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Part A
Spending a year with the Danau Girang Field Centre family in the rainforest has been one of the
most enlightening experiences of my life. Throughout the year I have been privileged enough
acquire an immense amount of experience in tropical ecology. I have successfully honed new
skills, which culminated into the execution of my own research project which focused on butterflies;
their diversity, and the influence of habitat variables.
Throughout my research I became proficient in identifying, netting, trapping, and photographing
butterflies. I also learned to use the statistical software EstimateS to analyse abundance data.
Personally, photographing and identifying butterflies was the most satisfying part of my project and
I am proud of my ability to recall numerous species. However, my project did not come without
hardships. Monkeys were so frequently attracted to my butterfly traps that they seriously hindered
data collection. This setback led me to make some unwise decisions that regrettably made
statistical analysis much more difficult. This disturbance however, led to my most significant
learning experience - that field ecology is unpredictable; proper method design and planning, even
after major unforeseen setbacks, are imperative to gain useful data.
During my time as a PTY student, I predominantly assisted with other research projects. These
included camera trapping, nocturnal mammal tracking, collecting botanical data, predator trapping,
and reticulated python surveys. Through countless hours of practise, I became proficient in camera
trap set-up and site selection for baited and non-baited surveys run by Dr. Miriam N. Kunde.
Furthermore, through research conducted by Elisa Panjang and Dr, Danica Stark I learned to
efficiently use VHF telemetry to track nocturnal mammal’s sleeping sites which included pangolins,
tarsiers, and slow lorises. As pangolins are the most trafficked animal in the world, I found this
project to be hugely rewarding. A particularly exciting area of research was being trained and
experienced under supervision by wildlife veterinarian, Dr. Macarena Gonzalez. Our tasks involved
collaring animals under anaesthesia. Additionally, I was involved in the process of trapping or
tagging (GPS/VHF) numerous animals, which amongst others included clouded leopards, civets,
and crocodiles. These moments were unforgettable.
Other PTY duties included writing a monthly newsletter ‘Jungle Times’ and helping run educational
field-courses. Writing Jungle Times helped improve my written communication. Whilst at the centre
I helped run the Instagram account ‘danaugirang’. This spread awareness for conservation and
enabled me to showcase my and others’ photography; which is a passion of mine. The continuous
presenting of my research to temporary field-courses and volunteers at the centre has increased
my confidence in public speaking. The arrival of new field-courses and volunteers meant teaching
them about wildlife, engaging them in various boat activities like primate surveys, and guiding them
through forest activities using specialist equipment such as VHF telemetry. Through these tasks I
improved my leadership skills.
In addition to practical skills, I have become acutely aware of environmental issues. Witnessing
deforestation first-hand and its devastating consequences, whilst spending everyday alongside
people passionate about wildlife ecology has heightened my appreciation for conservation and the
importance of robust tropical ecosystems.
In conclusion, I cannot thank DGFC and all its members enough for this life changing experience.
The breadth of ecological practices I have encountered this year has been fascinating and
following this, I am more motivated than ever to pursue a career in field ecology.
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Part B
Biodiversity of butterflies in the Lower Kinabatangan Wildlife Sanctuary and the influence of
habitat variables
ABSTRACT
The threats to butterfly diversity are of concern in the highly biodiverse rainforests of Borneo,
where deforestation in favour of monoculture is prevalent: causing remaining forest to become
fragmented. Loss of butterflies means the loss of pollinators, food sources, and economic value.
This paper aimed to quantify the diversity of butterflies in the fragmented forest of the Lower
Kinabatangan Wildlife Sanctuary, to compare survey methods, and to contrast species richness to
habitat variables of trapping sites. We used baited butterfly traps to survey fruit-feeding nymphalid
butterflies and 30-minute netting transects for all other species in several areas surrounding Danau
Girang Field Centre, Sabah, Borneo. Over the course of 6 months, we surveyed 2297 individual
butterflies, from 92 species, 56 genera and 6 families. Extrapolated rarefaction curves for transects
did not plateau, therefore, further sampling would likely lead to more species. At 417 individuals,
transect ‘Ficus’ had the highest number of species (46.2). Lowest number of species was at
‘Buaya’ (19) with 84% confidence intervals that did not overlap with other transects, but ‘Ficus’,
‘Buaya’, and ‘‘‘‘Kayu Malam’’’’ overlapped with each other. The most common species surveyed in
transects were Appias aegis (68.86%) and caught in traps were Amathusia phidippus (35.50%).
Unfortunately, trapping did not go as planned due to macaques (Macaca fascicularis) that
persistently ate banana bait, halting trapping at most sites. Successful trapping found a
significantly higher Shannon’s diversity index than transects (Transect, M= 1.475, SD=0.057; Trap,
M=2.305, SD=0.118; p=2.72e-9). At equivalency of individuals, transects had a chao1 mean of
34.23 and traps 19.19. We provided DGFC with a database of butterfly species to build upon and
monitor changes in the future; invaluable not only for the conservation of butterflies, but also other
taxa as declines in butterfly species can warn against declines in other wildlife.
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INTRODUCTION
Between 2002 and 2012 there was a 72% decline in all Lepidoptera species worldwide (Ghazanfar
et al., 2016), and the reduction of forest in tropical rainforest between 1980 and 2012 caused the
loss of approximately 75% of butterfly species (Costantini et al., 2016). Worldwide, there are more
than 28,000 species of butterflies, 80% of which are found in tropical regions (Ghazanfar et al.,
2016). Despite this, our body of literature on tropical butterflies is deficient when compared to the
extensive research that has been conducted on temperate butterflies for decades (Bonebrake et
al., 2010). Butterfly species are being lost rapidly, this is a huge environmental issue because they
are critical to numerous ecosystems (Bonebrake et al., 2010).
Butterflies’ four life cycle stages serve as prey to animals like birds that compete for this food
resource, and as adults, provide competition for resources like nectar (Ghazanfar et al., 2016).
Butterflies commonly produce toxins that drive evolutionary change in predators, as they require
tolerance to consume (Bonebrake et al., 2010). Being pivotal pollinators, often over long distances
(e.g. Monarch - D. plexippus migration), butterflies ensure the continuation of plant lineages and
increase plant genetic diversity; leading to healthier, less disease-prone communities (Ghazanfar
et al., 2016). Moreover, many butterfly species have interspecific relationships with other animals,
influencing their diversity and population dynamics (Bonebrake et al., 2010), for example, Elias et
al., (2008) suggest that butterfly mutualisms lead to the evolution of “more tightly knit local
communities”.
On top of environmental benefits, butterflies are useful to humans (Ghazanfar et al., 2016). Due to
their rapid response to small changes in the environment (e.g. climate change) and short
generation time, butterflies are widely acknowledged as ecological indicators of terrestrial
environments (Ghazanfar et al., 2016; Bonebrake et al., 2010). They can provide a warning signal
for reductions in other wildlife (Ghazanfar et al., 2016) and certain species can indicate the quality
of a habitat (Miller et al., 2011; Cleary, 2004). Research shows the strong associations of butterfly
larvae and host plants allow us to predict the presence of plant taxa based on the presence of
butterfly species (Miller et al., 2011).
Butterfly aesthetics can directly translate into monetary gain (Slone et al., 1997). For example
thousands of people travel abroad each year to see butterflies like the D. plexippus migration in
Mexico, which brings in money through tourism (Slone et al., 1997; Bonebrake et al., 2010).
Furthermore, butterflies have developed specific sets chemicals to deter predators or attract mates
which could be exploited to produce commercially available products like the antibiotic produced in
the meadow brown species (M. jurtina) (Rasooly et al., 2017; Bonebrake et al., 2010). Moreover,
conservation can be promoted through sustainable farming of butterflies to provide extra income to
communities, whom would otherwise sell logged timber or hunt wildlife. (Slone et al., 1997; Morgan
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Brown et al., 2010). These economic and environmental benefits highlight the importance of
butterflies and makes the numerous threats to their biodiversity concerning.
Butterflies are threatened by several different factors such as habitat loss, climate change, invasive
species, fragmentation, and toxins like pesticides or herbicides (Ghazanfar et al., 2016; Thomas,
2016, New et al., 1995) Threats like habitat destruction, climate change, and fragmentation are
prevalent in Borneo (Scriven et al., 2015; Hamer et al., 2003; Benedick et al., 2006). However,
several of these threats are not well understood, for instance in West Africa, Larsen, (2008)
conducted a survey and found that despite up to 80% reduction of forest, no butterfly species are
known to have gone extinct in the past 150 years (Brook et al., 2003). On the other hand, in
Singapore, 38% of butterfly species have gone extinct over 183 years of deforestation (Brook et
al., 2003). Examples like these show that we do not know enough about the effects of
anthropogenic disturbance on butterfly species. Despite this, insects are expected to be severely
impacted by the biodiversity crisis (Bonebrake et al., 2010). In the last 600 years approximately
40000 insect species have gone extinct and half of recorded insect extinctions have been
Lepidoptera (Dunn, 2005). Less than one million insects have been documented of the 510millions believed to exist, so vast numbers of undiscovered species could soon go extinct, and
with them potential ecological and economical value will be lost (Bonebrake et al., 2010). To
conserve the remaining insect species, more needs to be known about their ecology, especially in
tropical areas (Bonebrake et al., 2010).
The concern for biodiversity loss in Malaysia is particularly severe because it is located within a
biodiversity hotspot – Sundaland – which contains a high concentration of endemic species, and is
undergoing a great deal of habitat destruction (Koh, 2008). Two forms of habitat destruction are
prevalent in Borneo and the Lower Kinabatangan Wildlife Sanctuary (LKWS), these are
deforestation which gives way to fragmentation, and logging (Broadbent et al., 2008; McMorrow
and Talip, 2001; Hai et al., 2001).
Regarded as the largest threat to biodiversity in the tropics is the conversion of natural ecosystems
into agricultural land (Edwards et al., 2010). Deforestation causes loss of species and decreases
available habitat, in addition it greatly reduces functional diversity, species richness and taxonomic
diversity (Fitzherbert et al., 2008; Koh and Wilcove, 2008; Edwards et al., 2014). Between 1980
and 2012 the clearance of over 1.5 million km² of rainforest was responsible for the loss of 75% of
butterfly species in the tropics (Costantini et al., 2016). A great deal of deforestation is caused by
the most rapidly expanding crop in the tropical region, oil palm (E. guineensis) (Edwards et al.,
2010). Globally the majority of oil palm is produced in Indonesia and Malaysia with Sabah, Borneo
being the largest oil palm planted state in Malaysia (Abram et al., 2014). In Sabah, oil palm
coverage is estimated to increase from 1.43 million hectares to 2.1 million between 2011 and 2025
(Abram et al., 2014), consequentially there is increasing concern on the impacts this will have on
wildlife (Abram et al., 2014). Regarding butterflies in Borneo, Koh (2008) found that conversion of
6
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primary forest to oil palm plantation saw an 83% species richness reduction and conversion of
logged forest a 79% decrease (Koh and Wilcove, 2008). Deforestation, particularly conversion to
oil palm, leads to the fragmentation of forest (Broadbent, 2008).
Now less than 50% of Borneo is covered in rainforest, most occurs in central montane areas and
costal forest areas that are fragmented (Scriven et al., 2015). Fragmentation greatly contributes to
biodiversity loss; it occurs when forest areas become surrounded by unsuitable habitats such as oil
palm plantations that act as barriers to animal movements (Fitzherbert et al., 2008). Fragmentation
causes abiotic edge effects like higher vulnerability to wind, drought, and fire, furthermore it can
cause biotic edge effects such as increased populations of bearded pigs that feed on readily
available oil palm fruit. Consequently, this increases sapling mortality; thus slowing the recovery
degraded rainforest (Fitzherbert et al., 2008). Butterflies are threatened by fragmentation of
rainforests because many have small or restricted ranges and are dependent on closed canopy
forest, thus, oil palm can provide barriers to dispersal as plantations do not provide this (Benedick
et al., 2006). Isolated forest fragments that are surrounded by oil palm plantation have a lower
diversity and species richness of butterflies, than less isolated forest fragments or contiguous
forest (Fitzherbert et al., 2008). However, Benedick et al., (2006) found that butterflies in forest
fragments in Borneo provide a substantial contribution to the overall biodiversity, despite having
lower species richness. Therefore, the biodiversity value of fragmented forest should not be
overlooked (Benedick et al., 2006). While complete clearing of forests and fragmentation cause
biodiversity loss, so does the selective removal of large trees for timber (Costantini et al., 2016).
Land use has changed dramatically in Borneo over the past few decades, with a large proportion of
forest being used for commercial selective logging, and this area is expanding rapidly (Costantini et
al., 2016). Despite great concern over the ecological and environmental impacts of selective
logging, recent assessments have found that selectively logged forest can still harbour a high
functional diversity (Costantini et al., 2016). Logging causes a reduction in biodiversity that is less
dramatic than once thought (Costantini et al., 2016). However, some species are vulnerable to
changes in distribution, for example Cleary, (2004) found certain butterfly species like Drupadia
theda were associated with unlogged forest and others like Ypthima fasciata were ascociated with
logged forest. Further research is required to better understand the complex effects of logging
(Costantini et al., 2016). Due to the fact that these types of habitat destruction have all occurred in
Sabah, learning more about the diversity of butterflies here and their habitats is critical to their
survival (Hai et al., 2001).
This study focused on determining butterfly biodiversity in different parts of Lot 6 of the LKWS. We
aimed to use Van Someren-Rydon traps baited with fermenting banana and modified pollard
transects to determine butterfly diversity, species richness, and abundance in several sites. We
also aimed to compare butterfly species richness to measured habitat variables. Our hypotheses
were:
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a) Butterfly species richness will differ between transects
b) Butterfly species richness and diversity will differ between survey methods
c) Butterfly species richness will be influenced by one or more habitat variables
Null hypotheses were:
a) Butterfly species richness of butterflies will not significantly differ between transects
b) Butterfly species richness will not significantly differ between survey methods
c) Butterfly diversity will not significantly differ between survey methods
d) Species richness of butterflies will not significantly differ when compared to habitat
variables.
MATERIALS AND METHODS
Study Site
This study took place at Danau Girang Field Centre (DGFC) (5°24’ 48” N, 118°02’ 16” E) in Lot 6 of
the LKWS, Sabah, Malaysia between 15th January and 13th June (See figure 1 for map). The
LKWS’s climate is wet, humid, and experiences low yearly variation in temperatures that range
between 21 ̊ and 34 ̊ Celsius over the course of a month (Ancrenaz et al., 2004). Average yearly
precipitation is 3000mm (Ancrenaz et al., 2004). DGFC is situated next to the Kinabatangan River
and predominant surrounding vegetation is mixed riparian forest, floodplains, and semi-swamp
(Azmi, 1998). This area experiences a wet and dry season, but they are not distinctive (Ancrenaz
et al., 2004). Forests in the LKWS were selectively logged in the 1950s, then roughly 85% were
converted to agricultural land (Hai et al., 2001). 127 butterfly species are known to occur in the
LKWS (Takizawa et al., 2012). Whereas, 944 butterfly species have been reported across Borneo
(Otsuka, K., 2001).

Figure 1: Map indicating location of Lower Kinabatangan Wildlife Sanctuary.
Purple star indicates location of butterfly study site. Image courtesy of DGFC.
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Trapping
Butterflies were baited using Van Someren-Rydon traps (Rydon,
1964; see figure 2) set-up around DGFC, in four 50x50m botanical
plots; because they provided ideal locations to investigate
differences in butterfly species richness in relation to habitat (See
figure 3 for locations). The design of the traps followed the
instructions provided by (Lucci Freitas et al., 2014). De Vries et
al., (1999) suggested that three to five traps should be used to
represent each habitat type so three traps were set up in each
botanical plot 30 meters apart. Bait reduces capture by chance
Figure 2: Van Someren-Rydon
trap (Austin and Riley, 1995)

rather than intention (Lucci Freitas et al., 2014) so plastic tubs with
fermenting fruit inside were used; mashed banana soaked in

sugar water, left to ferment for 48 hours. This is known as “standard bait”, which is widely used, as
it is attractive to most fruit feeding butterflies and unattractive to most nectar feeding butterflies
(Lucci Freitas et al., 2014); It is also easy to prepare, store, and standardise between traps. De
Vries and Walla, (2001) suggested that changing the bait every 48 hours prevents bait
attractiveness dropping below equivalency due to field exposure. Traps were checked and rebaited
every 48 hours, butterflies were then identified, marked and released (Ehrlich and Davidson,
1960).
Exclusion criteria
Only fruit-feeding butterflies in the family Nymphalidae were included in the trapping portion of this
study because other species are rarely attracted to traps or are nectar feeders (Lucci Freitas et al.,
2014). Therefore, non-fruit feeding butterflies were considered as ‘by-catches’ as they could be
influenced by uncontrolled variables. Also, they could inflate the number of rare species captured,
or influence the robustness and accuracy of biodiversity measurements (Lucci Freitas et al., 2014).
Sometimes, traps would break so in these cases any butterflies that did not escape were not
included in data analysis. However, if only the bait was gone then butterflies caught were still
included in data analysis; because this would have caused a large loss of data.
Transects
Sparrow et al., (1994) stated that a combination of fruit traps and transects are required to sample
tropical butterflies effectively, therefore this study used both methods. Modified Pollard transects
(Caldas, A. et al., 2003) were set up at a distance of 500m (see figure 3 for locations) as
recommended by Pozo et al., (2008). Transects were walked at 10am or 2pm in sunny weather in
the wet and dry season. In total there were three transects walked in the wet season due to poor
weather, two were on the ‘Kayu Malam’ trail and one of the ‘Ficus’ trail. The dry season saw a total
of 29 transects walked, eight on ‘Ficus’, five on ‘Studio’, eleven on ‘Kayu Malam’ and five on Pink.
9
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Butterflies were netted, identified, and released (Sparrow et al., 1994; Ehrlich and Davidson, 1960).
Modified pollard transects were walked after rebaiting butterfly traps by two people in one direction
only, this is because two people are required to mark butterflies and one researcher always had to
be present to identify butterflies in the field. Throughout the course of the study this method relied
increasingly on visual recognition. Before attempts to catch butterflies were made, they were
photographed using a DSLR camera with a telegraphic lens, to ensure that if a failed capture was
made the butterfly could still be identified.

Figure 3: Map of trails at Danau Girang Field Centre. Tree logo shows trap site locations,
purple arrows show transect locations and the direction walked. Image courtesy of DGFC.
Habitat analysis
A combination of methods was used to measure different aspects of each habitat. Five quadrats
were placed in a 10x10m square area around each butterfly trap, one directly underneath and one
in each direction, North, South, East, and West. Total ground cover of plants was subjectively
estimated; average understory plant height was measured using a 50cm ruler in each corner and
the middle of each quadrat. In each quadrat the number of plant morpho-species were counted,
and the number of flowers present were noted. The average canopy density was calculated by
taking five pictures of the canopy from eye height at each direction and from the middle. Pictures
were then converted into a black and white format where the program ImageJ gives a percentage
cover of black versus white. The average canopy height was estimated using a clinometer and
measuring tape. Finally, understory density was estimated using the ‘stripy stick’ method, where
one researcher holds up a long white pole with 50 stripes of black tape evenly spaced along its
length, the other researcher takes a picture from the middle quadrat in all four directions. Later the
average number of black stirpes visible in images was converted into a percentage.
10
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Statistical Analysis
To compare species richness of different transects, we extrapolated and rarefied individual-based
abundance data using EstimateS Version 9.1.0, we then used standard error of observed species
number – S(est) – to calculate 84% confidence intervals; the overlapping of which can be used as
equivalent to a 2-sample t-test (Macgregor-Fors and Payton, 2013).
To compare butterfly abundance data between traps and transects we used several tests. Firstly,
we used EstimateS Version 9.1.0 to calculate diversity and richness estimators of individual-based
abundance data at equivalency. Secondly, to compare species richness of traps and transects, we
confirmed normality and equal variance in order to perform a two-sample t-test in R’Studio. Thirdly,
we performed a Hutcheson’s t-test using excel to compare Shannon’s Diversity Index between
methods. Lastly, we computed Sorenson’s and Jaccard’s shared species indices (SSI) to quantify
difference in the types of species sampled by each method.
Too few butterfly trap sites were successful to compare habitat variables to species richness using
a general linear model so null hypothesis d remains untested.

RESULTS
Overall (see appendix) 2297 individual butterflies were sampled in both seasons, this included 6
families, 56 genera, and 92 species. 200 individuals were caught in traps and 2097 were sampled
in transects. 82 species were sampled in transects and 20 species were caught in traps, 11
species occurred in both methods. Altogether the 10 most common species were Appias aegis
(62.86%), Parthenos sylvia (5.92%), Idea stolli (4.44%), Mycalesis anapita (3.74%), Amathusia
phidippus (2.92%), Euthalia iapsis (1.92%), Troides helena (1.74%), Neorina lowii (1.52%), Cupha
erymanthis (1.13%), Drupadia ravindra (0.91%).
Comparing transects
To compare the number of species at each of our transects we used data collected from the dry
season and morning surveys. Figure 4 shows extrapolated and rarefied species accumulation
curves of these data. The curves for the transects, ‘Ficus’, ‘Studio’, and ‘Kayu Malam’ do not
plateau, whereas ‘Buaya’ is approaching plateau. When extrapolated to 417 individuals transect,
‘Ficus’ had the highest number of species (46.2), ‘Studio’ and ‘Kayu Malam’ had slightly less and
these three transects had overlapping 84% confidence intervals. Transect ‘Buaya’ has less species
(19) than the other three with 84% confidence intervals, which do not overlap.
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Figure 4: Individual-based rarefaction curves for 4 butterfly transects in Lot 6 of the Lower
Kinabatangan Wildlife Sanctuary. Abundance data collected in the dry season was used for
each transect, then extrapolated and rarefied to 417 individual butterflies using EstimateS
Version 9.1.0. 84% confidence intervals are plotted above and below each line. Blue, ‘Ficus’
(399 individuals, 46.2±6.91 species); Green, ‘Studio’ (265 individuals, 37.69±8.73 species);
Orange, Kayu Malam (399 individuals, 35.62±4.66 species); Yellow, ‘Buaya’ (417 individuals,
19±4.49 species).
Comparing traps to transects
This study utilised dry season morning samples only for all comparison, as it was the most plentiful
for both methods. This was because a combination of flooding, weather, and M. fascicularis (eating
bait) prevented acquisition of a larger dataset. Equivalency between traps and transects was 94
individuals. Table 1 shows that traps have a slightly higher S(est) and slightly lower ‘Chao 1 mean’
richness estimate; the spread of these data overlap. Two-sample t-test for species richness
between traps and transects: traps, M=1.552, SD=0.508; transects, M=1.614, SD=0.531; p=0.723,
power = 0.072. Transect data had a much higher Singletons mean (10.21), defined as the number
of species that occurred only once; both methods had similar Doubletons mean (Transect = 2.79,
Trap =4), defined as the number of species that occurred only twice. Shannon’s and inverse
Simpson’s diversity indices are higher with trap data (Shannon’s = 2.3, Simpson’s = 6.05), but
Shannon’s shows standard error overlap with transect data.
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Table 1: Individual-based richness and diversity estimates
of butterflies for transects and traps during the dry
season in Lot 6 of the Lower Kinabatangan Wildlife
Sanctuary. Calculated using EstimateS Version 9.1.0, at
lowest reference number of individuals (94), standard
error/deviation is shown in brackets.
Dry season
Measure
Transect
Trap
Number of Species
17 (2.63)
18 (1.34)
Chao 1 Mean
34.23 (13.19) 19.19 (1.83)
Singletons Mean
10.21 (2.78)
4
Doubletons Mean
2.79 (1.39)
4
Shannon Mean
1.41 (2.3)
2.3
Inverse Simpson's Mean
2.08 (0.16)
6.05

Figure 5 displays Shannon’s diversity index for the first 17 samples of dry season data collected in
the morning in a bar graph; these samples were the largest data set suitable for comparison. Traps
have a higher Shannon’s index than transects; with no overlap of 95% confidence intervals. We
used a Hutcheson’s t-test between Shannon’s diversity index of both methods: Transect, M=
1.475, SD=0.057; Trap, M=2.305, SD=0.118; t=6.347, p=2.72e-9. Presence-absence data from the
first 17 samples of traps and transects was used to calculate SSI: Jaccard’s index = 0.127,
Sorenson’s index = 0.225. A zero indicates all species are different and a one indicates all species
are the same between samples; therefore, species in trap and transect data were different as
evidenced by these indices.
2.5

Shannon Index, H

2

1.5

1

0.5

0
Transect

Trap
Survey Method

Figure 5: Comparison of Shannon’s Diversity Index from first 17 samples of
dry season butterfly trapping data and dry season butterfly transect data.
95% confidence intervals are shown for each sampling method. Transects,
1.475±0.11; Traps 2.305±0.24.
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Table 2 shows the ten most commonly sampled butterflies for each sampling method regardless of
season or time transect took place. The most abundant family in transects was Peridae (69.72%),
solely from one highly abundant species, Appias aegis (68.86%). Traps only encompassed the
family Nymphalidae and their most abundant species was Amathusia phidippus (33.50%). Six
species in total were recaptured, the most common was Mycalesis anapita (61.90%). Two species
were amongst the most common in both sampling methods, these were Mycalesis anapita
(3.74%), and Parthenos sylvia (5.92%).
Table 2: Summary of transect and trapping data from all seasons and times of day. At the top of
the table is the most abundant species sampled for each method, number of recaptures is
shown in brackets. For transects, family name is shown in column 2, for traps all butterflies are
in the family Nymphalidae. Species with identical abundance are sorted alphabetically.
Species name Family name
Appias aegis
Parthenos sylvia
Idea stolli
Euthalia iapsis
Troides helena
Mycalesis anapita
Cupha erymanthis
Drupadia ravindra
Jamides aratus
Leptosia nina

Peridae
Nymphalidae
Nymphalidae
Nymphalidae
Papilionidae
Nymphalidae
Nymphalidae
Lycaenidae
Lycaenidae
Peridae

Ficus

Studio

464
45
52
4
13
17
8
0
3
2

204
16
18
2
6
7
0
5
1
7

Kayu Malam Buaya
274
64
26
16
14
13
14
1
13
3

502
4
6
22
7
0
4
15
2
1

Species name
Amathusia phidippus
Mycalesis anapita
Neorina lowii
Discophora necho
Melanitis leda
Mycalesis orseis
Parthenos sylvia
Prothoe franck
Agatasa calydonia
Charaxes bernardus

Trap Site 1

Trap Site 2

26
13 (1)
5 (1)
1
1
4
6
1
0
2

41 (5)
36 (25)
10 (1)
7
7
4
1
5
4
2

DISCUSSION
This study aimed to measure butterfly species richness and diversity at different areas, between
survey methods, and to compare species richness to habitat variables in Lot 6 of the LKWS. The
main findings were rarefied species richness estimates for several transects, also diversity and
richness estimates in transects and traps. Additionally, one transect, ‘Buaya’ had a lower species
richness than the rest, and butterfly trapping yielded a higher Shannon’s diversity than transects.
The most common species were recorded and we provided DGFC with a list of butterfly species
known to occur in the forest of Lot 6 for future studies.
Transects
Transect rarefaction curves did not plateau; therfore, we can assume that further sampling would
yield more butterfly species and null hypothesis (b) can be cautiously rejected, because transect
‘Buaya’ has significantly less species at 417 individuals due to its non-overlapping 84% confidence
interval (Macgregor-Fors and Payton, 2013). Extrapolated rarefaction curves in figure 4 are an
estimation of species richness; therefore, figure 4 does not show a comprehensive view of butterfly
species richness. Nevertheless, species richness estimators are imperative to concentrate
conservation efforts in areas of high diversity like Borneo and especially in areas like the LKWS
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where deforestation and fragmentation threaten biodiversity (Macgregor-Fors and Payton, 2013;
Hai et al., 2001). Transects obtained a large variety of butterfly species (82) which further
demonstrates the findings of Benedick et al., (2006) that logged and fragmented forest are
valuable to butterfly biodiversity (Hai et al., 2001).
Our transect species richness estimations were calculated using only data collected in the dry
season. Butterflies can be sensitive to seasonality, time of day, and humidity (Christharina, and
Abang, 2014); even in the tropics, where changes in rainfall and temperature are not severe
(Christharina, and Abang, 2014). Regardless, these factors can still impact butterfly distribution
(Christharina, and Abang 2014). Although enough transect data could not be gathered to
statistically compare between seasons, we did note one obvious change in butterfly abundance.
The species, Appias aegis was rarely observed in our small number of wet season transects but in
the dry season were observed in their hundreds, flying through forest corridors and in greater
numbers mud-puddling in forest clearings around DGFC.
Traps compared to transects
9 butterfly species occurred only in traps whereas 71 butterfly species were found only during
transects. It was evident that species richness was not different between our two survey methods
(p>0.05). The power of our t-test was low so more sampling should be carried out to confirm this;
at this stage null hypothesis (b) can be accpted. Results showed that Shannon’s diversity index
was significantly higher in traps than in transects (p<0.05) and that the types of species sampled in
each method were different (Sorenson’s index = 0.225). Therefore, null hypothesis (c) can be
rejected. Our results agree with Sparrow et al., (1994) whom stated that both trapping and
transects should be used to effectively survey tropical butterflies. The higher diversity in traps was
unexpected as transects encompass a larger range of species whereas traps only included fruitfeeding butterflies in the family Nymphalidae. Butterfly trapping contributed to our overall count of
species (an extra 10 species) heightening the perceived value of the LKWS rainforest. Takizawa et
al., (2012) stated that butterfly tours are attractive to tourists, so economic value could come from
areas of ecotourism advertising the high diversity of butterflies to entice tourists. For example,
Turong Rainforest Eco Camp (up-river from DGFC) could use this extra tourism income for their
current forest and lake restoration projects. The census of butterfly species and their abundance
presented in our study is valuable to DGFC as the establishment of a monitoring programme could
be useful for the conservation of not only butterflies but other taxa. Because, as previously
mentioned, declines in butterfly species can act as a warning signal for declines in other wildlife
(Ghazanfar et al., 2004). In addition, as butterflies form highly specific relationships with their host
plants (Miller et al., 2011), further research could use the relative abundances of butterfly species
found in our surveys to predict the presence or abundance of their host plants (Miller et al., 2011).
Butterfly surveys in Borneo
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This butterfly survey took place in a secondary rainforest, however, most studies in Borneo have
focused on primary rainforest, thus highlighting our contribution to existing literature. Häuser et al.,
(1997) documented a total of 625 butterfly species in Kinabalu Park, Sabah, Borneo. This made it
the most diverse area in Borneo for butterflies. Häuser et al., (1997) suggest several reasons for
the higher species richness found in Kinabalu Park in comparison to lower richness in other
regions such as our study site. Firstly, Kinabalu Park is a very large reserve spanning nearly
754km2 (our surveys took place over less than 1.23km2). Secondly Kinabalu Park covers a large
altitudinal range, therefore typical montane species cannot be recorded in other study sites such as
our own. Finally, differing data collection efforts and methods may lead to disparity in observed
butterfly species, for example Häuser et al., (1997) used canopy traps and understory traps over
several years and our research used only understory traps for four months.
Tangah et al., (2004) conducted fruit feeding butterfly surveys in the unlogged primary rainforest
close Danum Vally Field Centre, Sabah, Borneo. They found a Simpson’s index of 8.87 (1.92 CI) at
ground level. This is higher than our study’s traps which found a Simpson’s index of 6.05 during
the dry season. We speculate two reasons for this difference, 1) their traps were operated over the
course of 12 months, whereas ours were operated for one month in the dry season, 2) our traps
were set up in historically selectively logged forest within a fragmented landscape (Broadbent et
al., 2008; McMorrow and Talip, 2001) However, Cleary and Genner, (2006) found higher diversity
of butterflies in logged forest, insinuating that the more prevalent gaps of light and increased forest
heterogeneity provided more niches for rare butterflies or opportunistic colonisers. In order to test
this speculation, a more longitudinal study using baited butterfly traps (without interference by
Macaca fascicularis) should be undertaken. Tangah et al., (2004) also indicated that some butterfly
species are confined to certain heights, therfore, ground based techniques are likely to miss a
portion of the canopy fauna. Thus, we suggest for more complete census of fruit feeding butterflies
in the LKWS, canopy traps should also be included (Tangah et al., 2004). However, in study sites
such as our own, this may prove difficult becuase it not contain many tall or highly branched trees
as the LKWS was selectively logged in the 1950s (Hai et al., 2001).
Indicators butterfly species in Borneo
Cleary, (2004) examined whether butterflies could indicate the presence of logging-induced
disturbance in Borneo and found that numerous species had high Indicator Values for logged and
unlogged forest. Several butterfly species surveyed in our study were identified as significant
indicator species of logging-induced disturbance by Cleary, (2004); these were Ypthima fasciata
(0.57% transects), and Mycalesis anapita (1.76% transects; 24.5% traps). Another 0.57% of
transect species surveyed were identified as indicators of unlogged forest by Cleary, (2004); these
were Drupadia theda, Paralaxita telesia, Faunis stomphax, and Tanaecia munda. Drupadia theda
was considered the second-best indicator of unlogged forest (Cleary, 2004), therefore, the
presence of this species in Lot 6 of the LKWS could indicate heterogeneity of forest habitat (Cleary
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and Genner, 2006). Forest recovery from disturbance could also explain this but further research is
required to test this theory. A potential use of the butterfly indicators could be monitoring changes
in abundance or presence-absence in forest restoration plots to assess their recovery (Cleary,
2004).
Previous census in the LKWS
127 butterfly species are known to occur in the LKWS (Takizawa et al., 2012). This study found 92
of these. The disparity could be due to our sampling effort, continued loss of habitat since 2012
(Evans et al., 2016), or because Taikizawa et al., (2012) surveyed several habitat types in the
LKWS of which our study site did not encompass (Azmi, 1998). Amathusia phidippus were the fifth
most common across all survey sites (2.92%) and the most common species in traps (33.5%).
However, all were captured in traps and not a single individual from this species was sighted
during transects. This result contrasts from Harmer et al (2005) who found that Amathusia
phidippus was not attracted to old banana in Bornean rainforest. Tangah et al., (2004) stated that
the three most abundant butterfly species caught in their trapping surveys in primary rainforest in
Sabah were Kallima limborgii (6.09%), Bassarona dunya (14.21%), and Neorina lowii (12.73%).
This contrasts with our trapping survey as neither Kallima limborgii nor Bassarona dunya, were
captured in our traps, however, more successful trapping methods could yield these species in
future studies. Nevertheless, Neorina lowii was our third most abundant species in our traps
(7.5%). In our study Mycalesis anapita, Neorina lowii, and A. phidippus would often be recaptured
more than once. For example. one Dophla evelina and one Mycalesis orseis were recaptured three
times. This demonstrates the importance of marking to mitigate pseudo-replicants.
Comparing habitat variables to species richness
Although this study successfully calculated butterfly diversity and richness using transects and
compared diversity between traps and transects, we encountered some limitations and drawbacks.
Two C. bernardus were recaptured at different trapping sites to where they were caught, over
300m apart. This is characteristic for this species, as it has been recorded as a migrant in India
(Mathew and Binoy, 2002). C. bernardus’ large range demonstrates a limitation of our habitat
assessments as some butterflies cannot be represented by our small-scale measurements.
Furthermore, we only counted morpho-species of plants, some of which may not influence butterfly
distribution. Therefore, future research should look to incorporate either butterfly species with a
smaller range and the distribution of their host plants (e.g. Hill, 1999) or survey a larger habitat
area to include butterflies with longer ranges.
This study aimed to have traps active at each site for 30 days, which would have allowed
comparison between butterfly species richness and habitat variables. However, became entirely
unachievable. While trapping butterflies we experienced one major issue; long-tailed macaques
(Macaca fascicularis) would visit traps and eat the bait, often breaking them. Traps failed to attract
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butterflies and regularly needed repairing, drastically reducing the number of successful trapping
days and halting trapping at all but one site. Camera trap images (see figure 6 in appendix) and
testing different tethering methods lead us to the conclusion that if butterfly traps were discovered,
macaques would persistently return and eat the bait. Attempts to change trapping sites proved
fruitless and more frequent emptying of traps did not deter macaques. We decided to focus
transect sampling efforts on the ‘Kayu Malam’ transect to gain a more representative sample size
at the associated and only completely successful trap site (Trap site 2). In hindsight this was
unwise, because uneven sampling limited comparison between transects. There could be several
solutions to this macaque related issue. Austin and Riley, (1995) used camouflaged traps, which
could conceal traps from macaques. Also, placing the traps in cages permeable to butterflies and
using predator scents have been suggested on the Research Gate forum
(https://www.researchgate.net/post/How_can_I_keep_butterfly_traps_safe_from_monkeys).
A different solution would be using faces as bait. Although, several fruit feeding butterflies are not
attracted to it, many non-fruit feeding butterflies are, and this would be impossible to standardise
(Lucci Freitas et al., 2014). Another potential bait could be carrion, used by Hamer et al., (2005) to
sample butterflies in Bornean primary rainforest, but this may still attract macaques. Furthermore,
Harmer et al., (2005) demonstrated that using carrion bait yielded a higher species richness of
butterflies than rotting fruit but it would not attract identical species as our research. Finally, the
least feasible solution would be patrolling the sampling site to scare macaques away, as suggested
by Rydon (1964). We suggest that anyone attempting to survey butterflies in areas of high
macaque activity should design their method around this issue, and perhaps prepare to focus on
netting transects.
Netting bias
Butterfly transects, despite successful data collection, had their own drawbacks. Transects were
reliant on the researchers’ ability to capture butterflies or identify them without capture. This biased
data collection in several ways. Some butterflies in the family Hesperiidae like H. quadripunctata fly
rapidly (Ismail et al., 2018). Aditionally, we found many species in the family Lycaenidae difficult to
spot and easy to lose sight of. Therefore, we chose to capture images of butterflies to mitigate loss
of data from difficult to catch species. This required much practice, therefore, these species may
be under-represented in early transects. Extensive knowledge is required to identify every butterfly
species sighted, as there are 944 species in Borneo (Otsuka, 2001). Hamer et al., (2006) stated
that butterflies in the genera Euthalia and Tanaecia among others cannot be reliably identified in
the field. For these reasons, each transect had several unknown species that would have
contributed to biodiversity had a researcher with more expertise carried out the same method
(Hamer et al., 2006). However, by using a camera with a telegraphic lens, some of this data loss
was averted by recording failed captures from fast flying, dificult to identify, or individuals in thick
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vegetation during preliminary transects. Although our research had some limitations, this does not
undermine the usefulness of these data and our contribution to existing literature.
The results presented in this paper lay the foundation for further, wider, and more precise data to
be collected at DGFC. Thus, we have suggested alternative methods that could produce more
successful trapping results. Several butterflies, indicative of logging-induced disturbance and
unlogged forest, were found to be present in our surveys which warrants further investigation.
Additionally, the census of butterfly species conducted through this study is useful for monitoring
changes in butterfly populations in the fragmented secondary rainforest of the LKWS (Ghazanfar et
al., 2016), which could help assess forest recovery or signal declines in other wildlife (Broadbent et
al., 2008; McMorrow and Talip, 2001).
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APPENDIX
Table 3: Details the location, family, species and number of each individual butterfly sampled. Families
are in order of abundance of species. The species names are in alphabetical order and the number of
recaptures are in brackets.

Family/species name

Ficus

Studio

Kayu Malam

Buaya

0
0
0
8
0
0
2
1
0
0
2
0
2
3
0
1
4
0
0
0
1
52
0
3
2
5
6
6
0
17
2
0
1
3
0
1
0
2
45
1
1
0
0
0
0
0
4
6
0

0
0
0
0
1
0
0
0
0
1
0
0
0
0
0
2
2
0
0
1
0
18
0
1
0
0
0
1
0
7
0
0
0
3
1
0
0
1
16
0
0
0
1
0
1
1
0
0
0

0
0
0
14
2
0
1
0
1
4
0
1
1
1
1
2
16
1
3
0
2
26
1
5
0
2
2
1
0
13
0
0
0
13
0
1
1
0
64
7
0
0
0
0
0
14
0
0
0

0
0
0
4
0
0
0
0
0
0
0
0
0
0
0
0
22
0
2
5
0
6
0
3
0
0
0
3
0
0
0
0
0
1
0
0
1
0
4
0
0
0
0
0
0
0
0
6
0

Trap Site 1 Trap Site 2

Nymphalidae
Agatasa calydonia
Amathusia phidippus
Charaxes bernardus
Cupha erymanthis
Cupha iudith
Discophora necho
Dophla evelina
Elymnias hypermnestra
Erites elegans
Euploea camaralzeman
Euploea crameri
Euploea leucostictos
Euploea midamus
Euploea mulciber
Euthalia aconthea
Euthalia godarti
Euthalia iapsis
Euthalia kanda
Euthalia monina
Faunis stomphax
Hypolimnas bolina
Idea stolli
Ideopsis gaura
Ideopsis vulgaris
Junonia atlites
Junonia hedonia
Lexias dirtea
Lexias pardalis
Melanitis leda
Mycalesis anapita
Mycalesis mineus
Mycalesis orseis
Mycalesis pitana
Neorina lowii
Neptis duryodana
Pantoporia paraka
Parantica agleoides
Parantica aspasia
Parthenos sylvia
Prothoe franck
Tanaecia clathrata
Tanaecia flora
Tanaecia munda
Tanaecia palea
Thaumantis klugius
Vagrans sinha
Ypthima baldus
Ypthima fasciata
Zeuxidia aurelius
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0
26
2
0
0
1
1
0
1
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
1
0
1
13 (1)
0
4
0
5 (1)
0
0
0
0
6
1
0
2
0
0
0
0
0
0
0

4
41 (5)
2 (3)
0
0
7
3 (3)
4
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
2
1
7
36 (25)
0
4 (3)
0
10 (1)
0
0
0
0
1
5
1
2
0
2
0
0
0
0
1

O1608
Tanaecia palea
Thaumantis klugius
Vagrans sinha
Ypthima baldus
Ypthima fasciata
Zeuxidia aurelius
Lycaenidae
Arhopala alitaeus
Arhopala brillantina
Arhopala denta
Arhopala kanwa
Arhopala kinabala
Arhopala muta
Arhopala overdijkinki
Arhopala pseudomuta
Cheritra freja
Drupadia ravindra
Drupadia theda
Iraota rochana
Jamides aratus
Jamides callistus
Jamides philatus
Jamides pura
Megisba malaya
Monodontides musina
Nacaduba berenice
Nacaduba beroe
Nacaduba pactolus
Nacaduba subperusia
Prostotas nora
Peridae
Eurema blanda
Appias aegis
Gandaca harina
Hebomoia glaucippe
Pareronia valeria
Leptosia nina
Saletara panda
Hesperiidae
Hasora mixta
Hasora quadripunctata
Koruthaialos rubecula
Koruthaialos sindu
Idmon obliquans
Scobura parawoodletti
Papilionidae
Graphium doson
Papilio nephelus
Troides helena
Graphium agamemnon
Papilio aristolochiae
Riodinidae
Paralaxita telesia
Taxila haquinus
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0
0
0
4
6
0

0
1
1
0
0
0

0
0
14
0
0
0

0
0
0
0
6
0

1
0
1
2
4
1
0
1
1
0
0
1
3
0
0
1
1
1
1
1
1
0
1

1
1
1
0
0
0
0
0
0
5
2
0
1
0
0
0
0
0
0
0
0
0
0

0
0
0
0
3
0
0
0
0
1
1
0
13
0
1
0
0
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Figure 6: Macaca fascicularis eating fermenting banana bait from Van Someran Rydon traps.
Photographed using a Reconyx© camera trap.

Figure 7: 1-2-4-7 marking system, developed by Ehrlich and Davidson
(1960) to give individual numbers to butterflies. Specimens were marked on
the underside of their wing with tens on the left wings and units on the right
wings (Ehrlich and Davidson, 1960). One person held the butterfly with wings
folded back and marked the appropriate area with a felt tip marker while
another placed a piece of card between the wings (Ehrlich and Davidson,
1960).
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