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Bird Assemblages at Cleared Hill Forest and Conservation Strips in  
Sungai Asap, Belaga 

 

Nur Arina Seruji 

Animal Resource and Management Programme 
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Universiti Malaysia Sarawak 
 

ABSTRACT 
 

Deforestation is one of the major causes of the loss of biodiversity as it limits food source, 
destroy habitats and both flora and fauna directly and indirectly. In Sungai Asap, Belaga, Malaysian 
Palm Oil Board (MPOB) had received a wide area for oil palm plantation and had allocated a few 
areas consisting of three strips of areas for conservation. The bird’s assemblages were investigated 
in order to find out the diversity of the birds in the conserved area. Mist nets are used to capture the 
birds and the species diversity is measured using Shannon’s diversity index. Species richness was 
analysed by ACE, Chao 2 and Jackknife estimators and species similarity was also calculated. 
Programs such as EstimateS and PAST are used in calculation in order to gain a near accurate 
result. The sampling from December 2008 until October 2012 resulted in total of 967 numbers of 
individuals with 74 species from 22 families. Both species diversity and species richness in Sungai 
Asap, Belaga show the decreasing trend in the early sampling period. However, with time, the 
species diversity and species richness slowly increases. Based on the estimation from the 
estimators, there are some species still unseen thus more sampling effort as well as sampling period 
is needed.  
Keywords: Bird assemblages, oil palm, logged-over forest, species richness, species diversity, 
species similarity, EstimateS estimators, Sungai Asap, Belaga. 
 
ABSTRAK 
 

Pembalakan adalah salah satu penyebab kehilangan biodiversiti kerana aktiviti tersebut 
mengurangkan sumber makanan, memusnahkan habitat semula jadi haiwan serta flora dan fauna. 
Malaysian Palm Oil Board (MPOB) telah menerima kawasan yang luas di Sungai Asap, Belaga, 
Sarawak untuk penanaman kelapa sawit dan telah mengkhaskan beberapa kawasan yang terdiri 
daripada tiga jalur pemuliharaan untuk flora dan fauna berpindah. Himpunan burung-burung telah 
dikira untuk mengetahui kepelbagaian burung-burung di kawasan pemuliharaan. Jaring kabut telah 
digunakan untuk menangkap burung-burung dan kepelbagaian spesies dinilai berdasarkan index 
kepelbagaian Shannon. Kekayaan spesies telah dianalisis dengan penganggar ACE, Chao 2 dan 
Jackknife serta persamaan spesies juga telah dikira. Perisian seperti Estimate S dan PAST telah 
digunakan untuk pengiraan bagi mendapatkan hasil yang hampir tepat. Kajian yang dilakukan dari 
Disember 2008 sehingga Oktober 2012 telah merekodkan jumlah 967 individu dengan 74 spesies 
dari 22 keluarga. Indeks kepelbagaian dan kekayaan spesies di Sungai Asap, Belaga menunjukan 
pengurangan di awal pengsampelan. Namun indeks kepelbagaian dan kekayaan spesies telah 
meningkat naik di pengsampelan seterusnya. Berdasarkan penganggaran dari penganggar, terdapat 
beberapa spesies yang masih belum direkodkan dan penambahan usaha pengsampelan serta masa 
adalah diperlukan. 
Kata kunci: pengumpulan burung, kelapa sawit, hutan yang ditebang, Kekayaan spesies, Indeks 
kepelbagaian, persamaan spesies, penganggar EstimateS, Sungai Asap, Belaga. 
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CHAPTER 1 

BACKGROUND AND STUDY PURPOSES 

1.0 Introduction 

Borneo is the third biggest island in the world, having a rich avifauna, with about 

70% of the birds recorded are residents. Most of these species are dependent on the South-

East Asian lowland tropical rain forest for their survival (Smythies, 1999). According to 

Phillips and Phillips (2011), in Borneo, there are about 669 bird species including 52 

endemic species. Among the species which are endemic to Borneo are Bornean Frogmouth 

(Batrachostomus mixtus), Mountain Barbet (Megalaima monticola), Yellow-rumped 

Flowerpecker (Prionochilus xanthopygius), Bornean Blue Flycatcher (Cyornis superbus) 

and Dusky Munia (Lonchura funcans).  

However, according to Smythies (1999) the total forest area in Borneo has been 

reduced from about 90% in 1960 to about 72% in 1990. Borneo is one of the world’s areas 

with the highest deforestation rates of large-scale conversion of forests to plantations, 

illegal logging, and forest fires (WWF Germany, 2005). In Sarawak, the causes of 

deforestation and degradation are due to logging, followed by agricultural development, 

plantation development, shifting cultivation and dams and resettlements (Jomo et al., 

2004). Jomo et al., (2004) also had stated that as a by-product of the Bakun Hydroelectric 

Dam in Sarawak, over 40,000 ha of logged-over forests are cleared for oil palm plantation 

and there are plans to open up more forests for the purpose of plantation.  

According the Malaysian Oil Palm Industry Overview 2011, the oil palm planted 

area in Malaysia for the year 2011 reached 5.00 million hectares, with increase of 3.0% 

compared to the 4.89 million hectares the year before. This is mainly because of the 
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increase of oil palm planted area in Sarawak which recorded increase of 11.0% or 102,169 

hectares (MPOB, 2011). Thus, conversion of forest to oil palm plantations can be 

considered one of the biggest threats to the remaining forests in Borneo (WWF Germany, 

2005). However, Jambari et al. (2012) concluded that plantations and smallholdings 

support not only resident species of birds but also wetland and migratory species thus oil 

palm do hold conservation value.  

The sub-district of Sungai Asap (4,494.95 sq.km2) is located in Belaga district, 

Kapit, Sarawak, Malaysia. The district is situated about 37 km from the Bakun 

Hydroelectric Dam. According to Tuen et al. (2011), in 2008, 1325 ha in Sungai Asap, 

Belaga was allocated to the Malaysian Oil Palm Board (MPOB) for oil palm plantation.  

The awareness for the need of conservation and desire for an environmentally 

friendly management from many of the largest palm oil producers have resulted in the 

Roundtable on Sustainable Palm Oil (RSPO) certification program (RSPO, 2007). RSPO 

promotes the protection of forest fragments that have high conservation value within 

existing plantations. According to Koh et al., (2009) some of the oil palm producers have 

voluntarily retained, protected, or created fragments within their plantations. In Sungai 

Asap, Belaga, MPOB has conserved a few areas for plants and wildlife in the form of three 

forest strips of hill forest which are Strip 1, Strip 2 and Strip 3 respectively. The main 

vegetation of the area is logged-over hill forest with small patches of secondary vegetation. 

The study is aimed to calculate the bird’s species diversity and species richness in 

the cleared hill forest and conservation strips in Sungai Asap, Belaga, as well as to sample 

the bird assemblages in Sungai Asap, Belaga from December 2008 until October 2012. In 

this study the conservation strips is considered as a closed area whereas the cleared hill 

forests is considered as an open area. 
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Species richness is an index based on the number of species while the diversity 

indices combine both richness and abundance. On the other hand the similarity indices 

measures similarity between communities based on species composition. Species richness 

counts are highly sensitive to the number of individuals sampled, and to the number, size, 

and spatial arrangement of samples (Gotelli and Colwell, 2011). According to Magurran 

(2004), in comparing species composition and biodiversity of two or more assemblages, 

similarity or dissimilarity indices proves quantitative bases of estimation.  

  

1.1 Objectives 

i. To sample the bird assemblages in the cleared hill forest and conservation 

strips in Sungai Asap, Belaga.  

ii. To calculate the birds species diversity and species richness in Sungai Asap, 

Belaga. 

iii. To compare the birds between sampling period from December 2008 until 

October 2012 in terms of species richness, species diversity and species 

similarity. 

 

1.2 Hypothesis 

i. Hθ: There is no significance difference in the birds assemblages between 

open area and closed area. 

 HA: There is a significance difference in the birds assemblages between 

open area and closed area.  
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CHAPTER 2 

LITERATURE REVIEW 

  

2.1 Birds 

 Phillips and Phillips (2011) stated that in Borneo, there are about 669 of bird 

species including 52 of them which are endemic. The study of birds in Borneo began when 

Alfred Russel Wallace collected some birds’ samples from Sarawak in 1850s (MacKinnon 

and Phillipps, 1993). According to Fair et al., (2010) ornithologists study wild birds to fill 

the need and desire to understand the lives of birds in natural environments. The studies of 

birds are also done for the purpose of developing appropriate conservations or management 

strategies (Fair et al., 2010). 

2.2 Methodology 

 2.2.1 Mist Netting and Ringing 

 Mist netting is a very important tool in detecting the presence of species and 

counting individuals as well as efficient for capturing individuals and marking them for 

future identification (Dunn and Ralph, 2004). In addition, Dunn and Ralph (2004) also 

stated that mist netting technique can furthermore provide valuable indices of relative 

abundance and in addition be used to track long-term trends in abundance and productivity. 

However Keyes and Grue (1982) stated that potential deficiencies and biases associated 

with the use of mist net should also be considered when selecting sampling methods best 

suited to the objective of the study. 

 Bird ringing has been described as the research tool that produced the most 

significant result in ornithology during the 20th century (Beer et al., 2001). According to 
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North American Banding Council (2001), the purposes of banding is to provide knowledge 

about movement of birds, estimating demographic parameters and determining dynamics 

of birds population, management of gamebirds, ecological research requiring individual 

recognition, monitoring populations and individuals as well as educating the public about 

science and birds. 

 Net characteristic and placement, capture effort, habitat, season, time of day, 

weather and availability of help must be considered when comparing data for different 

localities, species or season (Keyes and Grue, 1982).  

  2.2.2 Species Diversity and Species Richness Estimation 

 According to Hamilton (2005), species diversity is a simple measure of community 

stability and persistence of the ecosystem in the face of disturbances. The concept of 

species diversity contains two conceptually distinct components which are species richness 

and species evenness. Species richness is defined as the total number of species in a 

community while the species evenness refers to the degree which relative abundance of 

individuals among the different species is similar (Magurran, 2004).  

According to Collwell and Coddington (1994) and Chazdon et al. (1998), there are 

three ways in estimating species richness from samples which are extrapolation of species 

accumulation or species-arc curves, parametric methods and nonparametric estimator. 

Species accumulation curves and the non-parametric methods appear to be the most 

capable estimators for a diversity of circumstances (Colwell and Coddington, 1994). 

A species accumulation curve is a plot of cumulative species richness against 

sampling effort with the curve approaching the total species richness asymptote as 

sampling effort increases and the species richness is calculated by extrapolating the curve 

to its asymptote at each level of sampling effort (Walther and Morand, 1998). Non-

parametric approach uses frequencies of rare species to estimate the number of unseen 
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species because the rare species carry almost all information about the missing species 

(Magurran, 2004). According to Chazdon et al., (1998) the non-parametric estimators are 

usually more accurate than species accumulation curves. 

Ecologists have invented a number of indices over the years which each one having 

its own limitation. (Magurran, 2004) such as Shannon index (Shannon and Weaver, 1949) 

and Simpson’s index (Simpson, 1949). Shannon index is dependent on sample size and 

weighted toward species richness whereas Simpson’s index is weighted toward species 

evenness (Bhatt, 2005). 

2.3 Previous Study 

Research done by Jambari et al. (2012) investigated the relationships between bird 

species richness and different management regimes (plantations vs. smallholdings) and 

vegetation characteristics in 30 oil palm areas in states of Selangor, Perak, Negeri 

Sembilan and Pahang. Their study showed that plantations and smallholdings supported a 

similar total number of bird species richness (p = 0.709) and no significant difference for 

migratory species as well (p = 0.322).  However, they has found out that a greater height of 

ground vegetation cover has a positive effect on total species richness, thus recommending 

a few appropriate conservation measures which are, 1) implementation of tree planting 

projects that benefit wild birds, 2) integration of oil palm with livestock grazing to phase 

out dangerous agrochemicals that are harmful to the wild birds and, 3) continued 

promotion of ground vegetation cover to increase habitat heterogeneity on a local scale. 

With proper management, then only oil palm cultivation can move to a sustainable status 

and have a higher conservation values. 

Based on the study done by Zakaria and Rahim (1999) on birds species 

composition in Ayer Hitam Forest, Puchong, Selangor which is an isolated secondary 

lowland forest, they recorded a total of 160 species of birds. The most common individual 
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belong to the family Pycnonotidae. However certain species of hornbills and babblers that 

are normally found in primary forest are absent. According to Smythies (1999), the forest 

understory birds such as the babblers are significantly reduced in logged forest due to their 

low toleration to changes in the microclimate while fruit-eating canopy birds such as 

hornbills, barbets and certain pigeons are significantly reduced due to the reduction of 

fruit-bearing trees or the unavailability of the nest cavities. Zakaria and Rahim (1999) also 

suggested that major part of the forest should be left undisturbed in order to prevent further 

destruction of the remaining wildlife habitats and to allow the wildlife species composition 

to return to the original condition. 

According to Gervais et al. (2012), there could be a positive correlation between 

numbers of birds and proximity to secondary forest. Their study was done in an oil palm 

plantation near Bintulu.. It was suggested that the presence of riparian buffer zones in the 

plantation had a positive effect on bird diversity. Thus the presence of the buffer zones 

where natural habitat can exist will benefit birds as it constitutes a living, foraging and 

breeding habitat for birds (Gervais et al, 2012).  

Edwards et al., (2009) conducted a study testing the hypothesis that rehabilitation 

restores avian assemblages within regenerating forest to a condition closer to that seen in 

unlogged forest. Using mist nets, the study which was conducted in Sabah, Borneo resulted 

in similar species richness and diversity in unlogged and rehabilitated forest, but showed 

significantly lower in naturally regenerating forest. Thus they urge the increase of forest 

rehabilitation as incentive to protect logged forests. 

Cleary et al. (2007) did a study on bird species composition within a logging 

concession in Central Kalimantan, Indonesian Borneo. The birds composition was 

significantly related to habitat structure variables such as logging, slope position and also 

abundance of liana. However environmental variables mainly logging have greater 
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importance as it effects the feeding guild and size class structure. Despite having high 

species richness, logging brings negative impacts on extant diversity by affecting key 

ecological guilds. Thus logged forest serves as habitat for bird species and needs to be 

protected from further destructions. However areas of pristine forest still remains important 

for the survival of many bird species which may need additional protective measures.   

According to Bryce et al., (2002) birds assemblages can be used as indicators of 

riparian condition. Using bird assemblage information, they assess human impacts on 13 

streams in Willamette Valley, Oregon, USA. The bird integrity index can be useful 

management and monitoring tool for assessing riparian integrity and communicating the 

results to the public. Combined with aquatic indicator, the bird assemblages’ information 

contributes to a more complete picture of a stream condition. 

Edwards et al., (2001) did a study on abundance and diversity of birds within oil 

palm plantations, fragments, and contiguous forest in Ulu Segama-Malua Forest Reserve 

and oil palm estates in Sabah, Borneo. From their study, the abundances of endangered 

bird species were 60 times lower in fragments and 200 times lower in oil palm than in 

contiguous forests. The forest fragments near the oil palm did not increase bird abundance 

in the oil palm plantations. The forest fragments also have the bird composition similar to 

the oil palm compared to the contiguous forests. Therefore they concluded that the 

“wildlife-friendly” strategy of retaining forest fragments in the oil palm plantations fail to 

protect biodiversity effectively. They suggests that the investment in making existing palm 

plantation more wildlife-friendly should be directed toward protection of contiguous forest 

outside the agricultural matrix. 

Sodhi et al. (2004) conducted a study in primary and secondary forests in the Lore 

Lindu National Park in central Sulawesi as well as the surrounding plantation and mixed-

rural habitats. From the study, species richness, species density and population density of 
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birds shows decreasing trend from primary forest, followed by secondary forest, mixed-

rural habitat and plantations. Their study also shows that secondary forests and mixed-rural 

habitat have high conservation potential and can be enhanced with appropriate land use 

and management. 
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CHAPTER 3 

MATERIALS AND METHODS 

3.0 Materials and Methods 

3.1 Study sites 

The study was conducted in three conservation strips (Strip 1, 2 and 3 in Figure 

3.1) and three open areas which are Sungai Koyan, Nursery A and Nursery B in Sungai 

Asap, a sub-district in Belaga of the Kapit division. The three strips of hill forest are 

measured to be approximately 100 m wide and more than 1 km long with the main 

vegetation logged-over hill forest with small patches of secondary vegetation where 

shifting cultivation had taken place. Strip 1 (N02° 59’ 30.8”, E113° 57’ 24.0”) is a logged 

forest, on a ridge about 500 m from Nursery A which is a proposed nursery area, boundary 

of matured Ekran Oil Palm Plantation. Strip 2 (N03° 00’ 02.4”, E113° 58’ 22.7”)  is also a 

logged forest, on a ridge between Strip 1 and Strip 3 meanwhile Strip 3 (N03° 00’ 12.0”, 

E113° 59’ 19.1”) is located at Sungai Braan, a riparian area close to Rumah Koyan. 

Nursery A (N02° 58’ 49.0”, E113° 56’ 52.0”) and Nursery B (N02° 58’ 55.2”, E113° 56’ 

40.1”) are open areas, logged and used for nursery of oil palm tree. Sg. Koyan (N02° 59’ 

6.10”, E113° 57’ 9.24”) is located between Strip 1 and Strip 2. Along Sg. Koyan there are 

fruit plantation and a house owned by the land owner. Strip 1, Strip 2 and Strip 3 are closed 

areas while Sg. Koyan, Nursery A and Nursery B are open areas. 
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The map below shows the location of the strips in Sungai Asap, Belaga: 

 

 

 

 

 

Figure 1. Location of Strip 1, 2 and 3 in Sungai Asap, Belaga. Map from Google Earth. 

 

3.2 Field Methods 

Ten mist nets were deployed in Strip 1, 2 and 3 each in Sungai Asap, Belaga from 

6.30 am until 6.30 pm and checked for every 2 hours. According to Beer et al. (2001),  the 

best time to set up the mist net is either at dawn and dusk or both since it is the time when 

the nets are least visible and also the time for the birds to move between roosting or 

feeding areas. The mist nets used are 9 m x 2.5 m in measurement with four shelves and 36 

in mesh-size. Mist nets are used as they are practical and the four shelves nets were used 

instead of five shelves because the five shelves nets are baggier and thus cause less 

chances of having the birds fly into the net walls (Bubs, 1991).  
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The birds caught then were measured for their tarsus length (TR), bill length (BL), 

bill depth (BD), bill width (BW), head and bill length (HB), wing length (WL), wing span 

(WS), tail-anus length (TA), and total length (TL) using measuring calliper, ruler and 

spring scale. The measurements of the birds were used for species identification along with 

their physical characteristics based on Myers (2009) and Phillipps’ (2011). According to 

Beer et al. (2001), the measurements of the birds can be used for separating races of the 

same species, distinguishing sexes, studies of growth rate of juveniles, studies of growth 

rate of remiges and rectrices and the process of abrasion as well as to provide a measure of 

an individual’s body size in mass studies.  

The birds captured will also be ringed for identification when recaptured. By 

ringing, if the birds are encountered again, knowledge about migration, dispersal survival 

rates and longetivity can be obtained (Beer et al., 2001). The metal rings used have a return 

address and unique serial number (Bibbly et al., 1992). 
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3.3 Data Analysis 

3.3.1 Species Richness Estimator 

According to Collwell and Coddington (1994) and Chazdon et al. (1998), there 

are three ways in estimating species richness from samples which are extrapolation of 

species accumulation or species-are curves, parametric methods and nonparametric 

estimator. EstimateS Version 9.0 was used to calculate the nonparametric estimators which 

are Chao Richness Estimators, Jackknife Estimator, Abundance-based Coverage Estimator, 

Coleman rarefaction, Incidence-based Coverage Estimator (ICE), Michaelis-Menten and 

Bootstrap Method.  

 

Chao Richness Estimators 

Chao1 used the numbers of singletons and doubletons to estimate the number of 

unseen species (Chao, 2005). Missing species information is mostly concentrated on those 

species represented once, twice or only a few times (Chao, 1984). The Chao 1 method 

requires abundance data rather than incidence data (Magurran, 2004). Colwell and 

Coddington (1994) reviewed that the method can be modified to use with the presence and 

absence data by taking account of distribution of species. The modified method is termed 

Chao 2. Chao2 used the frequencies of uniques and duplicates to estimate the number of 

missing species (Chao, 1987).  

Chao 1 estimator formula:  

 

where: 

Sobs = Total number of species observed in a sample 

f1 = Number of singleton species 

f2 = Number of doubleton species  




