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Introduction
Identifi cation of forest types in combination with their 
associated topographies and soil conditions is essen-
tial for understanding forest ecosystems. In Cambodia, 
deciduous forests are predominant, comprising 38.2% of 
the forested area (Ministry of Environment [MoE], 2018). 
Deciduous forests primarily occur within fi ve prov-
inces (Mondulkiri, Preah Vihear, Kratie, Stung Treng, 
and Ratanakiri) in northeast Cambodia; these comprise 
79.0% of deciduous forests in Cambodia (MoE, 2018). In 
the Cambodian Forestry Administration (FA) forest clas-
sifi cation system, deciduous forests include deciduous 
(dry) dipterocarp forests and dry mixed deciduous 
forests (FA, 2018). Deciduous dipterocarp forests are 
described as “forêt claire” (Rollet, 1972) or deciduous 
dipterocarp forests or woodlands (Rundel, 1999); they 
exist throughout Indo-Burma (Ashton, 2014) and on skel-
etal or arid soils up to approximately 600 m elevation in 
Cambodia (Rollet, 1972; Rundel, 1999). 

 Deciduous dipterocarp forests have been further 
subdivided into four types (or subtypes of forest) in 
Cambodia, each representing distinct combinations of a 
small number of deciduous species of Dipterocarpaceae 
(Rollet, 1972). One type of deciduous dipterocarp forest is 
characterized by dominance of Dipterocarpus tuberculatus 

Roxb. (khlong in Khmer), Shorea obtusa Wall. ex Blume 
(phchek), and Terminalia alata Heyne ex Roth (chhlik) of the 
Combretaceae, which favours plinthite soils (“laterite” 
in Rollet, 1972). This most predominant type of forest 
exhibits generally moderate species richness, and a 
similar fl oristic structure extends broadly across main-
land Southeast Asia (Rundel, 1999). The second forest 
type is characterized by strong dominance of Shorea 
siamensis Miq. (raing phnom), which is the most tolerant 
of dry habitat conditions among the deciduous species of 
dipterocarps (Rundel, 1999). This type of forest occupies 
sites with eroded leptosols (or lithosols) or skeletal soils, 
such as soils that occur over young basalt fl ows (Rollet, 
1972; Rundel, 1999). The third forest type is characterized 
by strong dominance of Dipterocarpus obtusifolius Teijsm. 
ex Miq. (tbeng) (Rollet, 1972). This type grows on sandy 
soils that experience seasonal fl ooding (Rundel, 1999; 
Hiramatsu et al., 2007; Ito et al., 2017b). The above three 
types were also reported by Tani et al. (2007). The fourth 
type exhibits the greatest species richness with charac-
teristic dominance by Dipterocarpus intricatus Dyer (trach) 
in upper stature (Rundel, 1999; Hiramatsu et al., 2007). 
Soil conditions under this forest type generally consist of 
sandy siliceous soil horizons over clay or laterite layers at 
20–40 cm depth (Rundel, 1999). 

Abstract
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 As described above, these four types of deciduous 
dipterocarp forests have been categorized based on 
the topography, geology, and soils within the habitat. 
However, the fi ndings thus far have only described 
typical habitat patt erns; they have not suffi  ciently exam-
ined how these types are distributed in space, at which 
scale, and what features exist near the boundaries 
between the diff erent forest types, i.e., transitional forms 
between the diff erent types of deciduous dipterocarp 
forests. Determining the spatial distribution patt erns of 
typical and transitional forms, as well as their spatial 
scales, would provide key information regarding the 
conservation and sustainable use of these forests. Such 
data would provide necessary information for conserva-
tion planning, such as the extent of area to conserve, the 
site characteristics to include, and the nature of sustain-
able forest conditions for each site.

 The objective of the present study was to determine 
the spatial distribution patt erns of the fi rst and second 
types of deciduous dipterocarp forests, and the tran-
sitional forms between these within an area of several 
hectares. The study was conducted on the terrace surface 
of the Mekong River in Kratie Province, on the east side 
of the river. Although most topography is fl at in Kratie 
Province, some undulations are present in forested areas. 
Topographical patt erns refl ect soil conditions and govern 
water/groundwater fl ows, and thus potentially aff ect tree 
or understory species composition and stand structure. 
We established a 4 ha permanent sample plot, assessed 
spatial heterogeneity in vegetation properties, and exam-
ined relationships between species composition (or 
distribution) and topographic patt erns.

Methods

Research site

Our 4 ha study plot (200 × 200 m) included a meteorolog-
ical observation site and was located 50 km north of the 
Kratie provincial capital in eastern Cambodia (12.92°N, 
106.20°E; elevation: 74–85 m; Fig. 1). The region has a 
dry season extending from November to April. Annual 
rainfall (mean ± standard deviation) was 1,643 ± 272 
mm during 2000–2010 (National Institute of Statistics, 
2012) and mean annual temperature was 27 °C (Iida et 
al., 2016). Tertiary and quaternary sedimentary rocks 
and basalts underlie forests located on the Mekong River 
terrace (Ohnuki et al., 2008; Toriyama et al., 2010; Ohnuki 
et al., 2012). These forests experience a fi re regime caused 
by surface fi res almost every year, and the aboveground 
portion of dead forest fl oor vegetation almost burns 
during the dry season. Logging or fuelwood collection 

was not allowed in the study forest. However, illegal 
logging did occur occasionally. There was no grazing. 

 The study plot encompassed a toposequence from hill 
tops (i.e., elevated sections in the southeastern portion 
of the plot) to foot slopes, plains and fl ood plains (i.e., 
fl at areas in the northwestern portion of the plot). The 
main stream fl ows from west to northeast, and two small 
streams enter from the south (Fig. 2A). The soil types 
were outlined by Ito et al. (2017a) (Fig. 2B). Soil thickness 
measurements were conducted using a dynamic cone 
penetrometer at 41 points in and around the study plot 
(Ohnuki et al., 2008; adding 17 points to Ito et al., 2017a; 
Fig. 2C). Topography, soil type, and soil thickness were 
associated with each other in the study plot (Fig. 2D). The 
hills contained leptosols (Food & Agriculture Organiza-
tion soil classifi cation), in which the basaltic bedrock was 
often exposed. Leptosols are shallow (<1 m deep and 
primarily <50 cm deep) debris soils (Figs. 2B–C; Ohnuki 
et al., 2012). Plinthosols (i.e., clay soils that possess a hard 
plinthite layer with large accumulations of iron) are 
distributed in the foot slopes and plains, except near small 
streams (Ohnuki et al., 2012). In the area of plinthosols 
located at the foot slope near the arenosol boundary, fi ne 
debris and large weathered basalt debris (probably trans-
ported from the hill tops) occur at a thickness of >50 cm 
within a 1 m deep soil pit (Ohnuki et al., 2014). Arenosols 
(i.e., thick sandy soils) are located in the fl ood plains and 
plains near the streams. Coarse-rounded quartz ite gravel 
has been found on the ground surface along the stream 
(Ohnuki et al., 2022). Plinthosols and arenosols exhibit 
signifi cantly deeper soils (1.0–2.5 m deep), compared 

Fig. 1 Location of study site (solid circle) in Kratie Province 
(white area), Cambodia. Dark gray areas and lines indicate 
water bodies and rivers, respectively. 
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with leptosols (Figs. 2B–C; Ito et al., 2017a). Water storage 
capacity in the study plot is directly proportional to soil 
thickness, considering an eff ective porosity identical to 
the three soil types (0.15 m3 m−3, Ohnuki et al., 2008). 

Tree census 

We divided the 4 ha plot into 1,600 quadrats each meas-
uring 5 × 5 m. Within the plot, we recorded the girth of 
all standing woody stems with values ≥5 cm at 1.3 m 
above ground level (diameter at breast height, DBH) to 
the nearest 1 mm. These data were collected in the dry 
season of mid-February 2017. We also identifi ed trees to 
species level and recorded the position of each individual 
based on the 5 × 5 m quadrat location. Coppiced stems 
were included in basal area and stem density measure-
ments. Scientifi c names of species are presented in Annex 
1. Though the glabrous type and hairy type of T. alata 
have not been confi rmed as distinct species, they diff er 
substantially in habitat and leaf phenology (Ito et al., 
2017a) and are treated separately for convenience in this 
paper. Stand structure parameters calculated from tree 
census data included basal area (m2 25 m−2), stem density 
(number of stems 25 m−2) and maximum stem diameter 
(cm) for all species in each 5 × 5 m quadrat. 

Forest fl oor vegetation census

As an index of aboveground forest fl oor vegetation 
biomass, we investigated spatial variation in the height 
of understory vegetation (hereafter, understory height) 
at 747 points within the 4 ha plot on 4–5 September 2011. 
Understory height (cm) was measured by reading the 
height of any plant (primarily grasses) touching a verti-
cally standing measuring rod. Data were interpolated 
onto a 0.5 m mesh grid and then averaged for each 5 × 5 
m quadrat.

 Aboveground forest fl oor biomass was destructively 
investigated on 20 November 2012. Floor vegetation was 
sampled in 0.5 × 0.5 m areas at the corners of sixteen 50 
× 50 m quadrats within the 4 ha plot except in the centre 
of the plot (location of our meteorological tower). Each 
sampling area was located 2 m forward from the corner 
of quadrats towards the fl ux tower. This was to avoid 
the infl uence of foot traffi  c and concrete-post sett ing on 
sampling data. Following sorting of samples into the 
leaves of shrubs or juvenile trees, the stems and branches 
of shrubs or juvenile trees, and grasses, these were oven-
dried and weighted.

Fig. 2 Topographical and soil conditions of study plot. A) Microtopographic classifi cation, B) soil types, C) soil thickness, and 
D) topographic cross section. Soil type and soil thickness are modifi ed from Ito et al. (2017a). Dashed gray lines indicate inter-
mitt ent streams. Square boundary line and solid black symbol indicate 4 ha study plot (200 × 200 m) and meteorological fl ux 
observation tower, respectively.
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Fire regime census

The spatial distribution of the fi re regime was exam-
ined from 29 January to 1 February 2014. We recorded 
whether the base of each standing tree had been burnt or 
not and then calculated the percentage of burnt trees in 
each of four hundred 10 × 10 m quadrats constituting the 
4 ha plot. In quadrats without standing trees, we visu-
ally determined the percentage of burnt areas. The fi re 
regime was also directly observed from 10 February to 10 
March in 2012 and 2013 at the corners of sixteen 50 × 50 
m quadrats within the 4 ha plot except for the centre of 
the plot. In these instances, we recorded whether the area 
within 5 m in four directions from the fi xed observation 
point was burning or not.

Species composition analysis in 20 × 20 m subplots

For species composition analyses, we pooled tree census 
data from 16 neighbouring 5 × 5 m quadrats and treated 
them as a single 20 × 20 m subplot (i.e., 100 total subplots 
within the 4 ha plot). The dominant tree species was 
defi ned as the species with the highest importance value 
(IV index) for each 20 × 20 m subplot. IV indexes for 
every species in each quadrat were calculated as follows:

    IVi = (%Ni + %Gi) / 2

 where %Ni is the proportion of stems of species i rela-
tive to the total number of stems for all species, and Gi 

is the proportion of basal area of species i relative to the 
total basal area of all species (Nguyen & Baker, 2016). To 
compare our data with the results of previous studies, we 
calculated IV indexes only when stems with DBH ≥10 cm 
were selected.

 To explore patt erns of species composition for each 
20 × 20 m subplot, we employed non-metric multi-
dimensional scaling (NMDS) (Kenkel & Orlóci, 1986) 
with the “vegan” package (Oksanen et al., 2019) in R (R 
Core Team, 2020). Bray–Curtis dissimilarity (Beals, 1984) 
in species composition was calculated based on the IV 
indexes, which was used to identify grouping patt erns 
of quadrats using NMDS. We used the “vegdist” and 
“metaMDS” functions for these analyses. 

 To determine groups of quadrats, we used hier-
archical cluster analysis with the “cluster” package 
(Maechler et al., 2019) in R (R Core Team, 2020). Bray–
Curtis dissimilarity was also used for the hierarchical 
cluster analysis, wherein the quadrats were grouped 
based on the number of groups objectively determined 
with the largest silhouett e value. We used the “hclust” 
and “silhouett e” functions for these analyses. 

 One-way analysis of variance and post hoc Tukey-
Kramer honest signifi cant diff erence tests were used to 
evaluate diff erences in understory height among the 20 × 
20 m subplots with diff erent dominant tree species. These 
were also used to determine diff erences in basal area, 
stem density, the number of total species, the number 
of dipterocarp species (or number of non-dipterocarp 
species) in each subplot, as well as understory height and 
aboveground understory biomass among the NMDS-
identifi ed groups mentioned above. The size (DBH) 
distributions of the three dipterocarp species and other 
non-dipterocarp species were examined using NMDS-
identifi ed groups. This analysis was conducted in JMP 
statistical software (ver. 10.0, SAS Institute Inc., North 
Carolina, USA).

Results

Forest properties and spatial characteristics

For free-standing stems with DBH ≥5 cm, our study 
plot comprised 13.76 m2 ha–1 in basal area, 555.5 stem 
ha–1 for stem density, and a total of 46 tree species. For 
free-standing stems with DBH ≥10 cm, the study plot 
comprised 12.88 m2 ha–1 in basal area, 358.8 stem ha–1 in 
stem density, and 36 tree species in total (Table 1, Annex 
1). 

 The spatial distribution of three forest properties 
(basal area, stem density and maximum stem diameter) 
are shown in Figs. 3A–3C. Of the 1,600 quadrats (5 × 5 m), 
999 (62.4% of the total) contained at least one tree indi-
vidual with DBH ≥5 cm (hereafter referred to as with-tree 
quadrat). Quadrats not including individuals with DBH 
≥5 cm (n = 601) were frequently found in the northwest 
area of the plot; fewer such quadrats were found in the 
southeast area (Fig. 3). Based on the same three forest 
properties (basal area, stem density, and maximum stem 
diameter), the plot was also generally divided into two 
areas (i.e., northwest and southeast). For with-tree quad-
rats, basal area was slightly higher in the northwest area 
(Fig. 3A), stem density was slightly higher in the south-
east area (Fig. 3B) and maximum stem diameter was 
considerably higher in the northwest area (Fig. 3C). In 
terms of microtopography (Fig. 2A), stem density was 
lower in the fl ood plains and higher on hills (Fig. 3B), 
while maximum stem diameter was greater on fl ood 
plains and smaller on hills (Fig. 3C).
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 Topographical locations were clearly linked to forest 
fl oor vegetation (Figs. 3D–E). Lower understory heights 
were primarily found in the hills and fl ood plains (Fig. 
3D). The spatial distribution of understory height varied 
from 15 to ca. 140 cm tall (Fig. 3D). Our fi eld observa-
tion and destructive survey of the biomass of understory 
vegetation indicated that in the plain and foot slope, the 
top layer of herbaceous communities primarily consisted 
of dense dwarf bamboo grass (Vietnamosasa pusilla), 
whereas the lower layer often consisted of other herba-
ceous species belonging to the Gramineae and Fabaceae 
(Fig. 3E). The understory biomass in these areas ranged 
from 3.5 to 7.2 Mg ha−1. In the fl ood plain, V. pusilla and 
other Gramineae were abundant, but their biomass 
was not signifi cant (1.1–5.0 Mg ha−1). A small colony of 

Fig. 3 Spatial distribution of selected forest properties in the study plot. A) Basal area, B) stem density, C) maximum DBH, D) 
understory height, E) understory biomass and its composition, F) fi re regime in 2014, G) fi re regime in 2012, and H) fi re regime 
in 2013. The scales of pie charts in Fig. 3E are proportional to the total amount of understory biomass (Annex 2). In Fig. 3F, the 
area around the observation tower has been cleared to prevent the spread of fi re.

Table 1 Structural properties of deciduous dipterocarp 
forest trees at study site in Kratie Province, Cambodia.

Metric / species 5–10 cm 
DBH

≥10 cm 
DBH Total

Basal area (m2 ha−1) 0.88 12.88 13.76
Dipterocarpus tuberculatus 0.07 4.17 4.24
Shorea obtusa 0.01 2.40 2.41
Shorea siamensis 0.52 2.19 2.72
Stem density (stems ha−1) 197.3 358.8 556.0
Dipterocarpus tuberculatus 14.8 91.5 106.3
Shorea obtusa 3.5 43.8 47.3
Shorea siamensis 114.3 109.3 223.5
No. of species (spp. 4 ha-1) 38 36 46



© Centre for Biodiversity Conservation, Phnom Penh

24 Ito E. et al.

Cambodian Journal of Natural History 2022 (1) 18–37

Dillenia hookeri (phlou bat; approximately 50 cm tall) and 
herbaceous species in the Cyperaceae were also observed 
near the main stream. Saplings of S. obtusa were found in 
one location (X50, Y200). In the southeast area, the grass 
layer was generally composed of herbaceous species of 
Gramineae (1.2–4.2 Mg ha−1). Shorea siamensis saplings 
were found in some parts of this area. Cycas siamensis 
(brong) was present, but rare and not found in the 
destructive sampling plots. Details of understory vegeta-
tion biomass obtained from the destructive survey in 24 
sites are shown in Annex 2. The spatial distribution of fi re 
is shown in Figs. 3F–H. The percentage and distribution 
of areas burnt varied from year to year. Visual compari-
sons of these spatial distributions indicated that under-
story height and biomass appeared to be less associated 
with the frequency of fi re.

Spatial distributions of dominant dipterocarp species 
and other species

The study plot contained three dominant dipterocarp 
species. These were D. tuberculatus, S. obtusa, and S. 
siamensis, which respectively comprised 30.8%, 17.5% 
and 19.7% of the total basal area of the plot and 19.1%, 
8.5% and 40.2% of the total number of stems, respectively 
(Table 1, Annex 1). Dipterocarpus tuberculatus was evenly 
distributed in the plot, although its basal area was larger 
in the northwest area (Fig. 4A). S. obtusa was scatt ered in 
the northwest area (Fig. 4B) and S. siamensis was distrib-
uted throughout the southeast area (Fig. 4C).

 The maximum number of tree species that appeared 
in a 5 × 5 m quadrat was fi ve (Fig. 5A). Among the with-
tree quadrats (n = 999), the mean number of tree species 
present in a quadrat was 1.6 and 570 quadrats (57.1%) 

Fig. 4 Spatial distributions of predominant dipterocarp species in study plot. Basal areas of A) Dipterocarpus tuberculatus, B) 
Shorea obtusa, and C) Shorea siamensis. 

Fig. 5 Spatial distributions of species richness in study plot. A) All species, B) three dominant dipterocarp species, and C) all 
other species. 
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contained only one species (Fig. 5A). The numbers 
of quadrats containing D. tuberculatus, S. obtusa and 
S. siamensis were 369, 169 and 428, respectively (Figs. 
4A–4C). The three dominant dipterocarp species were 
rarely distributed together, in co-occurring in only six 
quadrats (Fig. 5B). Among the with-tree quadrats, at least 
one of the three dominant dipterocarp species occurred 
in 825 quadrats (82.6%) (Fig. 5B). Of the 129 quadrats 
(12.9%) in which two species of dipterocarps occurred, 76 
quadrats (58.9% of the 129 quadrats) included D. tuber-
culatus and S. siamensis, 28 quadrats (21.7%) included S. 
obtusa and S. siamensis and 25 quadrats (19.4%) included 
D. tuberculatus and S. obtusa.

 Other non-dipterocarp species (43 species in total) 
occurred in 521 (52.1% of total) quadrats among the 999 
with-tree quadrats. On rare occasions, 3–4 non-diptero-
carp species appeared in a quadrat (Fig. 5C).

Dominant species and species composition groups (IV 
index and NMDS analysis)

Six tree species were considered dominant based on the 
IV index for each 20 × 20 m subplot (Fig. 6). The dominant 

tree species in the largest number of plots was D. tuber-
culatus (n = 46), which dominated a large portion of the 
northwest area. The second most dominant tree species 
in the subplots was S. siamensis (n = 30), which dominated 
all of the southeast area. The third most dominant tree 
species in the plots was S. obtusa (n = 16), and the plots 
dominated by this species occurred near the boundary 
between southeastern and northwestern areas. These 
three dipterocarp species were dominant in 92% of the 
subplots. The other eight subplots were dominated by 
three Terminalia spp. The glabrous type of T. alata (n = 3) 
was dominant near the boundary between the two main 
areas, similar to S. obtusa. The hairy types of T. alata (n = 
3) and T. mucronata (n = 2) were occasionally dominant 
near the northwest corner of the study plot. Understory 
height was signifi cantly lower in subplots dominated by 
S. siamensis, compared with subplots dominated by other 
species (F = 54.4, p<0.0001).

 Hierarchical cluster analysis determined four distinct 
groups among the 20 × 20 m subplots. NMDS analysis 
showed that Group 1 was tightly clustered (Fig. 7A), 
dominated by S. siamensis without exception (Fig. 7B, 
Table 2) and occupied the southeast area (Fig. 7C). Group 

Table 2 Characteristics of groups separated in the non-metric multi-dimensional scaling analysis.

Group

1 2 3 4

Dominant species* S. siamensis (24)

D. tuberculatus 
(10), S. obtusa 

(10), S. siamensis 
(6), T. alata 

(glabrous) (3)

D. tuberculatus 
(18)

D. tuberculatus 
(13), S. obtusa 

(6), T. alata 
(hairy) (3), T. 
mucronata (2)

No. of subplots 24 34 18 24

Microtopography Hills Foot slope / upper 
plain

Flood plain / 
lower plain

Flood plain / 
lower plain

Stem density† (stems 0.04 ha−1) 43.3 ± 8.5 a 
[27–65]

20.3 ± 10.4 b 
[8–51] 11.3 ± 5.1 c [5–25] 12.1 ± 4.8 c 

[6–25]

Basal area† (m2 0.04 ha−1) 0.55 ± 0.09 ab 
[0.39–0.72]

0.62 ± 0.21 a 
[0.22–1.06]

0.47 ± 0.17 b 
[0.16–0.76]

0.51 ± 0.19 ab 
[0.11–0.88]

No. of species† (0.04 ha−1) 5.9 ± 1.8 ab [3–10] 6.6 ± 2.6 a [3–15] 4.6 ± 1.5 b [1–7] 6.0 ± 1.5 ab [4–9]
No. of dipterocarp species† (0.04 ha−1) 2.3 ± 0.7 b [1–3] 2.7 ± 0.5 a [2–3] 1.7 ± 0.5 c [1–2] 2.0 ± 0.5 bc [1–3]
No. of non-dipterocarp species† (0.04 ha−1) 3.6 ± 1.4 a [1–7] 3.9 ± 2.4 a [1–12] 2.9 ± 1.4 a [0–5] 3.9 ± 1.5 a [2–6]

Understory height† (cm) 69 ± 16 c [29–127] 87 ± 16 a [16–135] 82 ± 16 b 
[25–123]

84 ± 19 b 
[36–142]

Aboveground understory biomass (Mg ha−1) 3.0 ± 1.4 a  
[1.2–6.2]

4.4 ± 1.3 a 
[2.6–7.2]

2.6 ± 1.7 a 
[1.1–7.0]

4.3 ± 1.3 a 
[1.6–7.0]

* Figures in parentheses indicate the number of subplots dominated by that species. † Values represent mean ± standard deviation [range]. 
Figures on the same row with diff erent superscript lett ers indicate signifi cant diff erences (p<0.05).
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3 was also clustered (Fig. 7A), dominated by D. tubercu-
latus without exception (Fig. 7B, Table 2) and scatt ered in 
the northwest area (Fig. 7C). Groups 2 and 4 were more 
diff usely arranged (Fig. 7A) and dominated by various 
species (Fig. 7B, Table 2). Group 2, in which S. siamensis 
and the glabrous type of T. alata occasionally dominated, 
in addition to D. tuberculatus and S. obtusa, was distrib-
uted in the border between the northwest and southeast 
areas. In contrast, Group 4, where the hairy type of T. 
alata and T. mucronata occasionally dominated in addi-
tion to D. tuberculatus and S. obtusa, was scatt ered in the 
northwest area (Fig. 7C, Table 2).

 Stem density was higher in Group 1 in the southeast 
area, followed by Group 2 at the border between north-
west and southeast areas. Values of stem density were 

Fig. 6 Spatial distributions of the dominant tree species 
for each 20 × 20 m subplot. Gray lines indicate elevation 
contours. 

 

Fig. 7 (right) Non-metric multidimensional scaling (NMDS) 
based on the species compositions of 100 subplots. A) NMDS 
by identifi ed groups (stress value = 0.137), B) NMDS by 
dominant species, and C) spatial distributions of groups 
with elevation contours (gray lines). 
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lower in Groups 3 and 4 in the northwest area. Basal 
area did not diff er in a manner similar to stem density 
among groups; it was smaller in Group 3, which was only 
dominated by D. tuberculatus, and signifi cantly diff ered 
from Group 2 (Table 2). The number of species was 
larger in Group 2 and smaller in Group 3. The number 
of non-dipterocarp species did not diff er among groups; 
thus, diff erences in the total number of species between 
groups were att ributed to diff erences in the number of 
dipterocarp species (Table 2). Understory height was 
signifi cantly larger in Group 2, followed by Groups 3 and 
4; it was lowest in Group 1 (Table 2). 

 The size (DBH) distributions of the dipterocarp and 
non-dipterocarp species (T. alata and others) are shown 
according to group (Fig. 8). Although D. tuberculatus 
was found in all four groups, the shape of the DBH 
distribution diff ered between Group 1 and the other 
groups. Group 1 had no large-diameter trees, whereas 
it contained many small-diameter trees (Fig. 8A). In the 
other groups, the peak of the diameter distribution was 
in the range of 15–30 cm (Fig. 8A). For the size distribu-
tion of S. obtusa, a peak distribution in the medium size 
class was observed for all groups (Fig. 8B). The size distri-
bution of S. siamensis diff ered markedly among groups 
(Fig. 8C). Very few S. siamensis individuals were present 
in Groups 3 and 4, whereas many such individuals were 
found in Group 1. In Groups 1 and 2, when suffi  cient 
individuals were present, the size distribution exhibited 
an “L” shape; smaller size was associated with greater 
number of individuals. Populations of the glabrous type 
of T. alata were commonly found in Groups 1 and 2, but 
the size distribution was not L-shaped (Fig. 8D). The 
hairy type of T. alata was found rather evenly in each class 
of Group 4, although there were not enough individuals 
to determine the size distribution (Fig. 8D). The overall 
size distribution of the other non-dipterocarp species 
was L-shaped, except for Group 3 (Fig. 8E). However, 
the number of individuals of each species was small, 
and only Xylia xylocarpa in Group 2 could be regarded as 
having an L-shaped distribution on a species basis. The 
maximum DBH for each non-dipterocarp species is listed 
in Annex 1.

Discussion

Deciduous dipterocarp forest at the study site

The overwhelming dominance of one or two deciduous 
dipterocarp species at the stand level is considered 
a defi ning feature of deciduous dipterocarp forests 
(Bunyavejchewin, 1983; Bunyavejchewin et al., 2011; 
Nguyen & Baker, 2016). Our study site was also charac-

terized by the local existence of one or two of the three 
deciduous dipterocarp species (Fig. 5B). We expected our 
study plot would contain two types of deciduous diptero-
carp forests: one forest dominated by D. tuberculatus and 
S. obtusa (=the fi rst type in the introduction), and another 
forest dominated by S. siamensis (=the second type in the 
introduction). The former type corresponded to Group 
4 in our NMDS analysis and occurred on the plains and 
fl ood plains, whereas the latt er corresponded to Group 
1 and exclusively occurred on hills (Table 2, Fig. 7). In 
addition to these two common types, our NMDS analysis 
suggested the existence of Group 3, which was strongly 
dominated by D. tuberculatus, and Group 2, which was 
a mixture of all three dipterocarp species (Table 2). Our 
study also clarifi ed the distributions of Group 3 and 
Group 2: Group 3 was distributed in a patchy manner 
within Group 4, and Group 2 occupied the foot slopes 
between Group 4 and Group 1 (Fig. 7).

 Group 4 has been reported in several studies of 
deciduous dipterocarp forest in Cambodia, including 
in the Phnom Prich Wildlife Sanctuary (Pin et al., 2013), 
in the Mondulkiri Protected Forest (Pin et al., 2013), and 
in Kratie Province (DDF3 in Tani et al., 2007). A forest 
type similar to Group 1, dominated by S. siamensis, has 
been reported in Mondulkiri Province (DDF2 in Tani et 
al., 2007). However, this forest type was not exactly the 
same as ours because several indicator or dominant 
species (Quercus kerii, Dipterocarpus obtusifolius and T. 
mucronata) were absent from Group 1 in our study. There 
is also a deciduous dipterocarp forest study in south-
western Cambodia (Phnom Samkos Wildlife Sanctuary), 
but the species were not described and the details of the 
forest type are unknown (Wood, 2012). To the best of 
our knowledge, the existence of Group 2 and Group 3 in 
Cambodia is unique to our study. 

Comparison of species composition with deciduous 
dipterocarp forests in continental Southeast Asia

The species composition of our study site is similar 
to other deciduous dipterocarp forests in continental 
Southeast Asia in terms of dominant dipterocarp species, 
but diff ers in several respects. The species composition 
(Annex 1) and forest characteristics (Tables 1–2) of our 
site were most similar to deciduous dipterocarp forests 
in Yok Don National Park in central Vietnam (Nguyen 
& Baker, 2016), which is located 170 km due east of 
our study site. Compared to the Doi Inthanon National 
Park, Chiangmai, Thailand, our site diff ered from the 
pine-dipterocarp forest in the intermediate zone (850–
1400 m above sea level [asl]) in terms of the absence of 
Pinus spp., and from the deciduous dipterocarp forest 
in the lowlands (400–850 m asl) in terms of high abun-
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Fig. 8 Size (DBH) distributions of predominant dipterocarp species and other 
species according to NMDS-identifi ed groups. A) Dipterocarp tuberculatus, B) 
Shorea obtusa, C) Shorea siamensis, D) Terminalia alata, and E) all other species. In 
Fig. 8e, the three species with the highest number of occurrences in each group 
are represented separately. The scale on the right indicates number of stems per 
group area. Note each group has a diff erent survey area.
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dances of D. tuberculatus and accompanying species 
(i.e., low abundance of Canarium subulatum) (Robbins 
& Smitinand, 1966; Bunyavejchewin, 1983; Teejuntuk et 
al., 2002; Nguyen & Baker, 2016). The overall diff erence 
of our study site from deciduous dipterocarp forests in 
northern Thailand involves the non-universal presence 
of S. obtusa, i.e., S. obtusa was not present everywhere in 
our study site (Santisuk, 1988). 

 Although the topographical properties of our study 
site were similar to those in the Sakaerat deciduous 
dipterocarp forest of northeastern Thailand (i.e., frequent 
comparatively low, undulating hills with a slightly dry 
climate and shallow soils), the species composition 
diff ered from the Sakaerat forest in terms of the absence 
of Shorea roxburghii, presence of D. tuberculatus (Sahu-
nalu, 2009) and absence of D. intricatus (Sakurai et al., 
1998). Our study forest also diff ers from a semi-Indaing 
forest (D. tuberculatus forest in Burma, a tropical dry 
deciduous forest based on the Burmese classifi cation), in 
terms of the absence of teak Tectona grandis (Stamp, 1924; 
Hundley, 1961; Davis, 1964).

 Our observation of co-occurring dominant deciduous 
dipterocarp species is also consistent with the species 
compositions of other forests in the region. For example, 
in lowland Thailand (Bunyavejchewin, 1983; Rundel & 
Boonpragob, 1995; Teejuntuk et al., 2002) and Vietnam 
(Nguyen, 2009 and references therein), several associa-
tions of dominant dipterocarp species (i.e., dominance 
type: Bunyavejchewin, 1983) have been reported: S. 
obtusa and S. siamensis; D. tuberculatus and S. obtusa; and 
combinations of the three species. However, the combi-
nation most frequently observed in the present study was 
the combination of D. tuberculatus and S. siamensis, likely 
because the wide distribution range of D. tuberculatus in 
the study plot included hill tops to which S. siamensis was 
limited (Figs. 4A, 4C).

 Elevational diff erences in the distribution of these 
dominance types have been found in Thailand (Bunyave-
jchewin, 1983). For instance, the S. siamensis type, which 
is similar to our Group 1, was distributed at lower eleva-
tions around 280 m, while the D. tuberculatus-S. obtusa 
type, which is similar to our Group 4, was reported as 
occurring at altitudes of 300 to 900 m (Bunyavejchewin, 
1983). However, our study site lacked elevational diff er-
ences among the three dipterocarp species; more specifi -
cally, S. siamensis, D. tuberculatus and S. obtusa were 
separated within a toposequence with an elevational 
diff erence of 10 m.

 Group 2 noticeably diff ered from our other groups in 
that the three species of dipterocarps were often equally 
dominant (Table 2). It is also similar to the forest type 

reported by Ogawa et al. (1961) as mixed savanna forest, 
which was later renamed mixed dry dipterocarp asso-
ciation (Bunyavejchewin, 1983). This forest type is char-
acterized by component species which are numerous 
and well-mixed, with no distinct dominants (Ogawa et 
al., 1961). The most commonly associated genera within 
mixed savanna forests are Canarium, Gardenia, Hetero-
phragma, Lannea, Terminalia, Vitex and Xylia (Ogawa et 
al., 1961), although our site also included Adina, Lager-
stroemia, Mangifera, Parinarium, Saurauia and Sindora 
(Annex 1). Group 2 occupied the foot slopes on the 
border between the plains and hills. Its soil conditions 
were consistent with previous descriptions: commonly 
sandy clay loam or frequently underlaid by fi ne sandy 
loam on plains, associated with stony sandy soils on hill-
sides (Ogawa et al., 1961; Bunyavejchewin, 1983). Other 
striking features of Group 2 included larger basal area 
values, higher understory height and higher species 
richness (Table 2). The large basal area and high under-
story height suggest rich biomass in Group 2, which is 
consistent with a previous fi nding that the growth of 
rubber trees was highest on foot slopes along a topose-
quence (Okubo & Takeuchi, 1998).  

Transitions between groups

One of our study objectives was to identify the forms of 
transition between deciduous dipterocarp forest types. 
Sharp boundaries often occur between diff erent types 
of dominant dipterocarp species (Nguyen & Baker, 2016 
and references therein), which is consistent with the 
separation of Group 1 from our other three groups (Fig. 
7C). A key fi nding was that Group 2 functioned as the 
boundary area between Groups 1 and 4 (Fig. 7C). This 
separation of forest types was att ributable to topose-
quence at a scale of several hundred meters (Fig. 2D), 
as reported in Kampong Thom Province (Hiramatsu et 
al., 2007) and peninsular Thailand (Ohkubo & Takeuchi, 
1998). Group 3 was scatt ered along with Group 4 in the 
plains and fl ood plains (Fig. 7C). The reasons for this 
scatt ered distribution are discussed below, along with 
factors responsible for the low abundances of tree species 
other than D. tuberculatus in Group 3. 

Specifi c distribution patterns of deciduous dipterocarp 
and driving factors 

Absence of S. siamensis in plains vs. light environment and 
fi re intensity

Shorea siamensis was noticeably absent from the lower 
plain and fl ood plain (Figs. 4C, 8C). Marod et al. (2004) 
reported that the survival and growth rates of S. siamensis 
seedlings were dramatically greater in gaps than under 
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the closed canopy. Understory height is expected to have 
a monotonically increasing relationship with biomass of 
forest fl oor vegetation, implying a negative correlation 
between understory height and light transmitt ance. The 
light environment near the ground surface in the plain and 
fl ood plain may involve excessive shade for survival of S. 
siamensis seedlings, although this needs to be confi rmed 
by seedling trials. Variation in understory biomass, i.e., 
fuel, also leads to diff erences in the intensity of combus-
tion. The understory height in our study area (15–140 cm, 
Fig. 3D) corresponded to a high to very high fuel hazard 
(McCarthy et al., 1999), whereas the understory biomass 
(1.1–7.2 Mg ha−1, Fig. 3E, Annex 2) corresponded to low 
to moderate surface fi ne fuel hazard (McCarthy et al., 
1999). Fire regimes in deciduous dipterocarp forests have 
been reported in detail for north and northeast Thailand 
(Stott , 1986). Fire intensity may appear to act as a critical 
environmental fi lter of tree species composition in our 
study plot, as reported previously for deciduous diptero-
carp forests (Rundel & Boonpragob, 1995; Nguyen et al., 
2019). For instance, Nguyen et al. (2019) demonstrated 
that juveniles of S. siamensis, S. obtusa and D. obtusifolius 
require a comparatively long fi re-free period to reach 
their fi re-escape size, whereas juveniles of D. tuberculatus 
can become saplings despite an annual fi re regime. The 
thin outer bark of low-height (<3 m) trees was noted as 
a possible reason for the fi re vulnerability of S. siamensis 
(Nguyen et al., 2019). In the present study, understory 
height diff ered signifi cantly between hill tops, where S. 
siamensis is intensively distributed, and other areas (Table 
2). The absence of S. siamensis was most likely because of 
light conditions, fi re intensity, or both, depending on the 
amount of forest fl oor vegetation.

Low prevalence of trees (or of trees other than D. tuberculatus) 
in plains vs. spatial heterogeneity in fi re intensity 

Our Group 3, which occurred on the plains and fl ood 
plains, included fewer tree populations of species other 
than D. tuberculatus (Table 2, Fig. 8). In addition, when 
the fl ood plain was mapped at a fi ne resolution (5 × 5 
m quadrats), a signifi cant number of tree-less quadrats 
were present (Figs. 3A–3C). Factors limiting the pres-
ence of trees were smaller in scale than the toposequence 
and were presumably spatially heterogeneous within 
the plains and fl ood plains. Juveniles of D. tuberculatus 
are more resistant to fi re, compared with other decid-
uous dipterocarps (Nguyen et al., 2019), suggesting that 
spatial heterogeneity in fi re intensity could be a limiting 
factor. As discussed in the previous paragraphs, low-
intensity fi re periods could be regularly expected where 
understory height and biomass were low (Figs. 3D–3E). 
On the other hand, a fi re-free situation may occur more 
randomly, as suggested by the yearly variation in scat-

tered unburnt areas with remaining forest fl oor vegeta-
tion (Figs. 3F–3H). The survival of juvenile trees may only 
be possible in areas where a fi re-free or low-intensity fi re 
period lasts by chance for a comparatively long interval.

Lower prevalence of trees or low understory height in the fl ood 
plain vs. stagnant water conditions

In some areas of the fl ood plain where understory height 
and biomass were low (Figs. 3D, 3E), low-intensity fi re 
periods might be expected to continue. However, Group 
3 was distributed in such areas (Fig. 7C) and tree-less 
quadrats were often present (Figs. 3A–3C). Another 
factor limiting the presence of trees may be stagnant 
water conditions. Water retention was observed during 
the rainy season in the fl ood plain of our study area, 
including outside of the fl ow path (authors, unpub-
lished data). The occurrence of Cyperaceae species and 
D. hookeri in these areas (Fig. 3E) is suggestive of a stag-
nant water environment. Thus, such conditions during 
the rainy season could also serve as factors limiting the 
survival of tree seedlings.

Low recruitment of D. tuberculatus in Groups 2, 3 and 4 and 
S. obtusa in all groups vs. increase of fi re events in recent years

We documented lower numbers of small-sized trees of D. 
tuberculatus and S. obtusa in Groups 2, 3, and 4 (Fig. 8A) 
and in all four groups (Fig. 8B), respectively. In inves-
tigating the regeneration of various types of deciduous 
dipterocarp forest in central Vietnam, Nguyen & Baker 
(2016) documented the absence of S. siamensis saplings 
and raised concerns about the future regeneration of 
forest types dominated by the species. Pin et al. (2013) 
suggested that lower numbers of small D. tuberculatus 
trees in Mondulkiri Protected Forest were associated 
with more frequent fi res. Our fi ndings suggest that 
recruitment of D. tuberculatus and S. obtusa has somehow 
been suppressed in recent years. Ghazoul et al. (1998) 
reported that the reproductive output of S. siamensis 
was not aff ected when population density was reduced 
from 96 to 62 fl owering trees ha−1, although it declined 
sharply when density was further reduced to 9 trees ha−1. 
In our 4 ha study plot, the density of fl owering diptero-
carp trees was 85 trees ha−1 for D. tuberculatus, 34 trees 
ha−1 for S. siamensis and 32 trees ha−1 for S. obtusa (2014 
census: Ito et al., 2016). This suggests that the low recruit-
ment of dipterocarp species was unlikely to be due to 
a lack of fl owering trees. However, if fi re intensity has 
increased in recent years, new tree recruitment may have 
been inhibited. In surveying the deciduous dipterocarp 
forests of Stung Treng Province before the 1970s, Legris 
& Blasco (1972) did not observe lower numbers of small 
trees of the three species of dipterocarps, indicating that 
their recruitment was steadily progressing in the forest 
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at that time. Climate-driven changes in drought and fi re 
intensity in Southeast Asia may alter tree recruitment 
rates and cause long-term eff ects on the structure and 
species composition of deciduous dipterocarp forests 
(Nguyen et al., 2019). Fire intensity may also be changing 
due to alterations in the composition of forest fl oor vege-
tation and amount of biomass. Forest fi res may lead to 
soil degradation, such as soil erosion (Sakurai et al., 1998) 
and nitrogen loss (Toda et al., 2007), which may lead to 
further changes in forest fl oor vegetation.

 Future studies are necessary to verify the above 
hypotheses, particularly for the development of conser-
vation plans. Identifi cation of site characteristics along 
the toposequence and species-specifi c mechanisms that 
govern tree recruitment are urgent tasks for this study 
area.

Practical proposals for forest conservation 

The most practical fi nding of our study is that the foot 
slopes and upper side of plains were topographical loca-
tions where the three dipterocarp species coexisted with 
many other tree species (Group 2, Table 2). The number of 
species in Group 2 was higher than in Group 4, although 
this diff erence was not statistically signifi cant (Table 2) 
and Group 4 has relatively moderate species richness 
(Rundel, 1999). This result implies that the foot slopes 
and surrounding areas are densely stocked with mother 
trees of deciduous forest tree species and are a high 
priority for protection. Thus, to appropriately conserve 
deciduous dipterocarp forests, the overall toposequence 
must be maintained. This should include hills (Group 1) 
and fl ood plains or plains (Group 4), where typical forms 
of deciduous dipterocarp forests appear, as well as their 
foot-slope transition zones (Group 2). 

 In an applied context, understory height, which is 
more easily visible than soil type and thickness, may be 
useful as an indicator for spatial classifi cation in conser-
vation planning. For example, when implementing a 
reforestation project in a deforested area, S. siamensis 
will be unlikely to grow in areas other than hills. In addi-
tion, locations to plant S. siamensis may be determined by 
understory height during the rainy season. 

 The general homogeneity of the deciduous diptero-
carp forests in Southeast Asia is partly because they 
are adapted to edaphically or topographically dry sites 
(Stott , 1990). The toposequence of landforms found in 
our 4 ha study plot had an elevational diff erence of 10 
m for a horizontal distance of 200 m (Fig. 2D). Similar 
topographic gradients of environmental and forest prop-
erties at the same scale has been reported in undulating 
lands in peninsular Thailand (Ohkubo & Takeuchi, 1998). 

Our proposals for conservation can be applied to such 
toposequences of land forms, and the applicable area is 
expected to be considerably large.

Conclusions 

We found clear spatial heterogeneity in vegetation at a 
scale of several hectares in Kratie Province, Cambodia. 
Strong associations of forest tree and forest fl oor vege-
tation with topographical properties were found along 
the toposequence. Various types of deciduous diptero-
carp forests co-existed at this scale, although they were 
separated along the toposequence. We propose that 
along with the commonly limited forest types, the entire 
toposequence must be included in forest conservation 
eff orts, because each type is established in an ecologically 
niche-diff erentiated manner along the toposequence. It is 
also crucial to determine the species-specifi c mechanisms 
governing tree distribution and such research will help 
to improve future forest conservation and reforestation 
projects.

Acknowledgements
This paper reports the results obtained by the global 
environment research coordination system funded by the 
Ministry of the Environment, Japan. Some fi eld measure-
ments were conducted as part of the following projects: 
‘Establishment of the integrated forest ecosystem obser-
vation site and network in the Lower Mekong (2008–
2011)’, ‘Long-term monitoring of forest carbon dynamics 
in East Asia, the global research account for national insti-
tute’, both funded by the Japanese Ministry of the Envi-
ronment of Japan; ‘Estimation and simulation of carbon 
stock change of tropical forests in Asia (2011–2014)’ 
funded by the Japanese Ministry of Agriculture, Forestry 
and Fisheries, and the emergency project to develop the 
structure of promoting REDD action supported by the 
Japanese Forestry Agency. For permission to undertake 
the fi eld research, the authors are deeply indebted to 
H.E. Dr. Ty Sokhun, secretary of state, H.E. Dr. Chheng 
Kimsun, Delegate of the royal government, head of the 
Forestry Administration in the Ministry of Agriculture, 
Forestry and Fisheries and Dr. Sokh Heng, director of the 
Institute of Forest and Wildlife Research and Develop-
ment, Forestry Administration.

References
Ashton, P.S. (2014) On the Forests of Tropical Asia: Lest the Memory 

Fade. Kew Publishing, UK.

Beals, E.W. (1984) Bray-Curtis ordination: an eff ective strategy 
for analysis of multivariate ecological data. Advances in Ecolog-



© Centre for Biodiversity Conservation, Phnom Penh

32 Ito E. et al.

Cambodian Journal of Natural History 2022 (1) 18–37

ical Research, 14, 1–55.

Bunyavejchewin, S. (1983) Canopy structure of the dry diptero-
carp forest of Thailand. Thai Forest Bulletin (Botany), 14, 1–132. 

Bunyavejchewin, S., Baker, P.J. & Davies, S.J. (2011) Seasonally 
dry tropical forests in continental Southeast Asia: structure, 
composition, and dynamics. In The Ecology and Conservation of 
Seasonally Dry Forests in Asia (eds W.J. McShea, S.J. Davies & 
N. Bhumpakphan), pp. 9–36. Smithsonian Institute Scholarly 
Press, Washington DC, USA.

Davis, J.H. (1964) The forests of Burma. Sarracenia, 8, 1–41. 

Forestry Administration [FA] (2018) Cambodia forest cover 2016. 
Phnom Penh, Cambodia: Forestry Administration, Cambodia.

Ghazoul, J., Liston, K.A. & Boyle, T.J.B. (1998) Disturbance-
induced density-dependent seed set in Shorea siamensis 
(Dipterocarpaceae), a tropical forest tree. Journal of Ecology, 
86, 462–473.

Hiramatsu R., Kanzaki M., Toriyama J., Kaneko T., Okuda Y., 
Ohta S., Khorn S., Pith P., Lim S., Pol S., Ito E. & Araki M. (2007) 
Open woodland patch and the isolated stand of Melaleuca 
cajuputi in an evergreen forest of Kampong Thom, Cambodia: 
a transect study along a micro-topography gradient. In Forest 
Environments in the Mekong River Basin (eds Sawada H., Araki 
M., N.A. Chappell, J.V. LaFrankie & Shimizu A.), pp. 216–224. 
Springer, Tokyo, Japan. 

Hundley, H. (1961) The forest types of Burma. Tropical Ecology, 
2, 48–76. 

Iida S., Shimizu T., Tamai K., Kabeya N., Shimizu A., Ito E., 
Ohnuki Y., Chann S. & Keth N. (2016) Interrelationships 
among dry season leaf fall, leaf fl ush and transpiration: 
insights from sap fl ux measurements in a tropical dry decid-
uous forest. Ecohydrology, 9, 472–486.

Ito E., Chann S., Tith B., Keth S., Ly C., Op P., Furuya N., Ohnuki 
Y., Iida S. & Shimizu T. (2017a) Two phenological variants 
of Terminalia alata coexist in a dry dipterocarp forest. Plant 
Species Biology, 33, 59–66.

Ito E., Chann S., Tith B., Keth S., Ly C., Op P., Furuya N. & 
Monda Y. (2016) Reproductive size thresholds of diptero-
carps in Cambodian dry forests. Cambodian Journal of Natural 
History, 2016, 98–101.

Ito E., Furuya N., Toriyama J., Ohnuki Y., Kiyono Y., Araki M., 
Sokh H., Chann S., Khorn S., Samreth V., So T., Tith B., Keth 
S., Ly C., Op P., Monda Y. & Kanzaki M. (2017b) Stand carbon 
dynamics in a dry Cambodian dipterocarp forest with season-
ally fl ooded sandy soils. Cambodian Journal of Natural History, 
2017, 109–127.

Kenkel, N.C. & Orlóci, L. (1986) Applying metric and nonmetric 
multidimensional scaling to ecological studies: some new 
results. Ecology, 67, 919–928.

Legris, P. & Blasco, F. (1972) Carte International Du Tapis 
Vegetal et des condition écologiques à 1/1.000.000, Notice de 
la carte Cambodge. Extrait des Traveaux de la section Scienti-
fi que et Technique de l’institut Français de Pondichéry. Hors 
Série, No. 11-1972, 1–240.

Maechler, M., Rousseeuw, P., Struyf, A., Hubert, M., Hornik, 
K., Studer, M., Roudier, P., Gonzalez, J., Kozlowski, K., 
Schubert, E. & Murphy, K. (2019) Finding Groups in Data: 
Cluster Analysis Extended Rousseeuw et al. R package version 
2.1.0. Htt p://128.61.111.11/pub/CRAN/web/packages/cluster/
cluster.pdf [accessed 19 October 2020].

Marod, D., Kutintara, U., Tanaka H. & Nakashizuka T. (2004) 
Eff ects of drought and fi re on seedling survival and growth 
under contrasting light conditions in a seasonal tropical 
forest. Journal of Vegetation Science, 15, 691–700. 

McCarthy, G.J., Tolhurst, K.G. & Chatt o, K. (1999) Overall 
Fuel Hazard Guide. Fire Management Research Report 
No.47. Department of Natural Resources and Environment, 
Melbourne, Australia.

Ministry of Environment [MoE] (2018) Cambodia Forest Cover 
2016. Phnom Penh, Cambodia. Htt ps://redd.unfccc.int/
uploads/54_3_cambodia_forest_cover_resource__2016_
english.pdf [accessed 1 November 2020].

National Institute of Statistics (2012) Statistical Yearbook of 
Cambodia 2011. National Institute of Statistics, Ministry of 
Planning, Phnom Penh, Cambodia.

Nguyen T.T. (2009) Modelling growth and yield of dipterocarp forests 
in Central Highlands of Vietnam. PhD thesis, Technische Univer-
sität München, Germany. 

Nguyen T.T. & Baker, P.J. (2016) Structure and composition of 
deciduous dipterocarp forest in Central Vietnam: patt erns of 
species dominance and regeneration failure. Plant Ecology & 
Diversity, 9, 589–601.

Nguyen T.T., Murphy, B.P. & Baker, P.J. (2019) The existence 
of a fi re-mediated tree-recruitment bott leneck in an Asian 
savanna. Journal of Biogeography, 46, 745–756.

Ogawa H., Yoda K. & Kira T. (1961) A preliminary survey on 
the vegetation of Thailand. Nature and Life in Southeast Asia, 
1, 21–157. 

Ohkubo S. & Takeuchi K. (1998) Evaluating potential land 
productivity in relation with catenary sequence of landform 
and soils in coastal area, peninsular Thailand. Journal of the 
Japanese Institute of Landscape Architecture (Japan), 61, 519–522 
[in Japanese with English abstract].

Ohnuki Y., Ito E., Toriyama J., Araki M. & Shimizu A. (2014) Site 
environments of deciduous forests at east bank of Mekong 
River, Cambodia. Water Science, 57, 14–25 [in Japanese].

Ohnuki Y., Keth S., Toriyama J., Chann S., Ito E., Tith B. & 
Araki M. (2012) Comparative study of soil thickness and soil 
physical properties on evergreen and deciduous forests in 
Cambodia. In Proceedings of International Workshop on Forest 
Research in Cambodia, November 2011, pp. 35–38. Phnom Penh, 
Cambodia.

Ohnuki Y., Kimhean C., Shinomiya Y. & Toriyama J. (2008) 
Distribution and characteristics of soil thickness and eff ects 
upon water storage in forested areas of Cambodia. Hydrolog-
ical Processes, 22, 1272–1280.

Ohnuki Y., Toriyama J., Ito E., Iida S., Kabeya N., Chann S. & 
Keth S. (2022) Fluctuation of soil water content in the tropical 
seasonal forests of Cambodia focusing on soil types and prop-



© Centre for Biodiversity Conservation, Phnom Penh

33Composition of deciduous dipterocarp forests 

Cambodian Journal of Natural History 2022 (1) 18–37

erties. Japan Agricultural Research Quarterly, 56, 177–187.

Oksanen, J., Blanchet, F.G., Friendly, M., Kindt, R., Legendre, 
P., McGlinn, D., Minchin, P.R., O’Hara, R.B., Simpson, G.L., 
Solymos, P., Stevens, M.H.H., Szoecs, E. & Wagner, H. (2019) 
Vegan: Community Ecology Package. R package version 2.5-6. 
Htt ps://cran.r-project.org [accessed 1 October 2020].

Pin C., Phan C., Prum S. & Gray, T.N.E. (2013) Structure and 
composition of deciduous dipterocarp forest in the Eastern 
Plains Landscape, Cambodia. Cambodian Journal of Natural 
History, 2013, 27–34.

R Core Team (2020) R: A Language and Environment for Statistical 
Computing. R Foundation for Statistical Computing, Vienna, 
Austria. Htt p://www.r-project.org/index.html [accessed 15 
October 2020].

Robbins, R.G. & Smitinand, T. (1966) A botanical ascent of 
Doi Inthanon. Natural History Bulletin of the Siam Society, 21, 
205–227. 

Rollet, B. (1972) La végétation du Cambodge: deuxième partie. 
Bois et Forêts des Tropiques, 145, 23–38 [in French].

Rundel, P.W. (1999) Forest Habitats and Flora in Lao PDR, 
Cambodia, and Vietnam. WWF Indochina Programme, Hanoi, 
Vietnam. 

Rundel, P.W. & Boonpragob, K. (1995) Dry forest ecosystems 
of Thailand. In Seasonally Dry Tropical Forests (eds S. Bullock, 
H. Mooney & E. Medina), pp. 93–123. Cambridge University 
Press, Cambridge.

Sahunalu, P. (2009) Stand structure and species composition in 
the long-term dynamic plots of Sakaerat deciduous diptero-
carp forest, northeastern Thailand. Journal of Forest Manage-
ment, 3, 1–20.

Sakurai K., Tanaka S., Ishiduka S. & Kanzaki, M. (1998) Diff er-
ences in soil properties of dry evergreen and dry deciduous 

forests in the Sakaerat environmental research station. Tropics, 
8, 61–80.

Santisuk, T. (1988) An Account of the Vegetation of Northern Thai-
land (Geoecological Research). Franz Steiner Verlag Wiesbaden, 
Stutt gart, Germany. 

Stamp, L.D. (1924) The Vegetation of Burma from an Ecological 
Standpoint. Thacker Spink & Co., Calcutt a, India.

Stott , P. (1986) The spatial patt ern of dry season fi res in the 
savanna forests of Thailand. Journal of Biogeography, 13, 
345–358. 

Stott , P. (1990) Stability and stress in the savanna forests of main-
land South-East Asia. Journal of Biogeography, 17, 373–383.

Tani A., Ito E., Kanzaki M., Ohta S., Khorn S., Pith P., Tith B., Pol 
S. & Lim S. (2007) Principal forest types of three regions of 
Cambodia: Kampong Thom, Kratie, and Mondolkiri. In Forest 
Environments in the Mekong River Basin (eds Sawada H., Araki 
M., N.A. Chappell, J.V. LaFrankie & Shimizu A.), pp. 201–213. 
Springer, Tokyo, Japan.

Teejuntuk, S., Sahunalu, P., Sakurai K. & Sungpalee, W. (2002) 
Forest structure and tree species diversity along an altitudinal 
gradient in Doi Inthanon National Park, Northern Thailand. 
Tropics, 12, 85–102.

Toda T., Takeda H., Tokuchi N., Ohta S., Wacharinrat, C. & Kait-
praneet, S. (2007) Eff ects of forest fi re on the nitrogen cycle in 
a dry dipterocarp forest, Thailand. Tropics, 16, 41–45. 

Toriyama J., Ohta S., Ohnuki Y., Araki M., Kanzaki M., Det S., 
Lim S., Pol S. & Pith P. (2010) Physicochemical characteristics 
of plinthic and non-plinthic soils in dry deciduous forests on 
the east bank of Mekong, Cambodia. Pedologist, 54, 2–10.

Wood, T. (2012) Fire ecology of the dry dipterocarp forests of 
South West Cambodia. Cambodian Journal of Natural History, 
2012, 64–74.



© Centre for Biodiversity Conservation, Phnom Penh

34 Ito E. et al.

Cambodian Journal of Natural History 2022 (1) 18–37

A
nn

ex
 1

 L
is

t 
of

 t
re

e 
sp

ec
ie

s 
oc

cu
rr

in
g 

in
 t

he
 s

tu
dy

 p
lo

t
K

hm
er

 n
am

e:
 * 

pr
ov

id
ed

 b
y 

lo
ca

l i
nf

or
m

an
ts

. S
ta

tu
s:

 D
 =

 d
om

in
an

t d
ip

te
ro

ca
rp

s,
 A

 =
 a

ss
oc

ia
tin

g 
no

n-
di

pt
er

oc
ar

ps
, M

 =
 m

in
or

 s
pp

., 
E 

= 
ev

er
gr

ee
n 

sp
p.

 Fa
m

ily
 / 

Sp
ec

ie
s

K
hm

er
 N

am
e 

*
St

at
us

Tr
ee

 d
en

si
ty

Ba
sa

l a
re

a
M

ax
.

D
BH

 
(c

m
)

N
o 

of
 tr

ee
s 

in
 e

ac
h 

gr
ou

p

st
em

 h
a-1

%
m

2  h
a-1

%
1

2
3

4

A
na

ca
rd

ia
ce

ae
Bu

ch
an

an
ia

 la
nz

an
 S

pr
en

g
K

A
PR

A
O

N
G

A
14

.0
0

2.
52

0.
21

1
1.

53
31

.4
16

15
7

18
Bu

ch
an

an
ia

 re
tic

ul
at

a 
H

an
ce

LE
A

N
G

 C
H

EY
 (s

p.
 1

)
M

1.
00

0.
18

0.
01

2
0.

09
16

.7
3

1
Bu

ch
an

an
ia

 si
am

en
si

s M
iq

.
LE

A
N

G
 C

H
EY

 (s
p.

 2
)

M
1.

75
0.

32
0.

04
9

0.
36

26
.8

5
2

La
nn

ea
 c

or
om

an
de

lic
a 

(H
ou

tt.
) M

er
r.

-
M

0.
50

0.
09

0.
00

7
0.

05
17

.0
2

B
ig

no
ni

ac
ea

e
H

et
er

op
hr

ag
m

a 
su

lfu
re

um
 K

ur
z

TA
 K

U
T 

TA
M

AT
A

6.
25

1.
13

0.
07

5
0.

55
35

.3
8

14
1

2
St

er
eo

sp
er

m
um

 c
yl

in
dr

ic
um

 P
ie

rr
e 

ex
 D

op
SA

N
G

K
U

O
T 

TH
M

AT
M

0.
25

0.
05

0.
00

1
0.

00
5.

7
1

B
ur

se
ra

ce
ae

C
an

ar
iu

m
 su

bu
la

tu
m

 G
ui

ll.
TA

LA
T 

/ *
 P

on
 S

va
r

M
0.

25
0.

05
0.

00
2

0.
02

10
.3

1
C

el
as

tr
ac

ea
e

Lo
ph

op
et

al
um

 w
al

lic
hi

i K
ur

z
* 

Ta
 L

ey
M

3.
75

0.
68

0.
09

6
0.

7
34

.0
1

11
2

1
C

om
br

et
ac

ea
e

Te
rm

in
al

ia
 a

la
ta

 H
ey

ne
 e

x 
R

ot
h 

[G
la

br
ou

s t
yp

e]
C

H
H

LI
K

A
76

.0
0

13
.6

8
1.

82
13

.2
2

38
.5

15
3

12
7

12
12

Te
rm

in
al

ia
 a

la
ta

 H
ey

ne
 e

x 
R

ot
h 

[H
ai

ry
 ty

pe
]

C
H

H
LI

K
A

15
.5

0
2.

79
0.

74
1

5.
38

52
.4

3
13

46
Te

rm
in

al
ia

 c
he

bu
la

 R
et

z 
va

r. 
ch

eb
ul

a 
R

et
z

SR
O

R
M

O
R

A
7.

00
1.

26
0.

27
7

2.
01

39
.9

5
4

5
14

Te
rm

in
al

ia
 m

uc
ro

na
ta

 C
ra

ib
 &

 H
ut

ch
.

PR
A

M
 D

O
M

LE
N

G
M

4.
00

0.
72

0.
22

1
1.

60
49

.4
1

2
3

10
D

ill
en

ia
ce

ae
D

ill
en

ia
 o

va
ta

 W
al

l. 
ex

 H
oo

k.
 f.

 &
 T

ho
m

so
n

LO
W

EY
M

1.
75

0.
32

0.
01

2
0.

08
14

.0
2

1
4

D
ip

te
ro

ca
rp

ac
ea

e
D

ip
te

ro
ca

rp
us

 tu
be

rc
ul

at
us

 R
ox

b.
K

H
LO

N
G

D
10

6.
25

19
.1

3
4.

23
5

30
.7

7
52

.8
81

13
9

12
1

84
Sh

or
ea

 o
bt

us
a 

W
al

l. 
ex

 B
lu

m
e

PH
C

H
EK

D
47

.2
5

8.
51

2.
41

3
17

.5
3

56
.0

21
10

5
12

51
Sh

or
ea

 si
am

en
si

s M
iq

.
R

A
IN

G
 P

H
N

O
M

D
22

3.
25

40
.1

9
2.

71
6

19
.7

3
46

.7
71

3
17

3
4

3
E

be
na

ce
ae

D
io

sp
yr

os
 e

hr
et

io
id

es
 W

al
l. 

ex
 G

. D
on

C
H

H
O

EU
 R

O
M

EA
N

G
 / 

LO
M

EA
N

G
M

2.
00

0.
36

0.
02

5
0.

18
23

.0
2

6
D

io
sp

yr
os

 p
ilo

sa
nt

he
ra

 B
la

nc
o 

va
r. 

he
lfe

ri 
B

ak
h.

TR
O

R
 Y

IN
G

M
 (E

)
0.

25
0.

05
0.

00
8

0.
06

20
.1

1
E

up
ho

rb
ia

ce
ae

Ap
or

os
a 

oc
ta

nd
ra

 (B
uc

h.
-H

am
. e

x 
D

. D
on

) V
ic

ke
ry

K
R

O
N

G
 (s

p.
 1

)
M

0.
25

0.
05

0.
00

1
0.

01
7.

7
1

Ap
or

os
a 

vi
llo

sa
 (L

in
dl

.) 
B

ai
ll.

K
R

O
N

G
 (s

p.
 2

)
M

0.
75

0.
14

0.
00

9
0.

07
19

.0
3

Br
id

el
ia

 re
tu

sa
 (L

.) 
A

.Ju
ss

.
C

H
H

LI
K

 P
O

R
K

M
0.

25
0.

05
0.

00
1

0.
01

6.
4

1
G

ut
tif

er
ae

G
ar

ci
ni

a 
co

w
a 

R
ox

b.
-

M
0.

75
0.

14
0.

00
3

0.
03

8.
7

1
2



© Centre for Biodiversity Conservation, Phnom Penh

35Composition of deciduous dipterocarp forests 

Cambodian Journal of Natural History 2022 (1) 18–37

A
nn

ex
 1

 C
on

t’
d

 Fa
m

ily
 / 

Sp
ec

ie
s

K
hm

er
 N

am
e 

*
St

at
us

Tr
ee

 d
en

si
ty

Ba
sa

l a
re

a
M

ax
.

D
BH

 
(c

m
)

N
o 

of
 tr

ee
s 

in
 e

ac
h 

gr
ou

p

st
em

 h
a-1

%
m

2  h
a-1

%
1

2
3

4

L
ec

yt
hi

da
ce

ae
C

ar
ey

a 
ar

bo
re

a 
R

ox
b.

 / 
C

. s
ph

ae
ric

a 
R

ox
b.

K
A

N
N

D
O

L
M

0.
75

0.
14

0.
01

0.
07

17
.8

2
1

L
eg

um
in

os
ae

Ac
ac

ia
 h

ar
m

an
id

ia
na

 (P
ie

rr
e)

 G
ag

ne
p.

TH
M

EA
S 

TU
K

M
0.

25
0.

05
0.

01
1

0.
08

23
.5

1
D

al
be

rg
ia

 c
oc

hi
nc

hi
ne

ns
is

 P
ie

rr
e

K
R

O
R

N
H

O
U

N
G

M
0.

25
0.

05
0.

00
2

0.
02

10
.9

1
D

al
be

rg
ia

 c
ul

tr
at

a 
G

ra
h.

 e
x 

B
en

th
.

* 
Ta

 M
ea

ek
M

2.
00

0.
36

0.
03

6
0.

26
21

.5
3

4
1

D
al

be
rg

ia
 n

ig
re

sc
en

s K
ur

z 
va

r. 
ni

gr
es

ce
ns

SN
U

O
L

M
1.

75
0.

32
0.

15
6

1.
13

67
.1

7
D

al
be

rg
ia

 o
liv

er
i G

am
b.

 e
x 

Pr
ai

n
N

EA
N

G
 N

O
U

N
M

0.
25

0.
05

0.
00

5
0.

04
15

.9
1

Pt
er

oc
ar

pu
s m

ac
ro

ca
rp

us
 K

ur
z

TH
N

O
N

G
 K

R
A

H
A

M
M

0.
75

0.
14

0.
01

7
0.

12
28

.6
1

2
Sp

at
ho

lo
bu

s p
ar

vi
fl o

ru
s K

un
tz

e
C

H
H

A
R

 / 
D

O
R

K
 C

AV
M

0.
75

0.
14

0.
00

5
0.

03
9.

5
2

1
Xy

lia
 x

yl
oc

ar
pa

 (R
ox

b.
) W

. T
he

ob
.

SO
K

R
O

M
A

11
.0

0
1.

98
0.

12
6

0.
91

29
.3

3
34

1
6

L
og

an
ia

ce
ae

St
ry

ch
no

s n
ux

-b
la

nd
a 

H
ill

PR
AV

EK
M

2.
25

0.
41

0.
01

5
0.

11
15

.4
1

4
1

3
M

el
ia

ce
ae

Az
ad

ir
ac

ht
a 

in
di

ca
 A

.Ju
ss

.
SD

A
O

M
0.

25
0.

05
0.

00
1

0.
00

5.
7

1
M

yr
ta

ce
ae

Sy
zy

gi
um

 c
um

in
i (

L.
) S

ke
el

s
PR

IN
G

 B
A

I
M

 (E
)

4.
25

0.
77

0.
21

9
1.

59
45

.3
3

7
7

O
pi

lia
ce

ae
M

el
ie

nt
ha

 su
av

is
 P

ie
rr

e
* 

Pr
ic

ch
M

0.
50

0.
09

0.
00

3
0.

02
9.

5
2

Ph
yl

la
nt

ha
ce

ae
Ph

yl
la

nt
hu

s e
m

bl
ic

a 
L.

K
A

N
TO

U
T 

PR
EY

M
0.

75
0.

14
0.

01
8

0.
13

28
.9

2
1

R
ub

ia
ce

ae
C

at
un

ar
eg

am
 lo

ng
is

pi
na

 (R
ox

b.
) T

irv
en

g
LV

IE
N

G
 S

O
R

M
3.

00
0.

54
0.

01
5

0.
11

11
.9

5
6

1
C

at
un

ar
eg

am
 to

m
en

to
sa

 (B
l. 

ex
. D

C
.) 

Ti
rv

.
LV

IE
N

G
 K

R
O

H
O

M
M

0.
25

0.
05

0.
00

3
0.

02
12

.3
1

G
ar

de
ni

a 
ob

tu
si

fo
lia

 R
ox

b.
B

A
K

D
O

R
N

G
M

4.
50

0.
81

0.
01

4
0.

10
8.

8
14

2
1

1
M

itr
ag

yn
a 

ro
tu

nd
ifo

lia
 (R

ox
b.

) O
.K

.
K

H
TO

M
 / 

K
H

TO
M

 P
H

N
O

M
A

5.
75

1.
04

0.
10

7
0.

78
23

.5
2

13
2

6
M

or
in

da
 c

or
ei

a 
H

am
.

N
H

O
R

M
1.

00
0.

18
0.

02
1

0.
15

29
.6

2
2

N
eo

na
uc

le
a 

se
ss

ili
fo

lia
 M

er
r.

R
O

LE
AY

M
0.

25
0.

05
0.

03
0.

21
38

.8
1

Pa
ve

tta
 to

m
en

to
sa

 R
ox

b.
 e

x 
Sm

.
PR

EA
H

 C
H

H
N

ET
 / 

PU
K

 C
H

H
M

A
R

M
0.

25
0.

05
0.

00
1

0.
00

5.
4

1
Sa

po
ta

ce
ae

M
ad

hu
ca

 st
ip

ul
ac

ea
 F

le
tc

he
r

SR
A

K
U

M
M

 (E
)

1.
00

0.
18

0.
00

7
0.

05
13

.8
2

1
1

Ti
lia

ce
ae

G
re

w
ia

 e
ri

oc
ar

pa
 Ju

ss
.

PO
 P

LE
A

R
M

0.
25

0.
05

0.
00

1
0.

01
8.

2
1



© Centre for Biodiversity Conservation, Phnom Penh

36 Ito E. et al.

Cambodian Journal of Natural History 2022 (1) 18–37

A
nn

ex
 1

 C
on

t’
d

 Fa
m

ily
 / 

Sp
ec

ie
s

K
hm

er
 N

am
e 

*
St

at
us

Tr
ee

 d
en

si
ty

Ba
sa

l a
re

a
M

ax
.

D
BH

 
(c

m
)

N
o 

of
 tr

ee
s 

in
 e

ac
h 

gr
ou

p

st
em

 h
a-1

%
m

2  h
a-1

%
1

2
3

4

Ve
rb

en
ac

ea
e

Vi
te

x 
pi

nn
at

a 
L.

PO
PO

U
L

M
0.

50
0.

09
0.

00
9

0.
07

16
.0

1
1

To
ta

l
55

5.
50

10
0

13
.7

6
10

0
67

.1
10

41
68

9
20

3
28

9

A
nn

ex
 2

 A
bo

ve
gr

ou
nd

 u
nd

er
st

or
ey

 b
io

m
as

s 
in

 t
he

 s
tu

dy
 p

lo
t

Lo
ca

tio
n

A
bo

ve
gr

ou
nd

 u
nd

er
st

or
ey

 b
io

m
as

s 
(M

g/
ha

)

x
y

To
ta

l
Vi

et
na

m
os

as
a 

pu
si

lla
O

th
er

 
G

ra
m

in
ea

e
C

yp
er

ac
ea

e
D

ill
en

ia
 

ho
ok

er
i

Fa
ba

ce
ae

Sh
or

ea
 

ob
tu

sa
Sh

or
ea

 
si

am
en

si
s

O
th

er
 

sh
ru

bs
 &

 
he

rb
s

R
em

ar
ks

 
(e

m
er

gi
ng

 s
pe

ci
es

)

20
0

20
0

4.
75

4.
42

0.
27

0.
06

A
st

er
ac

ea
e

15
0

20
0

4.
47

1.
41

2.
43

0.
64

Li
lia

ce
ae

10
0

20
0

1.
60

0.
07

1.
42

0.
11

H
er

b
50

20
0

3.
09

1.
60

1.
49

0
20

0
1.

14
1.

09
0.

02
0.

02
0.

02

0
15

0
2.

32
1.

99
0.

09
0.

24
H

et
er

op
hr

ag
m

a
su

lfu
re

um
 K

ur
z,

 V
ite

x
50

15
0

5.
04

0.
28

4.
77

10
0

15
0

2.
13

0.
89

1.
18

0.
06

15
0

15
0

3.
48

2.
98

0.
16

0.
27

0.
07

Sc
hi

za
ea

ce
ae

20
0

15
0

4.
64

4.
62

0.
02

0.
00

D
io

sc
or

ea
ce

ae
20

0
10

0
2.

95
0.

56
2.

39
15

0
10

0
4.

07
4.

07
50

10
0

4.
36

3.
84

0.
18

0.
35

0
10

0
6.

98
6.

95
0.

01
0.

00
0.

02
Li

lia
ce

ae
0

50
7.

17
7.

10
0.

03
0.

04
V

ite
x 

sp
.

50
50

4.
28

4.
23

0.
05

0.
00

10
0

50
6.

20
6.

20
15

0
50

3.
68

3.
68

20
0

50
1.

53
0.

33
1.

06
0.

02
0.

11
20

0
0

4.
23

4.
14

0.
01

0.
08

A
st

er
ac

ea
e

15
0

0
1.

23
1.

22
0.

01



© Centre for Biodiversity Conservation, Phnom Penh

37Composition of deciduous dipterocarp forests 

Cambodian Journal of Natural History 2022 (1) 18–37

A
nn

ex
 2

 C
on

t’
d

Lo
ca

tio
n

A
bo

ve
gr

ou
nd

 u
nd

er
st

or
ey

 b
io

m
as

s 
(M

g/
ha

)

x
y

To
ta

l
Vi

et
na

m
os

as
a 

pu
si

lla
O

th
er

 
G

ra
m

in
ea

e
C

yp
er

ac
ea

e
D

ill
en

ia
 

ho
ok

er
i

Fa
ba

ce
ae

Sh
or

ea
 

ob
tu

sa
Sh

or
ea

 
si

am
en

si
s

O
th

er
 

sh
ru

bs
 &

 
he

rb
s

R
em

ar
ks

 
(e

m
er

gi
ng

 s
pe

ci
es

)

10
0

0
2.

10
2.

08
0.

02
50

0
2.

12
2.

10
0.

01
0

0
2.

62
2.

19
0.

14
0.

29
M

al
va

ce
ae


