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Abstract

Dominant tree of limestone karst was carried out to study in the
habitat of Kha Nyou or Laotian rock rat (Laonastes aenigmamus) in
Mouang-Doy Village, Thakhek District, Khammouane Province,
central Lao PDR during April and June 2020 using stratified random
sampling. Twenty 10x10m sampling plots were placed separately for
each forest type (limestone deciduous forest and semi - evergreen
forest) within the habitat of Kha Nyou was studied during 2008 and
2010. Tree dominance was considered based on Important Value
Index (IVI). A total of 332 individual trees (1660 individual/ha)
representing 30 families, 40 genera and 54 species were found.
However, three of these species were only classified to a genus
(appendix 01 and 02). The dominant trees of limestone karst in habitat
of Kha Nyou can be separated based on forest types. In the semi -
evergreen forest were Diospyros rubra H. Lec., Memecylon ovatum
Sm. and Walsura trichostemon Mig. (mean 1V1=51.70, 22.41, 18.65 and
14.55, respectively), while in the limestone deciduous forest were
Sterculia pexa Pierre, Spondias pinnata (L.F) Kurz, Zanthoxylum cf.
myriacanthum Wall. ex Hk. f. and Trichilia connaroides (Wight &
Arnott) (mean IV1=81.65, 26.28, 22.97 and 17.23, respectively).

Key words: Dominance tree, Kha Nyou, Limestone Karst, Khammouane
Province and Phou Hin Poun

1. Introduction
The

limestone karst

PHP NPA is known as the habitat of Kha

in Lao PDR is Nyou Laonastes aenigmamus (Jenkins et al.,

distributed throughout country. The largest
limestone karst located in central Lao People's
Democratic Republic (Lao PDR), Khammouane
province. Phou Hin Poun National Protected
Area (PHP NPA), former called Khammouane
Limestone Protected Area (KLPA). Limestone
karsts are sedimentary rock outcrops that consist
primarily of calcium carbonate (Clements et al.,
2006). In Lao PDR, the limestone Karst in
northern is of Permian-Carboniferous age, but
Jurassic limestone occurs locally at Luang
Prabang Province, while in the central, Permo-
Carboniferous limestone is very widespread
(Kiernan, 2009).

2005; Khotpathoom et al., 2020), which is
existing and only a representative of
Diatomyidae (Flynn, 2007), while another has
been extinct more than 11 million years ago and
the significants primates such as southern white-
cheeked gibbon Nomascus siki (Duckworth et al.,
2010; Phiapalath et al., 2012; Van Tran et al.,
2023) and Laotian langur Trachypithecus laotum
(Souwideth et al., 2021). PHP NPA is also known
as home of new and endemic species of wild
animal such as limestone rat (Saxatilomys
paulinae) (Musser et al.,, 2005), bare-faced
bulbul (Pycnonotus Hualon) (Woxvold et al.,
2009), an amphibian (Rhacophorus spelaeus)
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(Orlov et al., 2009) and reptile (Gekko
khunkhamensis) (Sitthivong et al., 2021). For the
plants, at least four species was listed in endemic
to Indochina (Cambodia, Lao and Vietnam) such
as Cynometra dongnaiensis Pierre, Jasminum
vidalii  P.S.Green, Memecylon chevalieri
Guillaumin and Pothos gigantipes Buchet ex
P.C.Boyce. (Prosperi et al., 2017). However, the
limestone habitat or ecology in PHP NPA is
limited of study (Timmins, 1997; Steinmetz,
1998).

In PHP NPA, some previous researcher
briefly —described that the habitat was
characterized by 2 main forest types of semis -
evergreen forest and mixed deciduous forest.
There is also patch of low bamboo-dominated
secondary growth (Timmins, 1997). Steinmetz
(1998) classified vegetation in PHP NPA into 5
sub forest types such as semi - evergreen forest,
vine-bamboo forest, dry deciduous forest, mixed
deciduous forest and wetlands. However,
inventory of vegetation has not been undertaken
yet. Thus, the objectives of this study were to
distinguish the dominant trees which grown in
the limestone karst habitat of Kha Nyou. The
expected result in this study will be the
fundamental inventory of limestone vegetation in
PHP NPA. In addition, the basic information on
tree dominance of Kha Nyou’s habitat will be
helpful for future study and management on
habitat and diet of this vegetarian endemic
rodent.

2. Materials and Methodology
2.1 Study area

The study was carried out at Mouang-doy
Village, Thakhek District, Khammouane
Province, Central Lao PDR. This village is

known as the first study area of Kha Nyou
(Jenkins et al., 2005), located at about 21 km
north of Thakhek downtown (104°46°-104°52"E
and 17°31°-17°34'N) and encompassed of 21
km? area. More than half of area overlapped with
PHP NPA. The study area is located at one
kilometer to the west of village (Figure 1) within
20 ha. In this study area was separated into 2
forest types such as limestone deciduous forest (9
ha) and semi - evergreen forest (11lha). The
climate is tropical and the year is distinctly
divisible into rainy season (April to September)
and dry season (October to March). According to
ten years of climate statistic from 2000 to 2009
of Thakhek Meteorological Station, the average
annual rainfall is 2,509.86 mm and the average
monthly of air temperatures within annual cycle
ranges from 22.58-29.50°c. Semi-evergreen
forest and deciduous forest is main plant
community in this study area.
2.2 Plot sampling and analyzing

Plant study was carried out during April
and June 2010 using stratified random sampling.
Twenty 10x10 m sampling plots were placed
randomly for separately each forest types (Ten
plots for limestone deciduous forest and ten plots
for semi - evergreen forest). All trees > 3 m
height were measured diameter at breast height
(dbh) in all sampling plots and identified in the
field. The unidentified trees were photographed
and collected to identify at Herbarium of the
Faculty of Forestry, National University of Laos.
The botanical name was checked by using Lao
Plant Name (Lemann et al. 2003; Newman et al.,
2007; Inthakoun and Delang, 2008) and Thai
Plant Names (Smitinand, 2001).
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Figure 1: Target study Mouang-doy Village, Thakhek District and NPAs system in Lao PDR

The dominant trees and shrubs were determined using the Importance Value Indices (V1)
which has been used widely in previous researches (Dangol and Shivakti, 2001; Kunwar and Sharma,
2004; Sahu at el., 2012). The VI was determined by adding the relative density (RD), relative
dominance (RDo) and relative frequency (RF) (Mueller-Dombois and Ellenberg, 1974). The RD,

RDo, RF and IVI were calculated by using the following formulas:
Density of a species

= X100 (1
Density of all species in sampling plots M

Dominance of a species

RDo = X100 (2
© Dominance of all species in sampling plots @
Frequency of a species
= — . X100 (3)
Frequency of all species in sampling plots
VI = RD + RDo + RF

3. Result mostly covered with limestone deciduous trees.
3.1 Limestone karst habitat The semi-evergreen forest's edge, on the other

The majority of the land in Mouang-doy
village is stunning limestone karst, with minimal
flora in certain areas (limestone outcrops) but
plentiful evergreen trees in others, such as the
valley, sinkhole, and mountain base. The
limestone Kkarst of this area is home to Kha Nyou
and a large number of limestone plants and
animals due to the quantity of natural habitats.

Kha Nyou lives in limestone karst with
complex crevices or caverns that include
boulders varied in size up to numerous meters on
steep slopes. The karst formation where Kha
Nyou was captured, according to locals, was

hand, was confirmed. The limestone Karst
ecosystem provides safe cover for animals
against natural predators and local hunters.

3.2 Vegetation

The vegetations of PHP NPA were briefly
described in the 1990s. The limestone Kkarst cliffs
and slopes support a small plant community. The
primary types of forest are semi-evergreen and
mixed deciduous forest which call “Limestone
deciduous forest”. Deciduous trees, possibly
identified as Sterculia, are common. According
to the findings of this study, semi-evergreen
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forests are found where valleys are abundant, but
mixed deciduous forests are found on karst where
soils are scarce. There were 332 individual trees
(1660 individuals/ha) spanning 30 families, 40
genera, and 54 species discovered. However,
three of these species were only recently
classified to a genus (appendix 01 and 02).
3.2.1 Semi-evergreen forest

The semi-evergreen forest community was
found between 160-350 m above sea level (55%
of total area) in this study location. Both
evergreen and deciduous trees covered the
ecosystem. Trees grow primarily near the base of
mountains, valleys, and sinkholes when deep soil
is found. A total of 206 individual trees (2,060
trees/ha) were found, representing 24 families,
32 genera, and 42 species (one species was only
identified into genus). This forest type has a
greater diversity of tree species than limestone
deciduous forest.
3.2.2 Dominance tree

The semi-evergreen forest structure was
divided into three stories in this study area. It
appeared differently in the dominants tree for
each based on the IVI values. Hopea ferrea
Laness. and Diospyros rubra H. Lec. were the
leading trees in the first story. Memecylon
ovatum Sm., and Walsura trichostemon Miq.
dominated the second story, while Streblus asper
Lour.,, Hydnocarpus ilicifolius King and
Alphonsea boniana Finet & Gagnep dominated
the third. (Please see Appendix 1). However,
because the semi-evergreen forest has been
damaged by illegal logging, those prominent
trees can be dynamic.

3.2.3 Limestone deciduous forest
This forest type occupied around 45% of

the total area and ranged in elevation from 200 to
400 meters above sea level. The majority of the
trees were growing on limestone cracks with
some soil. During the dry season, they are usually
leafless. The limestone deciduous forest is
largely made up of deciduous trees and shrubs,
but there are some evergreen trees and shrubs as

well, such as Diospyros rubra H. Lec. and
Radermachera sp. (Appendex 02). According to
the findings of this investigation, 126 individual
trees (1,260 trees/ha) comprising 20 families, 20
genera, and 25 species were discovered.

3.2.4 Dominance tree

The Limestone deciduous forest structure
was divided into two stories in this study area.
Based on the VI values, it appeared differently
in the dominant trees for each. Sterculia pexa
Pierre, Spondias pinnata (L.F) Kurz, Shorea
siamensis Miquel, Terminalia calamansanay
(Blanco) Rolfe and Bombax anceps Pierre
dominated in the first story, while Sterculia pexa
Pierre, Zanthoxylum cf. myriacanthum Wall. ex
Hk. f., Trichilia connaroides (Wight & Arnott)
and Dracaena cochinchinensis (Lour) S.C.
dominated in the second story (Appendix 2).

4.  Discussion

There were several endemic species of
plants and animals found in the limestone karst
ecosystem. Research on the flora in the limestone
karst at PHP NPA in Khammuoan Province, Lao
PDR, has recently been limited (Timmins, 1997;
Steinmetz,  1998;  Khotpathoom,  2011;
Souvannakhoummane et al., 2021). However,
there has been some research on the fauna
(Douangboupha et al., 2009, Hautier and Saksiri,
2009; Scopin et al., 2011, Khotpathoom et al.,
2020), and some endemic and new species have
been discovered (Jenkins et al., 2005; Musser et
al., 2005; Woxvold et al., 2009; Orlov et al.,
2009, Sitthivong et al., 2021).

The vegetations of PHP NPA are generally
described in the 1990s (Timmins, 1997;
Steinmetz, 1998). The two types of forest found
at PHP NPA are Semi-evergreen and Mixed
deciduous (also known as limestone deciduous),
which are similar to the limestone karst found on
the left bank of the Mekong River in Thailand
(Nangngam et al., 2011). due to the short study
period and inventory methods, the richness of
vegetation species at PHP NPA in this study is
much lower (54 species) than that of Limestone
Mountain in Thung Salaeng Luang National Park
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(129 species), Phitsanuloke Province of Thailand
(Nangngam et al., 2011). In this study, there were
differences in the diversity of tree species
between the two types of forests. Due to
significant differences in soil quality and
nutritional status, semi-evergreen forests were
discovered in greater numbers than limestone
deciduous forests.

The dominating species at PHP NPA differ
barely between the two types of forests. In semi-
evergreen forest was dominated by Hopea ferrea
Laness., Diospyros rubra H. Lec., Memecylon
ovatum Sm. and Walsura trichostemon Mig.
which different with the past research in 1990s
dominated by Lagerstroemia (Timmins, 1997),
while limestone deciduous forest was covered by
Sterculia pexa Pierre, Spondias pinnata (L.F)
Kurz, Zanthoxylum cf. myriacanthum Wall. ex
Hk. f., and Trichilia connaroides (Wight &
Arnott). Steinmetz et al. (1998) also showed that
Sterculia combined with cycads was abundant in
mixed deciduous forest.

The dominant evergreen trees in the
limestone karst are likewise distinctive to each
place. Evergreen trees in Doi Tung, northern
Thailand dominated by Capparis sabiifolia Hk.
F. & Th., Glycosmis cochinchinensis (Lour.)
Pierre ex Engl., Agapetes megacarpa W.W. Sm.,
and A. lobbii Cl. (Maxwell, 2007). They
appeared distinct in this study at PHP NPA,
Khammouane Province, central Lao PDR.
However, in the Catba National Park in northeast
Vietnam, the main evergreen tree is quite similar
to our study, such as Diospyros spp., Streblus
and Nguyen Nghia, 1998).

The Kkarst limestone environment provides
excellent natural predator protection (Scopin et
al., 2011), but it is not as safe from local hunters
(Vongsa, 2010; Khotpathoom et al., 2021).
Illegal logging and non-timber forest product
harvesting have had a significant impact on the
ecosystem of limestone karst in the study site and
its surrounds. Valleys and slightly slope were
also cut and burned for agricultural purposes.

Some large hardwoods were cut, including
Hopea ferrea Laness and Afzelia xylocarpa
(Kurz) Craib. These acts had an influence on both
plant species diversity and animal survival.
Human disturbance, according to Larpkern et al.
(2011), can have an effect on the density of trees
in a community.
5. Conclusion

The habitat of the Kha nyou, also known as
the Laotian rock rat (Laonastes aenigmamus),
was restricted to limestone karst with cracks and
bounders. These areas were primarily covered by
semi-evergreen forest and limestone deciduous
forest. The dominating trees for each forest type
differed slightly based on important value index.
Hopea ferrea Laness., Diospyros rubra H. Lec.,
Memecylon ovatum Sm. and Walsura trichostemon
Mig. dominated the semi-evergreen forest
(IVI=51.70, 2241, 1865 and 14.55,
respectively), while Sterculia pexa Pierre,
Spondias pinnata (L.F) Kurz, Zanthoxylum cf.
myriacanthum Wall. ex Hk. f. and Trichilia
connaroides (Wight & Arnott) (IVI1=81.65,
26.28, 22.97 and 17.23, respectively). Human
activities have disturbed the semi-evergreen
forest in this study area, which may have an
impact on the structure of forest, particularly the
dominant tree species.
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Importance Value Indices (1VI) tree community in Semi - evergreen ecosystem

Family Botanical name RD RF Rdo IVI Habit
Dipterocarpaceae Hopea ferrea Laness. 583 6.96 38.92 51.70 T
Ebenaceae Diospyros rubra H. Lec. 6.80 522 1040 2241 T
Melastomataceae Memecylon ovatum Sm. 825 696 3.44 18.65 S
Moraceae Streblus asper Luor. 10.19 522 274 18.15 S
Annonaceae Alphonsea boniana Finet & Gagnep. 825 696 19 1717 T
Meliaceae Walsura angulata Craib 6.31 696 377 17.04 T
Meliaceae Walsura trichostemon Mig. 6.31 522 302 1455 T
Flacourtiaceae Hydnocarpus ilicifolia King 485 348 6.06 1439 T
Lythraceae Lagerstroemia calyculata Pierre 437 522 259 1218 T
Dipterocarpaceae Shorea siamensis Miquel 097 174 564 835 T
Meliaceae Trichilia connaroides (Wight & Arnott) 291 348 163 8.02 T
Fabaceae Afzelia xylocarpa (Kurz) Craib 291 261 151 7.03 T
Euphorbiaceae Drypetes hoaensis Gagnep. 194 348 071 6.13 T
Sapotaceae Mudhuca sp. 340 174 085 599 T
Annacardiaceae  Anacardium occidentale L. 243 261 092 596 T
Moraceae Ficus altissima Blume 146 174 267 5.86 S
Fabaceae Antheroporum glaucum Z. Wei 243 261 026 5.30 T
Guttiferae Garcinia xanthochymus Hook. f. ex T. 104 174 057 495 T

Anderson
Apocynaceae Wrightia arborea (Dennst.) Mabb. 194 174 026 394 SIT
Fabaceae Erythrina stricta Boxb. 146 174 071 390 SIT
Lythraceae Lagerstroemia cf. villosa Wall. Ex Kurz 194 174 017 3.85 T
Burseraceae Canarium subulatum Guill. 049 087 226 362 T
Meliaceae Chukrasia tabularis A. Juss. 049 087 226 3.62 T
Sterculiaceae Pterospermum diversifolium Blume 097 087 167 351 T
Moraceae Streblus ilicifolius (Vidal) Corner 146 174 024 343 S
Combretaceae Terminalia bellirica (Gaertn.) Roxb. 097 174 031 3.02 T
Annonaceae Alphonsea tonkinensis A. DC. 097 174 014 285 SIT
Fabaceae Saraca declinata (Jack) Miquel 097 087 097 281 T
Verbenaceae Vitex tripinnata (Loureiro) Merrill 049 087 059 19 T
Sterculiaceae Sterculia pallens (Wall. ex King) Stearn 049 087 042 1.78 T
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Syzygium cinereum (Kurz) Chantar. & J.

Myrtaceae 049 087 035 171 T
Paren.
Datiscaceae Tetrameles nudiflora R. Br. & Benn 049 087 026 161 T
Bignoniaceae Radermachera ignea (Kurz) Steenis 049 087 026 161 S
Anacardiaceae Semecarpus cochinchinensis Engl. 049 087 026 161 T
Sterculiaceae Sterculia parviflora Roxb. Ex G.Don 049 087 021 157 S
Combretaceae Terminalia calamansanay (Blanco) Rolfe 049 087 021 157 T
Ebenaceae Diospyros glandulosa Lace 049 087 019 154 T
Dipterocarpaceae Hopea recopei Pierre 049 087 019 154 T
Sonneratiaceae \I?vuailsanga grandiflora (Roxb. Ex DC.) 049 087 014 150 T
Bombacaceae Bombax anceps Pierre 049 087 012 147 T
Moraceae Ficus microcarpa Linnaeus 049 087 012 147 S
Moraceae Ficus vasculosa Wall. ex Mi. 049 0.87 0.05 1.40 S
Total 100 100 100 300
Note: S= Shrub, ST= Shrubby Tree and T = Tree
Appendix 02:
Importance Value Indices (IV1) of different trees in the limestone deciduous forest
Family Scientific Name RD RF Rdo VI Habit
Sterculiaceae Sterculia pexa Pierre 26.19 1333 4213 8165 T
Anacardiaceae Spondias pinnata (L.f.) Kurz 476 6.67 1485 2628 T
Rutaceae |Z_Ic':1<r.1tfiToxylum cf. myriacanthum Wall. ex 704 800 7.03 9297 T
Dipterocarpaceae  Shorea siamensis Miquel 238 400 1336 1974 T
Meliaceae Trichilia connaroides (Wight & Arnott) 714 6.67 342 1723 T
Combretaceae Terminalia calamansanay (Blanco) Rolfe 556 9.33 2.08 1697 T
Dracaenaceae g;zﬁaena cochinchinensis - (Lour) - S.C. 6.35 4.00 1.23 11.58 SIST
Bombacaceae Bombax anceps Pierre 476 533 257 1266 T
Acanthaceae Xylycanthus Laotica Aver. & S.K. Nguyen. 4.76 8.00 0.97 13.73 S
Apocynaceae Wrightia arborea (Dennst.) Mabb. 556 4.00 127 1082 T
Lauraceae Phoebe sp. 317 533 082 933 S
Fabaceae Erythrina stricta Boxb. 317 267 201 785 SIT
Avraliaceae Schefflera arboricola (Hayata) Merrill 238 267 227 732 T
Euphorbiaceae Euphorbia antiquorum L. 238 400 048 6.86 S/ST
Sterculiaceae Sterculia pallens Wall. ex Hochr. 238 267 0.86 590 S
Moraceae Ficus religiosa L. 159 133 190 482 S
Verbenaceae Vitex tripinnata (Loureiro) Merrill 159 133 0.93 38 T
Combretaceae Terminalia bellirica (Gaertn.) Roxb. 159 133 048 340 T
Ebenaceae Diospyros rubra H. Lec. 159 133 0.37 329 ST
Melastomataceae ~ Memecylon ovatum Sm. 079 133 0.37 250 S
Moraceae Ficus microcarpa Linnaeus 079 133 0.15 228 S
Moraceae Ficus vasculosa Wall. ex Mi. 079 133 011 224 S
Meliaceae Walsura trichostemon Mig. 079 133 011 224 T
Bignoniaceae Radermachera sp. 079 133 011 224 S
Moraceae Ficus altissima Blume 079 133 011 224 S
Total 100 100 100 300

Note: S= Shrub, ST= Shrubby Tree and T = Tree
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