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Abstract. Realizing the potential of expanding rubber forest plantations in Malaysia and the 

increasing awareness of biodiversity, the Bukit Kuantan rubber forest plantation portrays its eco-

friendly nature through several initiatives such as conservation of natural forest fragment within 

the plantation landscape. By using birds as an indicator, this work aims for a favourable outcome 

from conservation of the forest fragment and investigate bird diversity in relation to distance from 
the forest fragment into the rubber forest plantation area. The number of bird species recorded is 

high in the forest fragment i.e., 45 species, however, the number steadily declined with distance. 

Likewise, species diversity is high in the forest fragment, H’ = 3.404 but declined with distance. 

Fourteen (14) species are exclusively found in the forest fragment. Through the findings, it can 

be deduced that the presence of forest fragment helps to increase bird diversity in the rubber forest 
plantation, although continuous research is still required to understand how the presence of forest 

fragment sustains the biodiversity within a plantation landscape. 

Keywords: rubber forest plantation, bird fauna, forest fragment, environment friendly 

plantation. 

1 Introduction 

Concern over the expansion of land area for plantation is growing especially in Southeast Asia (Aratrakorn et al., 

2006; Cotter et al., 2009; Aziz et al., 2010; Achondo et al., 2011; Behm et al., 2013; Warren-Thomas et al. 2015). 

This is largely due to the establishment of plantations that are often associated with a mono -crop system which only 

allowed a particular crop species to exist in a single area. From the ecological perspective, such establishment would 

result in biodiversity-poor ecosystem and species with low conservation status (Aratrakorn et al. 2006). Despite this 

and without depriving the importance of agriculture, many researchers are still urging th at plantations may be 

fostered into an area that is rich in biodiversity (Norton, 1998; Najera and Simonetti, 2009). Thus, a better 

understanding of how plantations impact biodiversity is essential for developing environment friendly plantations. 

Nonetheless, a  mono-crop plantation still has the potential in harbouring biodiversity into the plantation matrix 

through certain approaches. Research has identified several approaches that could be integrated with plantation 

ecosystem such as conservation of forest fragment or riparian buffer zones within the plantation matrix, creating 

complex vegetation structures, enhancing landscape heterogeneity , and maintaining understory vegetation and 

mature trees (Azlan et al. 2019; de Matos et al. 2018; Zhang et al. 2017; Najera and Simonetti, 2009). By having a 

diverse tree and shrubs in term of structure and floristically, scientist believe that it could increase the diversity of 

an area in term of species density, species abundance and species richness (Perfecto et al., 2004; Najera and 

Simonetti, 2010; Achondo et al., 2011). These practices could help to shift the poor biodiversity plantations to a less 

hostile environment. Due to the feasibility, many researchers urge current plantation managers to restructure their 

plantation management for them to continue their production without eliminating ecological aspects.   
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Optimistically, several publications encouraged forest fragment preservation within the plantation matrix as it 

helps to maintain a viable population of several fauna species (Achondo  et al., 2011; Cotter et al., 2009). Although 

the existence of forest fragment has some drawbacks, i.e., increase forest patch and creating forest edge effect (Jones 

et al. 2010), researchers have the confidence that forest fragment in plantation area would offer a wide range of 

habitat suitability for other species to colonize and live, mainly due to diversified physical condition (Dumbrell et 

al., 2008) and additional food sources (Norton, 1998). Murcia (1995) stated that the edge effect of a forest fragment 

can provide a habitat transition between forest and plantation. Both forest fragment and plantation grounds may serve 

as corridors that could be accessed by a variety of species, such as birds, which always move from one place to 

another (Peh et al. 2006). Sometimes, this is crucial for both the diversity and productivity of the plantation. For 

example, research that was carried out by Chacoff and Aizen (2006) in Argentina found that pollinator-dependent 

crops heavily rely on the presence of remnant forest as it is the main habitat for most of the pollinating agents.   

 

Although apparently feasible, to date, available reports on plantation management practices that are able to 

support conservation of biodiversity while maintaining their production and productivity remain scarce (Najera and 

Simonetti, 2009). Thus, research is still needed to identify conservation strategies tha t could improve biodiversity 

within a plantation ecosystem. In light of the growing awareness of the importance of biodiversity conservation as 

well as in proposing a rubber forest plantation management system that benefit s both economic and environmental 

purposes, an investigation was conducted to explore the effectiveness o f the presence of forest fragment within  

rubber forest plantation ecosystem in conserving bird diversity. Birds were chosen as the subject of  this study 

because birds are: 1) a good indicator of species richness, endemism pattern and early signage of environmental 

changes, 2) easy to sample and identified, 3) sensitive to changes in the habitat conditions, 4) plays an ecological 

role as predator, prey, pollinator or seed dispersal agent, 5) act as a supporting service role such as pest control agent 

and nutrient deposition (Ismail and Syaizwan, 2005; Peh et al., 2006; Achondo et al., 2011; Jamil et al., 2015).  

 

2. Materials and methods  

2.1 Study Sites  

The study was conducted at the Malaysian Rubber Board (MRB) Rubber Research Station located in Bukit Kuantan, 

Pahang, Peninsular Malaysia (3°59’18.3”N 103°14’48.0”E). The locality was formerly a logged forest area before 

it was converted into a rubber forest plantation that is managed by the MRB. Latex and timber are the main produce 

of this rubber forest plantation. The rubber forest plantation is managed in a sustainable manner to provide other 

benefits such as soil, biodiversity and environmental conservation. The Bukit Kuantan rubber forest plantation whilst 

attempting to incorporate mainstream biodiversity into its plantation management, has three distinctive ecological 

habitats comprising of the rubber planting, forest fragment and wetland area. The rubber planting area represents the 

largest land-use with two types of indigenous trees left for conservation purposes i.e., Bayas (Oncosperma horridum) 

and Nibong trees (Oncosperma tigillaria) that are found scattered in the area. The forest fragment area, also termed 

as special management zone (SMZ), consists of natural forested areas where land clearing and planting activities are 

prohibited. Naturally occurring small rivers also lie within this area , while the wetland area, which is termed as 

working for water (WFW), is essentially a man-made pond.   

 
2.2 Data Collection 

 
The bird surveys were carried out using the point count method from February 2015 until March 2016. This method 

were adopted as it is suited for sampling bird diversity in large areas (Bibby et al., 1992). The bird surveys were 

conducted along four line transects, each with four sampling points, and were gradually segmented away from the 

forest fragment area  e.g., SMZ (0 m, 300 m, 600 m, 900 m) with 0 m indicating the SMZ area, and all of which 

accounted for a total of 16 sampling points. The observa tions were conducted at monthly intervals for three 

consecutive days. The sampling points are shown in Table 1. Observations were carried out using point count 

observation method following the standards and applications as proposed by Ralph et al. (1995). Observations were 

made by recording the presence and activities of birds that were either stationary (resting) or mobile (flying) within  

50 m radius of a sampling point (Ralph et al., 1995). Equipment used for the observation include binoculars (Bushnell 

8 x 42), camera binoculars (Bushnell 8 x 30), body camera (Canon EOS 70D), lens (Canon 100-400 mm and Tamron 

150-600 mm), rangefinder, and Geographical Positioning System (GPS). The birds were observed at two-time 

intervals, early morning (0630 h – 1030 h) and late afternoon (1530 h– 1730 h) due to the notion that their movements 

were considered at maximum during these hours of the day. No observation were recorded during high precipitation 

and strong winds. Identification and naming of the bird species based on scientific names were conducted according 

to Davison and Fook (2003) and Davison and Aik (2010) while the bird’s local name was retrieved from the Checklist 
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of the Birds of Peninsular Malaysia (Blakewell, 2012). Bird feeding guilds were determined mainly from Wong 

(2012), Nur Munira et al. (2011) and Wielstra et al. (2011). 

 
Table 1 The sampling points and the corresponding geographical positions 

Sampling 

point 

Sampling point description Geographical position 

Latitude Longitude 

A Forest fragment N3 58.727  E103 14.299 

A1 300m from forest fragment N3 58.979  E103 14.440 

A2 600m from forest fragment N3 59.048  E103 14.716 

A3 900m from forest fragment N3 59.186  E103 14.702 
B Forest fragment N3 58.591  E103 14.302 

B1 300m from forest fragment N3 58.501  E103 14.415 

B2 600m from forest fragment N3 58.938  E103 14.752 

B3 900m from forest fragment N3 59.014  E103 14.828 

C Forest fragment N3 58.457  E103 14.334 
C1 300m from forest fragment N3 58.451  E103 14.509 

C2 600m from forest fragment N3 58.667  E103 14.643 

C3 900m from forest fragment N3 58.808  E103 14.882 

E Forest fragment N3 58.375  E103 14.289 

E1 300m from forest fragment N3 58.552  E103 14.181 
E2 600m from forest fragment N3 58.592 E103 14.056 

E3 900m from forest fragment N3 58.719  E103 13.873 

 
2.3 Data Analysis 

 

Bird taxonomic data grouped by species, families and orders that was observed in the Bukit Kuantan rubber forest 

plantation were tabulated using Microsoft Excel according to the distance from SMZ. Several graphs were used in 

this study to depict the results. To determine the completeness of inventories, species accumulation curve for each 

distances was plotted using Paleontological Statistics (PAST) Version 2.17, EcoSIM (Null Modelling Software for 

Ecologist) Version 1 and EstimateS (Statistical Estimation of Species Richness and Shared Species from Samples) , 

while rank abundance curve was constructed using Microsoft Excel. Species accumulation curve also can be used to 

depict the richness of the sampling points by which the fastest curve that reaches the asymptote reflects the lowest  

diversity. The rank abundance curve is used to portray relative species abundance within the rubber forest plantation.  

The rank abundance curve was constructed based on distance from the forest fragment area. The x -axis represents 

species richness, which can be viewed as the number of different species on the chart. The slope of the curve can be 

used as a mere indication of species evenness. A steep gradient of the curve designates to low species evenness 

which indicated the dominant species present in the rubber forest plantation  while the less steep gradient of the curve 

designates to high evenness where the presence of a species is less pronounced. The rank abundance curve is an 

effective method to illustrate changes through ecological succession or environmental impact. The Venn diagram 

was constructed to show similarities of bird species that overlapped between sampling points using the bioinformatic 

tool available at www.bioinformatics.psb.ugent. 

The bird diversity captured in the Bukit Kuantan rubber forest plantation was further analysed using several 

biodiversity indices as listed below using Paleontological Statistics (PAST) Version 2.17. Next, the value obtained 

from each of the diversity indices (Shannon diversity index, Margalef Diversity Index, Evenness Index, Chao-1 

Index) for each distance (0 m, 300 m, 600 m, 900 m) were analyze using ANOVA Tukey range test at p<0.05 that 

performed with Paleontological Statistics (PAST) Version 2.17.  

Shannon diversity index is used to determine the species diversity of birds in the Bukit Kuantan rubber forest 

plantation. The value for species diversity based on Shannon diversity index ranging from 0 - 4.6 which the higher 

value indicates high species diversity. The following equation, the Shannon diversity index, H, is used to calculate 

the species diversity: 

 

Shanon Diversity Index, H= -∑ Pi (lnPi);  Pi = S  

                   N, 

 

Where Pi is the proportion of each species in the sample, S is the number of individuals in one sample and N is 

the total number of all individuals in the sample. 

 

The Margalef index is used to measure the species abundance and be able to show the percenta ge of individuals 

present in an area. Regardless of the number of individuals of a particular species, an addition of one species will 

affect the Margalef richness value. The Margalef index value ranges from 0 up to no maximum limit value. As there 

is no limit value, the index serves for comparison purposes only. The following is the equation for Margalef index: 
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Margalef Index, Dm = (S-1)  

           ln N, 

 

Where S is the total number of species while N is the total number of individuals in the sample. 

 

The Evenness Index measuring the closeness of the number of individuals in one species with other species that 

present in an area of interest. A community that is dominated by a particular species is considered less diverse 

compared to a community that has several species present in a similar abundance. Thus, it can be proposed that 

communities that have an even number of individuals within a particular species are thought to be closer to an 

equilibrium state and indicates a healthy ecosystem. The value of the Evenness index ranging from 0 to indicate the 

lowest bird evenness to 1 which indicates high bird evenness. The equation is as follows: 

 

 

Evenness Index, E = H   

  ln S, 

 

Where H is Shannon diversity index whereas S is the total number of species present in the sample. 

   

3. Results 
 

3.1 Bird Composition 
 
This study identified a total of 63 species belong to 34 families and 11 orders. The list of identified birds according 

to their taxonomic rank and feeding guilds can be found in Table 2. The differences between bird orders, families 

and species across different distances (0 m, 300 m, 600 m, 900 m) from the forest fragment of SMZ are shown in 

Figure 1. As for the bird orders, Passeriformes was the most represented order with 35 species. Nonetheless, all 

distances had almost the same number of orders, ranging from 7 to 9, with the 900 m distance having the lowest 

order which is seven. The area within the forest fragment vicinity recorded the highest number of bird families with 

29 families, whereas the distance of 300 m, 600 m and 900 m from the forest fragment registered similar number of 

bird families ranging from 20 to 21 families. The number of bird species is higher in the forest fragment with a total 

record of 45 bird species. Similarly, the number of bird species declined with distance except for the distance of 900 

m recorded 32 bird species, which is higher than 28 bird species recorded at a  distance of 600 m, and 36 bird species 

recorded at a  distance of 300 m.  

 

Several common open-country birds such as White-throated Kingfisher (Halycon symrnensis), Yellow-vented  

Bulbul (Pycnonotus goiaver), Jungle Myna (Acridotheres fuscus) and Oriental-magpie Robin (Copsychus saularis) 

showed an obvious reduction in terms of abundance across the distance within the forest fragment. Records also 

indicate that in this research, there are several species that were found only once in this study. The single register 

comprise of Common Kingfisher (Alcedon atthis), Large-tailed Nightjar (Caprimulgus macrurus), Slender-billed  

Crow (Corvus enca), Red-billed Malkoha (Phaenicophaeus javanicus), Black-thighed Falconet (Microhierax 

fringillarius), White-rumped Munia (Lonchura striata), Long-tailed Shrike (Lanius schach), Blue-throated Bee-eater 

(Merops viridis), Ferruginous Flycatcher (Muscicapa ferruginea), Ruby-cheeked Sunbird (Chalcoparia singalensis), 

Grey-breasted Spider-hunter (Arachnothera modesta), Grey-capped Woodpecker (Dendrocopos canicapillus), 

Rufous Woodpecker (Celeus brachyurus), Crimson-winged Woodpecker (Picus puniceus), Black-headed Bulbul 

(Pycnonotus atriceps), Stripe-throated Bulbul (Pycnonotus finlaysoni), White-throated Fantailed (Rhipidura 

albicolis) and Barred Buttonquail (Turnix suscitator).  
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Fig. 1. Number of bird orders, families and species according to the distance from the forest fragment   
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3.2 Bird Feeding Guilds 
 

In this study, birds were categorized into six major feeding guilds as shown in Figure 2. Several studies have 

categorized bird feeding guilds into very specific categories, particularly for the insectivore -complex feeding guild  

(Nur Munira et al. 2011; Li et al. 2013). However, for this study, the complex feeding guilds (i.e., frugivore-

nectarivore-insectivore, frugivore-carnivore; granivore/ insectivore etc.) are simply referred to as omnivore, which 

feeds both plant parts and other animals (Achondo et al. 2011). The Bukit Kuantan rubber forest plantation was 

dominated by omnivorous birds followed by insectivorous birds. The rest of the feeding guilds, which are frugivore, 

granivore, nectarivore, and carnivore, were slightly similar, with two to three bird species recorded. 
 

 
Fig. 2 Feeding guilds composition based on the number of bird species recorded in the Bukit Kuantan rubber forest plantation 

 

3.3 Rank Abundance Curve  

 

Fig. 3 shows the rank abundance curve that was established for the Bukit Kuantan rubber forest plantation. 

Interestingly, for each sampling distance, it was found that Yellow-vented Bulbul managed to rank first, which is an 

indication of its high abundance in the Bukit Kuantan rubber forest plantation. The plotted curve was steeper for 

distances of 300 m, 600 m and 900 m from the forest fragment, while it was gentler for distances of 0 m from the 

forest fragment, which also had a higher number of species. A steep slope may indicate low evenness as the first 

rank species have higher abundance than the subsequent species, while a gentler slope may indicate high evenness 

as the abundance of different species are similar.  
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Fig. 3 Rank abundance curve of birds in the Bukit Kuantan rubber forest plantation according to the distance from the forest 

fragment 

 
3.4 Species Accumulation Curve 
 

To indicate the adequateness of the sampling effort, the species accumulation rates were done and depicted in Fig. 4 

by the species accumulation curve of birds. Further, the curve shows the changes in the number of species 

accumulated as the number of observed species were added. From the curve, it can also be deduced that sampling 

efforts in forest fragment (0 m) appeared somewhat inadequate, which indicates the potential of finding new species 

with more sampling effort.  

 

 
Fig. 4 Species accumulation curve of birds in the Bukit Kuantan rubber forest plantation according to the distance from the forest 

fragment 
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3.5 Venn Diagram  
 

A Venn diagram was constructed to give an overview of the distribution of bird species across the distance from the 

forest fragment. Fig. 5 shows the Venn diagram of the shared species occupied different distance from the forest 

fragment (i.e., 0 m distance indicate forest fragment, 300 m from forest fragment, 600 m from forest fragment and 

900 m from forest fragment). Based on the figure, the forest fragment (0 m distance) was the exclusive areas where 

14 bird species were recorded. The bird species were Black Hornbill (Anthracocerus malayanus), Black-winged  

Flycatcher Shrike (Hemipus hirundinaceus), Chestnut-breasted Malkoha (Phaenicophaeus curvirostris), Red-billed 

Malkoha (P. javanicus), Raffle’s Malkoha (Phaenicophaeus cholorophaea), Greater Racket-tailed Drongo 

(Dicrurus paradiseus), Blue-throated Bee-eater (M. viridis), Ferruginous Flycatcher (M. ferruginea), Ruby-cheeked 

Sunbird (C. singalensis), Buff-rumped Woodpecker (Meighlyptes grammithorax), Rufous Woodpecker (C. 

brachyurus), Crimson-winged Woodpecker (P. puniceus), Black-thighed Falconet (M. fringillarius) and White-

throated Fantailed (R. albicolis).  

 

 
Fig. 5 Venn diagram of bird’s assemblages between distance of forest fragment and rubber area 

 

3.6 Bird Diversity Indices 

 

There are several methods available for estimating species diversity, and to identify and characterize species that are 

present in a particular habitat or region. Table 3 shows the species diversity of bird population within four separate 

distances of the Bukit Kuantan rubber forest plantation.  

 

The Shannon diversity index takes into account the species richness (i.e., number of species) and species 

evenness (i.e., uniformity of species) into its value. Shannon diversity index value ranged from 1.5 to 3.5 but rarely 

exceeds 4.0. From these values, it can be deduced that the diversity value declined when the sampling points receded 

further from the forest fragment. The highest value for bird diversity was 3.404 at the forest fragment (0 m), and the 

lowest value was 2.410 at the furthest distance from the forest fragment (900 m). Nonetheless, in terms of analysis, 

there was no significant difference between distances as determined by one-way ANOVA (F3,12=1.481, P =0.269).    

 

Evenness index is the measure of the relative abundance of the different species that make up the richness of an 

area. In this study, the bird evenness value was the highest at the forest fragment (0 m) with a value of 0.668 and 

lowest at the distance farthest from the forest fragment (900 m) with a value of 0.348. Similar to the Shannon 

diversity index, this analysis showed no significant difference between distances as determined by one-way ANOVA 

(F3,12=1.606, P =0.240).   

 

Margalef richness index is an index weighted towards species richness (number of species), in which the more 

species present in an area, the richer the richness value. Thus, it is not surprising that from the four diversity indices 

used in this study, only the Margalef index gave a higher value for the distance of 900 m (5.401) than the distance 

of 600 m (4.883) as more species were obtained at the distance of 900 m compared to the distance of 600 m. In terms 

of analysis, there was no significant difference between distances as determined by one-way ANOVA (F3,12=2.476, 

P =0.111).    
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Chao-1 is the only nonparametric estimator used in this study to provide a minimum estimation of species 

richness in an area. All estimations were higher than the observed value. Likewise, the trend of the Ch ao-1 estimator 

also indicates that the area within forest fragment, ie SMZ has the highest estimated species followed by 300 m, 900 

m and 600 m distance from the forest fragment. 

 
Table 3. Bird species diversity at Bukit Kuantan rubber forest plantation according to the distance from the forest fragment 

Parameters Values 

0 m (forest fragmet) 300 m distance from 

the forest fragment 

600 m distance from 

the forest fragment 

900 m distance from 

the forest fragment 

Taxa, (Species) 45 36 28 32 
Shannon diversity 

index 

3.404 2.733 2.461 2.410 

Evenness index 0.668 0.427 0.419 0.348 

Margalef index 8.144 6.268 4.883 5.401 

Chao-1 index 66 49 31 39 

 

 

4. Discussion 
 

The high value of bird species recorded in the forest fragment might implicates on the impact and importance of 

forest fragment area for conserving bird diversity. Similar results were also obtained by other researchers such as in 

Azlan et al. 2019; de Matos et al. 2018; Zhang et al. 2017; Guerra et al. 2012; Aratrakorn et al. 2006; Marsden et al. 

2001). Species such as Cream-vented Bulbul (Pynonotus simplex) showed an obvious reduction in term of abundance 

when far from the forest fragment while species such as Yellow-vented Bulbul (P. goiaver) and Oriental-magpie 

Robin (C. saularis) showed an obvious increment in the term of abundance when far from the forest fragment. This 

result was due to the sensitivity of the bird species by which the colonizer and generalist species preferred open 

habitat compared to the forest fragment area. Studies elsewhere have shown that birds such as Bulbuls 

(Pycnonotidae) are known to strive well in a disturbed and modified environment (Ramli et al. 2009). Likewise, a 

similar result was also reported by Azlan et al. (2019) who found that the forest bird species decreased with the 

distance from the forest edge into oil palm plantation.  

 

The preservation of forest fragments within the plantation can be proposed as an option that can be taken by 

plantation management in enhancing biodiversity. Peh et al. (2006) in their study also emphasized that the high 

number of bird species recorded in their study might be due to the presence of nearby forests. Bird diversity is also 

influenced by the availability of food sources. The Bukit Kuantan rubber forest plantation was dominated by 

omnivorous birds. To continue their existence in limited food sources, some bird species have adapted to this 

situation by being an omnivore and switch their diet based on the available food sources at that time (Nur Munira et 

al. 2011). Insectivorous birds are the second most common feeding guilds, and this is supported by a study carried 

out by Achondo et al. (2011) which also found that insectivorous birds a re common in a commercial plantation. On 

the other hand, Sheldon et al. (2010) and Li et al. (2013) proposed that insectivore birds in plantations are reduced 

compared to the secondary forest due to the land clearing and agricultural practices. According t o Perfecto et al. 

(2004), a  high abundance of insectivorous birds such as Oriental-magpie Robin (C. saularis) and Yellow-vented  

Bulbul (P. goiavier) has several advantages, including helping to stabilize insect populations and preventing pest 

outbreaks. 

 

The optimistic outcome of preserving the forest fragment was further proved by the 14 bird species or circa. 

20% of the total number of species that can only be observed only in the forest fragment. Forest fragment within 

plantations have been shown to play a significant factor in conserving bird diversity as diminishing species such as 

Crested-serpent Eagle (Spilornia cheela), Black Hornbill (A. malayanus) and Great hornbill (Buceros bicarnus) were 

detectable at the farthest distance from forest fragment (Datta, 1998; Ueta and Minton, 1996). In addition, available 

preserved forest fragment has been shown to aid and enhance bird diversity by providing a transition area in which 

birds migrated daily from the forested area to the near plantation area (Mitra and  Sheldon, 1993). The presence of 

the family Bucerotidae (Hornbill) and Picidae (Woodpecker) which are sensitive to habitat change adds further proof 

to the importance of forest fragment (Ayat, 2011). Teusher et al. (2015) reported that disparities in tree diversity and 

height of ground cover vegetation gave a positive effect on bird diversity. Besides that, retaining some of the old 

trees and increasing the inter-tree planting distance in rubber plantations allow some understory vegetation to co -

exist also were some of the approaches that could increase the bird diversity (Zhang et al. 2017). 

 

Although there is much speculation on the practical value of the indices, based on Magurran , (2004) the Shannon 

index works best when used to compare diversity between areas. The Shannon index showed a declining pattern 

although the distance of 900 m recorded a higher number of species than the distance of 600 m. This due to the index 
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formula which considered the richness and evenness of the species. Thus, although the 900 m distance showed a 

higher number of species, in term of species diversity, it registered the lowest bird diversity. 

 

For the evenness index, the presence of Yellow-vented Bulbul (P. goiaver) in a high abundance at the distance 

of 900 m was probably the major factor in the low evenness value. According to Ramli et al. (2009), species richness 

as indicated by Margalef Index is one of the simplest ways in describ ing the diversity value within the community 

and regional stage. The possible explanation of high bird richness at the distance of 900 m might be due to the 

multiple microhabitats at the distance of 900 m which comprises the rubber tree, secondary forest, wetland area, 

building and road that attract different species that occupied the different niche.  

 

Though not statistically significant, the trend of diversity generally decreased in this study when the point of 

observation moves further away from the forest fragment, in agreement with the earlier reports of Azlan et al. (2019), 

Aratrakorn et al. (2006) and Marsden et al. (2001). Elsewhere, forest cover has been proposed to have a bearing on 

bird diversity (Sreekar et al. 2016). While the population may ha ve very similar indices of diversity in terms of 

richness and evenness, the probability of the community having different species should not be ignored (Magurran 

2004). The evaluation of bird taxonomy revealed that the forest fragment harbour different bird species such as forest 

edge bird species that can tolerate slight disturbance to continue their adaptability in a rubber forest plantation. Thus, 

although no quantitative outcome could be derived from this study, in terms of quality, it showed optimistic  results 

pertaining to bird diversity.   

 

5. Conclusion 
 

Through certain approaches and strategies, plantations can be fostered into an area that is favourable to biodiversity. 

Studies have shown that the presence of forested area s in plantations area is able to increase bird richness and 

abundance. Further work should focus on determining the resiliency of the birds to continue their existence in the 

same landscape. By providing a plantation ground that is suitable for biodiversity conservation, rubber forest 

plantation management system can be tweaked to beneficial for both the economy and the environment. 
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