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Part A
Having the opportunity to spend a whole year in the Bornean rainforest is something I could have
never imagined doing. The amount of skills and things that I have gained from doing the placement
are incredible. Furthermore, I was given the opportunity to undertake my own research project which
was very different to what I expected and has given me a greater appreciation into the time and effort
that is required for scientific studies.

Over the year, I, as well as the other PTYs, became a core member of the team and was important for
all parts of the placement. I helped out on most of the projects running at DGFC regarding pangolins,
bearded pigs, pythons, civets, nocturnal primates and others. During these projects I was able to
understand and use VHF and UHF radio tracking which will be useful for my future endeavours.
Helping out with these projects were a wonderful and useful experience, especially being able to help
out with animal samplings. As it was too dangerous to go into the forest alone, all projects had to be
completed in teams thus increasing my team work skills.

The placement allowed me to develop myself personally, opening my eyes to certain things that
previously were outside my comfort zone and has now made me less anxious. For example, at the
centre, I gave presentations to visitors on the findings and basis of my research project which helped
my confidence and also allowed me to take on constructive criticism. Every month at the centre, field
courses from different universities and colleges came and as a PTY, it was my job to take them out
and teach them things that I’ve learnt at the centre. I took them on night walks, primate surveys, bird
surveys, as well as on my own project. Additionally, a field course from Singapore came and all the
PTYs were in control and had to run the course ourselves. The regular field courses improved my
leadership skills and also my ability to teach other people.

My understanding of tropical rainforests and the animals residing in them has increased vastly and
also seeing certain species sparked an interest and helped me learn many things which will be useful
for future essays.

Although certain times at the centre were tough, the experience was unforgettable. I met so many
amazing people and have had so many amazing experiences that will stay with me for the rest of my
life.
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Part B: Evaluating survey strategies and assessing how overall abundance and richness of
millipedes (Diplopoda) changes with environmental variables in Lot 6 of the Lower
Kinabatangan Wildlife Sanctuary
Abstract
Despite their ecological importance and being one of the oldest and most diverse groups of organisms
on Earth, Diplopoda are understudied. Little is known about their ecology, behaviour and distribution,
especially in tropical rainforests. This study aimed to assess different survey strategies of Diplopoda
and identify trends in environmental parameters associated with Diplopoda abundance and richness.
Three survey strategies were assessed at eight random sites; pitfall traps, active searching of a 9 m2
nested quadrat and active searching of eight 1 m2 random quadrats. At each site, environmental
variables were measured for the comparison between millipede richness and abundance between
sites. Method efficiency was significantly different with both active searching techniques being more
efficient than pitfall trapping. Analysis of results indicated that species richness increases significantly
with shrub density however all other analyses of environmental parameters regarding overall
abundance and species richness proved insignificant. Correspondence analysis showed
morphospecies were associated with specific sites but correlations with environmental parameters
could not be found, thus lack reasoning. This study provides pioneering documentation of millipedes
present in the Lower Kinabatangan Wildlife Sanctuary and outlines improvements to the experimental
design. This study showed that in tropical rainforests, there is a stark difference in efficiencies of
sampling strategies for millipedes and has provided a useful foundation for further Bornean millipede
studies.
Introduction
Tropical rainforests, a reservoir of highly biodiverse communities, indigenous species and natural
pharmaceuticals, are rapidly disappearing from the Earth. Tropical rainforests, present in Africa, South
America and Southeast Asia are increasingly being destroyed to be converted into agricultural
plantations, timber harvesting and mining (Laurance, 1999). The result of this is fragmented forests,
which creates huge issues for wildlife, leaving many species threatened with extinction. Southeast
Asia has some of the highest rates of deforestation in the world with conversion of forests to oil palm
(Elaeis guineensis) plantations being a leading factor, with Malaysia and Indonesia the highest
producing countries of palm oil (Wicke et al., 2011). Within Malaysia, it has been estimated that
between 55-59% of oil palm plantations have been created by replacing primary and secondary
forests demonstrating how vast the forest conversion rates are (Abram et al., 2014).

Diplopoda (millipedes), one of the oldest and most diverse terrestrial classes, have a vital role as
detritivores in breaking down dead organic matter and assisting decomposition agents (Sierwald and
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Bond, 2007; Garwood and Edgecombe, 2011). Millipedes are widespread, occurring on every
continent except Antarctica and occupy a wide variety of habitats including caves, rainforests,
swamps, mountains and savannahs. Millipedes have been estimated to consume between 10 and
15% of leaf litter annually in temperate forests, highlighting their ecological service of aiding nutrient
cycling of forests (Golovatch and Kime, 2009). Despite having such an important ecological service,
millipedes are highly understudied, especially in the tropics and in young or secondary forest when
compared to North America and Europe (Nakamura, Proctor and Catterall, 2003; Brewer, Sierwald
and Bond, 2012). Much of Southeast Asia’s arthropod studies have been focused on other
ecologically important animals such as ants and butterflies, leaving many other arthropod taxa
understudied, including millipedes (Brühl and Eltz, 2010; Koh, 2008). While most millipede species are
not known to be threatened with extinction, it is known that habitat loss can be detrimental to
millipedes, as well as many other species.

Tropical rainforests contain among the highest diversity of millipedes in the world, potentially due to
the wide diversity of tree species thus a wide diversity of leaf litter and can contain more than 1000
individuals per square metre (Golovatch and Kime, 2009). However, deforestation of the tropical
rainforests has been shown to immediately cause a strong negative effect on soil macroarthropods.
Despite millipedes being able to survive in isolated areas and still thrive, habitat loss, especially in
forests, can disrupt specialists and decrease their abundance, leaving some endangered species such
as in South Africa (Hamer and Slotow, 2002). Furthermore, the conversion of these old-growth primary
forests to monoculture crops, such as oil palm, has been shown to have a drastic effect on arthropod
communities. A study conducted by Ogedegbe and Ogedegbe in Nigeria in 2014 and a study
conducted in Sabah, Malaysia by Turner and Foster in 2008 identified how the arthropod abundance
and biomass in oil palm plantations differed from forests. The authors in both studies found that the
conversion of forest to oil palm plantation significantly negatively impacted arthropod abundance and
biomass in all compartments tested. This demonstrates that arthropods, including millipedes, survive
and thrive better in forests. Therefore, it can be extrapolated that the low diversity of trees, plants and
leaf litter in the plantation inhibits the success of arthropods. Further reasons for this decrease in
arthropods could be due to the modification of environmental conditions, such as elevated
temperature and lowered humidity, as well as the use of pesticides (Edwards and Thompson, 1973).

The importance of identifying effective invertebrate sampling strategies has become vital since there
has been a global push to conserve biodiversity as a whole, instead of just the endangered mega
fauna. The best sampling strategies for arthropods are still the subject of debate, with some scientists
preferring active sampling while others favouring passive sampling. Invertebrate sampling strategies
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range drastically due to the wide variety of habitats and niches that invertebrates inhabit, as well as
the sampling strategies possibly changing due to invertebrates’ wide distribution covering many
different continents and thus biomes. Despite this debate, it is still unclear which method alone, or in
conjunction with others, yields the most efficient strategy. Traditionally, passive and active methods
have been employed for invertebrate sampling. However, little research has been done on what
methods are the most efficient for each taxa of invertebrates, especially for different habitats. A
previous study by Druce et al. (2004) tested both active and passive sampling for millipedes in a
savannah environment. The study found that active searching a 9 m2 nested quadrat and active
searching random quadrats were the most efficient way of sampling millipedes in comparison to pitfall
traps, yielding a significant difference in individuals captured. However, similar studies are lacking in
many other habitats, such as tropical rainforests.

This study was conducted to determine the most efficient method of millipede sampling in a tropical
habitat and to understand how millipede taxonomic groups utilise the different environmental
parameters. Three main hypotheses have been devised:
i.

Pitfall trapping will be a more efficient method of sampling millipedes as it would not be subject
to observer bias and also gives the chance to catch nocturnal and rare species present.

ii.

Sites with higher canopy cover, a deeper leaf litter layer, higher shrub density and humidity will
contain a higher abundance and richness of millipedes. This has been hypothesised due to the
knowledge that millipedes prefer moist environments as well as generally needing a leaf litter
layer to feed and as millipedes are known to be negatively phototactic.

iii.

Sites with a higher ambient and soil temperature will contain a lower abundance and richness
of millipedes due to their preference for cooler environments.

Materials and methods
Study site
This study was undertaken at the Danau Girang Field Centre in the Lower Kinabatangan Wildlife
Sanctuary (LWKS). The Lower Kinabatangan Wildlife Sanctuary is situated in the Malaysian state of
Sabah on the island of Borneo. The Lower Kinabatangan Wildlife Sanctuary is a floodplain
representing a mosaic of oil palm plantations, degraded forest and riparian forest along the
Kinabatangan River, the largest and longest river in Sabah (Josephine et al., 2004; Harun et al.,
2015). The Kinabatangan floodplain accounts for 23% of Sabah’s wetland area and has been proved
to be the most important of Malaysia’s wetlands for highly biodiverse communities (Boonratana, 2013;
Bruford et al., 2010). The remaining forest consisting of approximately 27960 ha is still extremely
biodiverse with 129 species of mammal, 101 species of reptiles, 314 species of birds, including all 8
species of Bornean hornbills (Lackman-Ancrenaz and Manokaran, 2008; Phillips, 2011). The presence
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of the river running through the middle of the sanctuary produces several different types of habitats
such as riparian forest, mangrove forest, oxbow lakes as well as hill forest (Abram et al., 2014). The
Lower Kinabatangan Wildlife Sanctuary region has a monthly temperature region of 21-34°C and
receives an average annual rainfall of 3000 mm (Ancrenaz et al., 2004). The study was undertaken
from January to May 2018.

Site selection and habitat assessment
A 15 m x 15 m trapping site was randomly generated with coordinates given within 600 m of Danau
Girang Field Centre, a map of the sites can be seen in Figure 1. A habitat assessment at random
points in each site was carried out, measuring:


Canopy cover (% using ImageJ)



Leaf litter depth (cm)



Denseness/shrub cover (using vegetation density stick) (%)



Soil temperature to a depth of 2cm (°C)



Air temperature (°C)



Humidity (%)

Figure 1 – Map showing the location of the sites. The purple lines at the top of the map denote
the Kinabatangan river and the blue lines denote the oxbow lake.

Surveying methods
Pitfall trapping
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Four 25 L buckets were dug into the ground at each site, as seen in Figure 2. Inside each bucket, a
plastic sheath was added to prevent captured individuals from escaping. A stick was added into the
bucket to allow any mammalian/reptilian captures to escape. Additionally, holes were drilled into the
bottom of the buckets to prevent flooding of traps. Modifications were made, with the holes being dug
deeper than the buckets and the gap filled with sticks to enhance drainage of rainwater.

Figure 2 – Buckets were placed in rows of two separated by 2 m. In each row the buckets
were spread out by 1.5 m and joined with drift fencing.

Nested quadrat
A 9m2 nested quadrat, as shown in Figure 3, was randomly placed at each site. Millipedes were
located within each quadrat by sifting through the leaf litter and by turning over rocks and branches. All
trees or shrubs that fall into the quadrat were also searched up to a height of approximately 2m.
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Figure 3 – 9 m2 nested quadrat with subsequent eight 1m2 random quadrats off each
corner (adapted from Druce et al., 2004).
Active searching eight 1 m2random quadrats
Eight 1 m2random quadrats were set up at each site in positions related to the nested quadrat position
(Fig. 3). Random numbers were used to determine the distance from the corner of the nested for each
quadrat, with a maximum of two quadrats from each corner. These quadrats were sampled in the
same way as the nested quadrats. In both random and nested quadrat sampling, an effort was made
to avoid standing in or walking through the area to be sampled, to reduce disturbance.

Sites were run for 5 days resulting in 4 trap days. Pitfall traps were opened between 14:00-15:00.
Checking of pitfall traps and active searching of random 1 m2 quadrats and 9 m2 nested quadrats were
carried out between 13:00-15:00 daily. Surveying time was noted down so that method efficiency
could be calculated.

Marking and identification of millipedes
This study followed a nonlethal approach to millipede identification, with attempts at identifying
millipedes via the use of identification keys and photographs. Originally, attempts at a population
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density analysis were explored with marking of millipedes. Each millipede caught was marked with a
non-toxic permanent marker. At each site, the first millipede was marked 1, the second 2 etc.
However, marking did not prove successful thus abundance analysis was used. Each millipede caught
was noted down and identification to the lowest level possible was noted using a key produced by
Universiti Malaysia Sabah (1999). Unidentifiable individuals were photographed for attempts at later
identification.

Statistical Analysis
All statistical analyses were calculated by using statistical software R (version 3.4.4 (2018-03-15)).
Significance for tests were accepted at an α level of 0.05.

A one-way ANOVA was originally used to calculate whether the number of millipedes caught per day
between strategies was significant. However, due to abnormality of the data a Kruskal-Wallis one-way
analysis of variance test had to be used instead. Further, an additional Kruskal-Wallis one-way
analysis of variance test was used to calculate whether time spent on each strategy was significantly
different.

To identify whether there was an association between millipede morphospecies and sites, a
correspondence analysis using package ‘MASS’ was carried out, showing how close each
morphospecies was associated with each site. To identify whether there was an association between
number of millipede species and the environmental parameters measured at each site, a generalised
linear mixed model (GLMM) of family Inverse Gaussian was used with package ‘lme4’. To identify
whether there was an association between abundance of millipedes and the environmental
parameters measured at each site, a generalised linear model (GLM) of family Gaussian was used
with package ‘lme4’.
Results
Method efficiency
Throughout all of the sites, a total of 245 millipedes, from 5 different morphospecies were caught.The
number of each individual morphospecies can be seen in Figure 5, with morphospecies GPD
accounting for 43.67% of all millipedes caught. Moreover, polydesmida millipedes accounted for
76.73% of all millipedes caught, and were present in all sites demonstrating their dominance. Pitfall
trapping caught 12 millipedes, random quadrats caught 134 millipedes and nested quadrats caught 99
millipedes. This is illustrated in Figure 4 where number of millipedes caught was divided by number of
trapping days (32) to produce number of millipedes caught per day. Just 4.9% of all millipedes caught
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were from pitfall traps, 40.4% from nested quadrats and over half, at 54.7%, of millipedes were caught
from random quadrats. It can clearly be seen that both active searching methods, random quadrats
and nested quadrats, were superior to the passive method. It was found that the strategies were
significantly different from each other (chi-squared = 26.63, df = 7, p-value < 0.01). This result
demonstrates that certain methods yield significantly more millipedes than other methods.
Furthermore, time spent on each sampling method also was significantly different shown in Table 1,
indicating differences in effort required for each method, with pitfall trapping taking considerably longer
than both active searching methods, thus less efficient (chi-squared = 24.596, df = 2, p-value <
0.0001).
6

Average millipedes per day

5
4
3
2
1
0
-1

Pitfall traps

Random quadrats

-2

Nested quadrats

Sampling method

Figure 4 – Each sampling method with the average number of millipedes caught each day
sampling occurred with standard error bars added.

7 3

54

107

74

GPD

L1505

BPD

ZP

OPD

UK

BI9999

12
Figure 5 – Pie chart illustrating the proportion of each morphospecies caught in total.

Survey strategy

Type of sampling

Time taken

Effort

Observer bias

(minutes)
Pitfall trapping

Passive

903.83

Very high

Low

Random quadrat

Active

412.75

High

Very high

Nested quadrat

Active

243.60

High

Very high

Table 1 – Table summarising survey strategies including their advantages and disadvantages
(table adapted from (Yi et al., 2012)).

Millipede association
A correspondence analysis was used to identify which millipede morphospecies were associated with
which site so it could then be possibly used to investigate why each morphospecies were found most
in each site. The correspondence analysis results can be seen in Figure 6. The BPD morphospecies
were most associated with sites 2, 3 and 7 while both GPD and ZP were most associated with sites 5
and 8. Furthermore, morphospecies UK was not associated with any sites and morphospecies OPD
was only associated with site 1.
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Figure 6 – Correspondence analysis scatter plot showing which species are most associated with
which site. Species are most associated to the nearest sites on the scatter plot.

An Inverse Gaussian generalised linear mixed model (GLMM), with site as a random term, was used
to identify the reasoning behind the increase in species. It was found that number of species, thus
richness, significantly (df = 245, p-value < 0.05) increased as canopy cover and leaf litter decreased
and as shrub density increased. A Gaussian generalised linear model (GLM) found that the
abundance number did not increase significantly with any of the other variables measured, thus the
fluctuation in abundance number cannot be explained by the environmental parameters (df = 32, pvalue > 0.05).
Discussion
In general, the results of the study undertaken are vastly different to what was expected in the
hypotheses, which shows that differing habitats with the same sampling strategies is not always
effective and millipede site association cannot be assumed. As previously discussed, it has been
shown that pitfall trapping, while still underperforming active searching, in savannah habitats was an
effective method of sampling (Druce et al., 2015). However, this study shows that although those
results are useful, it is not a golden rule applying to all habitats.

This study has shown that there is a drastic difference in the efficiency of sampling strategies of
millipedes in a tropical rainforest. Thus, the results disproved hypothesis i) that pitfall trapping would
be the most efficient method of sampling. Although pitfall trapping is not subject to observer bias, it
was ineffective at sampling millipedes when compared to both active searching methods. This result
has been observed in previous studies, Mesibov et al. in 1995 where they found that pitfall trapping
was less efficient than hand-collecting, resulting in fewer number of species and individuals. The
authors conclude that active sampling provides more accurate data on species diversity and overall
abundance for not only millipedes, but for all invertebrates.

Throughout previous literature, it has been seen that passive sampling, like as in pitfall trapping, has
been an efficient technique to sample millipede species. However, as found in this study, it has many
limitations which hindered its performance and contributed to unexpected results. Despite pitfall
trapping failing to trap many millipedes, the pitfall trapping had many instances of bycatch resulting in
substantial time lost trying to remove the bycatch. The occurrence of bycatch was daily, with animals
caught including scorpions, spiders, centipedes, frogs, skinks and ants. Some of these animals, such
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as scorpions, spiders and centipedes, are potentially dangerous and great caution had to be taken
when removing these species from the traps. It was highlighted by Woodcock in 2005 that pitfall
trapping is effective when generally sampling the area for ground dwelling invertebrates but is limited
when specific taxa are investigated, such as in this study and should therefore be considered for
future rainforest invertebrate sampling.

During the study, it was found that the heavy rainfall in the tropical rainforest meant that the pitfall
traps were particularly prone to flooding, as well as the area surrounding the traps. This regular
flooding hindered the continuation of the project where weeks had to be taken to create a new pitfall
trap design to prevent further flooding. This secondary trap design included deeper holes, filling the
area beneath the bucket with sticks allowing increased drainage of water in the wet conditions,
particular to this sampling site. For future studies, research like that of Brown and Matthews (2016)
should be taken into consideration when building pitfall traps. They found that many variables, such
as: type, materials, size, rain guard and when lethal, killing agent, affect study results. They also
suggest a standardised pitfall trap design which could be implemented in studies like this to decrease
variance in results.

During arthropod research, vast amounts of surveying involve killing individuals. However, this study
aimed at using nonlethal approaches to arthropod sampling. Therefore, this means that the
inefficiency of pitfall trapping during this experiment cannot be so easily extrapolated to all pitfall
trapping, in tropical rainforests. This idea is supported by a study by Weeks and McIntyre in 1997
which compared live pitfall trapping to lethal pitfall trapping. They found that lethal pitfall trapping
resulted in a higher number of taxa being found when compared to live
pitfall trapping. It was then further discussed that this may be due to the
inability of predators to consume caught species, which has been found
in additional studies such as in a study by Mitchell in 1963. The findings
by these authors suggest that the results of this study, via the use of
nonlethal pitfall trapping, are limited and provide evidence for the need
of a future study to determine if this factor is important. Furthermore,
both active and passive sampling techniques were limited due to the
Figure 7 – Images of
three millipedes with
same body plan but
different colours.
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vast variety of millipede morphologies. Millipedes can be as small as 4
mm which makes it extremely difficult to be seen by the naked eye and
leaves bias to the bigger species (Enghoff, 1992). Therefore, for future
studies to determine what species are present, it may need to include
lethal methods of sampling to confirm present species and provide
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actual numbers of individuals present, without the risk of pseudo replications. Due to the nonlethal
approach of this study, this led to the inability to identify any individual millipedes caught to species
level. Millipedes are mainly identified using a microscope which requires them to be dead (Blower,
1985). This therefore led to morphospecies being grouped via their morphology like seen in Figure 7
where all three were grouped as BPD, when perhaps they were actually different species.

The results of the GLMM demonstrated that hypothesis ii), that the number of species would increase
with an increase in shrub density was proved true, however all other predictions made in hypotheses
ii) and iii) regarding environmental parameters including species richness and abundance were
rejected. One reason for these unexpected results could be inaccuracy in measuring the
environmental parameters. During the study, it was hoped a data logger could be used within each
site to record temperature and humidity fluctuations however this was not possible therefore
temperature and humidity readings may be inaccurate and possibly did not give an appropriate
representation of the environmental parameters measured at each site. Subsequent comparisons
using the correspondence analysis resulted in a lack of correlation between morphospecies and sites
indicating that further studies need to be developed to gain more accurate results regarding millipede
species and site association. However, it is important to note that morphospecies BPD was present in
all sites apart from site 4 showing how widespread that morphospecies is and polydesmida millipedes
were present in all sites. This is unsurprising as polydesmida are the largest order of millipedes thus
would be expected to have the greatest range but gives little information explaining their dominance in
this area (Zhang, 2011).

This study found that millipedes were extremely difficult to mark and recapture. Attempts were made,
using non-toxic permanent markers, to mark millipedes in the hopes of recapturing them to provide
data that could be used to determine population densities of millipedes in specific sites. However, no
recaptures were recorded, meaning that general abundance had to be used instead, inevitably
resulting in pseudo replications. This study attempted to find an effective technique of marking
millipedes to provide future information to researchers in the future. Previous attempts of marking
millipedes have been undertaken by using printer ink, nail polish and ball point paint however these all
resulted in reduced activity or mortality of the millipedes (Gordon et al., 2007; Petit and Gibbs, 2006;
Tuf and Drahokoupilová, 2011). Therefore, future studies need to be undertaken solely on determining
effective marking strategies for millipedes so that more information can be obtained on these
understudied arthropods.
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The results of this study have found that nonlethal pitfall trapping is not an efficient sampling strategy
when compared to active searching random quadrats and nested quadrats in tropical rainforests. It
has been discussed that tropical rainforests have a high biodiversity of millipede species however, this
study only managed to catch 5 morphospecies. Therefore, it can be assumed there are many more
species present. Thus, although both passive and active sampling failed to catch more species, this
study gives an insightful look into the demographics of the area of Lot 6 in the LWKS, and can be used
by future studies as a baseline. For future studies in this area, improvements to sampling strategies
have been discussed. These improvements should be considered and implemented, as heavy rainfall
in the area and unpredictability of the river water level, can leave sites completely flooding resulting in
an inability to access sites.

Overall, this study provides pioneering work for future Bornean millipede studies however limitations
have been identified. In particular, the lack of data to determine the surrounding millipede species
present. Implications to this study have been outlined and possible modifications have been
discussed. For example, it has been outlined that lethal sampling could be used to see if this changes
the efficiency of the methods and whether that changes the species and number of individuals
present. Future studies would provide important information into the understudied world of millipedes
and would allow for a more specific and detailed list of the millipedes present in Borneo and the
LWKS.
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Supporting information

Morphospecies photos

Figure 8 – Photos of morphospecies. From left to right: BPD, GPD,
ZP, OPD, UK.
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Figure 9 – Map of sites with species richness and abundance of millipedes annotated on.
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Figure 10 – Table used to produce the correspondence analysis showing how many of each
morphospecies were present in each site
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