species in DDF in both the top 

canopy layer (P. siamensis, S. obtusa, and Dipterocarpus 

tuberculatus Roxb.) (Figures 2.A-2.C) and the middle 

canopy layer [Lannea coromandelica (Houtt.) Merr., Gluta 

usitata (Wall.) Ding Hou, and Bridelia retusa (L.) A. Juss] 

were distributed as PO forms (Table 3).  
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Table 1. Dominant tree species (DBH≥4.5 cm) in the DDF after fire protection at Kasetsart University Chalermphrakiat, Sakon Nakhon 
Province Campus, Thailand 

 

Species 
Density 

(stem ha-1) 

BA 

(m2 ha-1) 

Min DBH 

(cm) 

Max DBH 

(cm) 

Mean DBH 

(cm) 
IVI (%) 

Growth 

form 

Pentacme siamensis (Miq.) Kurz 407 11.08 4.68 34.54 17.76 86.37 T 
Shorea obtusa Wall. ex Blume 288 2.92 4.62 28.68 10.34 40.97 T 
Xylia xylocarpa (Roxb.) W. Theob. var. kerrii 

(Craib & Hutch.) I. C. Nielsen 

298 1.51 4.51 26.80 7.41 35.93 T 

Adina cordifolia (Roxb.) Brandis 130 1.23 4.50 47.78 9.74 20.87 T 
Terminalia elliptica Willd. 97 0.79 4.62 24.86 9.43 16.38 T 
Mitragyna hirsuta Havil. 68 0.30 4.50 21.29 6.88 11.41 T 
Cratoxylum formosum (Jack) Benth. & Hook. 
f. ex Dyer subsp. pruniflorum (Kurz) Gogelein 

75 0.39 4.62 27.06 7.23 11.19 T 

Dipterocarpus tuberculatus Roxb. 42 0.55 4.65 28.58 11.81 8.87 T 
Canarium subulatum Guillaumin 30 0.49 4.62 31.83 12.84 7.14 T 
Buchanania lanzan Spreng. 33 0.25 4.62 23.24 9.04 6.51 T 

Morinda tomentosa B. Heyne ex Roth 32 0.19 4.65 21.17 8.15 5.99 T 
Aporosa villosa (Lindl.) Baill. 25 0.15 4.62 17.09 8.18 4.46 T 
Pterocarpus macrocarpus Kurz 14 0.34 4.48 38.52 14.47 3.87 T 
Diospyros castanea (Craib) H. R. Fletcher 18 0.06 4.62 18.11 6.26 3.12 T 
Gluta usitata (Wall.) Ding Hou 13 0.26 6.18 29.76 15.13 3.05 T 
Hymenodictyon orixense (Roxb.) Mabb. 15 0.10 4.62 27.02 8.41 2.98 T 
Lannea coromandelica (Houtt.) Merr. 13 0.07 4.74 13.75 8.02 2.72 T 
Phanera bracteata Benth. 15 0.12 4.65 19.45 9.37 2.36 WC 

Strychnos nux-vomica L. 7 0.08 5.03 19.42 11.72 1.49 T 
Bombax insigne Wall. 6 0.08 5.12 21.58 12.57 1.45 T 
other species (53) 114 1.05    22.87  

Total   1,740 22.01    300  

Note: T: Tree; WC: Woody Climber; BA: Basal Area; DBH: Diameter at Breast Height; IVI: Importance Value Index 

 

 

 
Table 2. Dominant sapling species (DBH<4.5 cm) in the DDF after fire protection at Kasetsart University Chalermphrakiat, Sakon 
Nakhon Province Campus, Thailand 
 

Species 
Density 

(stem ha-1) 

BA 

(m2 ha-1) 

Min DBH 

(cm) 

Max DBH 

(cm) 

Mean DBH 

(cm) 
IVI (%) 

Growth 

form 

Xylia xylocarpa (Roxb.) W. Theob. var. kerrii 
(Craib & Hutch.) I. C. Nielsen 

546 0.34 1.00 4.49 2.62 57.26 T 

Cratoxylum formosum (Jack) Benth. & Hook. f. 

ex Dyer subsp. pruniflorum (Kurz) Gogelein 

531 0.24 1.00 4.49 2.23 46.70 T 

Mitragyna hirsuta Havil. 327 0.19 1.00 4.44 2.53 36.39 T 
Diospyros castanea (Craib) H. R. Fletcher 166 0.08 1.01 4.49 2.34 18.30 T 
Adina cordifolia (Roxb.) Brandis 140 0.08 1.01 4.48 2.49 16.44 T 
Buchanania lanzan Spreng. 89 0.05 1.01 4.33 2.43 12.85 T 
Shorea obtusa Wall. ex Blume 74 0.07 1.32 4.48 3.37 12.45 T 
Aporosa villosa (Lindl.) Baill. 67 0.04 1.02 4.45 2.42 9.41 T 
Antidesma acidum Retz. 74 0.02 1.00 4.46 1.85 8.37 T 

Hymenodictyon orixense (Roxb.) Mabb.  50 0.02 1.02 4.47 2.29 7.24 T 
Peltophorum dasyrhachis (Miq.) Kurz 40 0.01 1.01 4.42 1.80 5.57 T 
Morinda tomentosa B. Heyne ex Roth 24 0.02 1.07 4.43 2.84 4.48 T 
Terminalia elliptica Willd. 24 0.02 1.14 4.46 3.17 4.48 T 
Phanera bracteata Benth. 36 0.01 1.00 4.44 1.93 4.25 WC 
Casearia grewiifolia Vent.  22 0.01 1.01 4.23 1.94 3.38 T 
Canarium subulatum Guillaumin 19 0.01 1.06 4.46 2.92 3.30 T 
Pavetta tomentosa Roxb. ex Sm. var. glabrescens 
(Kurz) Bremek. 

25 0.01 1.00 3.82 1.87 3.28 T 

Pterocarpus macrocarpus Kurz 17 0.01 1.04 4.34 2.53 3.15 T 
Lagerstroemia cochinchinensis Pierre ex Laness. 24 0.01 1.06 4.14 2.57 3.10 T 
Antidesma ghaesembilla Gaertn. 22 0.01 1.02 4.44 2.04 2.97 T 
other species (68) 216 0.12 

   
36.62 

 
Total 

 
2,533 1.36 

   
300 

 
Note: T: Tree; WC: Woody Climber; BA: Basal Area; DBH: Diameter at Breast Height; IVI: Importance Value Index 
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Table 3. List of species in 2022, DBH ≥2.00 cm, existed in 4-ha plot in the DDF at Kasetsart University Chalermphrakiat, Sakon 
Nakhon Province Campus, Sakon Nakhon Province, Thailand 

 

Scientific name Family D BA RBA DF IVI 
Growth 

form 

Lannea coromandelica (Houtt.) Merr. Anacardiaceae 0.002 0.309 0.334 PO 3.179 T 
Spondias bipinnata Airy Shaw & Forman Anacardiaceae 0.000 0.085 0.092 - 0.579 T 
Buchanania lanzan Spreng Anacardiaceae 0.009 1.157 1.247 NE 6.287 T 

Semecarpus albescens Kurz Anacardiaceae 0.000 0.005 0.005 - 0.253 T 
Gluta usitata (Wall.) Ding Hou Anacardiaceae 0.002 1.050 1.132 PO 3.444 T 
Huberantha cerasoides (Roxb.) Chaowasku Annonaceae 0.001 0.044 0.047 NE 2.354 T 
Miliusa velutina (DC) Hook.f. & Thomson Annonaceae 0.001 0.121 0.130 - 1.864 T 
Wrightia arborea (Dennst.) Mabb. Apocynaceae 0.000 0.002 0.002 - 0.242 T 
Holarrhena pubescens Wall. ex G.Don Apocynaceae 0.000 0.001 0.001 - 0.121 T 
Stereospermum neuranthum Kurz Bignoniaceae 0.001 0.307 0.331 PO 2.645 T 
Oroxylum indicum (L.) Kurz. Bignoniaceae 0.000 0.001 0.001 - 0.121 T 
Bombax insigne Wall. Bombacaceae 0.001 0.344 0.371 PO 2.174 T 

Canarium subulatum Guillaumin Burseraceae 0.005 2.016 2.173 NE 5.824 T 
Salacia chinensis L. Celastraceae 0.001 0.090 0.097 NE 0.823 T 
Terminalia elliptica Willd. Combretaceae 0.012 3.238 3.490 NE 9.313 T 
Terminalia chebula Retz. var. chebula Combretaceae 0.000 0.013 0.014 - 0.494 T 
Combretum punctatum Blume Combretaceae 0.002 0.170 0.183 NE 1.821 WC 
Dillenia parviflora Griff. Dilleniaceae 0.000 0.121 0.131 - 0.738 T 
Dillenia obovata (Blume) Hoogland Dilleniaceae 0.000 0.028 0.030 - 0.398 T 
Shorea obtuse Wall.ex Blume Dipterocarpaceae 0.036 11.953 12.886 PO 26.120 T 

Dipterocarpus tuberculatus Roxb. Dipterocarpaceae 0.004 2.202 2.374 PO 5.874 T 
Pentacme siamensis (Miq.) Kurz Dipterocarpaceae 0.041 44.309 47.766 PO 62.534 T 
Diospyros castanea (Craib) H. R. Fletcher  Ebenaceae 0.012 0.523 0.564  6.433 T 
Diospyros chretioides Wall. Ex G.Don Ebenaceae 0.000 0.048 0.052 - 0.788 T 
Diospyros montana Roxb. Ebenaceae 0.000 0.018 0.019 - 0.808 T 
Bridelia retusa (L.) A.Juss. Euphorbiaceae 0.001 0.224 0.242 PO 2.316 T 
Phyllanthus emblica L. Euphorbiaceae 0.000 0.016 0.018 - 1.256 T 
Aporosa villosa (Lindl.) Baill. Euphorbiaceae 0.007 0.716 0.772 NE 5.067 T 

Dendrolobium lanceolatum (Dunn) Schindl. Fabaceae 0.000 0.000 0.000 - 0.120 T 
Albizia odoratissima (L.f.) Benth. Fabaceae 0.000 0.001 0.001 - 0.121 T 
Dalbergia assamica Benth. Fabaceae 0.000 0.046 0.050 - 0.417 T 
Dalbergia cultrata Graham ex Benth. Fabaceae 0.000 0.032 0.034 - 1.017 T 
Dalbergia oliveri Gamble Fabaceae 0.001 0.052 0.056 - 1.236 T 
Xylia xylocarpa (Roxb.) W. Theob. var. kerrii 
(Craib & Hutch.) I. C. Nielsen 

Fabaceae 0.066 7.255 7.821 NE 30.415 T 

Pterocarpus macrocarpus Kurz Fabaceae 0.003 1.389 1.498 PO 4.512 T 

Albizia lebbeck (L.) Benth.)  Fabaceae 0.000 0.012 0.013 - 0.373 T 
Phanera bracteata Benth Fabaceae 0.003 0.524 0.565 NE 3.649 WC 
Bauhinia saccocalyx Pierre Fabaceae 0.001 0.153 0.164 NE 1.638 ST/T 
Senna garrettiana (Craib) H. S. Irwin & Barneby Fabaceae 0.001 0.201 0.217 - 2.094 T 
Peltophorum dasyrachis (Miq.) Kurz Fabaceae 0.002 0.489 0.527 NE 2.824 T 
Quercus kerrii Craib Fagaceae 0.000 0.044 0.047 - 0.783 T 
Casearia grewiifolia Vent. Flacourtiaceae 0.001 0.132 0.143  2.309 T 
Flacourtia indica (Burm.f.) Merr. Flacourtiaceae 0.000 0.015 0.016 - 0.504 ST/T 
Cratoxylum cochinchinense (Lour.) Blume Hypericaceae 0.000 0.009 0.010 - 0.265 T 

Cratoxylum formosum (Jack) Benth. & Hook. f. 
ex Dyer subsp. pruniflorum (Kurz) Gogelein 

Hypericaceae 0.035 2.317 2.498 PO 15.456 T 

Irvingia malayana Oliv.ex A.W.Benn. Irvingiaceae 0.000 0.082 0.088 - 0.688 T 
Vitex peduncularis Wall. Ex Schauer Lamiaceae 0.000 0.141 0.152 - 1.534 T 
Gmelina arborea Roxb. Lamiaceae 0.000 0.135 0.146 - 0.762 T 
Litsea glutinosa (Lour.) C.B.Rob. Lauraceae 0.000 0.003 0.003 - 0.364 T 
Careya arborea Roxb. Lecythidaceae 0.000 0.119 0.128 - 0.616 T 
Strychnos nux-vomica L. Loganiaceae 0.001 0.347 0.374  2.463 T 

Lagerstroemia cochinchinensis Pierre ex Laness. Lythraceae 0.002 0.231 0.249 NE 2.842 T 
Lagerstroemia calyculata Kurz Lythraceae 0.000 0.174 0.188 - 1.186 T 
Lagerstroemia venusta Wall. ex C.B.Clarke Lythraceae 0.000 0.015 0.016 - 0.384 T 
Lagerstroemia macrocarpa Wall. ex Kurz Lythraceae 0.000 0.019 0.020 - 0.388 T 
Abutilon hirtum (Lam.) Malvaceae 0.000 0.004 0.004 - 0.844 T 
Berrya cordifolia (Willd.) Malvaceae 0.000 0.019 0.021 - 0.141 T 
Walsura pinnata Hassk. Meliaceae 0.001 0.266 0.286 NE 2.723 T 
Walsura robusta Roxb. Meliaceae 0.000 0.026 0.029 - 1.410 T 

Ficus sp. Moraceae 0.000 0.066 0.071 - 0.431 T 
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Ficus rumphii Blume Moraceae 0.000 0.047 0.050 - 0.186 T 

Artocarpus lacucha Roxb. ex Buch.Ham. Moraceae 0.000 0.055 0.060 - 0.361 T 
Ochna integerrima (Lour.) Merr. Ochnaceae 0.001 0.068 0.074 NE 2.531 T 
Anacolosa ilicoides Mast. Olacaceae 0.001 0.071 0.076 NE 1.213 T 
Olax psittacorum (Lam.) Vahl Olacaceae 0.001 0.067 0.072 NE 1.658 T 
Champereia manillana (Blume) Merr. Opiliaceae 0.000 0.005 0.005 - 0.741 T 
Aporosa penangensis (Ridl.) Airy Shaw. Phyllanthaceae 0.000 0.001 0.001 - 0.121 ST/T 
Antidesma ghaesembilla Gaertn. Phyllanthaceae 0.001 0.165 0.178 NE 2.630 T 
Antidesma acidum Retz. Phyllanthaceae 0.003 0.062 0.067 NE 2.864 T 

Ziziphus cambodiana Pierre Rhamnaceae 0.000 0.003 0.003 - 0.251 T 
Mitragyna hirsuta Havil. Rubiaceae 0.028 1.850 1.995 NE 12.743 T 
Neonauclea sessilifolia (Roxb.) Merr. Rubiaceae 0.001 0.075 0.080 - 1.470 T 
Adina cordifolia (Roxb.) Brandis Rubiaceae 0.022 5.179 5.583 NE 14.482 T 
Pavetta tomentosa Roxb. ex Sm. var. glabrescens 
(Kurz) Bremek. 

Rubiaceae 0.001 0.028 0.030 - 1.810 T 

Pavetta indica L. Rubiaceae 0.001 0.021 0.022  1.767 T 
Gardenia obtusifolia Roxb. ex Kurz Rubiaceae 0.000 0.003 0.003 - 0.259 T 

Catunaregam nutans (DC.) Tirveng. Rubiaceae 0.000 0.006 0.007 - 0.727 T 
Dioecrescis erythroclada (Kurz) Tirveng. Rubiaceae 0.000 0.044 0.048 - 0.918 T 
Catunaregam spathulifolia Tirveng Rubiaceae 0.000 0.046 0.049 - 1.265 T 
Morinda elliptica Ridl. Rubiaceae 0.000 0.012 0.013 - 0.771 T 
Morinda tomentosa B. Heyne ex Roth Rubiaceae 0.005 0.822 0.886 NE 4.698 T 
Hymenodictyon orixense (Roxb.) Mabb. Rubiaceae 0.004 0.478 0.516 NE 4.044 T 
Catunaregam longispina (Roxb. ex Link) Tirveng. Rubiaceae 0.000 0.001 0.001 - 0.129 ST/T 
Canthium parvifolium Roxb. Rubiaceae 0.000 0.002 0.002 - 0.482 T 
Syzygium cumini (L.) Skeels. Rutaceae 0.000 0.001 0.001 - 0.241 T 

Micromelum minutum (G.Forst.) Wight & Arn Rutaceae 0.000 0.003 0.003 - 0.498 T 
Schleichera oleosa (Lour.) Oken Sapindaceae 0.001 0.203 0.218 - 1.736 T 
Grewia eriocarpa Juss. Tiliaceae 0.000 0.017 0.018 - 1.025 T 
  0.326 92.762 100  300  

Note: T: Tree; ST: Shrubby Tree; WC: Woody Climber. D: Density (Stem ha-1); BA: basal area (m2 ha-1); RBA: relative basal area (%); 
DF: DBH class form; IVI: important value index (%)  
 

 

 
MDF species such as X. xylocarpa var. kerrii and 

Canarium subulatum Guillaumin (Figures 3.A-3.B), 

Huberantha cerasoides (Roxb.) Chaowasku (Table 3), and 

DEF species, such as Walsura pinnata Hassk. and 

Hymenodictyon orixense (Figures 4.A-4.B) had the NE 

form, in which a higher population was found in the lower 

size class and was reduced in larger size classes. After fire 

protection and water drainage, the MDF and DEF species 

appeared more stable in maintaining their population than 

the DDF-dominant species. Because their establishment 

may cause a lack of successful regeneration of DDF climax 

species, seedlings and saplings of the DDF species are 
often weaker, as they are adapted to drought and do not 

tolerate extremely humid conditions (Marod et al. 2004). 

Late pioneer species, such as C. formosum subsp. pruniflorum, 

P. dasyrhachis, and A. cordifolia also followed the PO 

distribution form (Figures 5.A-5.C), and their distribution 

mainly occupied the canopy gaps, indicating that strong 

light conditions were important factors for their successful 

establishment (Swinfield et al. 2016; Sangsupan et al. 

2021; Marod et al. 2022). The latter two species were 

pioneer species in DEF, which required high moisture 

content after water was drained into the study areas. 
 

 

 

Forest dynamics 

The forest dynamics after fire protection from 2004 to 

2022 (18 years) showed drastic changes in species diversity 

(from 37 to 73 species), among other forest characteristics. 

The average BA (DBH≥4.5 cm) was 17.187.27 m2 ha-1 

and trended to increase. However, it varied among periods; 

the most increased BA was found between 2004 and 2017 

and was almost 2.5 times higher and slightly increased in 

the latter monitoring (Table 4). A similar trend was 

observed for tree density dynamics. It increased by 

approximately 4.6 times (from 347 to 1,750 stem ha-1), 

which was related to the high recruitment rate, particularly 

between 2004 and 2017 (Table 4).  
 

Table 4. Summary of the DDF characteristics after fire protection 
between 2004 to 2022 
 

  2004 
 

2017 
 

2022 MeanSD 

Number of Species  37 - 70 - 73 - 

BA (m2.ha-1) 8.82 - 20.70 - 22.01 17.187.27 

Loss (m2 ha-1) - 0.41 - 1.73 - 0.910.01 

Gain (m2 ha-1) - 12.29 - 3.04 - 14.100.03 

Tree density (stem ha-1) 347 - 1749 - 1740 1279807 

Recruitment rate (% y-1) - 12.67 - 2.74 - 9.487.02 

Mortality rate (% y-1) - 0.21 - 2.84 - 0.511.86 
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Figure 2. Diameter class distributions plotted on a logarithmic scale for deciduous Dipterocarpaceae species: A. Pentacme siamensis; B. 

Shorea obtusa; and C. Dipterocarpus tuberculatus. DBH: Diameter at Breast Height 
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Figure 3. Diameter class distributions plotted on a logarithmic scale for some tree species of MDF: A. Xylia xylocarpa var. kerrii and; 
B. Canarium subulatum. DBH: Diameter at Breast Height, MDF: Mixed Deciduous Forest 
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Figure 4. Diameter class distributions plotted on a logarithmic scale for some tree species of DEF: A. Walsura pinnata; and B. 

Hymenodictyon orixense. DBH: Diameter at Breast Height, DEF: Dry Evergreen Forests 
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Figure 5. Diameter class distributions plotted on a logarithmic scale for pioneer species: A. Cratoxylum formosum subsp. pruniflorum; 
B. Peltophorum dasyrhachis; and C. Adina cordifolia. DBH: Diameter at Breast Height 
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Figure 6. DBH-distribution and size-specific mortality from 
2017-2022. The dots and broken lines show the mortality rate in 
each class. White and black columns show DBH distribution and 

mortality, respectively. DBH: Diameter at Breast Height 
 
 
 

The mortality rate rapidly increased almost 14 times 

between 2017 and 2022, even though the mortality and 

recruitment rates were almost balanced, 2.84 and 2.74%.y-

1. Size-dependent mortality was detected, in particular 

small size classes (χ2 = 1,466.44; df = 2; p<0.001, Figure 

6). Indicating long fire protection times in the DDF activated 
high recruitment rates. A similar result was found in almost a 

7-fold higher mortality rate after 4 years of fire protection 

and subsequent long-wet conditions at Sakaerat Man and 

Biosphere Reserve, northeastern Thailand (Yatar et al. 

2024). However, high tree density is associated with high 

mortality owing to conspecific negative density dependence 

(LaManna et al. 2021; Jevon et al. 2022). This study was 

also similar to the study reported by Comita et al. (2014), 

Inman‐Narahari et al. (2016), and Kellner and Hubbell 

(2018), who found that recruitment is less in areas of high 

conspecific density or in regions of high conspecific adults. 
Plants are unable to survive in the area surrounding adults of 

their same species, a pattern mediated by density-dependent 

mortality. 

During the 18 years, the relationship between the 

mortality and recruitment rate of some selected tree species 

with more than 10 stems showed that all species had a 

higher average recruitment rate than mortality rate (above 

20% y-1), such as M. hirsuta (Mh), H. orixense (Ho), 

Diospyros castanea (Dc), X. xylocarpa var. kerrii (Xx), B. 

retusa (Br), Morinda tomentosa (Mt), Terminalia elliptica 

(Te), C. formosum subsp. pruniflorum (Cf), Miliusa velutina 

(Dunal) Hook. f. & Thomson (Mv), and A. villosa (Av), 
whereas that of the remaining species ranged from 5-20% y-1 

(Figure 7.A(. Only species of Quercus kerrii Craib (Qk) 

showed a higher mortality than recruitment rate. However, 

large variations among species and monitoring periods 

were also detected (Figures 7.B and Figure 7.C). For 

instance, in the first period (2004-2017), all selected species 

had higher recruitment rates than mortality rates, and three 

species groups could be identified (Figure 7.B). First, the 

highest recruitment group (above 20% y-1) included the 

species of M. hirsuta (Mh), H. orixense (Ho), D. castanea 

(Dc), X. xylocarpa var. kerrii (Xx), B. retusa (Br), M. 

tomentosa (Mt), T. elliptica (Te), C. formosum subsp. 

pruniflorum (Cf), M. velutina (Mv), and A. villosa (Av). 

Second, the intermediate recruitment group (10-20% y-1) 

included species of S. obtusa (So), A. cordifolia (Ac), B. 

lanzan (Bl), Neonauclea sessilifolia (Roxb.) Merr. (Ns) and 

Schleichera oleosa (Lour.) Oken (Sol), P. dasyrhachis 

(Pd), Senna garrettiana (Craib) H. S. Irwin & Barneby 

(Sg), D. tuberculatus (Dt), Strychnos nux-vomica L. (Snu), 
and Stereospermum neuranthum Kurz (Sne). Third, the 

lowest recruitment group (<10% y-1) comprised C. 

subulatum (Cs), P. macrocarpus (Pm), Bombax insigne 

Wall. (Bi), G. usitata (Gu), and P. siamensis (Ps). In the 

second period (2017-2022), high variation between species 

was detected (Figure 7.C). The species Phanera bracteata 

Benth. (Pb) still had the highest recruitment rate (22% y-1), 

whereas that of the remaining species was lower than 10% 

y-1. Some species showed increased mortality rates, 

particularly the climax species in the DDF, such as S. 

obtusa (So), P. siamensis (Ps), and D. tuberculatus (Dt) 
(Figure 7.C). This indicated that various species adapted to 

new environments after a long period of fire protection and 

water being drained into the DDF. High mortality of native 

and dominant species such as D. tuberculatus, S. obtusa, 

and P. siamensis occurred after prolonged fire protection, 

resulting in high soil moisture from the accumulation of 

litter on the forest floor, preventing water evaporation from 

the soil. In contrast, high tree densities, which preferred 

high soil moisture conditions, increased 5-fold from the 

initial stage after 13-year fire protection (347 to 1,749 stem 

ha-1), resulting in low light quantity and quality by dense 
shading (Zhang et al. 2017). These environments are 

unsuitable for the establishment of the native deciduous 

Dipterocarpaceae, which prefer high-light-intensity 

(Phumsathan et al. 2022), and fire protection increases the 

density of undergrowth on the forest floor, which prevents 

seed germination (Marod et al. 2002; Chong et al. 2016; 

Zhang et al. 2023). The new environment supports not only 

pioneer species that prefer wet conditions but also native 

species from MDF and DEF, for instance, P. dasyrhachis, 

H. orixense, and C. formosum subsp. pruniflorum, X. 

xylocarpa var. kerrii, W. pinnata, and Lagerstroemia 

calyculata Kurz, resulting in rapid plant succession in other 
communities under continuous fire protection (Chazdon 

and Guariguata 2016; Abbas et al. 2023). 

Effects of climbers on tree regeneration 

After 18 years of fire protection, many climbers grew 

rapidly and mostly leaned on tree trunks, with a total of 50 

climber species (Table 5).  

The most abundant climber species such as 

Amphineurion marginatum (Roxb.) D. J. Middleton, 

Dioscorea bulbifera L., Apocynaceae 1, Dioscorea glabra 

Roxb. and Apocynaceae 2 (4,198, 850, 600, 111, and 104 

stems, respectively) were distributed over the entire 4-ha 
FDP. There were 6,620 climbers found on various tree 

species, with a total of 83 species. The X. xylocarpa var. 

kerrii was the most abundant at 1,432 stems, followed by S. 

obtusa, C. formosum subsp. pruniflorum, M. hirsuta, P. 
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siamensis, and A. cordifolia (814, 709, 701, 611, and 411 

stems, respectively), and other species range from 1-200 

stems. The climbers found on trunks were divided into 2 

groups based on DBH-class: small size (0.54±0.37 cm) and 

large size climbers (3.27±1.54 cm). In addition, small 

climbers had a higher coverage of trunks than large 

climbers (5,348 and 1,273 stems, respectively). The total 

tree mortality between 2017 and 2022 (DBH≥1 cm) was 

10.79% (dead trees of the 1,844 stems). However, these 

dead trees were caused by climbers of about 348 stems 

(18.87% of total mortality), and small climbers had a larger 

effect than large climbers, 13.18 and 5.69%, respectively. 

Mature DDF climax species, such as S. obtusa, P. 

siamensis, D. tuberculatus, and M. hirsuta, were toppled 

due to climbing climbers and mostly died due to dense 

covering (Figure 8). 
 
 
 
Table 5. List of climber species in 2022, existed in 4-ha plot in the DDF at Kasetsart University Chalermphrakiat, Sakon Nakhon 
Province Campus, Sakon Nakhon Province, Thailand 
 

Scientific name Family D DBH±SD Growth form 

Thunbergia fragrans Roxb. Acanthaceae 97 0.49±0.74 Herbaceous climber 
Amphineurion marginatum (Roxb.) D. J. Middleton Apocynaceae 4,189 1.34±1.42 Woody climber 
Apocynaceae 1 Apocynaceae 600 0.49±0.67 Herbaceous climber 
Apocynaceae 2 Apocynaceae 104 0.49±0.56 Herbaceous climber 
Apocynaceae 3 Apocynaceae 54 0.54±0.91 Herbaceous climber 
Apocynaceae 4 Apocynaceae 7 0.38±0.35 Herbaceous climber 
Apocynaceae 5 Apocynaceae 1 2.23 Herbaceous climber 
Apocynaceae 6 Apocynaceae 1 0.27 Herbaceous climber 
Ceropegia sp.1 Apocynaceae 1 0.59 Herbaceous climber 
Gymnema griffithii Craib Apocynaceae 1 0.18 Herbaceous climber 
Hoya kerrii Craib Apocynaceae 1 2.39 Herbaceous climber 
Streptocaulon juventas (Lour.) Merr. Apocynaceae 20 0.63±0.93 Herbaceous climber 
Araceae 1 Araceae 5 0.80±0.93 Herbaceous climber 
Getonia floribunda Roxb. Combretaceae 1 2.72 Woody climber 
Convolvulaceae 1 Convolvulaceae 28 4.23±2.66 Woody climber 
Cucurbitaceae 1 Cucurbitaceae 7 0.53±0.28 Herbaceous climber 
Neoalsomitra angustipetala (Craib) Hutch. Cucurbitaceae 1 0.5 Herbaceous climber 
Dioscorea alata L. Dioscoreaceae 92 0.53±0.45 Herbaceous climber 
Dioscorea brevipetiolata Prain & Burkill Dioscoreaceae 99 0.62±0.92 Herbaceous climber 
Dioscorea bulbifera L. Dioscoreaceae 850 0.41±0.41 Herbaceous climber 
Dioscorea glabra Roxb. Dioscoreaceae 111 0.49±0.54 Herbaceous climber 
Dioscorea hispida Dennst. Dioscoreaceae 62 0.58±0.58 Herbaceous climber 
Dioscorea sp.1 Dioscoreaceae 87 0.61±0.81 Herbaceous climber 
Dioscorea sp.2 Dioscoreaceae 32 0.74±0.93 Herbaceous climber 
Diospyros sp.1 Ebenaceae 3 0.74±0.28 Scandent shrub 
Abrus melanospermus Hassk. Fabaceae 11 0.49±0.61 Herbaceous climber 
Bauhinia glauca (Wall. ex Benth.) Fabaceae 5 3.11±1.69 Woody climber 
Dunbaria bella Prain Fabaceae 1 0.24 Herbaceous climber 
Indigofera sp.1 Fabaceae (Papilionoideae) 4 0.29±0.02 Herbaceous climber 
Indeterminate 1 Indeterminate 11 5.02±1.97 Woody climber 
Indeterminate 2 Indeterminate 9 0.68±0.0.62 Scandent shrub 
Indeterminate 3 Indeterminate 5 0.32±0.22 Herbaceous climber 
Indeterminate 4 Indeterminate 4 0.35±0.18 Herbaceous climber 
Indeterminate 5 Indeterminate 4 1.03±0.89 Woody climber 
Indeterminate 6 Indeterminate 3 2.07±0.58 Woody climber 
Indeterminate 7 Indeterminate 2 0.18±0.06 Herbaceous climber 
Indeterminate 8 Indeterminate 2 1.64±1.65 Woody climber 
Indeterminate 9 Indeterminate 2 2.45±0.59 Woody climber 
Indeterminate 10 Indeterminate 2 1.92±0.17 Woody climber 
Indeterminate 11 Indeterminate 1 3.18 Woody climber 
Indeterminate 12 Indeterminate 1 0.53 Woody climber 
Indeterminate 13 Indeterminate 1 2.3 Woody climber 
Indeterminate 14 Indeterminate 1 4.28 Woody climber 
Olax psittacorum (Lam.) Vahl Olacaceae 15 2.97±2.65 Scandent shrub 
Jasminum simplicifolium G.Forst. Oleaceae 1 5.82 Woody climber 
Naravelia sp.1 Ranunculaceae 4 2.22±2.19 Herbaceous climber 
Smilax bracteata C.Presl Smilacaceae 4 0.42±0.30 Herbaceous climber 
Vitaceae 1 Vitaceae 43 0.99±0.95 Herbaceous climber 
Vitaceae 2 Vitaceae 16 1.03±1.44 Herbaceous climber 
Vitaceae 3 Vitaceae 14 0.44±0.31 Herbaceous climber 
  6,620   

Note: D: Density (stem), DBH±SD: Diameter at Breast Height (cm)   
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Figure 7. Relationships between recruitment and mortality rates during the 18 years: A., B., and C. represent the first and second 
periods, respectively, while the broken line indicates the balance between recruitment and mortality rate in each period 
 
 

 

   
 

Figure 8. Trees were toppled due to the climbing of climbers and died due to dense covering in the DDF after fire protection at 
Kasetsart University Chalermphrakiat, Sakon Nakhon Province Campus, Thailand. DDF: Deciduous Dipterocarp Forest 
 
 
 

This indicates that fire protection allows more climbers 

to establish and regenerate in the area, similar to the report 

by Addo-Fordjour et al. (2020), who found that climber 

species diversity and abundance were highest in areas 

without fire. In contrast, climber mortality doubles after 

fire burning (Balch et al. 2015), indicating that fire is a 

crucial factor that prohibits their regeneration (Phumsathan 
et al. 2022). In addition, regenerating climbers can alter 

gap-phase dynamics since the vast majority of climber 

species have a high demand for light, similar to native 

species in DDF, and impact tree seedling regeneration 

(Álvarez-Cansino et al. 2015; Khiewbanyang et al. 2017; 

Comini et al. 2023; Song et al. 2023). Climbers intensely 

compete with trees both above and belowground, 

decreasing tree recruitment, growth, and survival 

(Martínez‐Izquierdo et al. 2016; De Deurwaerder et al. 

2018; Ngute et al. 2024) and can cause considerable 

physical damage to their hosts (Meunier et al. 2021). In 

addition, high climber abundance caused elevated tree 

mortality and reduced tree growth due to an increase in 

competition for light, nutrients, and water (Van Der 

Heijden et al. 2015). 
In conclusion, this study examined forest dynamics, 

with an emphasis on the effects of fire protection and 

climbers on the DDF. Our findings reveal that the 18-year 

fire protection program strongly affected forest dynamics, 

in which higher recruitment was found, and increased the 

density of pioneer and dominant species in other forest 

types. The invasive species showed a DBH class 

distribution, mostly in the NE form, indicating that they 

A B C 
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had a robust capacity to maintain a stable population 

structure in the future. In contrast to the climax species in 

the DDF, discontinuous DBH class distributions were 

detected. This was caused by a long period of fire 

protection, resulting in excessive moisture accumulation, 

which is unsuitable for their regeneration. In addition, after 

fire protection, many climbers grew rapidly, mostly leaning 

on tree trunks. Climbers increase tree mortality, especially 

in the climax species of the DDF, and climbers toppled 

these trees. Thus, forest fire management planning should 
be considered, for example, an appropriate fire frequency 

that can reduce the establishment of undergrowth and 

climber species and maintain the climax species in fire-

prone communities, such as DDF.  
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