
80

Forestry Studies | Metsanduslikud Uurimused, Vol. 75, Pages 80–103

Research paper

Tree diversity and species composition of tropical dry 
forests in Vietnam’s Central Highlands Region 

Nguyen Thanh Tuan1*, Tran Quang Bao2, Diego I. Rodríguez-
Hernández3 and Ilaria Gliottone4

Thanh Tuan, N., Quang Bao, T., Rodríguez-Hernández, D.I., Gliottone, I. 2021. Tree diver-
sity and species composition of tropical dry forests in Vietnam’s Central Highlands Region. 
– Forestry Studies | Metsanduslikud Uurimused 75, 80–103, ISSN 1406-9954. Journal homep-
age: http://mi.emu.ee/forestry.studies

Abstract. Tree species inventories, particularly of poorly known dry forests, are necessary to 
protect and restore them in degraded landscapes. The present research has been conducted to 
compare taxonomic diversity and community composition in four dry forests (DF) categories 
with different standing volume levels: very low (DFV), low (DFP), medium (DFM) and high 
(DFR). This quantitative assessment of taxonomic diversity, forest structure and species com-
position were obtained from 103 sample plots (0.1 ha each). The regeneration potential of trees 
was assessed in 515 subplots (4 m × 4 m) located within the 103 plots. A total of 1,072 trees rep-
resenting 87 species belonging to 37 families were recorded in 10.3 ha of total sampled area. 
The ranges of diversity indices observed in the four forest types were: Margalef’s (5.44–8.43), 
Shannon-Wiener (1.80–2.29), Simpson diversity (0.76–0.87) and evenness (0.32–0.35). The re-
generation potential of rare and threatened species Dalbergia oliveri, Hopea recopei, Dalbergia 
bariensis, Sindora siamensis, Parashorea stellata was observed to be poor. Conversely, Cratoxylon 
formosum, Shorea obtusa, Dipterocarpus tuberculatus, Dipterocarpus obtusifolius, Terminalia alata, 
Shorea siamensis and Xylia xylocarpa were the most dominant species at the seedling and sap-
ling stage, showing a strong potential for regeneration. Overall, this study provides useful 
information on tree species diversity and composition for tropical dry forests which can be 
used as baseline data to develop incoming plans for forest management and conservation in 
Vietnam’s Central Highlands Region. 
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Introduction

A plant community is a collection or as-
sociation of plant species within a specific 
location, which forms a relatively uniform 
patch, distinguishable from neighbouring 
patches of different forest types (Singh et 
al., 2016). Plant community descriptions 
provide information regarding the status 
of tree population, regeneration, diversi-
ty, habitat and associated species (Malik & 
Bhatt, 2015). The knowledge of plant com-
munity provides a common framework for 
ecologists, foresters, environmental plan-
ners, and others to use in a variety of ways, 
including vegetation mapping, ecological 
restoration, environmental planning, plan-
ning and implementation of the conserva-
tion strategy of the community (Rahman et 
al., 2011; Bhatta & Devkota, 2020). 

Although the tropical dry forests (DF) 
of Vietnam have been disturbed by hu-
mans for years, they still cover approxi-
mately 650,000 ha of the country’s land 
surface (Huy et al., 2016, 2018, 2019). DF are 
a unique and valuable forest type in need 
of better consideration in global, regional 
and local strategies for biodiversity conser-
vation (Wohlfart et al., 2014), because they 
provide a number of ecological services 
which are essential for different commu-
nities in the ecosystem, such as species 
conservation, water and air regulation, 
carbon and nutrient cycling, prevention 
of soil erosion and preservation of hab-
itats for many endemic animals (Rabha, 
2014; Nguyen & Baker, 2016; Deb et al., 
2017; Bhatta & Devkota, 2020; Sharma et 
al., 2020). However, the economic and hu-
man pressure experienced have resulted in 
DF to become one of the most deforested 
and least protected ecosystems in tropical 
Vietnam (Nguyen & Baker, 2016). DF of 
Vietnam’s Central Highlands Region are 
located in areas with good or excellent 
conditions for agricultural practices, which 
results in conversions of these forests into 
industrial crops such as rubber, coffee, 
pepper, cashew and acacia species. How-

ever, this conversion also leads to chang-
es of species composition, forest structure 
and the destruction of natural habitats for 
native species. (Nguyen & Baker, 2016; 
Huy et al., 2019). Moreover, natural distur-
bances such as forest fires are also an im-
portant abiotic factor that causes changes 
in the vegetation cover of DF, and it tends 
to have higher occurrence during the dry 
season (Huy et al., 2019). Due to high rates 
of deforestation and restricted and frag-
mented distribution of remaining DF cov-
ered areas, these ecosystems are consid-
ered the most threatened in Vietnam. Deb 
et al. (2017) has predicted that the suitable 
area for the tree species Shorea robusta C.F. 
Gaertn. and Dipterocarpus turbinatus C.F. 
Gaertn., which are important components 
of dipterocarp forests of Continental South 
and North Southeast Asia, will decline 
from 17% to 34% by 2070 under global cli-
mate change. Hence, there is the necessity 
for more specific information about DF, in-
cluding the composition, growth patterns, 
dominance, abundance and distribution of 
tree species. This information can be used 
to justify and express the need for develop-
ing and strengthening the protection and 
restoration measures of natural habitats, 
which in turn, would enhance biodiversi-
ty and productivity to directly benefit the 
communities depending on the resources 
of these forests (Das et al., 2018). Howev-
er, the structural dynamics and tree spe-
cies diversity of DF are inadequate and 
lack consistent research (Gopalakrishna et 
al., 2015). Most of the research on DF dy-
namics has been carried out in continental 
South and Southeast Asia, particularly in 
India, Bangladesh, Thailand, Nepal and 
Indonesia (Wanthongchai et al., 2014; Ma-
nuri et al., 2016; Das et al., 2018; Lal et al., 
2019; Bhatta & Devkota, 2020), and very 
few in tropical Vietnam (Do et al., 2017). 
DF researchers in Vietnam have primari-
ly focused on developing growth models, 
allometric equations, to estimate forest 
biomass and silvicultural studies (Luong 
et al., 2015; Huy et al., 2016, 2018, 2019). 
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Despite tropical dry forest communities of 
Vietnam are of outstanding relevance con-
cerning biodiversity levels, international 
scientific literature on the characterisation 
of vegetation communities is clearly in lack 
of research (Do et al., 2017), with only a few 
exceptions, such as the ones carried out by 
Nguyen & Baker (2016) and that of Do et 
al. (2017). However, these studies only fo-
cused on the characterisation of vegetation 
communities at small spatial scales, and 
they lack information about the regener-
ation potential of tree species. In fact, the 
structure and vegetation diversity of each 
plant community is influenced by soil type, 
topography, climate and human distur-
bance (Das et al., 2018; Khaine et al., 2018). 
Furthermore, it is important to record the 
most important plant species of the region 
in relation to other factors that may affect 
the diversity, structure and species compo-
sition of this particular forest type. There-
fore, in order to address this research gap, 
we conducted the present work to evaluate 
the changes in tree species composition, 
diversity and community structure in four 
DF types with different standing volume 
levels from Vietnam’s Central Highlands 
Region in relation to human disturbances. 

Study area and Methods

Study sites
The study area is situated in the Central 
Highlands, which is one of the eight agro-
ecological regions of Vietnam. It is located 
between the north latitude 12°45′N–13°20′N 
and east longitude 107°30′E–108°30′E. This 
region has an average altitude of 500–600 
m.a.s.l., with a hot and humid equatorial 
climate during the entire year. The area has 
a unimodal rainfall regime of up to 1600 
mm of mean annual rainfall, considering 
the period of interest from 2004 to 2020. The 
longer dry season stretches from Novem-
ber to April. The mean annual temperature 
is about 25.5˚C, while 12.4˚C and 28.3˚C are 
the minimum and maximum temperatures, 

respectively (Huy et al., 2019). The study 
area considered is characterized by igne-
ous rock parent material. Based on the FAO 
soil classification, there are four soil types 
in the study sites: chromic luvisols, pelvic 
vertisols, orthic luvisols and eurtic nitisols. 
The major forest type in the study area is a 
mixed dipterocarp forest that is distributed 
primarily on a soil type of igneous rocks. 

Field methods
The classification of the Forest Invento-
ry and Planning Institute of Vietnam for 
tropical dry forests is based on their differ-
ent standing volume levels. For instance, 
rich dry forests (DFR) comprise standing 
woody volume levels of > 200 m3 ha-1, the 
medium dry forest (DFM) of 101─200 m3 

ha-1, the poor dry forest (DFP) of 51─100 m3 
ha-1 and the very poor dry forest (DFV) of 
10─50 m3 ha-1, respectively. This is how the 
four different explored DF types were clas-
sified in this study.

For the data collection of tree species, a 
total of 103 quadrats of 0.1 ha each (31.63 m 
× 31.63 m) were laid randomly as follows: 
10 plots in DFR, 19 in DFM, 25 in EBP and 
45 in DFV, respectively (Figure 1). Within 
each sample plot several variables were 
measured for all trees ≥ 5 cm in diameter, 
including species name, diameter at breast 
height (DBH, in cm) and tree height (H, in 
m). Tree height was measured using the 
Häglof Vertex Hypsometer, while DBH 
was measured using a diameter tape. The 
volume (V) of each individual stem was 
calculated as follows: 

G × H × f, (1)
where G is stem basal area 
(𝐺𝐺 = �

�
𝐷𝐷𝐷𝐷𝐷𝐷� × 0.0001),  H is stem height 

and f is the form factor parameter, which 
is equal to 0.4826 (Hinh, 2012). Total stand-
ing volume was then calculated as the sum 
of all trunk volumes present within the 
sampled quadrats. The individuals that 
were recorded within the quadrats were 
identified to species-level according to the 
regional flora dataset (Ban et al., 2007; Ho, 
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2003). The individual stems that could not 
be identified in the field were taken to the 
National University of Forestry of Vietnam 
for identification and verification of their 
species name.

For the seedling and sapling survey 
(i.e., individuals with height > 30 cm and 
DBH < 5 cm), five subsample plots of 4 m 
× 4 m, i.e., each of 16 m2, were laid out in 
four corners and in the centre of the sam-
pled plot (31.63 m × 31.63 m). Therefore, 
a total of 515 plots covering 0.824 ha were 
used for the seedling and sapling survey.

Data analysis
The data were analysed to quantify tree 
species diversity, composition, density, 
and forest structure across the four DF 

types. The importance value index (IVI) 
was used to assess the distribution of spe-
cies abundance. It was computed as a sum 
of relative density, relative frequency, and 
relative basal area. The IVIi for species and 
i in each forest type was calculated as (Cur-
tis & McIntosh, 1951):

IVIi = (RFi+Rdi+RBAi), (2)

where RFi (relative frequency of species i) 
was calculated as:

RFi =100×Fi ∕ TF, (3)

where Fi is the number of plots (frequency) 
in which species i is present, and TF is the 
sum of all frequencies for all species.

Figure 1.  Geographic location of the study area. The upper left panel shows the location of Viet-
nam’s Central Highlands Region (pink colour); the lower left panel shows the location 
of the study area (light green colour) and the right panel shows the vegetation cover of 
tropical dry dipterocarp forests (fluorescent green colour) and the distribution of sampled 
plots for the four different dry forest (DF) types.
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Rdi (relative density of species i) was 
calculated as:

Rdi =100×di ∕ Td, (4)

where di is the total number of stems of 
species i, and Td is the total number of 
stems of all species.

RBAi (relative basal area of species i) 
was calculated as:

RBAi =100×BAi ∕TBA, (5)

where BAi is the total basal area of species 
i, and TBA is the total basal area of all spe-
cies.

The quantitative tree species diversity 
indicators that were used in this study in-
clude:

Margalef’s Index (Margalef, 1958): 

R=(S-1)/Log(N). (6)

Diversity Index (Shannon, 1948):

H’=-∑ 𝑝𝑝�𝑙𝑙𝑙𝑙𝑝𝑝��
���  

 
(7)

Dominance Index (Simpson, 1949): 

D=1 − ∑(𝑝𝑝�)� 
 

(8)

Equitability Index (Pielou, 1969):

E=H’/𝐻𝐻′��� 
 

(9)

where N = total number of individuals, 
pi=ni/N (ni = number of individuals of a 
species, N = total number of individuals of 
all the species).

Species rank distribution curves were 
also used to determine the relative impor-
tance of tree species in terms of diversity 
(Matthews & Whittaker, 2015) in the four 
forest types. Further, species similarity 
among different regions was computed 
using Jaccard’s Coefficient of Similarity 
(Jaccard, 1912). The value of the coefficient 
varies between 0 and 100%, where 100 
means the two sites have the same com-
position (they share the same number of 
species), and 0 means the two sites do not 
share any species.

Tree population structure was analysed 
using different DBH size class distribu-
tions across the four types of forest. To im-
prove the visualization and comparison of 
tree diameter distribution among the four 
forest types, the individual stems record-
ed in each forest type were classified into 
fourteen different DBH classes with 5 cm 
interval between one another. 

Due to lack of normality and homo-
geneity of variance, Kruskal–Wallis tests 
were used to determine significant dif-
ferences between the forest types. Post 
hoc pairwise multiple comparisons were 
performed using Wilcoxon rank sum test. 
Finally, we performed Chi square tests to 
determine significant differences between 
tree diameter distributions for the four for-
est types. All significant differences report-
ed here refer to p < 0.05, if not stated oth-
erwise. R statistical software was used for 
all statistical analyses (R Core Team, 2017).

Results

Vegetation characteristics
Figure 2 shows a ‘collector’s curve’ of 
woody species densities plotted as a func-
tion of the number of sites enumerated. 
Cumulative densities of species substan-
tially increased with each additional plot 
enumerated. 

However, the rate of increase dimin-
ished with increasing numbers of plots af-
ter the seventh site. The ‘collector’s curve’ 
flattened out as more woody species speci-
mens were enumerated. 

A total of 4914 trees belonging to 87 spe-
cies from 37 families were recorded within 
a sampled area of 10.3 ha (103 plots). Of the 
total recorded individuals, 32 species (19 
families) were found in DF rich forest, 54 
species (30 families) were found in DF me-
dium forest, 52 species (28 families) were 
found in DF poor forest, and 66 species (30 
families) were found in DFV.

Across the four forest types studied, 
we found 15 rare and threatened species 

.

.

,
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listed on the International Union for Con-
servation of Nature (IUCN) Red List (Sup-
plementary Table S1), ranging from Near 
Threatened (NT) to Endangered (EN). The 
communities with the highest number of 
rare and threatened species were DF medi-
um forest and DF very poor forest.

The five most abundant families were 
Dipterocarpaceae (n = 2953), Combretaceae 
(414), Fabaceae (254), Phyllanthaceae (230) 
and Leguminosae (158) and their most 
dominant species in each family were Sho-
rea roxburghii G. Don (n = 868), Terminalia 
calamansanai (Blanco) Rolfe (231), Xylia xy-
locarpa Roxb. (222), Aporosa villosa (Lindl.) 
Baill. (210), Dalbergia bariensis Pierre (69), 
respectively (Supplementary Table S2). 24 
species (27.59% of the total number of spe-
cies) were common to all four forest types. 
Two (2.3%) species, including Terminalia 
catappa L. and Artocarpus lakoocha Roxb., 
were exclusively found in DF rich forest; 8 
(9.2%) species, including Engelhardtia rox-
burghiana Wallich, Parashorea stellata Kurz, 
etc., were only found in DF medium forest; 
6 (6.9%) species, including Mallotus phil-
ippinensis (Lam.) Müll.Arg., Engelhardtia 
chrysolepis Hance, etc., were only found 
in DF poor forest, while 17 (19.54%) spe-
cies, including Litsea cambodiana Lecomte, 
Garcinia oblongifolia Champ. ex Benth., etc., 

were only found in DF very poor forest.
Basal area ranged from 5.74 m2 ha-1 

(DFV) to 23.7 m2 ha-1 (DFR) while stem 
density ranged from 431.05 stems ha-1 
(DFM) to 562.40 stems ha-1 (DFP) (Figure 
2). DFR had significantly higher species 
richness, family richness, basal area, mean 
diameter and mean height than DFP and 
DFV. There were no significant differenc-
es between DFR and DFM, except for spe-
cies richness and basal area which were 
significantly higher in DFR than in DFM. 
Similarly, no significant differences in stem 
density were observed among forest types 
(Figure 3).

Species abundance
Species rank abundance distribution 
curves show a similar pattern with invert-
ed J-shaped species distributions with rela-
tively flatter curves with high species rich-
ness and evenness for the four forest types. 
All of them had 5–10 species with high 
richness (larger distance between two adja-
cent species). Shorea obtusa Wall. ex Blume, 
Shorea siamensis Miq. and Xylia xylocarpa 
had high species richness in the four forest 
types. Similarly, Dipterocarpus tuberculatus 
Roxb., Dipterocarpus obtusifolius Teysm. ex 
Miq. and Shorea roxburghii had the highest 
species richness in DFM, DFP and DFV, re-

Figure 2.  Tree species-area curve between species richness and the 103 main plots that were sam-
pled within a total of 10.3 ha of natural forest in Vietnam’s Central Highlands Region.
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spectively (Figure 4).
Analysis of the Jaccard’s Coefficient of 

Similarity showed that all the DF types in 
the Central Highlands of Vietnam have 
an average similarity of more than 49% in 
terms of tree species presence. DFM and 
DFP shared the maximum similarity of 

59.09% followed by DFP and DFV (58.11%) 
respectively. However, the lowest similar-
ity (36.11%) in tree species occurrence was 
observed between DFR and DFV (Table 1).

Table 1.  Similarity Index (J’) matrix between 
four dry forest (DF) types in Vietnam’s 
Central Highlands Region.

Figure 3. Species richness (number of species per plot); stem density (number of individual stems 
per plot); family richness (number of families per plot); basal area (sum of basal area per 
plot); mean diameter (mean diameter per plot); mean height (mean height per plot) for 
the four dry forest (DF) types studied. 

Forest types DFR DFM DFP DFV

DFR 45.76% 43.10% 36.11%

DFM 59.09% 53.85%

DFP 58.11%

DFV
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Relative Importance value index (IVI) of 
the species
As in other tropical dry dipterocarp forests 
of Vietnam, Shorea siamensis, Shorea obtusa, 
Dipterocarpus tuberculatus, Dipterocarpus 
obtusifolius were found to be predominant 
(Figure 5). Out of 87 tree species, the IVI of 
the 10 dominant tree species contributed to 
225.42%, 201.76%, 224.28% and 201.42 % of 
the total IVI values in the DFR, DFM, DFP 
and DFV, respectively (Supplementary Ta-
ble S2). Shorea obtusa had the highest IVI in 
DFP and DFV, while Shorea siamensis and 
Dipterocarpus tuberculatus were DFR and 
DFM, respectively.

Tree diversity across forest types
Generally, the diversity of the four forest 
types is at a moderate level with the index 
of 1 < H’ < 3 (Table 2). DFR had a higher 

species richness (R), species diversity (H’) 
and dominance (D) than other vegetation 
types (p < 0.05). However, no significant 
differences in the evenness index (E) were 
observed between any forest types (p = 
0.6838).

Tree diameter distributions
In the tropical dry dipterocarp forests of 
the region, the density of individual tree 
species decreased with increasing tree 
size. The average number of individu-
al trees in 0.1 ha plots was 47.71 ± 24.92 
(ranging from 15 to 140 individuals). The 
maximum density of trees per unit area 
was 410.38 stems ha-1 and it was observed 
in the DBH class of 5–25 cm, which con-
tributed to 86.02% of the total tree popu-
lation (Figure 6). About 15.7% of the trees 
in the sampled plots were included in the 

Figure 4. Relationship between species relative importance and species rank in abundance for the 
top 5 tree species recorded in the four dry forest (DF) types studied. 
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Figure 5.  Top ten tree species and their contribution based on their importance value index (IVI), 
in terms of relative basal area (RBA), relative density (RD) and relative frequency (RF) for 
the four dry forest (DF) types studied in Vietnam’s Central Highlands Region.

Table 2.  Consolidated details of tree diversity in four types of tropical dry dipterocarp forests in 
Vietnam’s Central Highland Region.

Forest types Margalef’s 
Index (R)

Shannon-Wiener 
diversity (H’)

Simpson  
Index (D)

Evenness
 Index (E)

DFR 8.43±1.03a 2.29±0.16a 0.87±0.02a 0.32±0.02a

DFM 5.90 ±1.62b 1.85±0.38b 0.78±0.12b 0.34±0.04a

DFP 5.44±1.80b 1.80±0.32b 0.77±0.08b 0.35±0.07a

DFV 5.88±2.00b 1.81±0.37b 0.76±0.11b 0.34±0.06a

Kruskal-Wallis  
chi-squared 10.553 10.572 9.9064 1.4935

p-value 0.0144 0.01428 0.01938 0.6838

Note: Different letters (a, b) within the same column denote significant differences among indices (p<0.05). All variables were 
computed for all stems ≥5 cm of diameter.
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5–10 cm diameter class, while the 10–15 
cm class accounted for 34.3%. The high-
est tree stand density and species richness 
were found in these two diameter ranges, 
which accounted for 49.9% of enumerat-
ed trees. The above 15 cm of DBH classes 
contributed 50.1% to the total number of 
sampled trees. In other words, there was 
a normal population structure or ‘inverted 
J-shaped’ distribution of diameters in four 
forest types. This type of tree population 
structure implies good reproduction but 
hinders recruitment capacity (Angessa et 
al., 2020). However, there were substantial 
(Chi Square test, p < 0.05) variations in size 
class distribution of the individuals across 
the different management zones. In DFV, 
distribution of DBH classes was from 5–45 
cm, while large trees DBH > 45 cm of DFR, 
DFM and DFP were 42, 21 and 9 stem ha-1, 
respectively. Especially, the average stand 
basal area of trees with DBH ≥ 70 cm was 
much higher than the basal area occupied 

by trees of the two preceding DBH class-
es (75–85 cm and 85–95 cm DBH) despite 
their lower population size in DFR.

Tree regeneration
Among the four types of tropical dry dip-
terocarp forests, the best tree regeneration 
was observed in DFV with 21,734 seed-
lings and saplings per hectare. The number 
of seedlings and saplings was the lowest 
(6,825 individuals) in the sampled areas of 
DFR. Adequate regeneration of trees was 
noticed in DFM (13,829 individuals) and 
DFP (13,095 individuals) as compared to 
the other forest types under study. The 
regeneration status of species like Cratox-
ylon formosum (Jacq.) Benth. & Hook.f. ex 
Dyer, Shorea obtusa, Dillenia sp., Dipterocar-
pus tuberculatus, Dipterocarpus obtusifolius, 
Terminalia alata B. Heyne ex Roth, Shorea 
siamensis and Xylia xylocarpa on the forest 
floor is better than other species. Shorea 
obtusa, with 2,898 individuals per hectare 

Figure 6.  Frequency (%) of trees according to different DBH classes for the four dry forest (DF) types 
studied. Notes: DFR: rich dry forest; DFM: medium dry forest; DFP: poor dry forest; DFV: 
very poor dry forest.
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was higher in the list, followed by Cratox-
ylon formosum (2,252 individuals per hect-
are) (Figure 7).

Discussion

There are large variations in species rich-
ness, basal area, and stem density in trop-
ical dry forest ecosystems due to different 
climatic conditions, topography, and el-
evation gradients (Supplementary Table 
S3). Our results showed that DFR had sig-
nificantly higher species richness, family 
richness, basal area, tree size and diversity 
than DFP and DFV, respectively. This vari-
ation may be due to the difference in man-
agement activities and past disturbance 

between both categories of forests (Sap-
kota et al., 2019; Angessa et al., 2020). Our 
findings suggest that tree species richness 
in the study area was greatly affected by 
anthropogenic disturbances. Although the 
outcome of the effects of disturbances on 
plant species richness likely differs based 
on the nature of disturbance (e.g., tree cut-
ting, fuel-wood collection or agricultural 
expansion), and according to the intensi-
ty of disturbance. In general, tree species 
richness declined markedly from less dis-
turbed in DFR to highly disturbed in DFP. 
87 tree species in dry dipterocarp forest of 
the Central Highlands Region were record-
ed, which falls within the range of 16–204 
species with sampled area from 0.12 to 
20 ha reported for tropical dry forests all 

Figure 7.  Regeneration status for the top 10 tree species recorded in the four dry forest (DF) types 
studied. Notes: DFR: rich dry forest; DFM: medium dry forest; DFP: poor dry forest; DFV: 
very poor dry forest.
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over the world. Additionally, six rare and 
threatened species (Dalbergia oliveri Gam-
ble ex Prain, Hopea recopei Pierre ex Laness., 
Shorea siamensis, Dalbergia tonkinensis Prain, 
Parashorea stellata, Hopea odorata Roxb.) 
were the least abundant, namely one to 
two individuals, suggesting that they are 
rare species and need to be protected. On 
the one hand, in comparison with the other 
tropical dry forests, the number of species 
reported in the present study is higher than 
the results reported in previous studies (42 
species on 1.5 ha) in the Dadeldhura dis-
trict in Western Nepal (Bhatta & Devkota, 
2020), in the Fasiakhali Wildlife Sanctuary 
in Bangladesh (32 species on 3.2 ha) (Das 
et al., 2018), in the Minas Gerais in Brazil 
(59 species on 1.8 ha ) (Calvo-Rodriguez 
et al., 2017), in the Vindhyan highlands in 
India (52 species on 20 ha) (Chaturvedi & 
Raghubanshi, 2014), in the YokDon Na-
tional Park in Vietnam (38 species on 2.8 
ha) (Nguyen & Baker, 2016). On the other 
hand, the number of species in the present 
study is lower than the dry tropical forests 
in Eastern Ghats, Southern India (128 spe-
cies on 7.9ha) (Gopalakrishna et al., 2015), 
in the North-Western coast of Costa Rica 
(96 species on 0.9 ha) (Hilje et al., 2015), in 
Central America (204 species on 0.7 ha) 
(Gillespie et al., 2000), in the Guanacas-
te Province in Costa Rica (135 species on 
13.44 ha) (Hubbell, 1979), and in the North 
West Region of Cameroon (178 species on 
12.3 ha) (Sainge et al., 2020). Additionally, 
diversity values recorded in the present 
study are lower than 157 species, which is 
the number reported in 3 study sites of the 
Central Highlands Region in Vietnam (Do 
et al., 2017). The lower number of species 
found in this study is mainly due to past 
anthropogenic disturbance, but could also 
be attributed to a combination of factors 
related to climate, soil types, topography, 
species interaction (i.e., competition and 
niche diversification), and stand density 
(seed dispersal and survival and resource 
extraction) (Bhatta & Devkota, 2020; Go-
palakrishna et al., 2015; Imai et al., 2017).

Similarly to other tropical dry forests of 
Vietnam, the five most abundant families 
in the study area were Dipterocarpaceae, 
Combretaceae, Fabaceae, Phyllanthaceae 
and Leguminosae (Nguyen & Baker, 2016; 
Do et al., 2017). Fabaceae was also found 
to be the dominant family in tropical dry 
forests of Central America and South 
America (Coelho et al., 2012; Gillespie et 
al., 2000). Thirukkumaran et al. (2017) also 
reported Euphorbiaceae, Sapotaceae, Ruta-
ceae, Ebenaceae in a tropical dry forest of 
Northern Sri Lanka. Disparities in family 
composition values could be attributed to 
anthropogenic activities and environmen-
tal effects. The dominance of a family re-
flects the environmental conditions of the 
area where it lives such as soil, climatic 
conditions, insects, mammals, human dis-
turbance that impact the pollination, dis-
persal and establishment of species (Coley 
& Barone, 1996; Panda et al., 2013; Gopal-
akrishna et al., 2015).

In this study, the total basal area ranged 
from 5.74 m2 ha-1 in DFV to 23.7 m2 ha-1 in 
DFR. The basal area of the present study 
was very similar to that found in the tropi-
cal dry forests of Nepal (Bhatta & Devkota, 
2020), India (Chaturvedi & Raghubanshi, 
2014), Brazil (Coelho et al., 2012; Calvo-Ro-
driguez et al., 2017), Thailand (Wanthong-
chai et al., 2014), Central America (Mén-
dez-Toribio et al., 2014; Gillespie et al., 
2000), Sri Lanka (Karthigesu et al., 2019), 
and Cameroon (Sainge et al., 2020). How-
ever, the basal area of the present study 
was higher than that of Eastern Ghats and 
Vindhyan highlands of India (Chaturvedi 
& Raghubanshi, 2014; Gopalakrishna et al., 
2015). The variation in basal area may be 
due to differences in species composition, 
density, tree age, disturbances and altitude 
(Fu et al., 2017; Naidu & Kumar, 2016; Sap-
kota et al., 2010). Tree stem density found in 
this study was 477 stem ha-1 (ranging from 
150 to 1400 stem ha-1). Similarly, the tree 
density obtained from dry dipterocarp for-
est in the three provinces together (Daklak, 
Daknong, Gialai) (Do et al., 2017), and in 
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YokDon National Park in Vietnam (Nguy-
en & Baker, 2016) were 622 and 1,229 stems 
ha-1, respectively. A rich community has a 
large Shannon-Wiener (H’) value, while an 
ecosystem with a low value has low spe-
cies diversity and the index values ranged 
from 0 to 5, usually from 1.50 to 3.50 (Mer-
agiaw et al., 2018). In this study, H’ value 
ranged from 1.8 to 2.29, suggesting that the 
dry forest of the Central Highlands Region 
had a low tree species diversity. The index 
measured in this study was similar to one 
previously published, which reported a 
value of 2.06 for the same area (Do et al., 
2017). However, it was greater than the 
previously published H’ value ranging 
from 0.9 to 1.3 for the tropical dry forest 
of Minas Gerais, Brazil (Calvo-Rodriguez 
et al., 2017). Simpson Index (D) ranged 
from 0.76 to 0.87. These values are similar 
to those reported formerly for tropical dry 
forests in the Fasiakhali Wildlife Sanctu-
ary in Bangladesh (Das et al., 2018), and in 
Michoacán, Mexico (Méndez-Toribio et al., 
2014). 

Tree diameter distribution reflects the 
disturbance effect within the forests and it 
is helpful in detecting trends of regenera-
tion patterns (Poorter et al., 1996; Sahoo et 
al., 2017). In the present study, only 9 to 
42 individuals ha-1 with DBH of above 45 
cm contributed to only 1.8% to 8.8% of the 
overall tree density. In contrast, the con-
tribution to tree density by individuals of 
lower diameter class (5–15 cm) was as high 
as 86.02%. The low diversity, the density 
of trees of a higher diameter class, and the 
predominance of plants of lower diame-
ter observed revealed a reverse J-shaped 
structure in both forest categories and large 
forest disturbances, such as logging, forest 
fires and expanding agricultural crop pro-
duction. For example, a higher stem den-
sity in a lower diameter class is due to the 
restriction of cutting of small-sized trees 
and regeneration processes, while a lower 
stem density in a higher diameter class is 
caused by the selective harvesting of large-
sized trees.

The forest wealth depends on the po-
tential regenerative status of species com-
posing the forest stand, in space and time 
(Jones et al., 1994). The regeneration of a 
forest is a vital process in which old trees 
die and are replaced by young ones (Malik 
& Bhatt, 2016). Furthermore, regeneration 
is a critical phase of forest management, 
because it maintains the desired species 
composition and stocking after disturbanc-
es (Duchok et al., 2005). The regeneration 
status of tree species of any forest is de-
termined by the densities of seedlings and 
saplings. The ratio of various age groups in 
a population determines the reproductive 
status of the population and it indicates the 
future course (Odum, 1971). In this study, 
seedling density ranged from 6,825 in DFR 
to 21,734 individuals ha-1 in DFV. The vari-
ous forest types showed that canopy open-
ing might be in favour of seed germination 
and seedling establishment through in-
creased solar radiation on the forest floor 
(Kadavul & Parthasarathy, 1999). For in-
stance, very poor DF with sparse density 
of a higher diameter class shows that a low 
canopy cover is suitable for forest regener-
ation. Our results are consistent with the 
findings published by Sapkota et al. (2009). 
The research indicated that mild distur-
bance supports species regeneration in five 
seasonally dry deciduous Sal forests in the 
Nawalparansi district of Nepal. The densi-
ty of seedlings and saplings in the present 
study showed similar results if compared 
to previous research in the tropical dry for-
ests. For instance, Nguyen & Baker (2016) 
reported seedling density to be 13,383 in 
YokDon National Park, Vietnam. Bhatta 
& Devkota (2020) studied the community 
structure and the regeneration status of 
Shorea robusta forests in the Dadeldhura 
district in Western Nepal, and they record-
ed 15,905 seedlings ha-1 and 1,876 saplings 
ha-1. Wanthongchai et al. (2014) recorded 
a seedling density ranging from 13,000 to 
40,000 individuals ha-1 and a sapling densi-
ty from 573 to 4,570 individuals ha-1. While, 
Karthigesu et al. (2019) studied the diversi-
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ty of tree community in a tropical dry forest 
of Northern Sri Lanka and could record a 
seedling density ranging from 694 to 3,400 
individuals ha-1 and a sapling density from 
773 to 4,475 individuals ha-1, respectively.

Conclusion

Floristic inventories and vegetation analy-
sis for the tropical dry forest of the Central 
Highlands Region in Vietnam showed that 
tree stem density, basal area and Shannon 
Index were relatively low in the four for-
est types studied, particularly due to past 
disturbance such as anthropogenic, selec-
tive logging, deforestation for agricultural 
purposes and natural fires. The large pop-
ulation and regeneration of sapling trees 
in DF in the Central Highlands Region, 
suggest that this is a second-growth for-
est with high regeneration potential. With 
agricultural communities located in the 
buffer zone for the protection of the forest 
with a fast-growing economy, the pressure 
on forest resources is increasing. Therefore, 
a systematic management plan is required 
for their conservation and sustainable use.
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Diversity and composition of tree species in four dry forest (DF) types of Vietnam’s 
Central Highlands.

Supplementary Table S1.  Nationally rare and IUCN red list of threatened species recorded in four  
  different dry forest (DF) types of Vietnam’s Central Highlands.

Species name IUCN DFR DFM DFP DFV

Dalbergia oliveri Gamble ex Prain EN - - - 1

Hopea recopei Pierre ex Laness EN - 1 - -

Dipterocarpus intricatus Dyer EN - - - 1

Pterocarpus macrocarpus Kurz. EN - 1 3 12

Dalbergia bariensis Pierre EN 5 2 21 41

Sindora siamensis Teysm. LR - 1 - -

Dipterocarpus tuberculatus Roxb. NT 8 157 250 376

Dipterocarpus obtusifolius Teijsm. NT 7 158 242 323

Shorea obtusa Wall. NT - 15 15 37

Vitex ajugaeflora Dop VU - 2 1 33

Dalbergia tonkinensis Prain VU - - - 1

Parashorea stellata Kurz VU - 1 - -

Dipterocarpus alatus Roxb. VU - 24 1 5

Hopea odorata Roxb. VU - - - 2

Shorea roxburghii G. Don VU 26 85 309 448

Notes: IUCN: International Union for Conservation of Nature; EN: endangered species; LR: species at lower risk; NT: near 
threatened species; VU: vulnerable species.
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