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Plant Resource Science and Management 
Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

ABSTRACT 

A study was conducted on the diversity of Zingiberaceae in Kubah National Park, from August 2004 
until February 2005. A1 hectare plot was established although time constraints meant that the study 
only covered 36% of the 1 hectare plot, using nine transects of 100 mx4m each, built and studied 
using transect sampling, also known as `belt transects'. The total number of individuals recorded from 
the whole transects was 324, representing 12 genera and 39 species. From the whole transects, the most 
dominant species is Elettaria stolonifera with 54 individuals, which represents 16.7% of the total 
recorded individuals. Other recorded species are Alpinia sp. 3, Boesenbergia parva, Boesenbergia sp. 
4, Boesenbergia sp. 5, Plagiostachys strobilifera, Zingiber sp. 5, Zingiber sp. 7, Zingiber sp. 9, 
Zingiberaceae sp. 5 and Zingiberaceae sp. 7 with one individual each and each of these species 
represents 0.31% of the total recorded individuals in the whole transects. The diversity index for the 
established 1 hectare plot is 4.334. 

Key words: Zingiberaceae, species diversity, diversity index, Kubah National Park. 

ABSTRAK 

Kajian terhadap diversiti spesis Zingiberaceae telah dyalankan di Taman Negara Kubah, bermula 
Ogos 2004 sehingga Februari 2005. Satu plot seluas 1 hektar telah dibina dengan kawasan kajian 
meliputi 36 % daripada plot 1 hektar tersebut. Sebanyak sembilan transek yang bersaiz 100 mx4m 
setiap satu telah dibina dan dikaji dengan menggunakan kaedah `transect sampling', yang juga 
dikenali sebagai 'belt transects'. Jumlah individu Zingiberaceae yang direkodkan daripada 
keseluruhan transek adalah 324, yang merangkumi 12 genera dan 39 spesis. Daripada keseluruhan 
transek, spesis yang paling dominan adalah Elettaria stolonifera dengan 54 individu dan mewakili 
16.7% daripada keseluruhan jumlah individu yang direkodkan. Jumlah spesis yang paling sedik-it 
adalah Alpinia sp. 3, Boesenbergia parva, Boesenbergia sp. 4, Boesenbergia sp. 5, Plagiostachys 

strobilifera, Zingiber sp. 5, Zingiber sp. 7, Zingiber sp. 9, Zingiberaceae sp. 5 dan Zingiberaceae sp. 7 
dengan satu individu direkodkan untuk setiap satu dan setiap spesis tersebut mewakili 0.31 % daripada 
keseluruhan individu yang direkodkan. Nilai indeks diversiti untuk plot 1 hektar tersebut adalah 4.334. 

Kata kunci: Zingiberaceae, diversiti spesis, indeks diversiti, Taman Negara Kubah. 
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CHAPTER 1 

INTRODUCTION 

1.1 General introduction 

According to Brewer (1988), diversity means variety, which usually refers to number 

of species in a community and often includes some measure of their relative 

abundance. Begon et al. (1990) stated that species diversity takes into account both 

species richness and the evenness with which individuals in the community are 

distributed among the species. 

The Zingiberales is a group of monocotyledons where members are almost 

entirely restricted to tropical regions. The order is widely accepted by most 

taxonomists and phylogenists to be a distinctively circumscribed 'natural' or 

monophyletic lineage of plants (Kress, 1990). 

Zingiberaceae is part of the order Zingiberales, which form an isolated group 

among the monocotyledons (Larsen et al., 1999). The order Zingiberales consists of 

eight families, which are divided into the group with one stamens (Zingiberaceae, 

Costaceae, Cannaceae and Marantaceae) and with five stamens (Musaceae, 

Lowiaceae, Heliconiaceae and Strelitziaceae) (Larsen et al., 1998). 



According to Kress et al. (2002), Zingiberaceae is the largest of the eight 

families of the order. In Kress et al. (2002), it is also stated that the earlier 

classification included the family Costaceae in the Zingiberaceae, but with a number 

of distinctive characters; lack of aromatic oils, branched aerial stems and spiral 

monostichous phyllotaxy. Costaceae is now regarded as the sister Glade to the gingers. 

As part of an overview of the Zingiberaceae of Borneo, Ridley (1906) (Table 

1.1) and Smith (1985,1986,1987,1988,1989) (Table 1.2) studied and cited the 

species in the Matang Range. 
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Table 1.1: Zingiberaceae species in Matang (Ridley, 1906). 

Globba propinqua 
G. tricolor 
G. brachyanthera var. angustifolia 
Camptandra angustifolia Ridl. 
Haplochorema uniflorum Schum. 
Plagiostachys borneensis 
Alpinia cylindrostachys Schum. 
A. brachypoda Schum. 
A. cenolophon glabra Ridl. 
A. angustifolia Schum. 
A. flexistamen Schum. 

Hornstedtia sarawacensis Schum. 
H. villosa Val. 
H. spathulata 
H. reticulata Schum. 
Amomum macroglossa Schum. 
A. oliganthum Schum. 
A. flavidulum 
A. cerasinum 
A. hewittii 
Elettariopsis surculosum Schum. 

Table 1.2: Zingiberaceae species recorded for Matang (Smith; 1985,1986,1987, 

1988,1989). 

Globbeae 
Globba atrosanguinea Teysm. & Binn. 
Globba propinqua Ridley 
Globba tricolor Ridley 
Globba brachyanthera K. Schum. 

Hedychieae 
Camptandra parvula Ridley 
Haplochorema decus-sylvae (Hall. f. ) Val. 
Boesenbergia parva (Ridley) 

Alpinieae 
Plagiostachys borneense Ridley 
Alpinia ligulata K. Schum. 
A. microlophon Ridley 
A. flexistamen K. Schum. 
A. angustifolia K. Schum 
A. glabra var. reticulata R. M. Smith 
Hornstedtia tomentosa (Bl. ) Bakh. f. 
Hornstedtia pininga (Bl. ) Val. 
Hornstedtia spathulata Ridley 
Amomum sarawacense K. Schum. 
A. coriaceum R. M. Smith 
A. macroglossum K. Schum. 
A. oliganthum K. Schum. 
A. cerasinum Ridley 
A. flavidulum Ridley 
A. surculosum K. Schum. 

Zingibereae 
Zingiber acuminatum var. borneense Val. Var. 
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The previous studies by Ridley and Smith leads to the interest in studying the 

family in other parts of Matang range, which includes Kubah National Park. 
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1.2 Project Rationale 

The Matang Range in Kuching, Sarawak, is already known to be a `hot spot' for 

numerous plant families, notably orchids and palms where for both the species 

richness and diversity is among the highest in South East Asia. 

Over one hundred years ago, Italian botanist Odoardo Beccari recognized the 

natural wealth of this area. During his time in Matang, Beccari collected and 

identified numerous new palm species from his collections. 

1.3 Justification 

This study is an initial attempt to amass a checklist and ecological study of 

Zingiberaceae of part of the Matang Range (in this instance within the Kubah 

National Park). The Zingiberaceae of Borneo are perhaps the most speciose and 

diverse on the planet and a detailed study of the family in the profusely speciose and 

diverse Matang Range will provide a much-needed guide to this ornamental and 

ethnobotanically important family and a base-line from which to compare diversity of 

the family in other parts of Sarawak. 

1.4 Objectives 

" To record a checklist of Zingiberaceae species for Kubah National Park 

(Matang Range). 

" To study the ginger community structure in the area studied. 

" To determine the diversity index of Zingiberaceae species in Kubah National 

Park, Kuching, Sarawak. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 History 

The Zingiberales is as well represented in Borneo as in the Malay Peninsula. There is 

a high probability that at present, at least a large number of Zingiberaceae species in 

Borneo are yet uncollected or if collected, not yet described (Ridley, 1906). 

The first major attempt to subdivide the family was made by Blumea, who 

established five sub-divisions or sections, for which he supplied formal descriptions. 

These ranks were not acceptable for sub-divisions as a family under the International 

Code. Meisner set out a new classification in which the sub-divisions were clearly 

labeled as tribes; they were given names in the proper form and they were validated 

by reference to Blume's descriptions. These tribes were Globbeae, Zingibereae, 

Alpineae, Amomeae and Costeae (Burtt, 1972). 

Before Kress et al. (2002), classifications of Zingiberaceae recognized four 

tribes, which were Hedychieae (22 genera), Alpinieae (25 genera), Zingibereae (one 

genus) and Globbeae (4 genera) (Holttum, 1950; Burtt & Smith, 1972; Larsen et al. 

1998,1999) based on morphological features, such as number of locules and 



placentation in the ovary, development of staminodia, modification of the fertile 

anther and rhizome-shoot-leaf orientation. 

Smith (1985,1986,1987,1988,1989) and Ridley (1906) studied and recorded 

Zingiberaceae species in Borneo. Among all recorded species, 31 species were 

collected and identified from Matang range (as stated in Introduction part). According 

to Ridley (1906), two genera namely Haplochorema and Burbidgea are peculiar to 

Borneo. 

2.2 Higher systematic study of the family 

According to Kress et al. (2002), the latest classification accepts Zingiberaceae with 

53 genera and over than 1200 species. The results of phylogenetic investigations 

using nuclear internal transcribes spacer (ITS) and plastid matK regions proposed a 

new classification of the Zingiberaceae that recognizes four subfamilies and six tribes: 

Siphonochiloideae (Tribe Siphonochileae), Tamijioideae (Tribe Tamijieae), 

Alpinoideae (Tribes Alpineae, Riedelieae) and Zingiberoideae (Tribes Zingibereae, 

Globbeae) (Kress et al. 2002). 

2.3 Habitats and distributions 

The Zingiberaceae is widely distributed in the tropics with the greatest diversity of 

genera and species in the Asian tropics (Larsen et al. 1998). Larsen et al. (1999) 

stated that there are about 1000 out of 1200 species of Zingiberaceae that occur in 

tropical Asia. It is known that the Malesian region, which consists of Malaysia, 
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Indonesia, Brunei, Singapore, Philippines and Papua New Guinea, is the richest area 

with 24 genera and about 600 species recorded. 

Zingiberaceae species are adapted to different habitats. However, the diversity 

of species decrease with increase in altitude (Ibrahim, 1998). Although the harsh 

conditions in higher peaks tend to affect the growth of the plants, the gingers are 

exceptionally affected (Ibrahim, 1999a). Gingers flourish in moist to ever-wet habitats 

(Ibrahim, 1999b). 

Ibrahim (1998,1999b) stated that Zingiberaceae is the significant component 

of the herbaceous ground flora of Malaysian tropical forest. According to Larsen et al. 

(1998), the species that are associated with tropical forests play an important role in 

the herbaceous layer in places in which light levels are not too low. The richest 

diversity is found in humid tropical lowlands where species-rich genera such as 

Alpinia, Amomum and Etlingera are often dominant (Larsen et al. 1998). 

2.4 Biology 

The biology of Zingiberaceae is poorly studied. Pollination has been observed in very 

few species with butterflies and moths seeming to play an important role. Ants and 

bees are stated as pollinators for Amomum and Alpinia (Larsen et al. 1999). In Larsen 

et al. (1999), it also stated that birds act as a pollinator for Etlingera elatior (kantan), 

although such cases seem rare in other species of gingers in Asia. Boyce (pers. 

comm. ) stated that ants act as pollinators for Scaphochlamys, pigs (Etlingera); 

squirrels (Plagiostachys) and wind (Burbidgea). 
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According to Larsen et al. (1999), fruit of Hedychium is bird-dispersed. It is 

also stated that Etlingera species are eaten and dispersed by animals (Larsen et al., 

1999). 

The flowers/species display a broad range of pollination syndromes, indicating 

that the ginger family is an important group to investigate evolution of pollination and 

breeding system. 

2.5 Ethnobotany 

Zingiberaceae species are widely used in the community. According to Larsen et al. 

(1999), the types of Zingiberaceae that are commonly used are from the genera 

Alpinia, Amomum, Curcuma and Zingiber. 

Ibrahim (1998) and Larsen et al. (1999) stated that gingers have always been 

associated with the well-known spice and condiment. There are at least 20 ginger 

species that have been cultivated and used as spices, condiments, flavours, fresh 

vegetables (also known as ulam by the Malays), medicine, ornamental plants and cut 

flowers. 

According to Larsen et al. (1999), among all the species, three species which 

are Zingiber officinale (halia), Curcuma domestica (kunyit) and Elettaria 

cardamomum (cardamom) have major commercial importance. Some studies and 

surveys that have been conducted reveals that species of Zingiberaceae are an 
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essential source of traditional medicine. They are often used to cure women ailments 

and illnesses, especially for women during confinement (Larsen et al. 1999). 

Larsen et al. (1999) also stated that ginger species are also known as new 

source of ornamental or landscape plants because of their showy inflorescences and 

brightly coloured bracts and flowers. Their interesting forms add variety to the garden 

scenery; with some species having perfumed flowers such as Hedychium. 
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CHAPTER 3 

STUDY AREA 

3.1 Study area 

The study on diversity of Zingiberaceae was conducted in Kubah National Park 

(Matang Range) in Kuching, Sarawak (Figure 1). It is known for its flora and palms 

richness (Hazebroek & Abang Morshidi, 2001). The park entrance is situated about 22 

km west of Kuching city. 

Kubah National Park is one of the most accessible national parks in Sarawak, 

which greatly facilitated this study. It has been gazetted in 1989, and opened to 

public in 1995 (Hazebroek & Abang Morshidi, 2001). Kubah National Park covers an 

area of about 22 km2. The park comprises the slopes and ridges of the Gunung Serapi 

sandstone massif. It does not include Gunung Serapi's summit, which is 911 in above 

sea level (Hazebroek & Abang Morshidi, 2001). 

According to Hazebroek & Abang Morshidi (2001), the soil type of this area is 

red-yellow sandy podzolic, low-fertility soils with a natural vegetation of mixed 

dipterocarp forest. On ridge tops, the soils are peaty, feeling soft underfoot and 

consisting of shorter trees that are slender with much smaller crowns (Hazebroek & 

Abang Morshidi, 2001). 



There are numerous streams draining the sides of the mountain, with some 

running through deep gorges (narrow valley with steep sides) in which the sandstones 

are eroded to reveal shales and mudstones. Much of the park consists of fairly steep 

terrain with altitudes ranges between 20 and 777 m above sea level. 

On dipslopes, podzols have developed. There is predominantly sandy soil 

(with varying proportion of clay), well drained and deficient in most nutrients 

(Hazebroek & Abang Morshidi, 2001). 

3.2 Plot 

This study was conducted on the Ulu Rayu Trail. The trail begins in ridge top forest 

on Serapi's northwest ridge (Hazebroek & Abang Morshidi, 2001). It is situated 1540 

m from the park headquarters. It passes through mixed dipterocarp forest until it 

reaches the Matang Wildlife Centre, which takes about 3 hours of walking from the 

trail itself (Sulaiman, pers. comm. ). Hazebroek & Abang Morshidi (2001) stated that 

alluvium in the flat valley bottom of the Rayu River consists of sand and mud 

deposited when the river floods its banks. 

12 



r-. 
1 

1 
2, 

{: m 

P, irl. hounkdan 

hwtpath see text for trail numhcr. ) 

Road 

HQ National Park Headquarters // WatiItaII 
1 1\1 C= Malang Wildlife Centre 0 Vicýti point 
xIf P= Malang hamily Park 

tlrý ýliouý , ihuý r ca Ir%rl: 

0- 75m 

75-? 50ni 

'SO-500m 

SIlf)"750m 

thm e 750 m 

Figure 3.1: Kubah National Park (Hazebroek & Abang Morshidi, 2001). 

13 



CHAPTER 4 

MATERIALS AND METHODS 

4.1 Field methodology 

A1 hectare square (100 mx 100 m) plot was established. Each corner of the plot 

boundaries was marked with blue nylon string. Each transect was marked with orange 

and blue ribbons. At each transect (100 mx4 m), every 50 m distance was marked 

with double ribbons. The degree used to measure the plot and the transect is 30°. 

The diversity of the Zingiberaceae species in the plot was studied using 

Transect Sampling. According to Sorrells & Glenn (1991), transect method measures 

the vegetation occurring along a line or narrow belt. This method is also used to 

measure density and composition accurately, and assumed as less time consuming 

than mapping in quadrates. Transect samples and quadrates indicate the actual 

percentage of coverage with about equal accuracy when vegetation was of uniform 

size. This method also indicates coverage with considerably more accurate than 

quadrates. 

Brower (1998) stated that this sampling method is also known as `belt 

transect'. It is a long strip of terrain in which all Zingiberacaee species were counted 

and measured. By knowing the width and length of the transect, it is considered as a 



very long rectangular plot. In addition, the belt may be divided into intervals 

representing zones to be studied, and each interval may be treated as a plot. In this 

study, the plot is divided into 5mx4m subplots in which each subplot is considered 

as a plot. 

For this 1 hectare (100 mx 100 m) plot, a minimum requirement for 

systematic study is about 20%. There were nine parallel transects of 100 mx4m each 

that were built and studied. The transects cover 36% of the 1 hectare plot. Each 

transect is approximately equal distance from one another. 
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Figure 4.1: A sample of an established transect. 
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4.2 Identifying collected Zingiberaceae species 

Each species was vouchered with fertile specimens prepared, including photographs 

of flowering and fruiting structures and spirit preserved flowers and fruits collected to 

facilitate identification. 

In identifying each Zingiberaceae species, a series of keys (to the subfamilies, 

tribes and genera of Zingiberaceae) by Smith (1985,1986,1987,1988,1989) and 

Sakai & Nagamasu (2000,2003) were used. The vouchers were also compared with 
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herbarium specimens at SAR (Sarawak Herbarium) at Sarawak Forestry Corporation 

(SFC). 

4.3 Statistical analysis 

4.3.1. Shannon-Weiner Index 

A diversity index is a mathematical measure of species diversity in a community. One 

of the most commonly used measures is the Shannon-Weiner index (H). This index 

should only be used on random samples drawn from a large community in which the 

total number of species is known. 

Two components of diversity are combined in the Shannon-Weiner index, which are; 

1. number of species 

2. equitability or evenness of allotment of individuals among the species 

Shannon-Weiner index stated that a greater number of species increase species 

diversity and a more even or equitable distribution among species will also increase 

the diversity. This index equation is as follows: 

. 1. 

H=-2 p11n -Pj -1 

where; H= information content of sample (bits / individual) = index of species 

diversity 

S= number of species 

pi = proportion of total sample belonging to the ith species 
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