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ရာသီအလိကု်ခ ြောက်ခသွေ့ခော့များ၏ composition, diversity နှင့်  structure 
များရှင်သန်ခေါက်ခရာက်မှုအေွေက် ဆုံး ြေ်ခေးသည့်အရာများ 

 
သီရိေိုးြေိုင်၊ ဦးစီးအရာရိှ 

 
စာေမ်းအကျဉ်း 

ရာသီအလုိက် ရွက်ပြတ်တတာတပြောက်တေဟစနစ်ကုိ အတရှေ့တတာင်အာရှေနုိင်ငံများတွင် 

အများ အပြားတတွ့ရတလ့ရှေိြါသည်။ ၎င်းတတာအမျ ိုးအစားများကုိ သစ်တတာတေဟတေဒစနစ် 

(သ့ုိမဟုတ်) ဆာေားနားတေဟတေဒစနစ်တွင် ြါဝင်တနသလားဆုိသည့်မှော အပငင်းြွားစရာအပြစ် 

ယတန့အထိ ပြစ်ြွားဆဲပြစ်ြါသည်။ ရွက်အုြ် (၆၀)ရာြုိေင်နှုန်းနှေင့်အထက် တအာက် တြါင်းပမက် တွင် 

C4 ပမက်များ ြါဝင်မှုအများဆံုးပြစ်ပြီး မီးမကကာြေဏ တလာင်ကျွမ်းတနသည့် တေဟတေဒစနစ်ကုိ 

ဆာေားနား တေဟစနစ်ဟုသတ်မှေတ်ပြီး ရွက်အုြ်(၇၀)ရာြုိေင်နှုန်းနှေင့် အထက် တအာက်တြါင်း 

ပမက်တွင် C3 ပမက်များ ြါဝင်မှုအများဆံုးပြစ်ပြီး မီးတလာင်ကျွမ်းမှု နည်းြါးတသာ တေဟတေစနစ် ကုိ 

သစ်တတာတေဟ တေဒစနစ်ဟု အြင်တေဟတေဒကျွမ်းကျင် ြညာရှေင်များက သတ်မှေတ်ကကြါသည်။ 

ဤသုတတသသနသည် မဟာသိြ္ပံကျမ်းမှေ တကာက်နုတ်ထားတသာ သုတတသနစာတမ်း ပြစ်ပြီး 

သုတတသနလုြ်ငန်းကုိ အင်တုိင်းပမင့် (Community) ၊ အင်တုိင်းနိမ့် (Community) နှေင့် ရွက်ပြတ် 

တရာတနှော (Community) များ ြါဝင်တြါက်တရာက်တသာ အြူြုိင်းတဒသ၊ မတကွးတုိင်းတဒသကကီး၊ 

တရွှေဘုိြေရုိင်၊ ြေျြ်သင်းတတာရုိင်းတိရစ္ဆာန်တဘးမ့ဲတတာတွင် တဆာင်ရွက်ြ့ဲေြါသည်။ နမူနာတကာက် 

အကွက် အရွယ်အစားမှော (၅၀မီတာx၅၀မီတာ) ပြစ်ပြီး ထုိအကွက်တွင် ရင်စ့ုိလံုးြတ် ၅ စင်တီ 

မီတာနှေင့်အထက်အြင်ကကီးများအားလံုး၏ basal area, abundance, richness များ၊ တအာက်တြါင်း 

အြင်တြျာ့ အြင်ငယ်များ၏ percentage cover, abundance ,richness များ တကာက်ယူပြီး 

အြင်တြျာ့ အြင်ငယ်များတွင် C3/C4 မျ ို းစိတ် အမျ ိုးအစားအား ထြ်မံ ြဲွေပြေားထားြါသည်။ 

အြင်များသည် မိမိြတ်ဝန်းကျင်ရှေိ ြတ်ဝန်းကျင်အတပြေအတနများကုိ မှေီြုိေပြီး ရှေင်သန်တြါက်ြွား 

ကကီးထွားမှု ပြစ်သည့် အတွက် ရွက်အုြ်အတနအထား၊ တပမဆီလွှာနှေင့် မီးတလာင်မ အတပြေအတနများကုိ 

environmental data အတနပြင့် တကာက်ယူစုတဆာင်းြ့ဲေြါသည်။ (၂၀၀၁-၂၀၁၇)ြုေနှေစ်အထိ Study 

Area၏ မီးတလာင်မှုအတပြေ အတနပြတပမြံုအား ပေိုလ်ထုဓါတ်ြံု (MODIS)မှေ ြမ်းယူထားတသာ 

(၁၇)နှေစ်အတွင်း မီးတလာင်မှု အြေျက်အလက်များကုိ အတပြေြံေ၍ ထုတ်လုြ်ထားပြီး study plot 

တရွးရာတွင် ၎င်းတပမြံုကုိ အတပြေြံေ၍တရွးြေျယ်ထားသည့်အတွက် မီးတလာင်မှုအတပြေအတန သတင်း 

အြေျက်အလက်အား စုတဆာင်း ပြီးပြစ်ြါသည်။ သုတတသန လုြ်ကွက်များကုိ Community 

တစ်ြုေလျှင် (၅) ကွက်နှုန်းပြင့် စုစုတြါင်း Community (၃) ြုေတွင် (၁၅) ကွက် (5 replications) ပြင့် 

တဆာင်ရွက်ြ့ဲေြါသည်။ မီးတလာင်ကျွမ်းမှုကုိ Community (၃)ြုေလံုးတွင်တတွ့ရပြီး တပမဆီလွှာ အတပြေ 
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အတနသည် ရွက်ပြတ်တရာတနှောတတာတွင် ကျန်တတာ အမျ ိုးအစား(၂)မျ ို းထက် ြုိမုိတကာင်းမွန် 

တနတကကာင်း တတွ့ရြါသည်။ အင်တုိင်းနိမ့် Community ၏ ရွက်အုြ်အတနအထားသည် အြွင့်လင်း 

ဆံုးပြစ်ပြီး အလင်းတရာင်ကကိုက်တသာ ပမက်အမျ ိုး အစားများ C4 များ အများဆံုးြါဝင်တနသည့် 

အတွက် ဆာောနားတေဟတေဒစနစ်ပြစ်ပြီး ရွက်ပြတ်တရာတနှော Community သည် ရွက်အုြ် 

အတနအထား အနည်းငယ်ြိတ်၍ အရိြ်ကကိုက်တသာ C3 များ အများဆံုး ြါဝင်တနသည့်အတွက် 

သစ်တတာအမျ ိုးအစား တစ်ြုေ၏ တေဟတေဒစနစ် ပြစ်တကကာင်း ဤသုတတသနပြုလုြ်ြေျက်မှေ သိရှေိရ 

ြါသည်။ အင်တုိင်းပမင့် Communityသည် ဆာေားနား တေဟတေဒစနစ်နှေင့် သစ်တတာ အမျ ိုး 

အစားတေဟတေဒ စနစ်(၂)မျ ို းစလံုး၏ ဝိတသသလက္ခဏာများပြစ်တသာ ရွက်အုြ် အတနအထား 

အနည်းငယ်ြိတ်ပြေင်းနှေင့် C4 များြါဝင်မှုမှော များပြားတနသည့် အစရှေိတသာ ဝိတသသလက္ခဏာများကုိ 

ယှေဉ်တဲွ၍တတွ့ရြါသည်။ အာရှေတဒသတွင် တပမဆီလွှာ အတပြေအတနသည် community 

အမျ ိုးအစားတပြာင်းလဲပြေင်း (transition) ကုိ ထိန်းြေျုြ်သည် ဆုိတသာ်လည်း အာြရိကနှေင့် အတမရိ 

ကန်တတာင်ြုိင်းတ့ုိတွင် တတွ့ရပမဲတတွ့ရတလ့ရှေိတသာ ထင်ရှေား ပြတ်သားတသာ ဆာေားနား-သစ်တတာ 

တပြာင်းလဲပြေင်း (transition) တတွ့ရပြေင်း မရှေိတကကာင်းကုိ ဤသုတတသန စာတမ်းမှေသိရှေိရြါသည်။ 
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Determinants of Composition, Diversity and Structure in a Seasonally Dry Forest in 

Myanmar 

 
Thiri Toe Khaing

1
, Staff Officer 

 

Abstract 

Seasonally dry forest with a deciduous tree canopy is the widespread ecosystem in 

Southeast Asia. Debate continues about whether this vegetation is forest or savanna. 

Savannas have tree cover < 60%, C4-dominated ground vegetation, and frequent fires. Forests 

have tree cover > 70%, C3-dominated ground vegetation, and infrequent fires. Co-occurrence 

of these biomes has been explained as follows: 1. Fire-grass and shade-tree positive 

feedbacks promote alternate stable states of savannas or forests under the same climate and 

soil conditions. 2. Fine-scale soil characteristics differentiate plant growth rates and 

determine whether trees can overcome fires.   

We studied three community types previously identified in seasonally dry forests in 

Myanmar, High Indaing, Low Indaing (both types of deciduous Dipterocarp-dominated 

forest) and Mixed Deciduous Forest (a community usually dominated by non-Dipterocarp 

species). We wanted to know whether their herbaceous layer communities were also 

compositionally distinctive, whether their structure (tree cover %, abundance of C4 plants) 

identified them as savannas or forests, whether they differed with respect to soil nutrients, 

and fire frequency.  We sampled fifteen 50 m x 50 m plots thought to represent the 3 

community types (5 plots of each community type). In each plot we measured basal area, 

abundance and richness of trees with DBH ≥ 5 cm, and percentage cover, abundance and 

richness of herbaceous layer species, and classified each species as C3/C4. We estimated tree 

cover along four 50 m line transects recording canopy openness/closure every 1 m. We 

pooled six 0 - 15 cm soil cores to estimate soil parameters (N, P, K, pH). We recorded fire 

frequency in each plot using MODIS fire products for 2001-2017. 

We found that tree, herbaceous-layer and combined compositional data generated 

similar community clusters. Low Indaing had open tree canopies and high abundance of C4 

plants relative to Mixed Deciduous Forest. HI had a wider range of tree covers but also high 

C4 abundance. Fire was common in all three communities. Low Indaing could be 

differentiated from Mixed Deciduous forest by soil K and P (lower for Low Indaing), with 

High Indaing having intermediate values.   

Low Indaing appears to be a type of savanna whereas Mixed Deciduous Forest is a 

type of forest, but with the propensity to burn based on leaf litter rather than on grass. In our 

data, HI showed characteristics of both savanna and forest. Although soils underlie the 

transitions between these Asian communities, they do not show the clear physiognomic 

boundaries observed in African and South American savanna-forest transitions.  

Keywords: Deciduous Dipterocarp Forest, fire, Forest, Chatthin Wildlife Sanctuary, C4 

plants, Savanna, Mixed Deciduous Forest, Soil fertility, Understory plant 

diversity 
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Determinants of Composition, Diversity and Structure in a Seasonally Dry Forest in 

Myanmar 
 

1. Introduction 
 

Seasonally Dry Forests (SDFs) occur on all continents in tropical and sub-tropical 

zones under monsoonal climates where dry seasons last for at least five months (Miles et 

al., 2006; Allen et al., 2017; Singh and Chaturvedi, 2018). Monsoonal forests dominated by 

deciduous canopy trees that are widespread in South and Southeast Asia have been 

identified as SDFs (Pennington et al., 2009; Bunyavejchewin et al., 2011; Dexter et al., 2015; 

Slik et al., 2018). There is substantial debate about the biome characterization of the 

deciduous-dominated forests in South and Southeast Asia (Ratnam et al., 2011; Ashton, 

2014): while they have traditionally been classified as ‘forest’, recent findings argue they 

possess several characteristics of savannas (Dexter et al., 2015; Ratnam et al., 2011, 2019).  

This characterization matters because the worldwide SDF biome and other forest biomes 

are fire-sensitive and are thought to lack functional adaptations for fire (Pennington et al., 

2009) and may convert to a savanna-like physiognomy under frequent fire, whereas the 

savanna biome is adapted to frequent fires and may convert to a forest state under fire 

suppression (Ratnam et al, 2011). Savannas are characterized by open forest canopies (less 

than 55-60% tree cover – Hirota et al., 2011; Staver et al., 2011), ground vegetation 

dominated by C4 grasses and sedges that require high light conditions for competitive 

growth (Charles-Dominique et al., 2018), and frequent fires that kill juvenile trees promoting 

canopy openness and C4 grasses  (Higgins et al., 2000; Nguyen et al., 2019). Forests have 

closed canopies (above 70% tree cover), infrequent fires, and herbaceous layers dominated 

by C3 species, including some C3 grasses (Charles-Dominique et al. 2018). In humid 

environments, transitions between forests and savannas can be very abrupt (Hoffmann et 

al., 2012; Oliveras and Malhi, 2016). Two major explanations for this have been proposed: 

First, fire-grass and shade-tree positive feedbacks promote alternate stable states of 

savannas or forests under the same climate and soil conditions  (Van Langevelde et al., 

2003; Charles-Dominique et al., 2018; Nguyen et al., 2019). This hypothesis assumes that 

grass is the main fuel for fire.  Fire kills or severely reduces biomass of trees creating more 

space for grasses and maintaining open savannas. Contrastingly, tree canopies reduce light 

reaching the grasses, thereby suppressing grass growth rates and hence reducing fuel 

production to support fires, leading to fewer fires and longer intervals for trees to grow that 

move the system towards forest.  Second, fine-scale soil characteristics (soil depth or 

fertility) differentiate seasonal plant growth potential, that either constrain total standing 

biomass leading to open savanna communities, or slow annual growth sufficiently that trees 

cannot overcome endemic fire frequencies (Lloyd et al., 2008; Bond, 2010; Rodriguez-Iturbe 

et al., 2019). Where soils are deeper or more fertile, trees will grow sufficiently fast to 

overcome fires and move the system towards forest. 

 Tree species in Asian SDFs show functional modification for coping with fire, including 

belowground resource storage, thick bark, and epicormic and subcutaneous meristems 
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(Ratnam et al. 2011, 2016). Presently fire management in Asian SDFs differs substantially 

across countries with several countries applying strict fire suppression policies whereas 

others do not suppress fires at all (Ratnam et al., 2016). Where fire frequencies are high in 

Southeast Asia most fires are low-intensity ground fires with low flame heights that are set 

by local people during the middle of the dry season. These fires do not damage adult trees 

(Stott 1988) but they limit recruitment of tree juveniles into larger stem diameter size-

classes (Nguyen et al. 2019). Given the high rainfall usually associated with humid savannas 

(~ > 900 mm per year), and knowing fire frequencies in other parts of the world for humid 

savannas are about 1 fire in 3 years (see Hoffmann et al. 2012), we assume that natural fire 

frequencies in these environments would be high. However, where fires are deliberately 

suppressed, dead leaf, wood and herbaceous biomass accumulate in the understory over 

time; these conditions promote crown fires that cause substantial mortality of adult trees 

(Stott 1988). Fire regimes in Southeast Asian SDF is complex because the landscape is often 

a mosaic of different forest types. So some areas may burn more frequently than others and 

the less flammable areas in the landscape may require more extreme drought conditions to 

burn (Baker and Bunyavejchewin, 2017). Within Southeast Asian deciduous forests, two 

major plant communities are recognized that are dominated by different deciduous canopy 

tree species, namely: Deciduous Dipterocarp Forest (dominated by Dipterocarpaceae) and 

Mixed Deciduous Forest (dominated by a range of families including Anacardiaceae, 

Combretaceae, Rubiaceae), which both occur at elevations up to 900 m above sea level and 

with mean annual rainfall of about 890 – 2100 mm (Bunyavejchewin et al. 2011; Khaing, 

2013; Ratnam et al., 2016). The communities are interspersed and it is thought that soil 

types may distinguish their distribution, with mixed deciduous forest occurring on less acidic 

and more fertile soils, whereas Deciduous Dipterocarp Forest occurs on more acidic, sandy 

and often shallow soils underlain by laterite (Bunyavejchewin et al., 2011). Whether there 

are differences in fire frequency between these communities is not well understood.  

Little is known about the herbaceous layer communities underlying Southeast Asian SDFs 

and whether these are associated in a complementary manner to the tree communities. 

Herb-layer components of Asian deciduous forests are intensively utilized by domestic and 

wild grazing animals, and also by humans for medicinal plants, food and building materials 

(Songer et al., 2011). Therefore a better understanding of the diversity and what drives 

patterns of diversity of herb layers in deciduous forests is warranted. The herb layer of 

Southeast Asian deciduous forests is often dominated by fire-tolerant and shade-intolerant 

grass species; many of these are C4 grasses, but it is visually apparent that the relative 

proportion of grass biomass versus forb biomass in the understory changes substantially 

across the deciduous forests (Ashton 2014). From research in other systems it is clear that 

the relative abundance of grasses versus forbs may reflect fire frequency (more fire = more 

grass) (Nepolo and Mapaure, 2012), light availability in the understory (more open canopy = 

more grass) (Charles-Dominique et al., 2018), but we could find scant literature indicating 

that soil fertility changed the relative abundance of grasses versus forbs (e.g. Craine et al., 

2001), though it does affect relative abundance of different C4 grasses (Fynn et al., 2005). 
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The actual variation in abundance of C4 versus C3 herbs have not been well quantified for 

Asian SDFs, and the drivers of this variation have not been established. To our knowledge, 

links between fire, canopy cover, soil properties, and herbaceous diversity, have not been 

simultaneously investigated, especially in Southeast Asian SDFs.  

 
2.  Objectives 

We studied composition, richness and structure of tree and herb-layer communities 

in a seasonally dry forest in central Myanmar.  

We wished to explore the following questions:  

(1) Do herbaceous communities cluster into different groups in a similar manner to 

tree species? (2) Are tree and herbaceous clusters differentiated by tree canopy 

cover, fire frequency, or soil characteristics?  

(3) How do tree canopy cover, fire frequency, and soils affect richness and 

abundance of C4 grasses?  

(4) Using this combined information, is there evidence that some or all communities 

could be described as savannas or forests?  

Since we were trying to establish whether the communities were forests or 

savannas, we refer to them only as ‘communities’ for the Methods, Results, and 

most of the Discussion until we address question (4).  

 

3.     Methodology 

3.1 Study location  
  

This research was carried out at the Chatthin Wildlife Sanctuary, which is located at 

the northern edge of central Myanmar’s Dry Zone (95°24´ - 95°40´ East, 23°30´ - 23°42´ 

North). Chatthin Wildlife Sanctuary was established in 1941 and covers an area of 268.2 

km². The climate is monsoonal with three seasons: a cool dry season (October - January), a 

hot dry season (February - May) and a wet season (June - September) (Songer et al., 2011). 

The annual precipitation ranges from 1270 to 1760 mm and the mean annual temperature is 

31oC. During the rainy season, about 60% of the Sanctuary is flooded due to its flat to gently 

undulating topography with an average elevation of about 200 m. The area burns annually 

from January to March, due to both human and natural causes (Aung et al., 2004). The soils 

are mostly alluvial sands and gravels mixed with sandstones (Aung et al., 2004).  

Three tree community types are recognized in Chatthin Wildlife Sanctuary: High Indaing, 

characterized by tall trees, and Low Indaing, characterized by short trees, both dominated 

by deciduous Dipterocarp species (e.g. Dipterocarpus tuberculatus, Shorea obtusa, Shorea 

siamensis), and Mixed Deciduous Forest, dominated by non-Dipterocarp deciduous species 

(Khant, 2017). These are thought to be the three major community types present in 

Chatthin Wildlife Sanctuary.  
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3.2 Vegetation Sampling  
 

We established 15 plots that local field staff of Chatthin Wildlife Sanctuary considered 

to represent the three community subtypes (5 for each type), namely Mixed Deciduous 

forest (hereafter MD), Low Indaing (LI) and High Indaing (HI) (Figure 1). The field inventory 

was conducted from July to August 2017 during the rainy season when all deciduous trees 

were fully leafed. 

 
Figure 1. A map of the study area in Chatthin Wildlife Sanctuary, central Myanmar. The map includes 

fire frequency data based from the MODIS Collection 6’s Archive of Active Fires 

(https://modis.gsfc.nasa.gov/data) and the location of the plots in the study area (HI = High Indaing, 

LI = Low Indaing, MD = Mixed Deciduous). 
 

At each site a standardized 50 m x 50 m plot design was used to measure plant data 

(Figure 2). Within the 50 m x 50 m plot, we sampled all trees with a diameter at breast 

height (DBH) ≥ 5 cm, and measured their DBH (cm), heights (m), basal diameter (below 30 

cm above the ground, but above the zone where root widening was apparent), coordinate 

position, and identified each tree to species. We then established twelve 2 m x 2 m subplots 

distributed systematically across the 50 m x 50 m square plot. Each subplot was divided in 

four - 1 m x 1 m quadrats; hence, a total of 48 quadrats per plot. In the top right 1 m x 1 m 

quadrat, all plant species were recorded, and their individual percentage cover estimated. 

Then any additional species were identified in the remaining three quadrats, to give the 

number (for abundance) and identity (for richness) of all species in each sub-plot. The first 

individual of each new species encountered was dug up, labeled and pressed to aid species 

identification.   

https://modis.gsfc.nasa.gov/data
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All collected species samples were taken to the Forest Research Institute at Yezin, 

Myanmar for identification and storage. Juveniles of trees and woody lianas encountered in 

the herb-layer data collection were recorded but removed from the herb-layer data 

described here. Woody shrubs not present in the tree data and therefore consigned to the 

understory, were retained in the herb-layer data. Each identified species of grass (Poaceae) 

or sedge (Cyperaceae) was classified as C3 or C4, following the lists provided in the global 

database of grass C3/C4 photosynthesis compiled by Osborne et al. (2014), and the sedge 

database complied by Bruhl and Wilson (2007).  

 
Figure 2. The outer 50 m x 50 m square plot sampling design, where all trees with DBH  5 cm were 

measured (Basal circumference, DBH, height). Tree cover was estimated by checking at the interval 

of 1m, on the four 50 m horizontal transects at 0, 15, 35 and 50 m tape reading along upside in each 

plot. Within the twelve 2 m x 2 m squares, all herbs were measured by dividing the surface into four 1 

m x 1 m squares and counted herb cover on the top-left 1 m x 1 m square of each 2 m x 2 m squares. 

The orange square represents the soil sampling. 

 

3.3 Environmental data 
We measured six environmental variables within each 50 m x 50 m plot, which 

included four soil chemical properties (N, P, K, and pH), canopy cover and fire frequency. 

Note that these environmental variables are just a subset of several possible driving factors 

of plant diversity and structure in Chatthin Wildlife Sanctuary.  

Soil chemical properties were derived from six soil samples taken at 0 - 15 cm depth in each 

plot. Soil samples are mixed for each plot, air-dried then sent to soil laboratory at the Forest 

Research Institute in Yezin, Myanmar for analysis. Nitrogen, phosphorus and potassium are 

key macronutrients for plant growth that have been linked to non-forest vegetation (Bond, 

2010). Soil pH can affect the accessibility of certain soil nutrients to plants (Kidd and Proctor, 

2001). 

Soil	cores	
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We estimated tree canopy cover by walking four parallel 50 m lines and checking 

whether there was overhead canopy at 1 m intervals (thus 51 x 4 = 204 sampling points). To 

ensure that we were looking vertically we used the height measurement pole when walking 

these transects. Tree cover (dimensionless fraction) was estimated as the number of points 

with overhead canopy divided by 204.  

We used satellite data to quantify fire frequency across the sites, as no ground data 

is available for Chatthin Wildlife Sanctuary. We made a fire frequency map using the MODIS 

(Moderate Resolution Imaging Spectroradiometer) burned area products 

(https://modis.gsfc.nasa.gov/data). We downloaded archived active fire data from January 

2001 to December 2017 (the maximum available sequence prior to sampling) using MODIS 

Collection 6, a remote-sensing product produced by USA’s NASA, and hosted in 

https://firms.modaps.eosdis.nasa.gov/download/ (Giglio et al., 2016, 2018). MODIS 

Collection 6 uses a fire detection algorithm that classifies all pixels (~1km2) in its swath as 

“missing data”, “cloud”, “fire”, “non-fire” or “unknown”. The location of all the “fire” pixels 

are then recorded and made available for download at a daily temporal resolution. For this 

analysis, since MODIS Collection 6 only allows “fire” pixels to be downloaded, each “fire” 

pixel was then centered and aligned to a 30-arc second (~1km) grid over the study extent. 

Each grid pixel was then scored ‘1’ if it was a “fire” pixel for at least once for a particular 

year, or ‘0’ if otherwise, thus each can get a maximum score of 17 used as fire frequency 

values. The fire frequency score for each sampling site was then extracted using the ‘extract’ 

function in the R package raster (Hijmans, 2019).  

 

 3.4 Statistical analysis  

All analyses were processed using R software (v.3.0.2; R Foundation for Statistical 

Computing, Vienna, Austria). Prior to analyses, we constructed species accumulation curves 

of the tree and herb data for each of the 15 plots to check whether our sampling was 

sufficient or not. We concluded that our sampling was sufficient for the herb layer but 

possibly under-sampled for the trees (Figure S1 and S2, Supporting Information).  

To address our first question, whether herb layer composition matched overstory tree 

composition and was partitioned into the same community groups, we sought to (1) verify 

that our initial plot classification was supported by the composition data, and (2) test 

whether the tree data only, herb data only, and combined tree and herb data, clustered 

similarly. Using this analysis we also sought to determine whether the data clustered into 

two groups (mixed deciduous and dry Dipterocarp communities) or three clusters (mixed 

deciduous and two types of dry Dipterocarp communities, High Indaing and Low Indaing). 

We classified the plots in our study using hierarchical clustering with principal components 

(HCPC) using the R package FactoMineR (Husson et al.,  2018) using species presence-

absence data (Pasion et al., 2018). The HCPC method first generates the data in a 

hierarchical tree using Ward's criterion and then the identified clusters are mapped onto the 

PCA axes generated by the same data and K-means clustering reassigns individual plots to 

different clusters based on the nearest cluster means to each plot. For our analyses we use 

https://modis.gsfc.nasa.gov/data
https://firms.modaps.eosdis.nasa.gov/download/
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only the clustering based on Ward’s criterion, as we have previously demonstrated this to 

be effective for clustering tropical forest communities in Southeast Asia (Pasion et al., 2018). 

We removed all species that had fewer than four individuals from each data matrix prior to 

clustering. For the combined species clusters we also calculated species relative importance 

value (RIV) using the function “importancevalue” in the R package BiodiversityR (Kindt, 

2018) to identify the ten most important species of different life forms at each forest type. 

The RIV is a combination of three parameters: relative frequency, relative abundance and 

relative dominance (Kent, 2011). 

Second, we used the derived clusters based on the combined tree and herb data to 

compare environmental and structural differences between the communities. 

Environmental comparisons included fire frequency, tree cover, and soil properties. 

Structural comparisons included species richness of trees, herbs, and C4 grasses, abundance 

of tree stems and abundance and cover of C4 grasses.  Most data was normally distributed, 

so group comparisons were conducted with ANOVA and posthoc Tukey’s HSD tests (Table 

2). However, species richness was modelled with poisson errors, so group comparisons were 

conducted with Chi-square tests.  

Third, we tested whether vegetation patterns (richness, abundance, basal area for 

trees / cover for the herb layer) were associated with the environmental predictors, 

separately for each predictor. Plot-level tree species richness and abundance were taken as 

the total number of species and individuals recorded in the plot, and basal area was the 

summed stem cross-sectional area of all trees measured at DBH across the plot. Plot-level 

herb-layer richness was taken as the total number of species recorded in all 48 1 m x 1 m 

squares across the 50 m x 50 m plot. Abundance was recorded as the number of times each 

species was encountered across the 50 m x 50 m plot. Species cover was the total combined 

cover across the 12 sampled 1 m x 1 m squares in each 50 m x 50 m plot. We did not 

attempt multi-predictor analyses due to the low amount of replication (15 plots). Species 

cover, abundance, and species richness were tested using lm and glm modelling, 

respectively.  

 

4.      Result  

4.1 Composition and Community Classification 
 

Across the 15 sampled plots, we identified 159 morphospecies, of which 67 were trees 

(mean per plot ± standard deviation: 21.8 ± 10.5, ranging from 8 to 47) and the remaining 

91 (29.9 ± 6.3, ranging from 17 to 39) were species of the herb layer community (excluding 

tree seedlings), including 22 C4 species (6.6 ± 1.9, ranging from 3 to 10, including 1 

Cyperaceae and 21 Poaceae species). Two Poaceae and three Cyperaceae species are still 

unidentified, so potentially there are more C4 species in the sample. The abundance of trees 

was 197.5 ± 82.7, the abundance of herb layer plants was 272.5 ± 67.4, of which the 

abundance of C4 plants was 71.2 ± 25.9.  

Ward’s clustering with the tree data identified three clusters, one containing four MD 

plots, one containing four HI plots, and the remaining cluster containing all LI plots plus MD1 
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and HI4 (Figure 3). Ward’s clustering with the herb-layer data generated three clusters, one 

with four MD sites, one with all the LI sites, and one with all HI sites and MD1. The 

combined tree and herb data generated the identical three clusters to those generated by 

the herb-layer data. The overall pattern suggests that MD2 - MD5, LI1 - LI5, and HI1 - HI3, 

HI5 were stable across tree, herb-layer and combined tree and herb-layer clustering. For the 

remaining analyses we used the clusters generated by combined tree and herb layer data 

(MD1 included with HI sites). The top 10 species of trees and herb-layers with highest 

importance value in each of three communities are given in Table 1.  
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Table 1. Ten dominant species of different life-forms at each community type represented with their importance values (IV). The IV of the trees was 

calculated as the sum of frequency, count and basal area (cm
2
) of the trees, while frequency, count and cover were used to calculate the IV of herbaceous 

layer species. Juvenile trees were excluded from the herbaceous layer data prior to IV calculation. 

Trees Mixed deciduous Low Indaing High Indaing 

Species Family F C BA  
IV 
F 

C BA  IV F C BA  IV 

Buchanania cochinchinensis Anacardiaceae         1 91 8435 13.1 0.6 93 11992 10 

Gluta usitata Anacardiaceae                 0.6 153 14317 12.9 

Lannea coromandelica Anacardiaceae 1 36 15100 9.9 1 82 3929 10.5         

Holarrhena antidysenterica Apocynaceae 0.7 106 10199 12.3                 

Celtis timorensis Cannabaceae 1 60 14297 11.3 1 80 7593 12.1 0.9 176 6441 12.9 

Lophopetalum wallichii Celastraceae 1 39 13905 9.8         0.9 103 21211 14.6 

Terminalia tomentosa Combretaceae 1 32 17172 10.4 1 111 12934 16.3 0.9 62 6292 8.6 

Dillenia parviflora Dilleniaceae         1 131 7643 14.8 0.9 136 11416 12.9 

Shorea oblongifolia Dipterocarpaceae         1 269 59348 46.6         

Shorea siamensis Dipterocarpaceae 1 40 10958 8.8 1 76 6334 11.3 0.6 368 41701 29 

Shorea obtusa Dipterocarpaceae 0.5 67 27276 14.8                 

Dipterocarpus tuberculatus Dipterocarpaceae  0.5 152 45365 26.4 1 203 54609 40.9 1 597 166625 76.9 

Bombax insigne Malvaceae         1 121 3703 12.4 0.7 74 4004 7.6 

Chukrasia tabularis Meliaceae 1 53 7760 8.7                 

Aldina cordifolia Rubiaceae 1 47 27160 14.7                 

Dioecrescis erythroclada Rubiaceae         1 294 14339 26.4         

Tamilnadia uliginosa Rubiaceae                 0.6 190 1163 10.4 

Table 1 (cont.) 

Herbaceous layer Mixed Deciduous Low Indaing High Indaing 

Species Family F A C IV F A C IV F A C IV 

Syngonium sp Araceae 0.8 35 4.2 11.1                 

Commelina benghalensis Commelinaceae                 0.7 76 14.4 14 

Costus speciosus Costaceae 1.0 36 7.8 15.4                 
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Cyperaceae 3 Cyperaceae                 0.1 46 72.1 29.8 

Dioscorea persimilis Dioscoreaceae 0.8 57 9.2 18                 

Premna herbacea Lamiaceae         0.8 29 6.1 10.6         

Premna sp Lamiaceae         1.0 45 15.5 19.9 0.7 55 8.3 10.4 

Hibiscus furcatus Malvaceae         1.0 35 4.3 11.1         

Hibiscus fragrans Malvaceae 1.0 40 4.8 13.3         0.9 76 7 12.1 

Andropogon ascinodis  Poaceae C4         1.0 34 6.2 12.3         

Andropogon fastigiatus Poaceae C4 0.8 39 8 14.8         0.9 84 20.6 17.5 

Aristida funiculate Poaceae C4         0.8 69 18.2 23.3         

Dendrocalamus strictus Poaceae 0.8 26 5.8 11.4                 

Eragrostis nigra Poaceae C4                 0.9 98 19.3 17.9 

Grass 2 Poaceae         0.8 75 3.2 13.7         

Saccharum ravennae Poaceae C4 0.5 37 15.1 19.3         0.7 93 27.5 19.8 

Setaria lutescens  Poaceae         1.0 57 10.8 18 0.7 65 8.1 11 

Hedyotis diffusa Rubiaceae         1.0 34 3.5 10.4         

Smilax macrophylla Smilacaceae 0.8 47 8 15.8                 

Cissus 1 Vitaceae                 0.9 51 5.2 9.8 

Curcuma petiolata Zingiberaceae 1.0 51 3.9 14 1.0 53 7.3 15.1         

Kaempferia candida Zingiberaceae 1.0 28 4.7 11.7 0.8 36 5.5 11 0.7 76 12 13.1 
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Figure 3.Cluster generated by hierarchical clustering on principal components (HCPC) on the 

presence-absence plot data for the study area (a) Tree DBH  5cm only (b) herb-layer only, and (c) 

combined tree DBH 5cm and herb-layer data. Clusters were constructed after removing all 

singletons, doubletons and tripletons, from the three data matrices. 
 

4.2 Environmental and vegetation structure variations among the 
community types 

 

Several environmental variables and vegetation parameters differed significantly 

amongst the community types based on ANOVAs and posthoc tests (Table 2, Figures 4 and 

5). Several other environmental variables and vegetation parameters show visually apparent 

differences among community types that are not significantly different. We describe these 
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as well because the lack of statistical difference is potentially due to the small sample size (n 

= 15).   

Table 2. Variance analysis results on the environmental and vegetation structure variables for the three 

community types. Pseudo-R
2 
estimates for poisson-type models are calculated according to the Cragg-

Uhler method. Variance analyses conducted with ANOVA for normally-disitrbuted variables and with 

Chi-square tests for Poisson-distributed variables.  Bold values indicate models with significantly 

explained variance (P < 0.1). 

Predictors Transformation Multiple R
2
 value P-value 

    

Environmental variables  
  

Fire-frequency  0.20 0.269 

Tree-cover  0.49 0.017 

Soil total N  0.26 0.169 

Soil total P loge 0.30 0.111 

Soil total K ()
1/2 

0.40 0.048 

pH ()
1/2 

0.35 0.078 

Vegetation  structure  
  

Tree: basal area  0.35 0.078 

Tree: abundance  0.48 0.020 

Tree: richness Poisson model 0.94 <0.001 

Herb layer: cover  0.06 0.686 

Herb layer: abundance  0.14 0.408 

Herb layer: richness Poisson model 0.31 0.06 

C4: cover  0.08 0.590 

C4: abundance  0.49 0.018 

C4: richness Poisson model 0.24 0.13 
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Figure 4.Environmental variation across different identified community types (HI = High Indaing, LI 

= Low Indaing, MD = Mixed Deciduous). Significant differences between groups based on Tukey 

HSD pairwise tests are indicatedwithdifferent letters. 
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Figure 5. Vegetation structure across different identified community types (HI = High Indaing, LI = 

Low Indaing, MD = Mixed Deciduous). Significant differences between groups based on Tukey HSD 

pairwise tests are indicated with letters. 

 

 

Among environmental parameters, tree cover, soil potassium (K) were significantly 

greater for MD plots than LI plots (with HI plots having intermediate values). Soil nitrogen 

(N) and soil phosphorus (P) were not statistically different, but the boxplot of data suggests 

that MD plots had higher ranges of N and P than HI or LI  (Figure 4). The ANOVA for soil pH 

was significant at 0.1 level and the boxplots suggest pH may be greater for HI than LI plots, 

with MD having intermediate values. Fire frequency did not differ significantly across 

community types, with the average number of fires ranging from 3 to 5 fires over 17 years 

across the 3 community types.  
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Among plant structure parameters, tree basal area and tree species richness were 

greater for MD communities than LI or HI plots, whereas tree abudance was greatest for LI 

and least for HI. For herb-layer, richness was higher in MD than HI communities (LI was 

intermediate). For C4 plants, abundance was significantly greater for HI and LI communities 

than MD communities, and richness ranged at higher values for LI and HI communities than 

MD communities (not significant due to outlier in HI).  

 

4.3 Vegetation associations with environmental variables 
 

When the vegetation data was treated as continuous rather than grouped by community 

type, several parameters showed significant associations to environmental variables (Table 

3). Tree basal area was positively related to tree cover, soil N and soil P, tree abundance was 

negatively related to soil K, and tree richness was positively related to fire frequency, tree 

cover, soil N, soil phosphorus and soil potassium. Herb-layer richness was only negatively 

related to soil pH. C4 abundance was negatively related to tree cover, soil N and soil P, and 

C4 richness was negatively related to tree cover. 

 

4.4 Community types identified using the combination of tree data and 

herbs data 
 

Community classifications of the plots based on the tree data only, herb-layer data only, 

and the combined tree and herb-layer data identified the three community types with few 

changes. The major differences among the clustering results were that one plot of MD and 

HI each moved positions and were assigned to LI or HI community types. This suggests that 

the tree and herb-layer communities of MD, LI and HI are each distinctive. Notably the herb 

data and the total data generated consistent classifications, but the tree data classified two 

plots (MD1 and HI4), with LI. MD1 had much lower species richness than the other MD plots 

(Figure S1, Supplementary Materials), and both MD1 and HI4 had 3 species commonly 

associated with LI, Buchanania cochinchinensis Dillenia parviflora, and Shorea oblongifolia. 

Chatthin Wildlife Sanctuary is heavily utilized by local communities for timber and other 

resources (Songer et al., 2011), so it is possible that the few disagreements in the plot data 

between herb-layer and tree clustering are due to timber harvesting. Using both tree and 

herb-layer data to identify communities may go some way to overcoming the effects of 

human interference, because of increased pools of species available to identify each group 

using presence-absence data as applied here (Pasion et al., 2018). It is also possible that 

increased plot sampling could stabilize the community types as the distinctive species of 

each community are more strongly detected by the clustering algorithm. 

 

4.5 Fire frequency does not differ among community types  
 

We found no evidence that fire frequency explains differences between the 

communities and only tree richness increased with fire frequency recorded during the prior 

17 fire seasons (see Methods). There are several possible interpretations of this finding. 
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First, the fire frequency data may not be of sufficiently high quality to distinguish fine-scaled 

variability because they are based on low-resolution (1 km2) satellite data. Further, there is 

some debate about how well MODIS detects ground-burning fires under dense canopies 

(Kobsak Wanthongchai, pers. comm. 2014). This corroborates with the local knowledge of 

the field guides who assisted with the sampling, as they claimed that the fire frequency 

maps we used for locating plots are inaccurate. This suggests that our fire data likely 

underestimates the true number of fires happening in each of our sampling plots in Chatthin 

Wildlife Sanctuary. This leads to the second interpretation, that fire is a common disturbance 

experienced by all community types at Chatthin Wildlife Sanctuary, and by extension, in all 

the Deciduous Dipterocarp and Mixed Deciduous communities in Southeast Asia (Rundel and 

Boonpragob, 1995; Wanthongchai et al., 2011; Baker and Bunyavejchewin, 2017). Certainly 

there is an accumulating body of evidence that tree species in the communities possess 

functional adaptations for coping with fire, including thick bark that protects cambium from 

fire, subcutaneous lateral meristems protected from fire, strong resprouting ability post fire, 

and substantial reserve storage in roots to support resprouting post-fire (Stott, 1988; 

Whelan, 1997; Marod et al., 2002; Ratnam et al., 2016). Recent experimental work in 

Deciduous Dipterocarp communities in Vietnam has demonstrated that fire has a strong 

selective effect on juvenile classes, causing severe mortality of dominant tree species 

(Nguyen et al., 2019). Given that long-term suppression of fire creates suitable conditions for 

destructive crown fires (Stott, 1988), it would be useful to extend fire manipulation to mixed 

deciduous communities and to develop longer-term fire experiments with multiple fire 

intervals to understand structural development and to develop benchmark fire management 

regimes. Presently these are lacking in Asia. 

 

4.6 Tree canopy differs between community types and affects C4 
abundance and richness. 
 

Tree canopy cover and tree richness were greater for MD plots than HI or LI (Figure 4). 

Tree canopy cover was positively associated with tree basal area and tree richness, but had 

negative effects on C4 abundance and richness (Table 3), consistent with observations across 

savanna-forest transitions in Africa (Charles-Dominique et al., 2018) and South America 

(Hoffmann et al., 2012). LI, HI and MD communities had mean tree cover of 50.8% (95% CI: 

42.7 to 58.8), 59.7% (95% CI: 42.1 to 77.4) and 77.2% (95%: 71.9 to 82.5) respectively. Thus 

LI has a high C4 abundance and low tree canopy cover (<60%), consistent with physiognomic 

descriptions of the savanna biome, HI has high C4 abundance but a range of tree cover 

values that overlaps values thought to be typical for savannas and forests (Hirota et al., 

2011; Staver et al., 2011), whereas MD has low C4 abundance and high tree canopy cover (> 

70%) previously identified as forest biome (Hirota et al., 2011; Staver et al., 2011). The 

combined evidence of frequent fires, open tree canopies and high C4 abundance suggest 

that the Dipterocarp-dominated LI can be classified as savanna. The higher tree cover but 

abundant C4 understory suggest that the Dipterocarp-dominated HI cannot yet be 

unequivocally located to savanna or fores . The understory structure of MD is less grassy 
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than the other two communities, suggesting that MD does not match savanna for at least 

two criteria - low C4 diversity and high tree canopy cover, but the community still appears to 

be fire-adapted. Fire in these communities is sustained by substantial leaf litter from the 

deciduous trees each year (Stott 1988; Wanthongchai et al., 2011; personal observations by 

the authors in Chatthin Wildlife Sanctuary). The deciduous nature of these communities may 

be the key reason that they sustain fire in spite of low grass biomass, in contrast to well-

studied savanna-forest boundaries in the Cerrado, South Africa and West Africa where fire is 

restricted to savanna and does not move into the forest except in unusually dry years 

(Hoffmann et al., 2012; Oliveras and Malhi, 2016; Charles-Dominique et al., 2018). In those 

systems the forest canopy is dominated by evergreen or semi-deciduous species, meaning 

that the understory vegetation may not dry out as severely nor do they generate as much 

leaf litter as in the deciduous communities of South and Southeast Asia ( Stott, 2000; Franco 

et al., 2006; Hennenberg et al., 2006; Wanthongchai et al., 2011). Thus MD is a community 

that appears to be well-adapted to fire, but is physiognomically closer to forest. 
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Table 3. Plant functional group responses to environmental variables. Coefficients of determination (R
2
) and model variance tests (F tests for normal data and 

Chi-square tests for Poisson data) are given for all models. Signs of regression slope coefficients are given only for models with significant (P < 0.1) variance 

explained. Pseudo-R
2 
estimates for Poisson-type models are calculated according to the Cragg-Uhler method. 

Response Fire frequency  Tree cover  N  P  K  pH  

 R2 P(F) Coef. R2 P(F) Coef. R2 P(F) Coef. R2 P(F) Coef. R2 P(F) Coef. R2 P(F) Coef. 

Tree basal area 0.04 0.493  0.33 0.026 + 0.43 0.008 + 0.32 0.029 + 0.02 0.587  0.01 0.667  

Herb-layer cover 0.00 0.847  0.02 0.662  0.03 0.538  0.03 0.525  0.05 0.424  0.04 0.485  

C4 cover 0.03 0.556  0.12 0.199  0.00 0.763  0.06 0.369  0.04 0.484  0.10 0.240  

                   

Tree abundance 0.00 0.831  0.05 0.416  0.00 0.946  0.00 0.920  0.21 0.088 - 0.35 0.298  

Herb-layer abundance 0.01 0.669  0.00 0.861  0.02 0.635  0.00 0.764  0.07 0.343  0.00 0.946  

C4 abundance 0.08 0.294  0.39 0.012 - 0.36 0.018 - 0.22 0.074 - 0.04 0.459  0.02 0.600  

                   

Tree richness 0.36 0.01 + 0.82 <0.001 + 0.91 <.001 + 0.60 <.001 + 0.42 0.004 + 0.02 0.595  

Herb-layer richness 0.15 0.12  0.13 0.15  0.08 0.27  0.06 0.36  0.09 0.24  0.29 0.02 - 

C4 richness 0.01 0.76  0.18 0.09 - 0.08 0.27  0.16 0.10  0.05 0.39  0.07 0.30  
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4.7 Soil fertility differs between savanna and forest types 
 

The three community types could be distinguished on the basis of soil properties. MD 

had significantly greater soil K and also appeared to occur at higher ranges of soil P and N 

(Figure 4). This all suggests that soil fertility is greater in MD than the two deciduous 

Dipterocarp-dominated communities (Troup, 1921; Champion and Seth, 1968). Across plots, 

tree basal area increased with increasing soil N and soil P (Table 3). Given that fire is found 

in all three communities, this suggests that the environmental driver controlling tree density 

and tree cover, and by extension, switches between Dipterocarp communities (LI and HI) 

and Mixed Deciduous forest (MD), is soil fertility (Lloyd et al., 2008) or soil water availability 

(Rodriguez-Iturbe et al., 2019). Potassium has previously been identified as a probable key 

nutrient constraining plant growth in savannas (Bond, 2010). Presently we lack any data to 

test whether soil water is constraining, although its probable role has been highlighted 

before (Bunyavejchewin et al., 2011) so this needs proper examination in the future. 

Transitions between community types appeared to be quite abrupt (personal observation), 

and the community types are interspersed (see Figure 1), probably reflecting soil 

heterogeneity created by the alluvial history of the soils (Aung et al., 2004). With respect to 

nutrients, given that fire is part of all communities involved, it seems probable that positive 

feedbacks between fire and grass do not maintain the vegetation transitions between 

Dipterocarp Savanna and Mixed Deciduous Forest; rather the boundaries are maintained by 

soil constraints on tree growth (Lloyd et al., 2008; Bond, 2010). Long-term planned fire 

frequency manipulation experiments could disentangle how soil and fire processes interact 

to drive the community differences 
 

5.    Discussion 

5.1 Community types identified using the combination of tree data and 

herbs data 
 

Community classifications of the plots based on the tree data only, herb-layer data 

only, and the combined tree and herb-layer data identified the three community types with 

few changes. The major differences among the clustering results were that one plot of MD 

and HI each moved positions and were assigned to LI or HI community types. This suggests 

that the tree and herb-layer communities of MD, LI and HI are each distinctive. Notably the 

herb data and the total data generated consistent classifications, but the tree data classified 

two plots (MD1 and HI4), with LI. MD1 had much lower species richness than the other MD 

plots (Figure S1, Supplementary Materials), and both MD1 and HI4 had 3 species commonly 

associated with LI, Buchanania cochinchinensis Dillenia parviflora, and Shorea oblongifolia. 

Chatthin Wildlife Sanctuary is heavily utilized by local communities for timber and other 

resources (Songer et al., 2011), so it is possible that the few disagreements in the plot data 

between herb-layer and tree clustering are due to timber harvesting. Using both tree and 

herb-layer data to identify communities may go some way to overcoming the effects of 

human interference, because of increased pools of species available to identify each group 

using presence-absence data as applied here (Pasion et al., 2018). It is also possible that 
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increased plot sampling could stabilize the community types as the distinctive species of 

each community are more strongly detected by the clustering algorithm. 

 

5.2 Fire frequency does not differ among community types  
 

We found no evidence that fire frequency explains differences between the 

communities and only tree richness increased with fire frequency recorded during the prior 

17 fire seasons (see Methods). There are several possible interpretations of this finding. 

First, the fire frequency data may not be of sufficiently high quality to distinguish fine-scaled 

variability because they are based on low-resolution (1 km2) satellite data. Further, there is 

some debate about how well MODIS detects ground-burning fires under dense canopies 

(Kobsak Wanthongchai, pers. comm. 2014). This corroborates with the local knowledge of 

the field guides who assisted with the sampling, as they claimed that the fire frequency 

maps we used for locating plots are inaccurate. This suggests that our fire data likely 

underestimates the true number of fires happening in each of our sampling plots in Chatthin 

Wildlife Sanctuary. This leads to the second interpretation, that fire is a common 

disturbance experienced by all community types at Chatthin Wildlife Sanctuary, and by 

extension, in all the Deciduous Dipterocarp and Mixed Deciduous communities in Southeast 

Asia (Rundel and Boonpragob, 1995; Wanthongchai et al., 2011; Baker and Bunyavejchewin, 

2017). Certainly there is an accumulating body of evidence that tree species in the 

communities possess functional adaptations for coping with fire, including thick bark that 

protects cambium from fire, subcutaneous lateral meristems protected from fire, strong 

resprouting ability post fire, and substantial reserve storage in roots to support resprouting 

post-fire (Stott, 1988; Whelan, 1997; Marod et al., 2002; Ratnam et al., 2016). Recent 

experimental work in Deciduous Dipterocarp communities in Vietnam has demonstrated 

that fire has a strong selective effect on juvenile classes, causing severe mortality of 

dominant tree species (Nguyen et al., 2019). Given that long-term suppression of fire 

creates suitable conditions for destructive crown fires (Stott, 1988), it would be useful to 

extend fire manipulation to mixed deciduous communities and to develop longer-term fire 

experiments with multiple fire intervals to understand structural development and to 

develop benchmark fire management regimes. Presently these are lacking in Asia. 
 

5.3 Tree canopy differs between community types and affects C4 

abundance and richness 

Tree canopy cover and tree richness were greater for MD plots than HI or LI (Figure 4). 

Tree canopy cover was positively associated with tree basal area and tree richness, but had 

negative effects on C4 abundance and richness (Table 3), consistent with observations 

across savanna-forest transitions in Africa (Charles-Dominique et al., 2018) and South 

America (Hoffmann et al., 2012). LI, HI and MD communities had mean tree cover of 50.8% 

(95% CI: 42.7 to 58.8), 59.7% (95% CI: 42.1 to 77.4) and 77.2% (95%: 71.9 to 82.5) 

respectively. Thus LI has a high C4 abundance and low tree canopy cover (<60%), consistent 

with physiognomic descriptions of the savanna biome, HI has high C4 abundance but a range 
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of tree cover values that overlaps values thought to be typical for savannas and forests 

(Hirota et al., 2011; Staver et al., 2011), whereas MD has low C4 abundance and high tree 

canopy cover (> 70%) previously identified as forest biome (Hirota et al., 2011; Staver et al., 

2011). The combined evidence of frequent fires, open tree canopies and high C4 abundance 

suggest that the Dipterocarp-dominated LI can be classified as savanna. The higher tree 

cover but abundant C4 understory suggest that the Dipterocarp-dominated HI cannot yet be 

unequivocally located to savanna or fores . The understory structure of MD is less grassy 

than the other two communities, suggesting that MD does not match savanna for at least 

two criteria - low C4 diversity and high tree canopy cover, but the community still appears to 

be fire-adapted. Fire in these communities is sustained by substantial leaf litter from the 

deciduous trees each year (Stott 1988; Wanthongchai et al., 2011; personal observations by 

the authors in Chatthin Wildlife Sanctuary). The deciduous nature of these communities 

may be the key reason that they sustain fire in spite of low grass biomass, in contrast to 

well-studied savanna-forest boundaries in the Cerrado, South Africa and West Africa where 

fire is restricted to savanna and does not move into the forest except in unusually dry years 

(Hoffmann et al., 2012; Oliveras and Malhi, 2016; Charles-Dominique et al., 2018). In those 

systems the forest canopy is dominated by evergreen or semi-deciduous species, meaning 

that the understory vegetation may not dry out as severely nor do they generate as much 

leaf litter as in the deciduous communities of South and Southeast Asia ( Stott, 2000; Franco 

et al., 2006; Hennenberg et al., 2006; Wanthongchai et al., 2011). Thus MD is a community 

that appears to be well-adapted to fire, but is physiognomically closer to forest. 

 

5.4 Soil fertility differs between savanna and forest types 

The three community types could be distinguished on the basis of soil properties. MD 

had significantly greater soil K and also appeared to occur at higher ranges of soil P and N 

(Figure 4). This all suggests that soil fertility is greater in MD than the two deciduous 

Dipterocarp-dominated communities (Troup, 1921; Champion and Seth, 1968). Across plots, 

tree basal area increased with increasing soil N and soil P (Table 3). Given that fire is found 

in all three communities, this suggests that the environmental driver controlling tree density 

and tree cover, and by extension, switches between Dipterocarp communities (LI and HI) 

and Mixed Deciduous forest (MD), is soil fertility (Lloyd et al., 2008) or soil water availability 

(Rodriguez-Iturbe et al., 2019). Potassium has previously been identified as a probable key 

nutrient constraining plant growth in savannas (Bond, 2010). Presently we lack any data to 

test whether soil water is constraining, although its probable role has been highlighted 

before (Bunyavejchewin et al., 2011) so this needs proper examination in the future. 

Transitions between community types appeared to be quite abrupt (personal observation), 

and the community types are interspersed (see Figure 1), probably reflecting soil 

heterogeneity created by the alluvial history of the soils (Aung et al., 2004). With respect to 

nutrients, given that fire is part of all communities involved, it seems probable that positive 

feedbacks between fire and grass do not maintain the vegetation transitions between 

Dipterocarp Savanna and Mixed Deciduous Forest; rather the boundaries are maintained by 
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soil constraints on tree growth (Lloyd et al., 2008; Bond, 2010). Long-term planned fire 

frequency manipulation experiments could disentangle how soil and fire processes interact 

to drive the community differences. 
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