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Part A 

During my professional training year I spent six months at Gaya Island Resort working in the 

naturalist department and three months at Danau Girang Field Centre (DGFC). 

On Gaya I ran activities for guests: nature walks around the jungle, kayak tours into the mangrove 

forest and speaking to guests in the nature centre. For these activities I would give an introduction 

about the commonly seen wildlife, took the guests on the activity and answer questions about any 

wildlife we observed. This improved my public speaking, wildlife identification and communication 

skills. I also had the opportunity to: observe wildlife rescue staff operate on two green turtles, work 

with Dr Rodrigo Medellín to set up mist nets for bats and joined a conference about combatting 

ocean pollution. The hotel was very accommodating, they included meals and accommodation for 

free and a lot of the staff were very welcoming. 

I have enjoyed my time at DGFC. I got the chance to learn new skills such as how to: track civets, 

leopard cats and pangolins, set up camera traps, use a GPS, survey python and pangolin sites (for 

PTY projects), use software (QGIS, R, Basecamp and Digikam). I got the opportunity to observe 

the field centre staff collar civets and tag a pangolin. I also improved my organisational, teamwork 

and communication skills. I loved doing my own project especially as we got to plan and run our 

projects ourselves. 

My time spent in Borneo at two different placements has really opened my mind to new career 

opportunities. I know I do not want to work in the tourism sector, but I did enjoy volunteering with 

DGFC at childrenôs educational. I now know that I can work in a field centre environment and can 

deal well with the isolation while also living with the same group of people. As much as I enjoyed it, 

I do not want this as a full-time job. I was given the opportunity to talk with visiting biologists and I 

like the idea of becoming researcher that does laboratory and field work. 

COVID-19 affected my placement at DGFC, as I was given 12 hours notice of our departure back 

to the United Kingdom in late March. This meant I could not get any more data e.g. habitat analysis 

of the sampling sites. I am grateful that my placement had started in July meaning I got 8 months 

of working and research experience. 
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Butterflies (Order: Lepidoptera) as a biological indicator: Comparing diversity and species 

composition between three forest sites and an oil palm plantation in the Lower 

Kinabatangan Wildlife Sanctuary, Sabah, Malaysian Borneo. 

Abstract 

Biological indicators (bioindicators) are groups of organisms that can be studied to assess the 

environment in which they are present. This study aimed to quantify butterfly (Order: Lepidoptera) 

diversity to conclude whether it is influenced by the age of a forest site within the Lower 

Kinabatangan Wildlife Sanctuary (LKWS), where there has been a lack of monitoring of restoration 

sites near the river. Since Lepidopterans are heavily associated with plants, this study used 

butterflies as bioindicators to compare biodiversity between four sampling sites in the LKWS: a 5-

year-old forest restoration site (óLadangô), an 11-year-old forest restoration site (óKaboiô), an area of 

secondary forest and an oil palm plantation. Within each site, three 100 m transects were 

established. These were surveyed weekly using a modified Pollard method for five weeks during 

the dry season. Individual butterflies were visually identified to species or genus level. A total of 

510 individuals were recorded and categorized into 33 groups. Observed, interpolated and 

estimated values for species richness, Shannon diversity and Simpsonôs diversity were calculated 

for each site. It was hypothesised that the oldest forest site would be able to support the highest 

butterfly diversity. Contrary to this, the 5-year-old forest restoration site was determined to have the 

highest butterfly diversity. This study was unable to concluded whether butterfly diversity in the 

LKWS was affected by the maturity of a forest plot. The rarefaction curves for these diversity 

values concluded that a larger sample size was required to generate more reliable values. Two 

symmetrical simple correspondence analysis biplots were created to visualise the relationship 

between species and sites. These plots identified 20 of the 33 species groups as bioindicators, 

either specific to one or two sites. This standardized method of surveying Lepidoptera diversity 

could be continued for long-term monitoring. 
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1 Introduction 

1.1 Borneo as a Biodiversity Hotspot 

There are 36 biodiversity hotspots worldwide, which contain 42% of all terrestrial invertebrate 

species despite covering only 2.3% of the Earthôs landmass (Mittermeier et al. 2011). Biodiversity 

hotspots are defined as i) areas with at least 1,500 endemic vascular plant species and ii) have 

had 70% or more of its primary forests disturbed by anthropogenic activity (Myers et al. 2000; 

Mittermeier et al. 2011). The majority of biodiversity hotspots contain tropical forests, which support 

significantly more endemic species than anywhere else on Earth. Borneo is one of these 

biodiversity hotspots. 

 

Borneo is an island located in South East Asia, which is divided into the three countries of 

Malaysia, Indonesia and Brunei (Brooks et al. 2006; Ehlers Smith 2014). Borneoôs primary tropical 

forests are made up of trees from the family Dipterocarpaceae. These forests, along with the 

islandôs geographical isolation, attribute to Borneoôs high proportion of endemic species (Kadmon 

and Pulliam 1993). Endemism is seen in 20% of mammals and 8% of birds native to Borneo (WWF 

2005). This is seen more clearly in the primate Order, where 10 of the 16 species are endemic 

(Ehlers Smith 2014). 

 

1.2 Anthropogenic Disturbance 

Borneoôs biodiversity has come under threat with more species becoming endangered or extinct 

(Barnosky et al. 2011). This has been caused by the disturbance and fragmentation of the forests. 

The majority of Borneoôs primary forests have been destroyed, 30.2% of forests were lost from 

1973 to 2010 leaving only ~38% as intact, unlogged forest (Gaveau et al. 2014). The tropical 

forests of Borneo are being lost at an increasing rate as a result of anthropogenic disturbance 

(Appanah and Turnbull 1998; Dorais and Cardille 2011). 

 

One of the reasons for this loss is the reliance of developing countries on the export of raw 

materials for economic growth. In Sabah, 39.5% of forests were cleared between 1973 and 2010 to 

produce raw logs and palm oil (two of Sabahôs main exports), this was a higher rate of forest 

disturbance than Sarawak, Kalimantan or Brunei (Gaveau et al. 2014). Logging is a quick source of 

income in Sabah and, in 1975, this state produced 10.1 million cubic metres of logs, that were 

predominantly exported to East Asia (Cooke 2006). Regions of undisturbed forest in Sabah 

decreased by an estimated 2.27 million hectares from 1970 to 1996 (2.7 million to 430,000 

hectares), with most logging concentrated on primary, dipterocarp forests (Appanah and Turnbull 

1998; Cooke 2006). Malaysia is the second highest producer of Elaeis guineensis (oil palm), 

Indonesia being the highest, and in 2015, together they accounted for 85% of global palm oil 

production (Joerin et al. 2017). In Malaysia, Sabah is the highest producer of this crop and 87% of 

all agricultural land in this state grows palm oil trees (Joerin et al. 2017; Yusuf et al. 2018). The 
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high demand of palm oil makes it the most profitable crop to grow (Morel et al. 2011; Wen and 

Sidik 2011). Plantations require areas of cleared land and contribute to habitat fragmentation, 

which can considerably decrease biodiversity (Itioka et al. 2015). 

 

Logging reduces canopy cover and, in 1979, it was estimated that forests in Sabah had suffered 

canopy disturbance of up to 70% (Food and Agriculture Organization 1979). The canopy acts as a 

natural barrier to evaporation, which is why logged forests are six times more susceptible to forest 

fires than an unlogged forest, the effects of which were exacerbated during the El Niño drought in 

1983 where Sabah lost 1 million hectares of forest (Woods 1989). Although forest fires can occur 

naturally, some are set deliberately in a óslash and burnô method (Palm et al. 2005). This method is 

commonly used to clear land to make way for the development of oil palm plantations. The 

composition of Borneoôs forest floors, which contain a lot of undergrowth and grasses, allow for 

fires to burn under-ground which complicates the management of these fires (Woods 1989). 

Forests that have been affected by wildfires may be able to rewild naturally, however, where 

extensive damage has occurred these areas may benefit from reforestation. 

 

1.3 Reforestation 

Reforestation is the process of restoring areas of degraded forest and can be achieved either by 

planting trees (active reforestation) or by protecting an area and allowing it to grow naturally 

(passive reforestation) (White and Long 2019).  There are different methods of active replanting, 

which can vary in success. Further research is required to identify the most effective methods of 

reforestation and determine which methods are best for different forest types. Reforestation plots 

within the LWKS are small, community led projects and would benefit from a monitoring method 

that does not require experts, specialist equipment or considerable funding. One method is the use 

of biological indicators (Posudin 2014). 

 

1.4 Biological Indicators 

Biological indicators (bioindicators) are organisms or a group of organisms that can represent 

certain environmental characteristics by changes in their population size or distribution 

(Syaripuddin et al. 2015). Bioindicators can be used for a wide range of studies e.g. bacteria as a 

bioindicator for sterilisation and earthworms as a bioindicator for soil quality. In this study, 

bioindicators are used to monitor different types of forest sites. By quantifying the diversity and 

species composition of the bioindicator group, it will allow for a comparison between the four study 

sites. Assessing forest plots requires a bioindicator group that is i) closely associated with plants 

and ii) satisfies the criteria of an effective bioindicator. This criteria requires the group to: be easy 

to sample and identify, act as an umbrella species, have a small home range, display rapid 

changes to the environmental component under study and must be widely distributed as a group 

but display a variation in species composition within populations (Miller et al. 2011; Gerlach, et al. 
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2013; Syaripuddin et al. 2015). This is what makes a bioindicator group appropriate for study. One 

group that meets these requirements are butterflies. 

 

1.5 Butterflies as bioindicators 

There are 944 species of butterfly (order Lepidoptera) on the island of Borneo, 90 of which are 

endemic (Otsuka 2001). This high degree of endemism means that conserving butterfly habitat 

should be a priority. Butterflies are a well-researched and well-characterised taxonomic group, 

which could be attributed to their aesthetic value and popularity and, as a result, there is extensive 

reference material for visual identification (Luck et al. 2003; Gerlach et al. 2013). This makes 

butterflies easy to sample, as they can be recorded visually with the help of aerial netting 

(Syaripuddin et al. 2015). Butterflies require plants for their life cycle and are involved in pollination, 

specialist butterfly species can indicate the presence of certain plants it relies on for survival 

(Sparrow et al. 1994; Miller et al. 2011). Butterflies are typically specialised to feed on particular 

plants as larvae (Corbet 1941). For example, the species Idea stolli feeds exclusively off plants in 

the subfamily Asclepiadaceae (Otsuka 2001). Along with other invertebrate groups, such as 

Hymenoptera and Diptera, Lepidopterans are often important plant pollinators as adults 

(Jennersten 1984; Sparrow et al. 1994). Therefore, the diversity of butterflies typically correlates 

with plant diversity, and, by extension, other invertebrates such as beetles and canopy ants 

(Gerlach et al. 2013; Syaripuddin et al. 2015). By protecting the plant species butterflies rely on, 

other invertebrates that are dependent on these plants will also benefit (Matthews 2014). Not only 

will this increase invertebrate populations but this will also benefit the species that rely on insects 

as a food source. Therefore, butterflies are not only a suitable bioindicator but also a suitable 

umbrella species for a forest ecosystem (Syaripuddin et al. 2015). Due to the small home range of 

Lepidopterans, this reduces the probability that butterflies recorded in one site will be found moving 

around to other habitat types (Mallet 1986). 

 

1.6 Aims and objective 

The aims of this study were: 

¶ To quantify and compare butterfly diversity between four sites: a 5-year-old forest 

restoration site (óLadangô), an 11-year-old forest restoration site (óKaboiô), an area of 

secondary forest and an oil palm plantation. 

¶ To identify key butterfly species as effective biological indicators between different forest 

types. 

 

We hypothesised that: 

1. The more established and oldest forest site will have the highest Lepidoptera diversity. 

2. The oil palm plantation site will have the lowest Lepidoptera diversity. 

3. Key specialist butterfly species will be recorded that will allow the identification of each site. 
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2 Materials and methods 

2.1 Study Location 

This study took place in the Lower Kinabatangan Wildlife Sanctuary (LKWS) in the Malaysian state 

of Sabah. Research was based at Danau Girang Field Centre (DGFC), a field station located in lot 

6 of the LKWS and adjacent to the Kinabatangan river (N5° 24.665' E118° 02.353') (Figure 1). 

Three sampling sites were established in the forest lots 6 and 7 of the LKWS. The fourth site was 

within a plantation to the North of lot 6 (Figure 2). Sampling was carried out in the dry season from 

the 21st February to the 22nd March. 

 

Figure 1: The Lower Kinabatangan Wildlife Sanctuary in Sabah, Malaysian Borneo. Sampling 

was conducted within this area of the Lower Kinabatangan Floodplain. This map shows the forestry 

lots 6 and 7 of the Lower Kinabatangan Wildlife Sanctuary and the Pin Supu Forest Reserve. This 

map was created using the program QGIS (Version 3.6.0) and Garmin Base Camp (Version 

4.7.1.0). 

 

Sampling was conducted in four sites: a 5-year-old restoration plot (óLadangô), an 11-year-old 

restoration plot (óKaboiô), an area of secondary forest and an oil palm plantation. Three 100 m 

transects were established 250 m apart along a straight line in each of the four sites. These 

transects were allocated a number (1, 2 or 3) (Figure 2). 
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Figure 2: A map of the Lower Kinabatangan Wildlife Sanctuary which shows the location of 

the transects within each of the four sampling sites. This map shows the forest lots 6 and 7 of 

the Lower Kinabatangan Wildlife Sanctuary and the Pin Supu Forest Reserve. The four sites are 

labelled as follows: a 5-year-old forest restoration site (óLadangô), an 11-year-old forest restoration 

site (óKaboiô), an area of secondary forest (Forest) and Hilco oil palm plantation (Plantation). Each 

100 m transect is shown alongside its allocated number. This map was created using QGIS 

(Version 3.6.0) and Garmin Base Camp (Version 4.7.1.0). 

 

2.2 Site Selection 

The forest restoration sites óKaboiô and óLadangô were areas of riparian forest established and 

maintained by Batu Puteh Community Ecotourism Co-operative (KOPEL). KOPEL managed forest 

restoration plots within the LKWS, but óKaboiô and óLadangô were selected for this study for 

logistical purposes. An area of forest adjacent to óKaboiô was selected for the secondary forest site. 

Hilco plantation was selected as it has worked in collaboration with DGFC and continues to grant 

access for the purpose of research. 

 

The area where óKaboiô is now situated had once been used as a stumping site during logging 

operations. Since this land was adjacent to the Kinabatangan River (Figure 2) it was cleared and 

used to store the logs harvested from further inside the forest. From there, the logs were 

transported along the river to be sold, which was a common practice along the Kinabatangan River 

(Gomi et al. 2006). The wildlife protection laws state that any river wider than 3 m must have 20 m 
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of riparian forest to each side to maintain a wildlife corridor and minimise habitat fragmentation 

(Orangutan Conservancy 2007; Hussin 2009). Sometimes this 20 m buffer forest is illegally cleared 

or developed. The reforestation site óLadangô has been replanted on land that was reclaimed from 

an oil palm plantation that had encroached on this protected area of forest. Since this plantation is 

still operational, disputes have led to areas of saplings being destroyed and oil palm trees 

replanted. 

 

These two forest restoration plots have been replanted and maintained using similar methods. 

Since these sites were disturbed by human activity, an active approach was deemed more 

effective than passive (White and Long 2019). The two major tree species planted in these sites 

were from the genera Myrtogyna and Nauclea. This is in contrast to the majority of primary tropical 

forests in South East Asia which are that of the dipterocarp family (Food and Agriculture 

Organization 1979; Appanah and Turnbull 1998). Dipterocarp trees are not the most effective 

species to replant damaged areas of forest as they are slow growing and cannot grow in areas of 

low soil quality (Appanah and Turnbull 1998). By instead planting fast-growing trees, canopy cover 

is created and soil quality is improved, which can allow for succession. Maintenance of both sites 

was completed using enhancement replanting, a method that plants new trees in areas that require 

more canopy cover. 

 

2.3 Sampling Method 

Sampling took place on three consecutive days a week for five weeks. All twelve transects were 

sampled within these three days. As previously mentioned, the transects were numbered so each 

site contained a transect 1, 2 and 3 (Figure 2). Four transects of the same number were walked 

each day. The day which each transect number was walked was randomised each week using a 

six-sided-die (e.g. Day 1 - Transect 2, Day 2 - Transect 3, Day 3 transect 1). This aimed to 

minimise the bias of varying weather conditions as this can affect butterfly abundance. Sampling 

was conducted from 08:30 am - 12:00 pm each day. Due to the restrictions of boat fuel and time, 

the plantation site was either sampled first or last since it was ~7.9 km from the other sites and 

closer to the field centre (Figure 2). 

 

Sampling was completed using a modified Pollard method (Pollard 1977; Wepprich et al. 2019). 

The sampling group was comprised of three personnel, two of whom carried 2 m long nets and 

caught unidentified individuals. The transects were surveyed at a consistent walking pace of 100 m 

per 8 minutes (750 m/hour). Only individuals that were visible to a member of the sampling group 

from the transect were recorded. Butterflies seen behind the sampling group were excluded to 

avoid re-counting individuals. Butterflies were visually identified immediately or caught by aerial 

netting and subsequently identified. In the case that an individual could not be identified on site, a 

picture was taken using a camera phone (SM-J415FN 13 megapixels) and identification was 
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carried out using a field guide (Otsuka 2001). Any butterfly that could not be visually identified or 

caught via aerial netting was labelled as unknown. The following weather conditions were recorded 

each day sampling occurred: temperature, humidity, rain start and end times and the presence of 

clouds. In the event of extensive rainy or windy conditions, sampling was postponed to the next 

day with suitable weather conditions. 

 

2.4 Statistical analysis 

Sample-size-based, sample completeness and coverage-based rarefaction curves for: i) species 

richness, ii) Shannon diversity and iii) Simpsonôs diversity were created using the packages iNEXT 

(Chao et al. 2014) and ggplot2 (Wickham 2016) in the program R (Version 3.6.3) (Figures 3 and 4). 

The endpoint for the sample-size-based and sample completeness plots was set to 300 

individuals, calculated by doubling the average number of individuals sampled at each site. 

 

Three variations of species richness were determined for each site: species richness (q=0) 

determined the total number of species, Shannon diversity (q=1) counted individuals equally and 

therefore was affected by abundance and Gini-Simpson (q=2) which only accounted for the 

dominant species recorded at each site (Chao et al. 2014). These values were calculated for each 

of the four sampling sites using the package iNEXT (Chao et al. 2014) in the program R (Figure 5). 

This package utilises Hill numbers which mean the Shannon and Simpson diversities are an 

equivalent to the Shannon and Simpsonôs diversity indices. The diversity values: observed, 

interpolated (to 62 individuals), extrapolated (to 300 individuals) and extrapolated (to a coverage of 

1.0) were generated for the three variations of species richness. 

 

A simple correspondence analysis (CA) was carried out to create two symmetrical biplots (Figure 

6). This descriptive statistical test was used because it can depict correlations between categorical 

data (Sourial et al. 2010). These plots depict the relationship between the species and the sites 

where they were recorded. Biplot a (Figure 5a) was created with presence / absence data of each 

species group at each site and biplot b (Figure 5b) used count data of each species group at each 

site. These plots were created using the packages MASS (Venables and Ripley 2002), ca 

(Nenadic and Greenacre 2007), FactoMineR (Le et al. 2008), ggplot2 (Wickham 2016), factoextra 

(Kassambara and Mundt 2020), ade4 (Chessel et al. 2004) in the program R. 

 

3 Results 

A total of 510 individuals were recorded over a five-week period. Sampling was intended to occur 

over a 15-week period after which it was estimated 1,500 individuals would have been recorded. 

However, this sampling period was reduced to five weeks due to the COVID-19 pandemic. The 

number of individuals recorded varied for each site, which was reflected in the rarefaction curves 

(Figure 3). Individuals were categorised into a total of 33 groups, including 29 individual species. 
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The remaining four groups were comprised of several species grouped together where further 

identification was not possible (e.g. Eurema spp). The most common species recorded in this study 

was Appias indra with a total of 155 individuals (Table A1), the only species that was recorded in 

all 12 transects. Papilio nephelus was the only other species to be recorded in all of the four sites. 

 

3.1 Rarefaction Curves 

The sample-size-based rarefaction curves interpolated and extrapolated the data to reveal how the 

diversity values for each site would have increased with the number of butterflies recorded (to an 

endpoint of 300 individuals) (Figure 3). The curves for each of the four sites in the Simpsonôs 

rarefaction curve plateaued, which could suggest that all the dominant species were sampled 

(Figure 3c). In the Shannon diversity rarefaction curve, the lines for óLadangô and óKaboiô did not 

plateau and are assumed to increase with further sampling (Figure 3b). In the species richness plot 

the curves for óKaboiô and the plantation did not plateau, which could suggest that some species 

were not recorded. 

 

Figure 3: Sample-size-based rarefaction curves created using (a) species richness, (b) 

Shannonôs diversity and (c) Simpsonôs diversity. These curves show how species diversity was 

affected and would continue to be affected by an increase as the number of individuals recorded to 

an endpoint of 300 individuals. The confidence intervals are shown either side of each line. The 

number of recorded individuals varies for each site: óKaboiô (183), plantation (159), óLadangô (106) 

and the secondary forest (62). 

ó       ô 

ó         ô 
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The coverage based rarefaction curves showed how the diversity values would increase with 

increased coverage to an endpoint of 1.0 (Figure 4). At 1.0 coverage, the diversity values were 

estimated for the total number of species within a site, including species that were not recorded. 

The extrapolated curves for óKaboiô and the plantation site did not reach a coverage of 1.0 which 

indicated that there is insufficient data to estimate this value. The species richness plot showed 

that the curves for óKaboiô and the plantation were expected to increase considerably with 

increased coverage, which indicated that a lot of species were not sampled (Figure 4a). The 

Simpson diversity rarefaction curve suggested that the majority of dominant species were recorded 

(Figure 4c). 

 

Figure 4: Coverage based rarefaction curves created using (a) species richness, (b) 

Shannon diversity and (c) Simpsonôs diversity. The confidence intervals are shown around 

each line. These curves show how species diversity was affected and would continue to be 

affected by an increase in sample coverage to an end point of 1.0. 

 

3.2 Diversity Values 

As the sample-size-based (Figure 3a-b) and coverage based (Figure 4) rarefaction curves 

indicated that the diversity values were expected to increase with number of individuals and 

coverage, extrapolated values were included (Figure 5). The two reforestation sites had the highest 

observed species richness, both with 19 recorded species (Figure 5a). After extrapolation to 300 

ó          ô 

ó        ô 
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recorded individuals, the value for óKaboiô was estimated to exceed óLadangô (34.90 and 21.97 

respectively). óKaboiô is also estimated to have the highest number of species at a coverage of 1.0 

(34.91). The interpolated values determined that óLadangô had the highest number of species 

(15.284). The secondary forest site had the lowest observed (10) and estimated (12.21) number of 

species, the plantation site had the lowest interpolated value (9.87). 

 

 

Figure 5a: Bar chart which shows the species richness diversity values for each of the four 

sampling sites. Includes the values for: diversity of each site (observed), diversity values after 

interpolation to 62 individuals, estimated diversity after extrapolation to 300 individuals and 

estimated diversity after extrapolation to a coverage of 1.0. 

 

Shannon diversity determined that óLadangô had the highest observed (9.32), interpolated (8.59) 

and extrapolated to a coverage of 1.0 (10.43) diversity values (Figure 5b). The secondary forest 

site was estimated to have the highest diversity after 300 recorded individuals (12.21). The 

plantation site had the lowest observed (5.89), interpolated (5.50), extrapolated to 300 individuals 

(6.28) and extrapolated to 1.0 coverage (6.28) diversity values. 

 

 

ó        ô ó         ô 
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Figure 5b: Bar chart which shows the Shannon diversity values for each of the four 

sampling sites. Includes the values for: diversity of each site (observed), diversity values after 

interpolation to 62 individuals, estimated diversity after extrapolation to 300 individuals and 

estimated diversity after extrapolation to a coverage of 1.0.  

 

Simpson diversity determined that óLadangô had the highest interpolated (6.15), observed (6.38), 

estimated to 300 individuals (6.72) and estimated to 1.0 coverage (6.72) values (Figure 5c). The 

plantation site had the lowest interpolated (3.74), observed (3.84), estimated to 300 individuals 

(3.91) and estimated to 1.0 coverage (3.91) values. 

 
ó        ô ó          ô 
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Figure 5c: Bar chart which shows the Simpson diversity values for each of the four 

sampling sites. Includes the values for: diversity of each site (observed), diversity values after 

interpolation to 62 individuals, estimated diversity after extrapolation to 300 individuals and 

estimated diversity after extrapolation to a coverage of 1.0.  

 

3.3 Correspondence Analysis 

The two symmetrical simple correspondence analysis (CA) biplots depict the relationship between 

species and between sites (Figure 6). Plot a used presence / absence data of each recorded 

species at each site (Figure 6a) and plot b used count data of each recorded species at each site 

(Figure 6b). This, when cross checked with the raw data, showed the relationship between species 

and which site they were recorded at. The presence / absence CA plot showed which species 

could indicate which site (Figure 6a). The count data biplot took into account the number of 

individuals recorded for each species, the lower the number, the less reliable that species was as a 

bioindicator (Figure 6b). This meant the ability of a species as a bioindicator could be analysed. 

 

Species that were recorded at multiple sites were excluded from being a bioindicator. The species 

Papilio neuphelus and Appias indra were present at all four sampling sites and Parthenos sylvia 

was recorded at three sites (Figure 6a). These were all assumed to be generalist species since 

they were able to survive in multiple forest sites and therefore did not require a specific condition 

for survival (Büchi and Vuilleumier 2014). The species Symbrenthia lilaea and Cepora iudith were 

only recorded in the plantation but as these were not forest specialist species they were excluded 

from being a bioindicator. 

 

ó        ô ó          ô 
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Figure 6: Simple correspondence analysis (CA) biplots. Biplot a was created from presence / 

absence data of species groups recorded at each site. Biplot b was created using the count data of 

the species groups recorded at each site. Both plots depict the relationship between the four sites 

(blue circle) and between the 33 groups the butterfly species were sorted into (red triangle). The 

red lines connect the species name to their position on the biplot. 
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This study identified 20 bioindicator species, which can be categorised into five groups. Species 

recorded: i) exclusively in the secondary forest, ii) exclusively in the restoration site, óKaboiô, iii) 

exclusively in the restoration site, óLadangô, vi) in both óKaboiô and óLadangô and v) in both óKaboiô 

and the secondary forest. The number of individuals recorded is included as the more individuals 

recorded per species, the more reliable the species ability to act as a bioindicator. 

 

Table 1: A list of butterfly species identified as biological indicators. The 20 species 

groups are shown in alphabetical order along with the sites they were recorded at 

(indicated by an X). The total number of individuals recorded of each species is shown. 

Species Name Forest óKaboiô Plantation óLadangô 
Total 

individuals 

Amathusia phidippus  X   1 

Drupadia ravindra X X   7 

Elymnias nesaea    X 1 

Euthalia iapis X X   3 

Idea stolli X X   3 

Jamides spp.    X 1 

Junonia atilites X    1 

Lexias dirtea  X   1 

Melantis leda  X   1 

Mycalesis anapita  X   1 

Mycalesis horsfieldi  X  X 5 

Mycalesis mineus    X 3 

Mycalesis perseus    X 1 

Parantica crowleyi    X 2 

Pothanthus omaha  X  X 5 

Psolos fuligo  X   1 

Spalgis spp X    3 

Xanthotaenia busiris X X   5 

Ypthima baldus    X 1 

Ypthima pandocus    X 2 
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4 Discussion 

This study is the first to quantify and compare butterfly diversity and species composition between 

three forest plots and an oil palm plantation within the LKWS. Most studies use butterfly diversity to 

investigate the impacts of forest disturbance, but rarely are the effects of reforestation investigated. 

This study has quantified butterfly diversity to act as a bioindicator for overall diversity to determine 

whether the age of a forest site impacts diversity. 

 

4.1.1 Data Analysis 

The species richness and Shannon diversity sample-size-based rarefaction curves (Figure 3a-b) 

indicate that further sampling is required, however, this study aims to compare diversity not 

necessarily generate accurate species lists. Instead, each site was compared equally, which was 

done by either interpolating or extrapolating to the same number of individuals or the same 

coverage. Interpolated values are assumed to be more accurate than extrapolated values. The 

interpolated values to 62 individuals compared each site at an equal level to account for bias from 

varying levels of density. This interpolation shows that the reforestation site óLadangô had the 

highest butterfly diversity for species richness, Shannon diversity and Simpsonôs diversity 

Therefore, the hypothesis that the oldest forest site would have the highest butterfly diversity, must 

be rejected. A study by (Cleary 2003) investigated the effects of logging on butterfly diversity, 

which determined that logging leads to an increase in butterfly species richness. This could 

suggest that a younger area of restored forest would have more butterfly species. Most studies 

quantify the effects of forest disturbance on butterfly diversity but (Itioka et al. 2015) investigated 

the effects of forest restoration on butterfly diversity in Sarawak, Malaysian Borneo. This paper 

concluded that, although edge-dwelling species recover within the first 20 years of restoration, total 

butterfly diversity is still impeded by disturbance after this period. This paper also determined that 

habitat fragmentation negatively affects butterfly diversity. This is in contrast to the results of this 

study as butterfly diversity was found to be highest in the areas of forest where disturbance had 

taken place. 

 

CA biplots depict the correlation between two categorical variables regardless of their statistical 

significance (Greenacre 2007). In this case, the biplots visualise the correlation between the sites 

and between the butterfly species recorded. In this study, generalist species have been defined by 

either their presence at all three forest sites or their presence in both the oil palm plantation and a 

forest site. These were assumed to be generalist species since they were not specific to one forest 

type (Büchi and Vuilleumier 2014). Species present exclusively in the oil palm plantation have also 

been excluded from the bioindicator group as their presence did not signify a condition specific to a 

forest site. 
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4.1.2 Low Diversity in the Secondary Forest 

Contrary to the hypothesis that the most established site would be able to support the highest 

diversity of Lepidoptera, the secondary forest had a lower diversity than the reforestation sites. 

This low diversity could be attributed to its high canopy and high density, both of which made 

individuals less conspicuous. The forests within the LKWS are shorter than the primary tropical 

forests of Borneo, nevertheless, the trees within the secondary forest site were tall enough that 

individuals were harder to spot due to their location in the canopy (Hamer et al. 2003). This caused 

difficulties with visual identification, especially as aerial netting was obsolete due to the length of 

the nets. The high tree density within the secondary forest site also made individuals difficult to 

visually identify. The density of the forest occasionally made aerial netting impossible, which meant 

that some butterflies could not be accurately identified. These factors resulted in a higher 

proportion of individuals labelled as unknown in the secondary forest (27.4%) compared to 

óLadangô, the oil palm plantation and óKaboiô (18.9%, 14.4% and 14.2% respectively). This could 

have been mitigated with the use of baited butterfly traps. These traps would enclose the butterflies 

within them and allow for identification. Limitations of this method include the type of bait used, this 

affects which type of butterfly species are recorded e.g. fruit attracts only fruit-feeding species. 

There is also a high presence of Macaca fascicularis (long-tailed macaques) which have been 

seen to interfere with the traps, especially those which contained fruit as bait. 

 

Another factor that could have contributed to the low diversity of the secondary forest was the 

higher presence of moths compared to the other sites. In this study, moths are characterised as 

Lepidopterans that flatten their wings against their body when at rest, unlike butterflies whose 

wings fold backwards (Corbet 1941). This could only be confirmed when an individual was caught 

or observed at rest. This took focus away from target Lepidopterans as the sampling personnel 

would be observing and catching moth species instead, especially as the transects were walked 

within a time limit. 

 

4.2 Methodology Limitations 

4.2.1 Canonical-Correspondence Analysis 

Had COVID-19 not affected this study, a canonical-correlation analysis (CCA) would have been 

carried out. This is a multivariate statistical test that would have correlated ecological conditions 

with the presence of butterfly species (Hardoon and Shawe-Taylor 2011). Each transect would 

have been surveyed to record: plant species, soil type, canopy cover and canopy height. This 

would have allowed a comparison between sites and between the transects within each site. This 

would have been especially beneficial in the oil palm plantation. This site was presumed to be a 

monoculture but other vegetation was observed. A CCA would have accounted for these plant 

species. 
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4.2.2 Visual Identification 

The accuracy of visual identification was dependent on the expertise of the researcher, a more 

experienced researcher would have more success identifying individual butterflies to species level. 

This affected the level to which the individuals could be identified to. During the preliminary 

surveys, some species were found to be morphologically very similar so it was decided to group 

these species together (e.g. the Eurema species group). The results would have been more 

accurate had each individual been identified to species level, but time constraints rendered it 

unfeasible to catch every individual. Although preliminary surveys were carried out before sampling 

to improve identification accuracy, this skill that was improved with experience. Therefore, earlier 

data may have contained more inaccuracies or more individuals labelled as unknown. The 

identification guide also affects the accuracy of identification. The guide used in this study (Otsuka 

2001) did not include all 944 species of butterfly found in Borneo, therefore, some individuals could 

have been incorrectly identified. In this study, individuals that could not be identified in the field 

were photographed and identified later using this photo. This method is limited by the clarity of that 

image. Visual identification of an individual when in flight is possible with easily identifiable species 

but this method does not account for recaptures. In this study, to minimise recaptures, individual 

butterflies behind the sampling group were not recorded. A more accurate technique could have 

involved marking each individual, which was dismissed due to time-constraints regarding catching 

all individual butterflies. 

 

Since visual identification is not the most reliable technique, a more accurate method would be to 

use DNA barcodes. Some studies have collected samples from each recorded individual 

(Syaripuddin et al. 2015). This method would significantly reduce the risk of misidentification of 

morphologically similar species as it would not rely on the expertise of the sampling group or on 

the accuracy of identification guides (Gerlach et al. 2013). The DNA barcode method would mean 

identification would take place after sampling but would not reduce the time in the field as all 

individuals would need to be caught to retrieve a sample. This would not reduce the number of 

fast-flying species labelled as unknown. Identification would be dependent on the online reference 

material and barcodes may not be available for all species. Studies that take a sample from each 

individual for DNA barcoding can identify recaptures (Syaripuddin et al. 2015). However accurate 

this method would have been, DNA barcoding was not an option at DGFC. This identification 

method requires experienced laboratory personnel, specialist equipment and considerable funding, 

none of which were available. 

 

4.2.3 Sampling effort 

As previously discussed, the expertise of the personnel can affect the data. This can be extended 

to the skill level of the sampling group. Many species were difficult to identify in the field and 

required aerial netting. The success of aerial netting was heavily dependent on the skill level of the 
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sampling personnel. This is especially true for fast flying butterfly species which could not be 

visually identified. Due to timetable conflicts, the personnel assigned to this project varied each 

sampling occasion and some had little to no experience with catching or identifying butterflies. 

 

4.2.4 Site Location 

One main limitation of this study was the distance between the plantation and the other three sites. 

The access point for the plantation site was ~7.9 km by boat from the secondary forest site (Figure 

2). This plantation was the closest site access was granted to. Given that time of day can 

significantly affect butterfly diversity, an attempt was made to randomise the order in which the 

sites were sampled (Miller et al. 2011). However, since both fuel for the boat and time were 

restricted, the journey had to be shortened as much as possible. This meant that the order could 

not be completely randomised and instead, the plantation was either sampled first or last 

(determined by tossing a coin). However, it was observed that butterfly presence was both lower 

before 9:00 am and after 11:30 am. These times were usually when the plantation was sampled, 

which could have caused a lower diversity to be documented. 

 

One of the factors that can affect butterfly presence is distance from a river. Butterflies display a 

behaviour known as ñmud-puddlingò, when adult individuals acquire minerals from the mud banks 

of a river (Beck et al. 1998). To prevent this behaviour bias, each transect was placed an equal 

distance parallel to the river, estimated using a GPS (Figure 2). Accuracy could have been 

improved had this distance been determined with a tape measure. However, the óKaboiô and 

secondary forest sites had a high tree density which constrained the transects to existing paths. 

This reduced the amount of vegetation that had to be removed to allow passage through the site 

and therefore minimised the impact on butterfly species present. This limitation meant that the 

transects could not all be exactly the same distance from the river. The transects in the plantation 

site were limited by the crop and had to follow these rows. Another limitation within this site was 

the 20 m wildlife corridor of forest between the plantation and the river. In an attempt to minimise 

the chance of recording forest individuals that had entered the plantation, the transects were 

placed further from the forest and consequently further from the river. 

 

4.3 Future implications 

The results show that there is a difference in butterfly diversity and species composition between 

the sites. However, this study was unable to conclude the relationship between the age of a 

reforestation site and butterfly diversity. There is an opportunity to improve upon this research in 

the future, especially as this study was conducted on a small scale. By conducting a yearly 

sampling event, a long-term study could determine whether butterfly diversity would be affected by 

the age of a reforestation site. This would be a more accurate method as each site would be 

compared to itself over-time instead of comparing sites of different ages. The identification of 
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butterfly bioindicator species has created the opportunity of a simplified monitoring approach that 

would focus on these key species, which would make monitoring more manageable. Research 

could also be expanded to include more sampling sites e.g. a 20-year-old forest restoration site 

that was excluded from this study due to logistics. Another reforestation site that could be sampled 

is a newly established 5-hectare site set up by DGFC and KOPEL as part of their new project 

óRegrow Borneoô. There is an opportunity to conduct a long-term monitoring project from the very 

beginning of restoration work. 

 

The monitoring of restoration plots is not common practice and is an under-researched and 

underfunded sector of ecology. Borneo is a biodiversity hotspot with a high proportion of endemic 

species, which makes the islandôs tropical forests a significantly valuable source of biodiversity 

(Mittermeier et al. 2011; Ehlers Smith 2014). These tropical forests have been threatened and 

disturbed by human activity to the point where habitat fragmentation is causing more and more 

species to become endangered or extinct. The use of bioindicator species, such as butterflies, can 

help monitor changes in biodiversity associated with anthropogenic activity. This study has shown 

that butterfly diversity and species composition varied between three forest sites. Further research 

into this monitoring method could increase the efficiency of reforestation projects. This would 

reduce the loss of biodiversity while contributing to the reduction of carbon dioxide in the Earthôs 

atmosphere. 
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Supporting Information 

 

Figure 7: An aerial photograph of the restoration site óKaboiô before restoration. The area of 

the forest restoration site óKaboiô is shown outlined in red. 

 

 

Figure 8: Aerial photographs of the restoration site óKaboiô. Shown before reforestation in 

2007 (left) and after reforestation had begun in 2014 (right). 
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Table 2: A list of the 33 species groups recorded in this study. The species 

groups are organised from the most recorded individuals to the least. The number of 

individuals recorded at each site is shown. 

Species group Forest óKaboiô óLadangô Plantation Total 

Appias indra 12 50 20 73 155 

Unknown 17 26 20 23 86 

Parthenos sylvia 17 48 0 14 79 

Leptosia nina 0 20 28 19 67 

Papilio nephelus 6 11 2 3 22 

Hypolimnas misippus 0 0 11 6 17 

Eurema spp. 0 2 1 8 11 

Ideopsis vulgaris 0 1 3 7 11 

Drupadia ravindra 2 5 0 0 7 

Potanthus omaha 0 3 2 0 5 

Mycalesis horsfieldi 0 4 1 0 5 

Xanthotaenia busiris 1 4 0 0 5 

Jamides celeno 0 1 3 1 5 

Ypthima fasciata 0 0 2 2 4 

Hypolimnas bolina 0 0 2 1 3 

Spalgis spp. 3 0 0 0 3 

Euthalia iapis 1 2 0 0 3 

Mycalesis mineus 0 0 3 0 3 

Idea stolli 2 1 0 0 3 

Parantica crowleyi 0 0 2 0 2 

Ypthima pandocus 0 0 2 0 2 

Junonia atlites 1 0 0 0 1 

Jamides spp. 0 0 1 0 1 

Ypthima baldus 0 0 1 0 1 

Cepora iudith 0 0 0 1 1 

Symbrenthia lilaea 0 0 0 1 1 

Amathusia phidippus 0 1 0 0 1 

Mycalesis perseus 0 0 1 0 1 

Mycalesis anapita 0 1 0 0 1 

Elymnias nesaea 0 0 1 0 1 

Psolos fuligo 0 1 0 0 1 

Lexias dirtea 0 1 0 0 1 

Melantis leda 0 1 0 0 1 

 


