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Abstract

A phytosociological study on the floristic and vegetation communities of Aquilaria malaccensis was carried out in
Sungai Udang Forest Reserve, Malacca, Malaysia. The main objectives of this study were to identify, characterize and
classify the Aquilaria malaccensis communities which were naturally distributed in the Sungai Udang Forest Reserve. A
total of 25 plots (40 m x 20 m) in size were constructed according to the line transect method. The vegetation sampling and
data analysis were done. A total of 80 species belonging to 79 genera and 40 families were found from all the 25 plots in
Sungai Udang Forest Reserve. The most abundant family was the Euphorbiaceae with 220 individual trees, followed by
Myrtaceae and Anacardiaceae representing 212 and 197 individual trees, respectively. A community which was Aquilaria
malaccensis — Artocarpus rigidus community with two new sub-community known as Palaquium gutta sub-community and
Barringtonia racemosa sub-community were identified on the basis of statistical and phytosociological analyses. These
community and sub-community also showed preference on different geographical and environmental factors such as soils
and local relief. This study is useful in providing more information on the growth response of the mixed dipterocarp forest in

the development of proper forest management.
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Introduction

Phytosociology provides useful basic data for
ecology, geography, landscape science, conservation and
environmental science because the data represent
integrated units in vegetation systems (Fujiwara, 1987). A
phytosociological study gives information on the
distribution of species as well as affinities between
species or group of species, resulting in a valuable
evaluation of the vegetation (Frenedozo-Soave, 2003).

Phytosociology involves plant communities within
the same environment, their floristic composition and
development, and the social relationships between them
(Sarah et al., 2015). A favourable growing conditions
means the existence of a rich floristic diversity and any
ecological and plant resource management requires the
involvement of a list of species (Hussain et al., 2015).
The planning, management and exploitation of natural
resources are assisted by phytosociological surveys (Haq
et al., 2015). Classification of natural ecosystems into
potential plant communities and habitat types is important
for the long term management of natural resources (Khan
etal., 2011).

Enright & Nufiez (2013) stated that Braun-Blanquet
pioneered the classification of vegetation into units
(associations) based on floristic composition and the
identification of characteristics species. The advantages,
and problems, associated with the phytosociological
approach to vegetation analysis pioneered by Braun-
Blanquet have been reviewed many times, and inevitably
will continue to do so as the vegetation science
community increasingly becomes a globalized one.

The principal plant used in this study is Aquilaria
malaccensis Lamk. (or known locally as ‘Karas’).
Aquilaria malaccensis ranks among the most highly
valuable non-timber products harvested from tropical
forests and used in the manufacture of perfume, incense,

traditional medicine, and other commercial products by
Muslims and Asian Buddhists (Turjaman et al., 2006).
The aromatic resin known locally as ‘gaharu’ yield an
essential oil that is a key perfume ingredient through
distillation, meanwhile, incense are commonly processed
from distillation residues and lesser quality material.

Aquilaria malaccensis is a major producer of
agarwood in Malaysia for international trade (Wong et al.,
2013). Some of the well-known natural populations of
Aquilaria malaccensis in Malaysia are Sungai Udang in
Melaka, Bukit Bauk in Terengganu, Gua Musang in
Kelantan, Jelebu in Negeri Sembilan, and Jeli in Kelantan
(Leeetal., 2011).

Aquilaria malaccensis is absent from Sarawak while
other species of this genus are reported rare (Tawan,
2004). Logging activities and ongoing forest conversion
in Sumatra and Kalimantan might account for low
densities of Aquilaria spp. in these two regions, although
anecdotal evidence suggests that concessionaires do not
fell Aquilaria species as the wood is not valuable for
plywood (Soehartono & Newton, 2000).

Many studies have reported a reduction in the natural
populations of Aquilaria malaccensis due to the high
demand of agarwood. As a result, this species is classified
as ‘vulnerable’ by the International Union for the
Conservation of Nature (Anon., 2002). To make matter
worse, Aquilaria malaccensis have been listed in Appendix
IT of the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (Anon., 2011).

This endemic genus with restricted distributions has
received concerns from foresters, biologists and
naturalists who aim at conserving these species in the
wild (Lee et al., 2011). Overexploitation of the species in
their natural environments is expected to be reduced by
the development of massive ex-situ plantations combined
with techniques able to induce agarwood production on
young plants (Faridah-Hanum et al., 2009).
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The tropical rain forest plants contain diverse
resources of biologically and chemically important
components as they synthesize various chemicals as
defense agents against pests, diseases and predators (Danial
et al., 2013). One way to conserve this valuable tropical
tree would be to produce agarwood in a sustainable manner
by mass planting the trees and collecting agarwood in non-
destructive manner (Mohamed et al., 2010). Thus, the
knowledge gained from phytosociology study will
contribute to the mass planting of Aquilaria malaccensis
and indirectly could contribute to the conservation efforts.

Currently, research on the phytosociology of
Aquilaria malaccensis such as detailed studies on its
floristic aspects and its plant community level is literally
unknown. In view of these, the main objectives of this
study were to identify, characterize and classify the
Aquilaria malaccensis and its communities which were
naturally distributed in Sungai Udang Forest Reserve.

Materials and Methods

Study area: Phytosociological data of Aquilaria
malaccensis trees were obtained from a forest reserve at
Sungai Udang, Malacca, Malaysia (2°19'N, 102°8'E) (Fig.
1). The Sungai Udang Forest Reserve is a lowland
Dipterocarp forest and is home to various flora and fauna.
The trees were all within walking distance within a 100 m
in radius. The data were collected within the boundary of
20 hectares of forest reserve known as Compartment 4
which were considered representative of Aquilaria
malaccensis communities. The study areas in Compartment
4 are protected from any logging activities. Sungai Udang
Forest Reserve was announced in 1987 as Permanent
Forest Reserve area of the remaining approximately 335
acre of land area. The area has a rough topography and
ranges in altitude from 10 to 90 m. The area has a tropical
rainforest climate which is punctuated by much rainfall.
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The rainy seasons or heavy monsoon season occurs on
October through March every year. The dry season occurs
from May through July every year. The weather is warm
and humid all year round with temperatures ranging from
21°C to 32°C. Mean annual rainfall of the study area was
recorded as 2000 mm and it is considered as one of the
driest area in Malaysia. Mean annual maximum and
minimum precipitation was recorded as 74% and 35%,
respectively. The relative humidity typically ranged from
54% to 96% throughout the year.

Vegetation sampling: Field surveys and data collection
were done based on the techniques described by Braun-
Blanquet (1964) and Fujiwara (1987). Fieldwork was
carried out from September 2012 to November 2012 and
from January 2013 until April 2013. A total of 25 plots
(20 x 40 m) in size were constructed according to the line
transect method. The size of the plot was estimated by
means of a “minimal area” which was 800 m’ in each
plot. Plots were 20m separated from each other. The plots
were located at various altitudes, expositions, inclinations,
and relief. An effort was made to achieve high ecological
and physiognomic homogeneity within each plot. Every
plot was georeferenced with a Garmin GPS. Scientific
names of each vascular species in each plot were
determined. Cover or abundance data of all vascular plant
species for each plot were verified using the Braun-
Blanquet (1964) method. All vascular plant species in
each plot with a trunk diameter at breast height (DBH) >5
cm were marked and numbered, and their diameters and
heights were recorded. Trunk perimeter measurements
were taken using a metric tape and tree height was
estimated with the aid of a clinometer. These samples
were classified in a phytosociological table according to
their floristic composition. The vegetation layers in the
forest were divided into five layers as shown in Table 1.
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Fig. 1. (a) Map of Southeast Asia outlining the Peninsular Malaysia, (b) map of Peninsular Malaysia showing the location of the study
site, and (c) map of the study site within the Sungai Udang Forest Reserve (Malacca, Malaysia). Triangles indicate the locations of

sampling plots in the study site.
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Table 1. Types of vegetation layers.

Vegetation layers Height
Super tree (ST) >30m
Canopy tree layer (T1) 10-25m
Understory tree layer (T2) 6-9m
Shrub layer (S) 2-5m
Herb layer (H) 0.1-2m

Data analysis: As for the numerical analysis, the cover
or abundance values on the scale of Braun-Blanquet
were transformed into the 1-9 ordinal scale of van der
Maarel (1979). With the goal of identifying the floristic
composition of these groups, this synthetic
phytosociological table was elaborated by scoring
species in percentage or constancy classes, according to
Braun-Blanquet’s scale. Lastly, the communities of the
species were described based on all the 25 plots that
were surveyed (Fig. 2).

Results and Discussion

Community structure and floristic composition: A
total of 80 species belonging to 79 genera and 40
families were found in all the 25 plots. The most
abundant family was Euphorbiaceae with 220
individuals trees, followed by Myrtaceae and
Anacardiaceae representing 212 and 197 individual
trees, respectively. The most dominant species was
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Syzygium sp. (Myrtaceae) followed by Elateriospermum
tapos  (Euphorbiaceae) and Spondias cytherea
(Anacardiaceae), respectively. A community known as
Aquilaria malaccensis — Artocarpus rigidus community
and two sub-communities were determined in this study
as shown in the community table (Table 2).

Aquilaria malaccensis -  Artocarpus rigidus
community: A total of 10 species belonging to 10
genera and 10 families were found in the Aquilaria
malaccensis — Artocarpus rigidus community. The
forest vegetation of this community was commonly
distributed at altitudes of 30 m to 87 m. The pH of the
soil of this community ranged from 4.11 to 4.95 for all
the 25 plots clearly indicated that the soil had an acidic
character. The soil of the community had high organic
matter, rich in available macro elements such as Ca, K
and P and is sandy-loamy, loamy in texture. This
community exhibited 3 vegetation layers which were
tree, shrub and herb layers. The tree layer was 15 m —
40 m high, with a 65%-55% general cover. The shrub
layer was 2 m - 10 m high, with a 20%-35% general
cover. Total coverage of the herb layer was between
15% and 25%, and reaches below 2m in height. The
characteristic and differential species of the community
were Aquilaria malaccensis, Knema sp., Swintonia
schwenkii, Ochanostachys amentaceae, Ixonanthes
icosandra, Adina sp., Gironniera nervosa, Artocarpus
rigidus, Garcinia sp. and Baccaurea parviflora.
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Fig. 2. Flowchart of data analyses according to the classical method of Braun-Blanquet (1964) and van der Maarel (1979).
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Aquilaria malaccensis trees in Sungai Udang Forest
Reserve had been wounded or injured by the native people
using traditional means in their attempt to gather agarwood
(Mohamed et al., 2010). Nevertheless, despite being
wounded or the existences of a few clear areas and canopy
openness due to tree felling, the Aquilaria malaccensis —
Artocarpus rigidus community was protected against
unconscious cutting and over-grazing due to its status as a
natural park. This study shows that Palaquium gutta,
Endospermum diadenum, Agrostistachys longifolia and
several other species can be found in all the four vegetation
layers and in several plots. Most of these species showed
that they grow in colonies or in certain population. The
trees of some species could grow as a group and spread
across several plots (Kwan & Whitmore, 1970). Despite the
existence of some species that were commonly distributed,
this community also showed several species that have
occurred only once or twice in all plots. This factor
suggested that the tropical forest consisted of many
aggregated species and small numbers of randomly
distributed species (Hubbell 1979; Masaki et al., 1992;
Tanouchi & Yamamoto 1995; Yamamoto et al., 1995).

Palaquium gutta sub-community: A total of 14 species
belonging to 14 genera and 13 families were found in the
Palaquium gutta sub-community. This sub-community
occurred at altitudes of 30 m to 82 m. This sub-
community was found on flat areas or slightly undulating
terrain which occured on ridge area (0-10 degree). The
soil of this sub-community had an acidic character, high
organic matter and was loamy in texture. The coverage
rates of tree, shrub, and herb layers were 70%-80%, 10%-
20%, and 10%-25%; and the average heights were 30 m,
10 m, and 2 m, respectively. The characteristic and
differential species of this subassociation were Palaquium
sp., Gordonia concentricicatrix, Lithocarpus sp.,
Sarcotheca monophylla, Endospermum  diadenum,
Pternandra echinata, Diospyros rigida, Dialium kingii,
Sandoricum  koetjape,  Pithecellobium  splendens,
Memecylon sp., Durio sp., Pellacalyx sp., and
Xanthophyllum sp.

Some of the plots in Palaquium gutta sub-community
were situated at the forest area with canopy gaps due to
disturbance caused by branch and tree fall. These small
and large gaps by all sizes of trees from small branches to
large trees were created by strong windstorms. Large trees
might be important for the formation of frequent and huge
canopy gaps in primary forest (Numata et al., 2006).
Natural disturbances in tropical forest can be of different
scale such as from the impact of a single fallen tree to the
extent of the destruction of several hundred km” (Ting and
Poulsen, 2009). Some invasive plant species penetrated
into the floristic structure of this sub-community due to
the effect of canopy openness. The removal of canopy
trees inevitably increases light availability in the
understory, thus facilitating invasion by light-demanding
species (Padmanaba & Corlett, 2014).

Barringtonia racemosa sub-community: A total of 12
species belonging to 12 genera and 11 families were found
in the Barringtonia racemosa sub-community. This sub-
community occurred at altitudes of 34 m to 61 m on slope
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areas (11-20 degree). The soil of this sub-community
consisted of the limeless brown soil and this soil was acidic
and loamy in texture. This sub-community was composed
of tree, shrub and herb vegetation layers. The general
coverage of the tree layer ranged from 75% to 90%, and
heights ranged from 20 m to 35 m. Total coverage of the
shrub layer was from 10% to 30%, and ranged from 10 m
to 15 m in height. Coverage of the herb layer ranged from
10% to 20%, and heights ranged from 2 m and below. The
characteristic and differential species of this subassociation
were Barringtonia racemosa, Calophyllum marcocarpum,
Streblus elongatus, Elaeocarpus nitidus, Polyalthia sp.,
Artocarpus elasticus, Diospyros argentea, Adenanthera
pavonina, Shorea leprosula, Azadirachta excelsa,
Cratoxylum arborescens, and Ixonanthes reticulata.

The soil of Barringtonia racemosa sub-community
had a slightly basic character and low electrical
conductivity, calcium carbonate, and K. Due to
unfavourable environmental conditions such as high
inclination and erosion, available macroelements (Ca, K,
Mg, and Na), organic matter and salt were low. Steep slope
also promoted and triggered the formation of a few landslip
or landslide in the sub-community area. As a result, the
floristic composition of this sub-community was poor.
Phytosociological characters differ among aspects and
position, even in the same vegetation type (Khan et al.,
2010). Species richness was lower in the communities
nearby water sources suggesting intensive grazing and
tramping than in the typical community of the drier zone.
The distribution and abundance of plant species are
influenced significantly by human and animal impacts
(Ghazal, 2015). This factor suggested that grazing had
changed the floristic composition and decreased the species
richness in the area (Cheng et al., 2013). Disturbance
would reduce the potential height of trees from 25% to
50% (Ng, 1983). Floodplains, formed mainly of river
sediments and subject to flooding, occurred during the
rainy season at certain areas of low lying ground adjacent
to the small stream of the Barringtonia racemosa sub-
community, had contributed to the decrease of species
richness in the area. Floods might contribute to the lower
density of tree species in riverine and seasonal flood forests
which would affect the growth of seedlings or saplings or
even can lead to the destroy of the small trees (Khairil et
al., 2014). As a result of long flooding periods, floristic
composition of a particular association may be changed
(Yalcin et al., 2014). Species composition and their
population level fluctuate from year to year depending on
the rains (Perveen et al., 2008).

Conclusions

From the results of the present study it can be
concluded that an excellent way to conserve this valuable
tropical tree and its communities would be to know its
composition and the ecological relationship between the
species within its communities, and this could be
achieved with a phytosociological studies.

The vegetation communities in Sungai Udang Forest
Reserve needs prior conservation to sustain its diverse
flora, and the restoration of Aquilaria malaccensis and its
communities will become more feasible with all the basic
information of the vegetation communities obtained from
this phytosociological study.
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High soil fertility promotes high species diversity and
richness of an area. Therefore, soil characteristics of an
environment should be the important criteria for its species
distribution. The composition and distribution of species in
this study could also be influenced by other environmental
factors such as natural forest gap, altitude and the
topography. This study is only a preliminary research, thus,
further research should be made on those mentioned factors
especially regarding the soil characteristics.

The lack of scientific information on the phytosociology
study of vegetation in Malaysia made it very difficult to
compare the floristic similarity of the association described
in this study with other possible similar studies.

Thus, this study is useful as a main stimulus for further
botanical documentation and to provide more information on
the growth response of the mixed dipterocarp forest for the
development of proper forest management. Besides that, this
study also provides a better insight into the composition,
distribution of the plant communities and of the main threats
to their conservation.

Acknowledgements

We thank the Forestry Department of Peninsular
Malaysia (FDPM) and the Department of Forestry,
Malacca, Malaysia for allowing us to carry-out this study
at the Sungai Udang Forest Reserve, Malacca. This
research received a financial assistance from The
University of Malaya (RP004B/13SUS).

References

Anonymous. 2002. International Union for the Conservation of
Nature (IUCN): Red list of threatened species. [IUCN, Gland.

Anonymous. 2011. Convention on International Trade in
Endangered Species (CITES) of Wild Fauna and Flora.
Appendices I 11 and 1.
http://www.cites.org/eng/app/appendices.php

Braun-Blanquet, J. 1964. Pflanzensoziologie, Grundzuge der
Vegetationskunde. second edition. Spring-verlag, Vienne, pp. 631.

Cheng, Y., T. Kamijo, M. Tsubo and T. Nakamura. 2013.
Phytosociology of Hulunbeier grassland vegetation in Inner
Mongolia, China. Phytocoenologia, 43(1-2): 41-51.

Danial, M., G. Saghal, S. Ahmad Mubbarakh, J. Sundarasekar and
S. Subramaniam. 2013. Antibacterial studies on in vivo plant
parts of medicinally important Eurycoma longifolia (Tongkat
Ali). Pak. J. Bot., 45(5): 1693-1700.

Enright, N.J. and M.A Nufiez. 2013. The Braun-Blanquet reviews in
Plant Ecology: in honour of our founding editor, Josias Braun-
Blanquet. Plant Ecology, 214(12): 1417-1418.

Faridah-Hanum, 1., M.Z. Mustapa, P. Lepun, T.L.T. Marina, M.
Nazri, R. Alan and R. Mohamed. 2009. Notes on the
distribution and ecology of Aquilaria Lam. (Thymelacaceae) in
Malaysia. Malaysian Forester, 72: 247-259.

Frenedozo-Soave, R.D.C. 2003. Phytosociological studies on natural
establishment of vegetation in an unreclaimed limestone
mining. Brazilian Archives of Biology and Technology, 46(2):
259-269.

Fujiwara, K. 1987. Aims and methods of phytosociology of
“vegetation science”. Plant Ecology and Taxonomy. Kobe: The
Kobe Geobotanical Society, pp: 607-628.

Ghazal, A.M.F. 2015. Vegetation patterns and plant communities
distribution along an altitudinal gradient at Asir Mountain,
southwest Saudi Arabia. Pak. J. Bot., 47(4): 1377-1389.

Haq, F., H. Ahmad and Z. Igbal. 2015. Vegetation description and
phytoclimatic gradients of subtropical forests of Nandiar
Khuwar catchment District Battagram. Pak. J. Bot., 47(4):
1399-1405.

SARAH ABDUL RAZAK & NOORMA WATI HARON

Hubbel, S.P. 1979. Tree dispersion, abundance and diversity in a
tropical dry forest. Science, 203: 1299-1309.

Hussain, F., S.M. Shah, L. Badshah and M.J. Durrani. 2015.
Diversity and ecological characteristics of flora of Mastuj
Valley, District Chitral, Hindukush range, Pakistan. Pak. J.
Bot., 47(2): 495-510.

Khairil, M., W.A. Wan Juliana and M.S. Nizam. 2014. Edaphic
influences on tree species composition and community
structure in a tropical watershed forest in Peninsular Malaysia.
J. Trop. Forest Sci., 26(2): 284-294.

Khan, N., M. Ahmed, M. Wahab, K. Nazim and M. Ajaib. 2010.
Phytosociology, structure and physiochemical analysis of soil
in Quercus baloot griff, forest district Chitral, Pakistan. Pak. J.
Bot., 42(4): 2429-2441.

Khan, S.M., D. Harper, S. Page and H. Ahmad. 2011. Species and
community diversity of vascular flora along environmental
gradient in Naran Valley: A multivariate approach through
indicator species analysis. Pak. J. Bot., 43(5): 2337-2346.

Kwan, W.Y. and T.C. Whitmore. 1970. On the influence of soil
properties on species distribution in a Malayan lowland
dipterocarp rainforest. Malayan Forester, 33: 42-54.

Lee, S.Y., J. Weber and R. Mohamed. 2011. Genetic variation and
molecular authentication of selected Aquilaria species from
natural populations in Malaysia using RAPD and SCAR
markers. Asian J. PI. Sci., 10(3): 202-211.

Masaki, T., W. Suzuki, K. Niiyama, S. Ida, H. Tanaka and T.
Nakahizuka. 1992. Community structure of species rich
temperate forest, Ogawa Forest Reserve, Central Japan.
Vegetation, 98: 97-111.

Mohamed, R., P.L. Jong and M.S. Zali. 2010. Fungal diversity in
wounded stems of Aquilaria malaccensis. Fungal Diversity,
43: 67-74.

Ng, F.S.P. 1983. Ecological principles of tropical lowland rainforest
conservation. Special publications series of the British
Ecological Society.

Numata, S., M. Yasuda, T. Okuda, N. Kachi and M.N. Nur Supardi.
2006. Canopy gap dynamics of two different forest stands in a
Malaysian lowland rain forest. J. Trop. Forest Sci., 18(2): 109-116.

Padmanaba, M and R.T. Corlett. 2014. Minimizing risks of invasive
alien plant species in tropical production forest management.
Forests, 5: 1982-1998.

Perveen, A., G. R. Sarwar and 1. Hussain. 2008. Plant biodiversity
and phytosociological attributes of Dureji (Khirthar Range).
Pak. J. Bot., 40(1): 17-24.

Sarah, A.R., H. Nuradnilaila, N.W. Haron and M. Azani. 2015. A
Phytosociological study on the community of Palaquium gutta
(Hook.f.) Baill. (Sapotaceae) at Ayer Hitam Forest Reserve,
Selangor, Malaysia. Sains Malaysiana, 44(4): 491-496.

Soehartono, T. and A.C. Newton. 2000. Conservation and sustainable
use of tropical trees in the genus Aquilaria I. Status and
distribution in Indonesia. Biological Conservation, 96: 83-94.

Tanouchi, H. and S. Yamamoto. 1995. Structure and regeneration of
canopy species in an old-growth evergreen broad-leaved forest
in Aya district, southwestern Japan. Vegetatio, 117: 51-60.

Tawan, C.S. 2004. Thymelacaceae. Tree Flora of Sabah &
Sarawak,” Volume 5. Government of Malaysia, pp. 433-484.

Ting, T.M. and A.D. Poulsen. 2009. Understorey vegetation at two
mud volcanoes in North-East Borneo. J. Trop. Forest Sci.,
21(3): 198-209.

Turjaman, M., E. Santoso and Y. Sumarna. 2006. Arbuscural
mycorrhizal fungi increased early growth of Gaharu wood of
Aquilaria malaccensis and A. crasna under greenhouse
conditions. J. For. Res., 2: 139-148.

Van der Maarel, E. 1979. Transformation of cover-abundance
values in phytosociology and its effects on community
similarity. Vegetatio, 39(2): 97-114.

Wong, M.T., S.H. Ciah, Q.Z. Faridah and R. Mohamed. 2013.
Characterization of wound responsive genes in Aquilaria
malaccensis. J. Pl. Biochem. & Biotech., 22(2): 168-175.

Yalcin, E., M. Kilinc, H.G. Kutbay, A. Bilgin and H. Korkmaz.
2014. The Lowland Meadow Vegetation of the Central Black
Sea Region of Turkey. Ekoloji, 23(91): 36-51.

Yamamoto, S., N. Nishimura and K. Matsui. 1995. Natural
disturbance and tree species coexistence in an old-growth
beech-dwarf bamboo forest, southwestern Japan. Vegetatio,
117: 51-60.

(Received for publication 27 November 2014)



