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Abstract 

Bungoh catchment is located in the southern part of Sarawak, Malaysia and south east of Kuching town and densely 

covered by tropical forests. A study was conducted to determine species diversity and species richness of plants in three 

major types of forest ecosystem. The major vegetation included primary forest (PF), secondary forest (SF) and agroforestry 

(AF). The numbers of trees were recorded from the entire three different forest ecosystem using single plant method of size 

400 square meters (20 m X 20 m). All plants above 5 cm dhb (diameter of a tree at breast height) were enumerated to 

determine the relative frequency (Rf), relative density (Rd), relative dominance (Rd) and important value index (IVI) of tree 

species. Simpson’s index of diversity and Shannon-Weiner index were used to measure species diversity. The species 

richness of plants was calculated by using the method ‘Margalef’s index of richness’. A total of 394 individual trees 

representing 111 species were recorded from the study area. Out of 111 species, 22 plants species were recorded at primary 

forests, 17 were recorded at agro-forests and 72 species were recorded at the secondary forest. In PF, Tristaniopsis whiteana 

recorded the highest important index value (IVI) which is 30.472, followed by Koompossia excelsao (30.230) while in SF, 

species with highest IVI were Alstonia anguslifolia (41.871) and Artocerpus kemando (18.139) and in agroforestry species 

with highest (IVI) were Hevea brasiliensis (92.990) and Durio zibethinus (56.210).  The Shannon-Weiner diversity index of 

trees in PF, SF and AF were 2.960, 3.799 and 2.199 respectively, while Simpson’s index of diversity of trees in PF (0.941), 

SF (0.96) and AF (0.838). The Margalef Index of richness of trees in PF, SF and AF were 5.816, 13.294 and 3.397 whereas 

the Simpson’s measure of evenness of trees in PF (0.917), SF (0.885) and AF (0.776). Results indicated the species richness, 

species diversity and evenness in all three major forest ecosystems were high and consistent with the value reported by 

several researchers. 
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Introduction 

Bungoh catchment is located in the southern part of 

Sarawak, Malaysia and south east of Kuching town and 

densely covered by tropical forests. The area can be 

distinguished by three major forest ecosystem namely 

primary forest, secondary forest and agroforestry. 

Generally, the landscape surrounding the primary forest of 

Bungoh catchment is composed of swidden fields, follows 

in various stages, rubber gardens, other fruit trees and 

isolated primary forests. This indicates that Bungoh 
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catchment were achieved in single forest ecosystem and no 

data concerning diversity, richness, evenness and 

dominance as well as important value index of plant 

species in different type of forest ecosystem within the 

tropical rain forest. Thus, the goal of this study is to 

determine the diversity, richness, evenness and dominance 

as well as important value index of plant species in 

different forest ecosystem; primary forest, secondary forest 

and agroforestry of tropical rain forest of Bungoh 

Catchment. 

Materials and Methods  

Study area 

The study was carried out at the Bungoh catchment 

which is a segment of Sarawak Kiri River catchment areas 

and upstream of Bungoh dam. It is located in latitude 

between 1.184° to 1.296° N and in longitude between 

110.106° to 110.242° E and 60 km from Kuching, the 

capital of Sarawak. The catchment covers an area of 

approximately 127 square kilometres (Fig. 1). The altitude 

ranges from 20 m to 1300 m a.s.l. The forest ecosystem 

constitute of primary forest, secondary forest and agro-

forest. The climate is equatorial type with warm and humid 

weather throughout the year; and annual rainforest of the 

area is approximately 3.990 mm/year with a high 

proportion falling during the North West monsoon season 

from November to February. The driest period occurs from 

June to August. The mean temperature is approximately 

26.6°C and means relative humidity is around 85.3%. The 

wind pattern in this area generally shows relatively calm 

condition with 33.9% of the time with wind blowing and 

light breezes were recorded for 42% of the time. The 

catchment is an area of complex geology involving a whole 

range of sedimentary rocks, igneous intrusive and extrusive 

rocks with associated metamorphism. 

Plant analysis 

A survey was carried out by the single plot method 

based on 29 random sampling plots. Each plot (20 m x 20 

m) was divided into four subplots (10 m x 10 m). In each 

quadrate, the parameters recorded during the vegetation 

survey include circumference (diameter at breast height, 

dhb ≥5 cm), trees height, type of forests ecosystem and 

plant species. All terrestrial plant species encounter during 

field survey were identified and when it is impossible to do 

so, the voucher specimens were collected and identified in 

the herbarium and a list of plant species that occur within 

the study boundary were compiled.  

Importance Value Index 

Vegetation analysis was quantitatively analysed for 

relative frequency, relative density and relative abundance 

and for important value index following Mueller-Doimbois 

and Ellenberg (1974), Curtis and Mclntosh (1950). The 

important value index is used to determine the overall 

importance of each species in the community structure. In 

calculating this index, the percentage values of the relative 

frequency, relative density and relative dominance are 

summed up together and this value is designated as the 

Important Value Index (IVI). 

a) Relative density 

The relative density is the study of numerical strength 

of a species in relation to the total number of individuals of 

all the species and can be calculated as:  

Relative density  
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Fig 1. Locality of Bungoh catchment area 

 

 

 

 

 

 

 

 

 

 

(b) Relative frequency 

Relative frequency indicates the degree of dispersion 

of individual species in an area in relation to the number of 

all the species occurred.    

Relative density  

                

c) Relative dominance  

Relative dominance is the coverage value of a 

species with respect to the sum of coverage of the rest of 

the species in the area.  

 Relative dominance   

 

Species richness, diversity and dominance indices 

The species richness of plants was calculated by 

using the method ‘Margalef’s index of richness’ (Dmg) 

(Magurran, 1988) as follows;     

where, S = Total number of species and N= Total number 

of individuals. The species diversity and dominance were 

analysed by using the following methods. 

 

 

 

 

 

 

 

 

 

 

(a) Shannon-Wiener (1963) index of diversity 

The species diversity was determined by using 

Shannon-Wiener information function (H’) (Shannon-

Wiener, 1963). For any sample it is calculated as, 

 

 

Where  is the total number of species  and  is the 

number of individuals of all species in that site.  

(b)  Simpson (1949) index of Dominance 

The species dominance (D) was measured by 

Simpson index of dominance (Simpson’s 1949) and the 

Simpson index is defined as: where 

 and  are the same as for the Shannon-Wiener 

information function. The decrease in Simpson index 

indicates the increase in biodiversity. Therefore, the 

function of was used to justify the 

species dominance.   

(c) Magurran (1998) index of evenness 

The evenness index ( ) was 

used to measure evenness of spread of species (Magurran, 
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1988). The evenness index ( ) is defined as: where s is the 

total number of species and  is the natural logarithm or 

 represents the natural logarithm of the total number 

of species. As per the evenness index (E), the smaller the 

index, the lower the species diversity 

Results and Discussion 

Floristic diversity 

A total of 373 individual trees representing 111 

species and 57 families were recorded within the three 

different types of forest ecosystem. Out of 111 species, 22 

species were recorded from the primary forest whereas 72 

species were recorded from secondary forest and the 

remaining 17 species were recorded from agro-forest. 

Among families recorded within the primary forest, 

Dipterocarpaceae was represented by 5 species, Moraceae 

by 3 species where as Myristicaceae and Myrtaceae were 

represented by 2 species each. 11 families were 

monospecific (Table 1). In secondary forest, Fabaceae had 

the highest number of species (10 species), followed by 

Moraceae, Rubiaceae and Clusiaceae which had 6 species 

each. Myrsinaceae was represented by 5 species, 

Elaeocarpaceae by 4 species and 8 families had two 

species each. The remaining 18 families were 

monospecific (Table 2), whereas in agroforestry, three 

families were represented by 3 species each, 2 families had 

2 species each and the remaining 5 families were 

monospecific (Table 3). 

The number of species recorded from the three 

different types of forest ecosystem in the present study was 

found to be higher than the number species reported by 

several researchers in the different tropical forest (Fox et. 

al. 1997 (94 species); Kadavul and Porthasarathy, 1999 (89 

species); Pande, 1999 (52 species); Khera et al. (2001) 92 

species; Uma Shanker 2001 (87 species)]. It is probably the 

moisture content of soils in those three types of forest 

ecosystem is higher. It is recognised that moisture is one of 

the important factor that control species composition of 

each forest ecosystem. This result is supported by 

Pongumpai (1976), Glumphabutr et al. (2006), and Podong 

and Poolsiri (2013). 

Composition features: Importance Value Index (IVI) 

In the primary forest ecosystem, the dominant 

species of trees were Tristaniopsis whiteana, Kompossia 

excelza and Xylopia ferruginea. The IVI values of threes 

were 30.472, 30.230 and 6.572 respectively. The three 

most dominant species of trees of the secondary forest 

were Alstonia angustifolia with the IVI of 41.871, 

Artocarpus kemando (IVI: 18.139) and Artocarpus 

elasticus (IVI: 15.908), whereas in the Agroforestry 

ecosystem, the highest IVI values shown by Hevea 

brasilienis which is 92.990 followed by Durio zibethinus 

with the IVI 56.210 and Nephelium lappaceum with the 

IVI 38.599 (Fig. 2). 

Fig. 2. Dominant species of trees 

Species diversity indices 

The species diversity of different types of forest 

ecosystem is shown in Fig. 3. The Shannon-Wiener index 

of species diversity (H) for primary forest, secondary forest  
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Table 1. Plant biodiversity and the important value index (IVI) of Primary forests 

Species Family IVI   Species Family IVI 

Alangium kurzii Alangiaceae 6.594   Artocarpus kemando Moraceae 17.98 

Mangifera foetida Anacardiaceae 8.798   Artocarpus  

sarawakensis 

 

Moraceae 

 

7.531 

Xylopia ferruginea Annonaceae 6.572   Ficus sp. Moraceae 13.743 

Ilex cissoidea Aquifoliaceae 17.471   Myristica lowiana Myristicaceae 7.717 

Cratoxylum glaucum Clusiaceae 8.363   Knema sp. Myristicaceae 7.938 

Shorea angustifolia Dipterocarpaceae 9.108   Syzygium sp. Myrtaceae 19.204 

Dryobalanops beccarii Dipterocarpaceae 15.666   Tristaniopsis whiteana Myrtaceae 30.472 

Shorea macrobalanos Dipterocarpaceae 21.269   Alphitonia excelsa Rhamnaceae 15.199 

Shorea scabrida Dipterocarpaceae 23.034   Pometia pinnata Sapindaceae 7.410 

Koompassia excelsa Fabaceae 30.230   Sterculia sp.  Sterculiaceae 10.507 

Ixonanthes  reticulata Ixonanthaceae 6.830   Total  300 

Litsea  sp. Lauraceae 8.363      

 

Table 2. Plant biodiversity and the important value index (IVI) of secondary forests 

 

and agroforestry were 2.960, 3.799 and 2.199 respectively 

which suggest that the diversity is high in all the three 

different types of forest ecosystem (Fig. 3). Results showed 

that the index of evenness (E) for primary forest was 0.957 

and secondary forest was 0.885 whereas for agro-forest 

was 0.776. All the results  suggest that evenness were high   

Species IVI Species IVI Species IVI 

Saurauia acuminate 1.784 Xanthophyllum griffithii 1.283 Pellacalyx lobbii 5.401 

Saurauia myrmecoidea 1.271 Lithocarpus havilandii 1.600 Morinda elliptica 2.268 

Alangium javanicum 1.490 Castanopsis hypophoenicea 3.428 Porterandia sessiliflora 1.310 

Campnosperma auriculatum 9.037 Castanopsis pedunculata 7.139 Lasianthus sp.  2.480 

Melanochyla speciosa 1.661 Gnetum gnemon 1.965 Porterandia sp.  1.301 

Xylopia sp.  5.377 Cantleya corniculata 2.496 Tarenna winkleri 1.490 

Alstonia angustifolia 41.871 Ixonanthes petilolaris 2.127 Canthium glabrum 1.283 

Vernonia arborea 1.600 Litsea sp. 13.316 Meliosma rufo-pilosa 1.290 

Canarium sp.  3.845 Fagraea borneensis 1.649 Nephelium maingayi 9.908 

Cratoxylum arborescens 4.224 Norrisia malaccensis 3.712 Nephelium subfalcatum 3.394 

Garcinia bancana 1.516 Pternandra cognianxii 5.975 Sterculia rubignosa 6.492 

Cratoxylum cochinchinense 4.013  Artocarpus elasticus 15.908 Eurya nitida 1.296 

Cratoxylum formosum 1.707 Prainea frutescens 1.813 Adinandra dumosa 7.662 

Cratoxylum glaucum 2.082 Ficus grossularioides 1.326 Gironniera parvifolia 1.543 

Garcinia nitida 9.231 Artocarpus integer 6.431 Vitex  pubescens 1.271 

Dillenia sp.  1.897 Artocarpus kemando 18.139 Vitex vestita 1.465 

Elaeocarpus sp.  2.551 Artocarpus odoratissimus 1.500 Timonius flavescens 1.582 

Baccaurea maingayi 3.264 Horsfieldia crassifolia 1.332 Sarcotheca glauca 3.635 

Aporosa sp.  8.121 Knema galeata 1.843 Pithecellobium jiringa 1.465 

Ardisia sp.  1.387 Knema latifolia 1.986 Eugenia elliptilimba 2.133 

Archidendron borneense 1.283 Ardisia sp.  3.526 Total 300 

  

Albizia dolichadena 4.161 Ficus geocharis 1.335   

Dialium indum var. indum 2.573 Syzygium bankense 1.570   

Archidendron jiringa 1.674 Syzygium sp. 6.309   

Koompassia malaccensis 4.002 Ochanostachys amentacea 5.135   

Parkia speciosa                              3.004 Carallia coriifolia 3.862 
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Table 3. Plant biodiversity and the important value index of Agroforestry 

Spcies Family IVI  Spcies Family IVI 

Mangifera foetida Anacardiaceae 6.222  Elateriospermum tapos Euphorbiaceae 30.817 

Annona foetida Annonaceae 3.013  Parkia speciosa Fabaceae 4.314 

Durio zibethinus Bombacaceae 56.210  Artocarpus elasticus Moraceae 2.999 

Garcinia mangostana Clusiaceae 8.939  Artocarpus heterophyllus Moraceae 6.382 

Shorea macrophylla Dipterocarpaceae 11.828  Artocarpus integer Moraceae 10.032 

Shorea palembanica Dipterocarpaceae 8.366  Nephelium lappaceum Sapindaceae 38.599 

Shorea splendida Dipterocarpaceae 5.282  Nephelium maingayi Sapindaceae 3.143 

Baccaurea angulata Euphorbiaceae 6.404  Theobroma cacao Sterculiaceae 4.458 

Hevea brasiliensis Euphorbiaceae 92.990  Total  300 

in all three different types of forest ecosystem. Margalef’s 

index of richness (Dmg) for primary forest was 5.816, 

secondary forest was 13.294 and agroforestry was given 

3.397 which suggest that species richness were high in all 

three different types of forest ecosystem. The concentration 

of species dominance is high in all three different types of 

forest ecosystem as shown by the value of Simpson index 

of species dominance (D’= 1-D) in Table 4. The D’ value 

for primary forest, secondary forest and agro-forest were 

0.941, 0.901 and 0.831 respectively. The highest value of 

diversity indices in all four different diversity indices 

(diversity index, evenness index, richness index and 

dominance index) were recorded for secondary forest 

followed by primary forest and agroforestry. High species 

diversity for Shannon-Wiener’s index and Simpson’s index 

were observed in all three different types of forest 

ecosystem (Table 4). This result indicates that the tree 

species diversity can recover naturally after selected 

logging and other anthropogenic activities. The result of 

this study shows that the Shannon’s diversity index of 

agroforestry   was  2.199  which   are  almost   similar  to  

Shannon’s diversity index of primary forest which was 

2.900. Tynsong (2009) reports the same pattern where the 

study shows Shannon’s diversity index for agroforestry and 

primary forest were recorded 3.3 and 3.9 respectively. The 

results indicate that the agroforestry harbours substantial 

plant diversity close to the primary forest of Bungoh 

catchment. However, the slightly lower diversity index (H) 

of agroforestry compare to the other two forest ecosystem 

may be due to the fact that a number of trees were felled 

during the conversion of natural forest to agroforestry. In 

other studies, the diversity index (H) for tropical rain forest 

of the Kumaun Himalaya was ranged from 0.8 to 2.3 

(Garkhoti, 1992; Srivastana, 2002; Kharkwal 2009). In 

certain area of Malaysia rain forest, the highest value for 

diversity index (H’) was recorded 5.61 (Saiful, 2008; 

Abdul Hayat et al., 2010). The diversity indices (H’) of 

2.960 for primary forests, 3.799 for secondary forests and 

2.199 for agroforestry as stated in this study is fallen within 

the range of 0.83-4.10 which is similar to what is being 

reported by earlier workers for tropical forests (Singh et al.,   

1985;  Visalakshi,  1995;    Tripathi    and    Singh,   2009;  
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Table 4. Species diversity indices of different forests ecosystem of Bungoh Catchment 

Forest Ecosystem H E Dmg D D' 

Primary Forests 2.960 0.957 5.816 0.059 0.941 

Secondary Forests 3.799 0.885 13.294 0.039 0.961 

Agroforestry 2.199 0.776 3.397 0.165 0.835 

Fig. 3. Diversity indices of different forests ecosystem of Bungoh Catchment 

 

 

 

 

 

 

 

 

 

 

Rasingam and Parathasarathy, 2009; Shukla, 2009; Sahu  

et al., 2012). In practical, the diversity index (H) for 

biological communities does not seem to exceed 5.0 

(Washington, 1984). Therefore, the results of the diversity 

index (H) calculated for the three different types of forest 

ecosystem of Bungoh Catchment in this study are 

consistent with the results established by the previous 

studies. The higher value of Shannon’s index, richness 

index (Dmg) for secondary forest is due to high humidity 

and the wide open canopy makes it accessible for the 

penetration of light to forest floor that favours species to 

develop into large population. Since the study area 

involving the secondary forest is flat in many parts where 

the altitude ranging from 40m to 120 m a.s.l, this could be 

another factor which is an appropriate condition for plant 

diversity. This agreement corresponds well with the studies 

(Gholami  et al., 2007;  Mirzaei et al., 2008;  Kooch et al.  

 

 

 

 

 

 

 

 

 

 

2009) which state that low degree of slope and humidity 

are most important factors of increasing species diversity. 

High species richness (3.397) of agroforestry shows that 

the traditional agroforestry systems are suitable land use 

that can enhance the conservation of biodiversity in the 

area. Tynsong et al. (2010) state that the productivity of the 

system and structural complexity or heterogeneity 

determines species richness in the community. However, it 

is difficult to explain the specific reasons of species 

richness of agroforestry in Bungoh catchment. It seems that 

favourable climate condition, unique topography and 

deliberate management of plant species over a long period 

of time have played a major role in making the community 

rich in diversity of plants. The high species diversity and 

species richness as shown by Shannon-Weiner index (H: 

2.960), Simpson’s index (D’: 0.941) and Margalet’s index 

of richness (Dmg: 5.816) of primary forest  are due partly to  
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conditions that favour a high rate of speciation, especially 

the climate which is fairly constant temperature and high 

humidity that are favourable to plant growth and 

reproduction at all seasons. However, the lower value of 

species index and species richness index (Dmg) exhibited 

by primary forest as compared to that of secondary forest 

(Table 4) were due to the limited variety of ground-

dwelling plants as a consequence of very limited light 

reaching the forest floor. Study by Nalini et al. (2001) state 

that sunlight attenuation can be as great as 98% between 

the tops of emergent trees and the levels reaching the forest 

floor. 

Conclusion  

The Bungoh Catchment forest which consist of 

primary forest, secondary forest and agroforestry are rather 

rich in tress species. A total of 211 tree species were 

recorded, belonging to 57 families. Primary forest recorded 

23 tree species, 72 tree species were recorded form 

secondary forest and 17 tree species were recorded from 

agroforestry. The numerous number of species found from 

the study site indicate that the three different types of forest 

ecosystem of Bungoh catchment harbours a rich 

assemblage of plant diversity. This is further supported by 

the higher value of Shannon-Wiener index, Simpson’s 

index and Margalet index of richness in all three different 

types of forest ecosystem. The species diversity and 

species richness in secondary forest is slightly higher 

compared to that of primary forest and agroforestry due to 

high humidity and the wide open canopy which enable 

high density of light reaching the forest floor that favours 

variety of plant species to develop into large population. 

The overall result of this study is very much affected by the 

large samples size over varieties of sites and it is not 

always possible to ensure that sample sizes are equal and 

appropriate particularly when the sample differs from one 

ecosystem to another. Nevertheless, the outcome of this 

study based on the method design and using various 

diversity indices as well as the application of the 

appropriate statistical precision is comparable with other 

studies. 
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