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Abstract

Rafflesia, the biggest flowers in the world are considered as majestic and are made as ecotourism icons for several places in the South
East Asia. Currently, a total of 34 species of Rafflesia were recorded in this region. 7 species of Rafflesia are found in Peninsular Malay-
sia alone. This study was executed in Royal Belum State Park in the state of Perak. An updated on distribution of Rafflesia and its ecolo-
gy are provided. The Rafflesia population was mapped using Global Positioning System [GPS]. While the size of Rafflesia host-plant
was measured with the measuring tape and the amount of rainfall was obtained from the Meteorological Department of Malaysia. During
this study, there were 2 species of Rafflesia encountered in Royal Belum State Park, namely Rafflesia cantleyi Solms-Laubach and Raf-
flesia kerri Meijer. The species were recorded at X-Ray trail, Sg. Gadong, and Sg. Kooi. A total of 8 populations were set up from these
locations. It was found that the population and the distribution decreased in accordance with the habitat interruption by human interven-
tion and natural factors such as wildlife trampling on the immature buds. Besides, it was found that the number of Rafflesia buds increas-
es with the class size for host-plant of Rafflesia with coefficients of determination of R?=0.9866. However, various physiological and
environmental factors were taken into consideration in efforts of conserving this unique flower. This study is important in order to pre-

serve the population of Rafflesia at Royal Belum State Park.
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1. Introduction

Rafflesiaceae is a family of holoparasitic flowering plants that is
most famous for its flower, which is known as the world’s largest
single flower Rafflesia arnoldii. Like any other holoparasitic
plants, Rafflesiaceae rely on their host plant for water and nutri-
ents [1]. As Rafflesia ia a holoparasitic plant, the known host plant
for Rafflesia is Tetrastigma [Vitaceae] [2]. However, Rafflesia is
categorized as endoparasite, which means it is entirely contained
within its host plants and is only visible outside its host plant start-
ing from 160 days after its germination process. 12 new species of
Rafflesia have been identified and published by several Botanists
[3]. Today, a total of 34 species of Rafflesia have been updated to
exist in the Southeast Asia [4]is found in the tropical rainforests of
Malaysia, Southern Thailand, Sumatra and Java, where it is warm
all year round with an understandably high humidity. The Raffle-
sia is rare and especially hard to locate due to its brown coloured
buds that are mostly found on the forest floor. These buds also
possessed a camouflage appearance, similar to the dirt on the for-
est floor. It is difficult to see and find Rafflesia that is already
blooming while the buds may take up to a long period of 10
months to develop. The flower lasts for 4 to 8 days, specifically 4
days of blooming and starting to rot at day 5. Due to its long re-
productive cycle, how many of these strange plants survived in the
wild are still unknown. According to [5], there are three host plant
of Rafflesia identified in Peninsular Malaysia, which are T. raffle-
siae, T. diepenhorstii and T. hookeri.

2. Literature Review

The flowers of Rafflesia are of various sizes according to species
and to date, 34 known species have been recorded. The species
that is endemic to Malaysia is Rafflesia cantleyi, and it is common
to see this species blooming in the state of Perak. For centuries,
Rafflesia was believed and used by the indigenous people [Orang
Asli] in Peninsular Malaysia to treat several illnesses [6, 7] Raffle-
sia is a very rare species. Some noted reasons for their rarity are
the total dependency that it shows to its specific host plant
[Tetrastigma] and most of the species shows dioecious character-
sitics whereby male and female flowers do not usually bloom at
the same time. This has caused imbalanced sex ratio, whereby the
known male to female flower ratio is 7:1. According to [8] the
fruit set percentage among female is low [35.71%] with high bud
mortality rate [40% to 91%] and in some worse cases, it was noted
to be up to 100% [Nais, 2001]. Another vital factor for its rarity is
its very long life cycle that can measure up to five years from seed
to seed especially for Rafflesia arnoldii [9]. Therefore, the biology
of Rafflesia still remains largely unknown until today due to their
rarity.

Rafflesia will first show itself as a small protuberance emerging
from the roots of several species of the Tetrastigma vine. From
this, it will further take another 6 to 12 months to take the form of
a pink-brownish ‘cabbage’, which later will bloom into a flower.
Surprisingly, it has no leaves or lacking in photosynthetic tissue,
stems or roots, and [8, 10, 11]noted that the only vegetative parts
of Rafflesia are the fine filaments that penetrate the tissue of the
vine host. The flowers smell like rotten flesh and this attract sev-
eral species of carrion flies or blowflies of the genus Lucilia and
Chrysomya [Calliphoridae]. These flies become their pollinators
or some believe that they are just visitors [12-14]. The flowers are
unisexual too. After 6 to 9 months of successful pollination, the
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structure below the column of the female flower becomes the fruit.
Rafflesia’s fruits hold thousands of small seeds that are said to be
likely most dispersed by small mammals such as squirrels and tree
shrews [10].

2.1. Ecology of Rafflesia

It is common for Rafflesia to grow in moist forest slopes that are
located near the stream inside the forest. Most Rafflesia success-
fully blooms if located and grow near the stream. According to [3],
because Rafflesia is a parasitic plant, the condition of the host
plants, forest and the availability of water resource are the im-
portant keys to the survival of Rafflesia in their natural habitat.
The seasonal climate of South-east Asia may be the cause of the
seasonal flowering in Rafflesia. In temperate zones where there is
a clear seasonal pattern, most plants are induced to flower by the
changing day length; this is called photoperiodism. In Peninsular
Malaysia, the seasonality of the three Rafflesia species [R. cantleyi,
R. hasseltii, and R. kerrii] is unknown.

In the tropics, where there is no marked seasonal distinction [apart
from the relative dry and wet seasons], phenology is less apparent
and not as well understood. Probable cues that initiate flowering in
tropical plants are variation in water availability, temperature and
day length. Rainfall has a more significant effect because it varies
greatly in amount and in seasonal distribution, while temperature
has insignificant seasonal variation, and day length variation is
minimal near the equator. Moreover, day length in some tropical
environment probably has less effect because of the intermittent
cloudiness, and because of the considerable shade the canopy
provides for plants such as Rafflesia on the forest floor [8].

2.2. Reproductive system

The reproductive column in Rafflesia is in present of alternating
longitudinal grooves and ridges. These features expand to the disk
base and begin at the ring. The grooves are used to accommodate
individual anthers in male flowers but they can also be found in
female flowers. In female flowers however, this feature has a
highly reduced stamen whorl. Moreover, the problem for Rafflesia
is that its reproductive success is noted to be significantly low due
to their rarity, low percentage of buds reach mature stage, a very
momentary anthesis phase, a large gender difference [7:1], and
rare occurrence of blooming both male and female flowers at the
same time [15].

2.3. Pollination

There are few studies done about pollination in Rafflesia. The
flowers are unisexual and a single Rafflesia population site usually
produces either male and/or female flowers. It was found that in
order to have successful pollination that later will result in suc-
cessful reproduction process, male flowers must be in close range
with female flowers, and preferably bloom at the same time as
female flowers so that flies or any pollinating agents can pollinate
the flowers [12]. Hence, in Rafflesia’s survival, timing is the key.
For pollination to occur, pollen from the anthers of male flowers
must be transferred to the stigmas of female flowers by a pollina-
tor. Rafflesia flowers are uniquely design by nature in such a way
that its physical features are built to become attractive to potential
pollinators. This includes providing primary attractant such as
sticky masses of pollen that is yellow in colour, brooding places in
the perigone tubes, and secondary attractants such as strong visual
and scent [12]. Although male and female individuals could be
closely spaced, flower bud mortality is recorded as high as 80 to
90% per population. This also reduced the chance of co-flowering
the two genders of flowers [16].

2.4. The phylogeny of Rafflesiaceae

It is highly likely that the phylogeny of Rafflesiaceae is highly
influenced by their interactions with their seed dispersers, host

plants and pollinators. The pollination process of the entire family
appears to be sapromyophily [12-14, 17-20]. As a result of ex-
treme parasitism, which at least underwent four times of inde-
pendent evolution among former Rafflesiaceae [21, 22] it was
found that a clade, which is substantiated by the large variation in
gross morphology and pollen diversity among Rafflesiaceae
members, is absent according to recent phylogenetic evidence
[23]. A more detail floral size evolution study by [24] resulted in
the prompt increase in floral size in larger flowered ancestors. His
study resulted in somewhat the opposite of what we might think
about floral evolution would be. As crucial as the seed to host
plant penetration process need to be carried out in order to better
understand the species, more extremely thorough and careful
comparative study of the floral morphology of Rafflesiaceae is
needed to explore more of the considerable transition between
Rafflesiaceae and their small-flowered ancestors.

2.5. Lifespan of Rafflesia

The bud of Rafflesia is recognized first by swellings [2 to 4 cm in
diameter] beneath the bark of trailing stems and roots of the
woody vine Tetrastigma. The buds then rapidly grow in diameter
and once a bud reaches about 20 cm in diameter, it opens gently in
a 24 to 48 hours period. It is reportedly that Rafflesia begins to
bloom at nighttime and then flowers for only 5 to 7 days. This
however, causes a temporal congestion and slows down the pro-
cess of pollination [12, 16]. Current populations of Rafflesia in
South East Asia are threatened by almost the same threat namely
habitat destruction. This made matters [success for reproduction]
worse and more complicated. Thus, as mentioned before, success-
ful sexual reproduction depends on the right timing for a male and
a female flower to bloom in close range from each other during
the same 5 to 7 days. Rafflesia populations are often found to have
wide distance between populations, so the ability of a fly or polli-
nators to carry pollen between these separated populations will
also determine a successful sexual reproduction process.

After flowering, the plant withers and becomes a black mass of
rotting plant tissue. Altogether, it is estimated it would take ap-
proximately 230 days [about 7.5 months] for Rafflesia bud to
grow from initial swellings under the bark of Tetrastigma to an-
thesis. This is just the estimation for the cycle to start again from
the swelling process. Another process that has yet to be studied is
the penetration of Rafflesia seeds into its host plant. The detail
process of how Rafflesia’s miniscule seeds enter the tissue or
cracks of its host plants’ barks still remains a huge question in the
biology of Rafflesia. It is anticipated that Rafflesia life cycle could
reach 3 to 4.5 years.

2.6. Ecology and behavior of holoprasitic plants

Rafflesiaceae belongs to the family of holoparasitic endophytes.
Their vegetative and reproductive bodies exhibit extreme modifi-
cations. They occupy among the most reduced vegetative body of
all angiosperms despite having no recognizable roots and only a
complicatedly modified fine white filaments body that contain a
strand of cells. Another vegetative part of Rafflesia is their bract
that predates before its flowers [25]. However, members of the
family still produce the world’s largest flowers even though very
few vegetative parts are present in this unique plant.

Host plants’ conditions are important factors to holoparasitic
plants for their life continuance. Holoparasitic plants total depend-
ency on their hosts caused them to die when the host plants are
damaged or failed to compete with other plants. The availability of
water resources in the respected habitat also play important role in
order to ensure holoparasitic plants’ survival. According to Akhri-
adi [3], the status and survival of Rafflesia highly correlates with
their host plants’ conditions.
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2.7. Tetrastigma

Tetrastigma are herbaceous or woody climbing vines that rely on
other high plants in order for them to reach sun light in the dense
forest. It is fairly usual that the plant’s leaves are hard to find alt-
hough the stem and root are recognizable in the forest. It has
woody stem, with a relatively thick uneven, irregular surface.
Tetrastigma can be easily damaged or split. This disadvantage is
however, is beneficial to Rafflesia because it provides suitable
space for the Rafflesia’s seeds to establish. The existence of ten-
drils in Tetrastigma helps them to climb or hang to other trees.
Previous records by [15] discovered 7 Tetrastigma species [Vita-
ceae] that were classified as Rafflesia host plants, which were
Tetrastigma curtisii [Ridley] Suesseng, Tetrastigma diepenhorstii
Miquel, Tetrastigma glabratum [Blume] Planch, Tetrastigma leu-
costaphylum [Dennst.] Alston, Tetrastigma papillosum [Blume]
Planch, Tetrastigma quadrangulum Gapnep. and Craib, and
Tetrastigma scortechinii [King] Gapnep.

2.8. Medicinal uses of Rafflesia

Because of its size, foul odour and grotesque appearances, the
indigenous communities use Rafflesia for various medicinal pur-
poses. Rafflesia is commonly called bunga patma: “bunga” is
Malay for flower and “patma” is derived from the Sanskrit word
for “lotus” that sybolizes fertility [10]. Extracts from the buds are
used during post-partum to stop internal bleeding, shrink the
womb, and restore fatigueness. Rafflesia was once recognized in
the pre-Islamic Hindu culture of Java as a symbol of nature’s re-
productive forces [26]. Other traditional use of Rafflesia is that it
is believed to have an aphrodisiac effect for men. Rafflesia is one
of the ingredients of the two traditional medicinal preparations of
[‘Faizal tonic’ and ‘pil buasir’] sold in Perak, Malaysia [13]. Alt-
hough Rafflesia is used in traditional medicine in many cultures,
its chemical composition has not been extensively analyzed. Pre-
liminary phytochemical screening has not found any basis for its
purported medicines properties [27]. In fact, Rafflesia buds and
flowers are known to be rich in tannins and phenol; compounds
which may be toxic if taken in excess quantity [28].

2.9. Conservation status of Rafflesia in Malaysia

In early 1988, the public put a big pressure to the state when the
type locality of newly found Rafflesia tengku-adlinii in Sabah was
lost. In accordance to this, a state-level committee was formed for
the purpose of Rafflesia conservation in Sabah. The committee’s
major responsibility was to strategically plan to maintain a bona
fide balance between forest benefiting and the preservation of
selected Rafflesia conservation areas. As a result from this, a Raf-
flesia Forest Reserve was gazette in Tambunan.

The use and clearing of land for development purposes raises seri-
ous threats for Rafflesia. Now, Rafflesia is facing a danger of ex-
tinction as their habitats are destroyed. The consequences of de-
creasing number of Rafflesia in Malaysia affect ecotourism activi-
ty. According to [8], thousands of people go to Sabah and other
parts of Malaysia annually to see a blooming Rafflesia flower.

3. Methodology

The study area is located at the upper level of Belum area with a
reported total coverage of about 290,000 hectares [Figure 1]. Roy-
al Belum State Park is located to the south of Thailand and in the
east of Kelantan. It is in close propinquity with Thailand’s Bang
Lang National Park and Hala-Bala Wildlife Sanctuary. The Belum
area is divided into lower and upper sections where a highway
divides the park area in the north and Temengor Forest Reserve to
its south. The landscape of Royal Belum State Park consists of
forest, small areas of grassland, and abandoned agricultural plots.
It also includes a man-made lake called Tasik Temengor. The
forests types in the area are mainly lowland dipterocarp, hill dip-
terocarp and upper dipterocarp forests. The Upper Belum area

covers 117,500 hectares of impenetrable jungle that stretches into
the Thai-Malaysian border in northern Peninsular Malaysia. This
large jungle patch acts as a natural barricade and is gazette as a
security zone.

Field surveys were conducted to determine the Rafflesia distribu-
tion and ecology. The surveys were done in Royal Belum State
Park, involving three localities namely X-Ray trail, Sungai Kooi
and Sungai Gadong. The areas of Sungai Gadong were divided
into six, which are Sungai Gadong Limau 1, Sungai Gadong Li-
mau 2, Sungai Gadong Al, Sungai Gadong A2, Sungai Gadong
B1 and Sungai Gadong B2. Each Rafflesia population was identi-
fied through DGPS [Digital Global Positional System] and
marked with a tag. The number of buds, flowers and fruits in the
areas were counted, photographed and recorded. The photographs
were taken with a digital camera [Canon PowerShot G12]. The
size of the Rafflesia host plant was measured by using the measur-
ing tape. The data for amount of rainfall is obtained from the Me-
teorological Department of Malaysia. Rafflesia species from the
study area were identified according to [21] and [10].

Legend J
- population

Fig. 1: Topographic map of Rafflesia population at Royal Belum State

4. Results and findings

A total of 122 buds, 16 flowers and 4 fruits were observed during
the survey [Table 1]. The highest number of buds was found at X-
Ray Trail, with a total of 44 buds while the lowest number of buds
was found at Sungai Gadong 2, with no bud at all, but only a
flower. The distributions of the populations were not uniformed.
Compared to a study, which was done by Siti Munirah [29] there
were obvious changes in the number of population and location.
According to Siti Munirah [29] there were 7 localities of Rafflesia
recorded at Royal Belum such as Sg. Ruok, Sg. Gadong, Sg. Tan
Hain, Sg. Selantan, Sg. Kejar, Belum Lama and Sg. Kenarong.
Therefore, it was found that the distribution of Rafflesia had been
decreased during the field survey after only three localities were
encountered. There were 2 species of Rafflesia found namely
Rafflesia cantleyi and Rafflesia kerri [Figure 3E and 3F] respec-
tively.

Table 1: Rafflesia population at Royal Belum State Park

P Number Number Total Number Sta
lo | Location | ofliving of died number of e

t bud bud of bud Flower
Dy
1 X-Ray na
39 5 44 9 mic
Dy
2 | Sg. Kooi na
8 5 13 3 mic
Sg. Dor
3 Gadong ma
Limau 1 0 2 2 0 nt

Sg.

4 | Gadong Ac-
Limau 2 9 3 12 0 tive
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Sg. Dy From this study, it was found that the class size of Tetrastigma sp.
5 | Gadong na | that was between 51-60 cm beared higher number of buds com-
1 4 0 4 3 mic | pared to other smaller and younger size of Tetrastigma. The oc-
S0. currence and especially the well-being of the host plant are very
E Gadzong 0 0 0 1 ﬁ\fe crucial for Rafflesia to grow [31]. This showed that Tetrastigma
So. that e_llready matured was suitable for the buds to grow effectively.
7 | Gadong Ac- In this case, _the larger the hosfc plant, the more buds it can carry.
B1 29 5 34 0 tive | Therefore, bigger host plant sizes usually accommodate a larger
Sg. Rafflesia population.
8 Gadong Ac-
B2 11 2 13 0 tive Table 3: Class size for host-plant of Rafflesia
Total 100 22 122 16 Class size of Tetrastigma [cm] Number of buds
Min 0 0 0 0 1-10 0
Max 39 5 44 9 11-20 5
*Status: 21-30 4
Active : The population has one stage of bud growth only 31-40 4
Dormant: The population only has host with many scars and no 41-50 1
new buds found 51-60 1

Dynamic: The population has all stage of bud/flower growth

120
100 49
80
60
51
40 21
20 18
10
0 0
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Fig. 2: Number of Rafflesia buds at study site

From the study, it showed that number of buds at all location
slightly decreased from year 2015 to 2016, except for X-Ray and
Sg. Gadong Bl [Figure 2]. At these two locations, the number of
buds increased 7.7% and 24.1% respectively. Dead buds were also
recorded. During this study the highest number of dead buds en-
countered was at Sg. Kooi with a total number of 4 dead buds.
Dead buds may be caused by numerous factors, amongst which
are trampling by wild animals, trekking activities, collection by
local people for traditional medicinal purposes and many more.
Moreover, the study site is a tourist attraction

Table 2: Total number of living buds and annual rainfall

Total no. of liv- ;
Year ing buds Annual rainfall [mm]
2015 51 1939.9
2016 49 1779.3

During the study period, it was also observed that buds that were
located in the higher vines tend to die before at early stage. This
was most likely because when the buds emerges high up the vines,
gravity took control and the weight of the buds just simply
couldn’t handle the height. Many buds died and fell to the forest
floor. This was really difficult to record as most of the times, the
fallen buds were very hard to recognize, and many more rot.
Rafflesia and its host plants reported to thrive in warm climate
with high humidity, however slight difference in annual rainfall
between year 2015 and 2016 did not cause apparent change in
number of Rafflesia buds, whether they increase or decrease [Ta-
ble 2]. This factor cannot be deemed as the sole dfactor that influ-
ence Rafflesia population growth. It was reported by [30] an at-
tempt to cultivate Rafflesia patma by transferring an infected
Tetrastigma vine from the wild to the garden were successful, with
several buds emerged few years after the vine was transferred.

Field survey also noted that more buds grew on bigger host plant.
Some buds hang like a shower from the vines of the host plant.
Besides, it was found that the number of Rafflesia buds increases
with the class size for host-plant of Rafflesia with coefficients of
determination of R?=0.9866. When the host plant is bigger in size,
the more nutrients it contained and this meant more Rafflesia pop-
ulation on the host plants’ vines. Moreover, bigger sized host
plants can accommodate the naturally big and heavy Rafflesia
mature buds and flowers. During field survey, it was also noted
that smaller sized host plants tend to break or damaged before the
buds reach maturity period and this lower the chances of survival
for Rafflesia.

Figu. 3: A] Rafflesia cantleyi [Bract stage], B] Unripe fruit of R. cantleyi,
C] Rafflesia cantleyi [Cupule-bract stage], D] Rafflesia cantleyi [Cupule
stage], E] Rafflesia cantleyi bloomed at Sg. Gadong 1 [Anthesis stage], F]
Rafflesia kerri bloomed between the rocks at Sg. Kooi [Anthesis stage]

As a holoparasitic plants, life continuity of Rafflesia depends on
the health condition of their host plants and most importantly the
accessibility of water resources in their habitat. Rafflesia becomes
vulnerable especially whenever its host plants die or damaged.
According to [15], status and existence of Rafflesia have high
correlation with the living condition of their host plants. The

I\;{ 2554
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population size also varies by species and is normally dependent
on the size of the host and size of bud and flowers. The larger the
host, the larger number of buds and flowers it is able to support.
The ecological requirements of host plants also play a vital role in
Rafflesia conservation.

5. Conclusion

The update distribution of Rafflesia population at Royal Belum
State Park is presented and it is getting decreased in number from
previous study. Besides, the number of bud emergences on the
Rafflesia host plant is affected by the size of Rafflesia host plant.
Because Rafflesia is totally dependent on its host plant, it is cru-
cial to conserve the host plant itself in order to conserve Rafflesia.
Thus, throughout the study that had been done, all the data will be
very crucial as references for Rafflesia conservation effort in the
future.
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