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Influence of Altitude on Distribution of Native Palm Species: A Case Study at 

Gunung Jagoi, Bau, Sarawak 
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ABSTRACT 

Gunung Jagoi is located in Bau, Sarawak and 35 km from Kuching city. Sufficient information on plants 

including palm is important for better management and conservation of Gunung Jagoi as community reserve 

area. Palm species is likely to be varied in each altitude. A study using 10 m × 10 m plot method was carried 

out to determine the whether altitude influences the distribution of native palm species in Gunung Jagoi, Bau. 

9 main plots have been established in each altitude level. There were 21 palm species recorded in Gunung 

Jagoi, Bau. These species belong to the genus Arenga, Calamus, Caryota (not recorded in medium altitude), 

Daemonorops, Korthalsia, Licuala, Oncosperma, Pinanga and Salacca (only recorded in low altitude), 

accordingly. Pinanga Crassipes is dominant species in high and low altitude while dominant species in 

medium altitude is Licuala petiolulata. Diversity of palm species in all altitudes is low. However, palm 

species most diverse in medium altitude. The altitude did not influence the palm distribution in Gunung 

Jagoi, Bau.  

Key words: Gunung Jagoi, altitude, native palm, distribution, diversity 

ABSTRAK 

Gunung Jagoi terletak di Bau, Sarawak dan 35 km dari bandaraya Kuching. Maklumat yang mencukupi 

mengenai tumbuhan termasuk palma adalah penting untuk pengurusan dan pemuliharaan Gunung Jagoi 

yang lebih baik sebagai kawasan simpanan komuniti. Spesies palma kelihatan berbeza di setiap aras 

ketinggian.Satu kajian menggunakan kaedah plot 10 m x 10 m telah dijalankan untuk mengenalpasti sama 

ada ketinggian mempengaruhi taburan palma asal di Gunung Jagoi, Bau. 9 plot utama telah dibuat pada 

setiap aras ketinggian. Sebanyak 21 spesies palma yang direkodkan di Gunung Jagoi, Bau. Spesies-spesies 

tersebut tergolong dalam genus seperti Arenga, Calamus, Caryota, Daemonorops, Korthalsia, Licuala, 

Oncosperma, Pinanga dan Salacca. Genus Caryota tidak dijumpai di ketinggian sederhana dan genus Salacca 

hanya dijumpai di ketinggian rendah. Pinanga Crassipes merupakan spesies yang dominan di ketinggian  

tinggi dan rendah manakala spesies yang dominan di ketinggian sederhana ialah Licuala petiolulata. 

Kepelbagaian spesies palma adalah rendah di semua aras ketinggian. Namun, spesies palma paling pelbagai 

di ketinggian sederhana. Ketinggian tidak mempengaruhi taburan spesies palma di Gunung Jagoi, Bau. 

Kata kunci: Gunung Jagoi, ketinggian, palma asal, taburan, kepelbagaian 
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1.0 INTRODUCTION 

 

The Malaysia tropical rain forest is known to be one of the most diverse ecosystems on 

the earth. It contains many species of plants and animals which include both aquatic and 

terrestrial. According to Ismail and Shahrulnizam (2001), the high amount of rainfall (over 

2200 mm a year) is favourable to supports trees, tall shrubs, ferns and climbers. Among the 

plant species are palms which come in attractive and usual leaf shapes and sizes.  

 Palms are classified under family called Arecaceae or Palmae. It is the world’s third 

most useful monocot plant family after grasses & legumes (Johnson 1996 as cited Ismail & 

Shahrulnizam, 2001). The family divided into 15 subfamilies or major groups based on 

differences in their physical forms and growth distribution throughout the tropics. The 

common subfamilies found in Malaysia include Arecoideae, Borassoideae, Caryotoideae, 

Coryphoideae, Lepidocaryoideae, Nypoideae and Phoenicoideae (Whitmore 1997 as cited in 

Ismail & Shahrulnizam, 2001).  

 Sarawak and Sabah provide a wide variety of habitats for palms. Sarawak has more 

than 213 named native palm species belonging to 25 genera (Pearce, 1991). Among these 

genera rattans make up almost half of the Sarawak palm species with Calamus and 

Daemonorops which are the largest rattan genera (Johnson, 1991). Johnson found that 

endemism is relatively high (at least 26 % of the species) with the Areca, Iguanura and 

Salacca having a particularly high proportion of endemic species.  

 According to Balslev et al. (2011), palms have ecological and economic importance. 

Palms provide a variety of foods and raw materials (Tomlinson, 1990). Haynes (2006) stated 

that among the most important palms are Cocos nucifera (coconut), Roystenia regia (royal 
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palm) and Arenga pinnata (black sugar palm). Palms have variety of uses in Sarawak. Some 

particular rattans used for basketry, matting and tying. Demand on rattan increases in recent 

year (Aminuddin, 2003). According to Pearce (1991), Nypa leaflets are made into roof which 

is commonly used for thatching and walling. The palm cabbage and fruits which edible are 

used as food. Native people such as Penan depend on palm products to generate income as 

well as for making temporary shelters and food (Pearce, 1991).  

 Janaa et al. (2004) have studied how soil properties and topographic variation related 

with palm (Arecaceae) species composition and distribution pattern. They used line transect 

which divided into 5m by 5 m subunits for their plot sampling for all palm individuals at each 

site. Their study found out that quite a few taxa proved not to be randomly distributed along 

transects, but more abundant in some topographic positions than in other. The palm showed 

different distribution patterns at different site and the distribution proved to be low. They 

concluded that these due to complexity of topography and other environmental factors. Apart 

from soil properties and topographic, climate, forest types, rainfall zones and altitude also 

affect the distribution of plants (Aminuddin, 2003).  

 There are varieties of palms species can be found in Gunung Jagoi, Bau. Gunung Jagoi 

which is 365 m high is located 35 km from Kuching city in Bau District. Gunung Jagoi is the 

ancestral village of Jagoi Bidayuhs which sits almost at the top of the mountain. According to 

Alexander et al. (2011), the 13 dilapidated houses and ceremonial center are the only reminder 

of the glorious past culture of these peoples as most moved downhill some 50 years ago to 8 

villages around the mountain. Kampung Serasot and Kampung Duyoh are two villages that 

located near to the Gunung Jagoi area. Gunung Jagoi had provided settlement to the Bijagoi 

Bidayuhs, a place to hunt and collect forest products as well as to practice shifting agriculture 
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for more than 600 years. It still has more than 400 hectare forest. This remnant forest is rich in 

biodiversity as well as supplying clean water to the villages below (Alexander et al., 2011).  

 Only few researches on both plants and animals have been done in Gunung Jagoi, Bau. 

There are more resources needed to be explored in Gunung Jagoi. Sufficient information on 

plants including palm is important for better management and conservation of Gunung Jagoi 

as community reserve area. Palm species is likely to be varied in each altitude. The main 

objectives of this study are: 

i. To determine whether altitude influences the distribution of native palm species at 

Gunung Jagoi, Bau. 

ii. To assess the diversity of palm species in different level of altitude. 

iii. To determine the dominant species of palm at different level of altitude. 
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2.0 LITERATURE REVIEW 

2.1 Diversity and Distribution of Palm 

 

 According to Johnson (1996, as cited in Ismail & Shahrulnizam, 2001), many palm 

genera including rattans have their centre of diversity in the humid forests of the Peninsular 

Malaysia, Borneo and Sumatra. The palms are in the form of trees, shrubs, acaulescent and 

climbers (Aminuddin, 2003). They are most noticeable in the form of shrubs and relatively 

one of the undergrowth plants at the forest (Kamaruddin, 1992). Palms have successfully 

colonized larger niches in the forest. Palms grow in a variety of habitats ranging from hill 

slopes to floodplains in Malaysia. Palm is most diverse in the lowland forests ranging from 

undergrowth species such as Licuala (palas) and Pinanga (pinang) to tall and slender palms 

emerging from the forest canopy including the Arenga (kabong) and Caryota (fish-tail palm).  

 According to Pearce (1991), the great majority of palm species in Sarawak occur in 

lowland dipterocarp forest. A few prefer swamp forest or kerangas forest or nutrient-poor 

white sand (e.g. Pinanga patula, Eleiodoxa conferta). However, many species are not 

restricted to one particular lowland habitat. A number of species, mainly of Calamus, 

Daemonorops, Iguanura, Licuala and Pinanga, are found in hill or montane forest. A few 

species such as Caryota mitis, Eleiodoxa conferta and Pinanga crassipes are found in 

secondary forest (Pearce, 1991). The climbing palm (the rattan) grows much in length, 

sometimes over 50 m by getting support from the trees and reaching out for sunlight above the 

forest canopy (Aminuddin, 2003). Ismail and Shahrulnizam (2001) stated that in hill forests, 

some species of the Calamus, Licuala, and Pinanga are noticeably more abundant on ridges.  
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 According to Meng (1990), palms can be huge trunked plants, smaller understory 

stemmed or stemless individuals, or even merely diminutive forms hardly a metre high. Many 

palm tree species can be found in mixed dipterocarp forest, especially at hill (Kamaruddin, 

1992). Palm tree has single trunk and can grow up to 20 m. In the forest, the understory palms 

are the most diverse with two growth habits. The stems are either erect and frees standing or 

flexible, in which both instances can be either solitary or in a cluster (Ismail & Shahrulnizam, 

2001). Free standing palms often appear to be stemless. The stems are either very short or 

covered by overwrapping leaves, or hidden underground. Most of them not adapted to excess 

sunlight. Flexible-stem palms are the rattans that grow to great lengths climbing over other 

vegetation to reach for sunlight in the forest stand. Two largest genera of rattan are Calamus 

and Daemonorops (Kamaruddin, 1992). The rattans are a specialized group of scaly-fruited 

palms which have exploited the environment of the tropical rain forest by developing giant 

climbers and several meters long (Whitmore 1977, as cited in Ismail & Shahrulnizam, 2001). 

They are typically climbing palms strongly armed with spines on the leaf sheaths which 

enclosed the stem (Meng, 1990). These rattans climb using organs (thorny structure) called 

cirrus or flagellum, depending on the species. Calamus climbs using flagellum while 

Korthalsia climb using cirrus. Cirrus is the thorny structure at the end of leaf and flagellum 

occur at the leaf base at ocrea (Kamaruddin, 1992). Many climbers such as rattan start to grow 

from forest floor and grow towards the light to the upper canopy (Chai, 1993). Some rattans 

are non-climbing and stemless.  
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 Leaves in palm differ in size at maturity. The size varies from less than 15 cm long to 

as much as 20 m (Aminuddin, 2003). Generally, palm leaves can be catogerized as pinnate 

(feather-like) or palmate (fan-like), with the exception of the few (Sun Palm Trees, 2009). The 

leaves always plicate but never compound. The leaves form the crown, which is significant 

feature of the palm (FAO, 1998). Palm with unusual leaves is Licuala (palas). Palm 

characterized by a sheath encircling the stem and usually by distinct petiole and prominent 

palmate leaf blade which always plicate (Aminuddin, 2003). Blade segment whether 

induplicate (v-shaped in cross section) or reduplicate. Two other leaf structures of signifance 

are the hastula and ocrea. Hastula found at the junction of petiole and blade of many coryphoid 

and borassoid palms. The ocrea is structure found in the position of a ligule at the top of sheath 

in front of the petiole and is found in the leaves of some climbing species.  

 According to Aminuddin (2003), the most common palm fruit has a fleshy wall and 

one seed or much less frequently two to ten seeds. Fruit size varies from 4.5 mm in diameter to 

50 cm long. Most fruits are smooth but scales cover the fruit of all calamoid palms, but in 

some, hairs and prickles presence. The seed usually ovoid, ellipsoid or globose and has wide 

range of size. Some seed coat heavily vascularized. Some seeds are bilobed while others 

angled or ridged and grooved.  
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2.2 Native Palms of Sarawak 

 

  Palms are great importance in Sarawak today. Many native palms of Sarawak are well-

known to members of the rural population who are familiar with the forest. More than 213 

palm species representing 25 genera are native to Sarawak (Pearce, 1991). Table 1 below 

shows some the native palm genera of Sarawak with their respective species. 

 

 

Genus Species Examples of species  

Areca 15 Areca insignis,   Areca minuta 

Arenga 3 Arenga brevipes, Arenga undulatifolia, & Arenga brevipes 

Borassodendron 1 Borassodendron borneense 

Calamus 56 Calamus manan, Calamus optimus 

Caryota 2 Caryota no, Caryota mitis 

Ceratolobus 3 Ceratolobus concolor, Ceratolobus discolor, Ceratolobus 

subangulatus 

Cyrtostachys 1  Cyrtostachys  renda   

Daemonorops 27 Daemonorops formicaria, Daemonorops sabut 

Eleiodoxa 1 Eleiodoxa conferta 

Eugeissona 3 Eugeissona utilis, Eugeissona insignis 

Korthalsia 12 Korthalsia cheb, Korthalsia hispida 

Licuala 20 Licuala orbicularis, Licuala olivifera, Licuala spinosa  

Nypa 1 Nypa fruticans 

Oncosperma 2 Oncosperma horridum, Oncosperma tigillarium 

Pholidocarpus 1 Pholidocarpus maiadum 

Pinanga 34 Pinanga crassipes, Pinanga mirabilis, Pinanga mooreana 

Plectocomiopsis 3 Plectocomiopsis geminiflora 

Retispatha 1 Retispatha dumetosa 

Salacca 5 Salacca affinis, Salacca magnifica, Salacca. vermicilaris 

   

   Native palms in Sarawak have variety uses. Some rattans are widely used for basketry, 

matting, tying and making roof (from Nypa).  The palm cabbage and fruits of various species 

are used as food such as Eleioxoda, Calamus, Salacca and Plectocomiosis geminiflora. Some 

palm species use as an ornamental plant such as Licuala and Pinanga.  

 

Table 1: Native palm genera of Sarawak with some of their respective species 
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2.3 Mixed Dipterocarp Forest (MDF) 

  

  Moving upwards to the steep, narrow ridges and slopes, the forest changes from lowland 

mixed dipterocarp forest into hill dipterocarp forest. Even though the timber trees still 

dominate, there are fewer species can be found and do not grow as big. Small trees, palms and 

herbs appear. Large climbers can be found at higher elevations.  

 

  The dipterocarp forest occurs on dry land just above sea level an altitude about 900 

metres. The term ‘dipterocarp’ specifically refer to the fact that most of the largest trees in this 

forest belong to family Dipterocarpaceae. The trees are hardwood trees that grow tall, big and 

straight, branching only towards the top (Chai, 1993). It was so called because their fruits have 

two wings (di=two; ptero=wing; carp=seed). This type of forest can be classified according to 

altitude into lowland dipterocarp forest (LDF), up to 300 m above sea level and hill 

dipterocarp forest (HDF) that found in elevation between 300 m and 750 m above sea level. 

The upper dipterocarp forests from 750 m to 1200 m above sea level. However in Sarawak 

both the lowland and hill dipterocarp forest are known as mixed-dipterocarp forest (MDF) 

(World Wildlife Fund, 2010). The Hill Mixed Dipterocarp Forests are richly diversified and 

contain the greatest number of economically important trees such as Meranti (Shorea spp.), 

Kapur (Dryobalanops spp.), Keruing (Diptrocarpus spp.) and Mersawa (Anisoptera spp.) 

which are used as timber (World Wildlife Fund, 2010).  
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2.4 Kerangas Forest 

  A kerangas forest or tropical heath forest is minimal in size. The word kerangas comes 

from an Iban word meaning ‘land where paddy cannot be grown’ (Nabawan, 1999). Soil in the 

kerangas is very sandy, very much like the sand on the shore and does not retain water which 

rice needs (Chai, 1993). It easily burnt during drought. In Malaysia, these forests are found 

mainly in Sarawak and Sabah. However, they are quite rare compared to the lowland and hill 

forest types (Agrobiodiversity, 2010). Chai (1993) stated that this very poor soil supports a 

community of trees that are small, straight and pole-like. The forest grows to height of 25 to 

30 metres, forming even canopy. The trees in a kerangas forests are quite small and short 

which is about 30 m (Nilus, 2009). Even the emergent trees found there are not as tall as the 

trees of the upper canopy in a lowland forest. This is because the sandy soil allows water and 

nutrient from decomposing ground litter to escape easily deep into the ground 

(Agrobiodiversity, 2010). Therefore, because of these conditions, the trees and plants in 

kerangas forests have to adapt by being smaller. However, the plants have many roots to grow 

in the area with poor or infertile soil (Agrobiodiversity, 2010). 
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3.0 METHODOLOGY  

 

3.1 Study site 

The study site for this research was Gunung Jagoi which located in Bau, Sarawak 

(Figure 1). Gunung Jagoi is located 35 km from Kuching city. The villages located near to the 

Gunung Jagoi are Kampung Serasot and Kampung Duyoh. Majority local people who lived at 

that area are Bidayuh people. The study was conducted in three different forest sites at 

Gunung Jagoi area: Mixed Dipterocarp Forest (MDF), kerangas forest and old orchard. Bung 

Tesen (323 m), Sobak Ayak Grituong (280 m) and Ayak Bikubu (256 m) were selected area in 

high altitude. Tunguoi Bikubu Taub (235 m), Otak Bowang (233 m) and Spolup (215 m) were 

selected area in medium altitude while selected area in low altitude were Tibawang Sauh     

(86 m), Bung Jagoi foothill (66 m) and Dorot Po Aup (37 m). Bung Tesen, Sobak Ayak 

Grituong, Ayak Bikubu, Tunguoi Bikubu Taub and Otak Bowang are lowland Mixed 

Dipterocarp forest (MDF). Spolup, Tibawang Sauh, Bung Jagoi Foothill and Dorot Po Aup  

are mixed kerangas forest, old orchard, secondary forest and kerangas secondary forest, 

respectively. The sampling points in the Gunung Jagoi area shown in Figure 2. 

 



11 

 

 

 

 

 

Figure 1: Location of study area in Gunung Jagoi, Bau, Sarawak 

Gunung Jagoi area 

Figure 2: Sampling points in the study area  

Sobak Ayak Grituong 

Bung Tesen 

Tunguoi Bikubu Taub 
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3.2  Sampling method 

The sampling and measuring equipments that were used in this study are the measuring 

tape, Global Positioning System (GPS), ‘parang’, tags for labeling, red nylon tape for marking 

plot division and data sheets for recording data collection. GPS was used to determine the 

location of baseline and borders for sampling. There were 9 plots established for each altitude. 

Selected area at high altitude was Bung Tesen (323 m), Sobak Ayak Grituong (280 m) and 

Ayak Bikubu (256 m). Tunguoi Bikubu Taub (235 m), Otak Bowang (233m) and Spolup    

(215 m) were selected site at medium altitude. For low altitude, Tibawang Sauh (86 m), Bung 

Jagoi Foothill (66 m) and Dorot Po Aup (37 m) were selected area for this study. The plot size 

for sampling was 10 m by 10 m (Figure 2).  

 

 

 

 

 

 

 

 

 

Figure 3: Sampling plot design with main plot size of 10 × 10 m.  

Sub-plot 1 Sub-plot 2 

Sub-plot 3 Sub-plot 4 

10 m 

10 m 

5 m 

5 m 
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3.3 Field Visit and Data Collection  

  The fieldwork was carried out with the assistance of the local people and the expertise 

that had good knowledge of the particular species and familiar with the local names. The 

numbers of particular palm species were recorded in the table for data analysis. The specimens 

of unknown species were taken to the herbarium for identification. GPS reading was recorded 

each time starting a new plot.  

 

Table 2: Data Sheet for Palm Sampling 

Gunung Jagoi: Palm Sampling 

Sampling date:                             Plot:                                          Location: 

                                                       Subplot:                                   Elevation: 

Local name Genus/species No. of Species Remarks 
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3.4 Data Analysis 

3.4.1 Frequency and Percentage 

   

Frequency (number of individuals species) and percentage of species were used to determine 

whether the altitude influences the palm distribution at Gunung Jagoi. Frequency and 

percentage of species at different level of altitude were compared to find out if there any 

differences in any species found in each altitude. 

 

3.4.2 Shannon Diversity Index (H’) 

  The diversity of palm species in each altitude was calculated by using Shannon Diversity 

Index. Shannon Diversity Index often called Shannon-Wiener Index. It is defined as follow: 

 

 

 

Where, 

H’ = the Shannon diversity index 

Pi = proportion of total sample made up of species i 

ln=log/natural logarithm 

S = numbers of species  

∑ = sum from species i=1 to species s 

 

 

 

                       s 

H’ = ∑ - (Pi ln Pi) 

                     i=1 

 


