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Part A:
A year in review
In many ways Borneo has lived up to my expectations. I have been able to see much of the wildlife
here as promised, and if anything has increased my desire to see all that Borneo has to offer.
Hunting for its more elusive species. However, it has surprised how much I have earnt this year.
With the opportunity to carry out a research project, DGFC has given me wealth of practical
knowledge. Being able to work closely with PhD and Masters students alike getting to know their
motivations for choosing higher education has been inspiring, and seeing their various thought
processes when conducting their projects has made me a better Scientist.
As well as carrying out my own project. I have been able to participate in a wide range of research
projects teaching me various new conservation techniques. I have had extensive experience with
radio satellite tracking as the need to investigate the viable home range of a species is a key part
of conservation.
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From being involved in the small Carnivore project run by PhD student Megan Evans. I learnt
proper protocol for anesthetising of small mammals such as civets. I assisted with the sampling,
collaring and tracking of many of the civets. Being part of procedures such as this as made me
more aware of the great care that is taken not to stress the animals, and that even though credible
research is the goal it is never above the overall wellbeing of the animal.
From a number of projects, I have learnt about camera popper trap placement on the ground and
in the case of Masters student Oriana Bhasin’s project proper placement in the canopy. I have also
gained huge confidence in my ability to communicating scientific knowledge when teaching theses
skills to the regular field courses and writing about these activities in the centres monthly
newsletter.
There are certainly difficulties to spending an extended period time in isolation with a small group
of people. It is difficult socially as it forces you to work with greater cohesion with the people
around you. Arguments and difficulties must be resolved quickly to prevent a hostile atmosphere
developing in a such a small community. It forces you to be stricter with yourself with power being
a limited necessity you must be able to motivate yourself to work during the times when power is
available and in a climate, that will wear down wester people.
Working abroad has also highlighted the value of being able to work alongside the local culture.
The local community is something that cannot be ignored in conservation. Not only do these
people have a wealth of knowledge on the species that they live besides, which can aid research,
as they are also stakeholders in the successful protection of the area, especially in Borneo with its
growing ecotourism industry. I have a far higher appreciation for the work that goes into
conservation, and my helped to foster my curiosity from epidemiology in particular the spread of
parasites

Abstract
The past few decades of forest fragmentation and the rise of Oil palm has drastically reduced the
size of tropical rain forests in south east Asia. These events have had wide ranging effects on the
the assembbalge of forest communities and Host parasite dynamics. Previous research on
Sabah’s Sauria populations is incredibly limited with little known about the parasites that affect
these Sauria. Over the course of 4 months this study used pitfall traps and active sampling
methods to catch a total of 88 Sauria across 4 different trapping sites (two forest ‘edge’ and two
forest ‘interior’) to assess their ectoparasitic loads. Using a macro lenses was found to be an
effective technique for counting the number of ectoparasites and reduced the handling time. From
a comparison between the sites there was no significant difference in the prevalence of mite
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infection. Body condition was not found to have any effect on the presence of mites. The overall
size of the lizards was a better outlier due to skink with Ectoparasites having a significantly lager
SVL. This could be due to number of reasons, larger lizard having lived longer and had more time
to accumulate mites , it is possible that the Sauria are sexually dimorphic and the mites have a sex
bias towards the larger sex due to a weaker immune system or simply offers more surface area. All
mites found on Eutropis Sauria were morphologically similar and showed signs of being in their
larval stage which could mean that during the mature mites select a different species as their
terminal host . This study provides the foundation for dutehrt reseach into the reagion .
Highlighting that the parasite – host interactions of the Eutropis Sauria could have wider ranger
effects on the rest of the ecosystem.
Introduction
Across the globe the effects of an ever-increasing population are increasingly threatening
biodiversity. Humans are the leading causes of carbon dioxide release, and the biggest contributor
to land change (Vitousek, 1997). The increasing populations of 3rd world countries are seeing
previously unused land being changed to meet their growing agricultural and housing needs. The
loss of habitat has led to the extinction of numerous species (Sala, 2000). The estimated diversity
loss has reached such a level that researchers are starting to speculate that the earth is entering
its sixth mass extinction phase (Barnosky et al., 2011)]. Therefore, conservation efforts have been
focused on areas according to their share of the earth’s species. This had led to the classification
of biodiversity ‘hot spots’ (Myers et al., 2000). Even though these areas cover 1.4% of the globe
they hold 35% of all vertebrate species and 44% of all vascular plants (Sechrest et al., 2017),
falling inside the Sundaland hotspot.
Since the early 1960’s the Bornean jungle has been logged and then cultivated into agricultural
land. These changes have highly fragmented what is left of Borneo’s forests (Wilcove and Koh
2010). The deforestation has altered the dynamics of forest systems turning the el Niño from a
positive occurrence (Curran, 2004), into a destructive force causing increased risk of wildfires from
droughts and increased damage from floods, disrupting the fruiting and flowering of dipterocarps.
This in turn affects all species that rely on these trees and can have massive effects on the
biodiversity of an ecosystem (Curran, 2004).
The island of Borneo is home to an incredibly diverse array of flora and fauna with one of the
highest biodiversity levels in the world. For the last few decades the Lower Kinabatangan
floodplain in Sabah, Malaysia, has become a shrinking ecosystem due to the rapid growth of the
palm oil industry. Logging has not only decreased the forest in Borneo but has also altered the
forest that remains. Selective logging targets hard woods in areas of forest that are economically
viable to log. Much of the forest left is too difficult to log or forest that has had most of its hard
woods removed. Trees are the main component of forest structure, the overall health of these
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environments depends on the arrangement of the canopy. Removal of the climax species (hard
woods) reduces the height of the canopy and in turn the microclimates beneath. With a higher
canopy, the more drastic the difference in microclimates between the ground and upper story.
Such a change can affect parasitic load. Ectoparasites can suffer harsher climates as they must
expose themselves to the elements to find a host. With increasing occurrence, climate change has
facilitated the extending the range of ectoparasites species previously restricted to remote areas
(Beebe et al., 2009). With the spread of these ectoparasites and any viruses they act as vectors
for. There is an increased the likelihood of a dangerous disease outbreak affecting human and
livestock populations. More research is needed on how fragmentation is affecting parasite
populations so that the possible threats can be spotted early and according action can be taken.
Direct correlations have been found between the loss of biodiversity and increases in diseases
(Keesing et al., 2010) leading to knock-on effects from extensive deforestation. Fragmentation also
leads to the concentration of the remaining species. This can bring previously separated species
into increased contact with one another allowing for the transmission of new parasites between
populations. New parasites are known to have detrimental effects on the health of new populations
(Holmes, 1996). Parasite transmission through a community is dependent on many factors, how
often potential hosts have skin to skin contact or are exposed to the parasite (Monello and
Gompper, 2010). A high population density will increase the chance of infections events.
Decreases in suitable habitat mean that hosts are less spatially isolated, the greater the chance
that parasites can spread between them. Major disease epidemics are often the result of these
concentrations (Borovkov, Day and Rice, 2012).
For better protection of the forest diversity of Sabah, more must be known about the species
making up its feeding ecologies. Sauria are an important part of Sabah’s ecosystems. As
insectivores, they are a population control for the huge number of insect species. They are also
prey species for mammals, birds and other reptiles. Sauria could be a useful bio indicator for forest
health, as they respond quickly to habitat changes (Sumner, Moritz and Shine, 1999). Sauria could
also be useful vector controls for the reduction of pathogen transmission in harmful epidemics. The
western fence lizard (Sceloporus occidentalis), amidst a huge rise in Lyme disease in the United
States was, proven to be immune to the tick born infection (Lane, 1990), making the protection the
Sauria a matter of human safety as well as for the environment. While there has been extensive
research on the more charismatic species, relatively little has been done in Borneo on the effects
of fragmentation on skink species. The workload of a comprehensive study on them is also much
smaller than of the larger more elusive mammals. A complete study on Sauria populations could
be carried out in a far smaller than the area needed to study clouded leopard populations.
Loss of biodiversity has been because of rapid deforestation, but there could be further loss of
species even in areas of forest that are protected. Fragmentation changes the ecosystems
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dyamics , createing large edge zones with contrasting abiotic factors to interior forest , which could
change the intensity of parasitic load in reptiles. Previous research in South American fragmented
forest showed that forest edge zones had a significantly different parasite intensity compared to
interior forest(Rubio and Simonetti, 2009).Overall little has been done to evaluate the effect of
parasitism on the health of the Bornean reptile species, so the effects these changes are having,
on the small lizard populations, are unknown. Research into populations of water pythons (Liasis
fuscus) in Australia have indicated that larger pythons are able to maintain a low parasitic load
(Madsen et al., 2005), indicating that possibly reptile populations will react differently to mammals
after infection. However other research has shown in some sexually dimorphic lizard species that
the intensity of infestation was positively correlated with body size (Rubio and Simonetti, 2009). It
is important to find out to what extent Sauria effected by ectoparasites and see if there is evidence
to support the idea that with the increase in habitat change we can expect to see the these
changes reflected in the host-parasite dynamics.
The aims for this study are as follows.
Aim 1:
To provide a comparison in skink ectoparasite load between interior and edge forest.
Objective:
Count the number of ectoparasites found on Sauria caught using pitfall traps set up in interior and
edge forest sites.
Null Hypothesis:
There is no significant difference between the number of ectoparasites found on lizards that inhabit
interior forest sites, and those that inhabit edge sites.
Aim 2:
To establish if the overall health of the skink is correlated with the size of its parasitic load.
Objective:
Measure the weight and Svl(snout to ventral length) of all capture Sauria and use to generate a
score of body condition to compare against intensity of parasitic infection.
Null Hypothesis:
That body condition will have no effect on the number of ectoparasites
Materials and methods
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The Kinabatangan wildlife reserve was created in 2005 when the Sabah Wildlife Department
gazetted approximately 27,000 ha of land along the Kinabatangan river. This Kinabatangan
reserve has been extensively logged removing almost all the hardwood trees, but the forest was
never completely cleared meaning it is classed as highly degraded forest. Many parts of the forest
are riparian zone crucial to stop the erosion of the river banks (Singh, Malhi and Bhagwat, 2014).
Isolated, selectively logged and secondary growth forest have all been shown to can possess a
diverse range of tree species (Chazdon, 1998). The gazetting of this land has been incredibly
important for the protection of Sabah’s wildlife. The protection of the riparian zone along the
Kinabatangan River is crucial for the gene flow for many of the animals that migrate along it.
Trapping:
This study used pitfall traps with drift netting, as it is a proven technique when catching sauria
(Bury and Corn 1987). Five pitfall traps were placed along four 20 m transects at intervals of 5m.
The Trapping sites consisted of two forest interior sites and two sites that were deemed forest

Figure 1 Map created in Google Earth of the forest surrounding Danau Girang Field centre.
Showing the Pitfall trapping sites (blue pins) in relation to the river and one of the forest trails
(red)
‘edge’. Buckets (18L)
were dug in so that they were flush with the ground. Lids were placed on the buckets when not in
use. Each bucket was separated by a 5m long 40cm high strip of tarpaulin. The bottom edge of the
strip was buried at least 4cm into the dirt to herd all Lizards towards the pitfalls.
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The traps were checked twice a day, between 6-7:3am 0in the morning and 4:30-5:30, regular
checking prevented sauria mortality from predation or desiccation. Leaves and pieces of wood
were placed into the buckets to provide protection from the sun and places to hide from predators.
If the buckets flooded the pieces of wood prevented lizards from drowning. For a more inclusive
sample size active sampling was carried out on five transects near the pitfall traps. Any lizards
caught along theses transects were noosed or caught by hand.A short fishing rod with a noose
created from tooth floss was used for this . Each transect was 80m long by 6m wide. Each transect
was walked for 20 minutes. Sauria within 3 m either side of the transect was recorded and an
attempt was made to capture it even if it moved outside of the transects range.

Figure 2 Map created in Google Earth of the 5 transects (purple pins) along which active
sampling occurred
Sampling:
Each lizard captures were identified to species level and morphometric measurements were taken:
•

Snout to ventral length ( SVL)

•

Body weight (g)

Other data collected included
•

Mite count

•

Macro photographs to accurately count ectoparasites.

•

A score for body condition generated by using residual scores from the general linear
regression of ln-transformed mass to body length.
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Sauria were marked by scale cauterisation instead of toe clipping. As it has have been proven to
affect the fitness sauria after release (Bloch and Irschick 2005). A probe was heated to red hot with
a Bunsen burner was used to heat mark the dorsal side of the sinks limbs The probe was pressed
against the skin for 1-2 seconds at moat to avoid causing excessive damage .The marks were then
treated with an antiseptic cream (containing Gentamicin Sulphate). The position of the mark on the
corresponding limb and the number of cauterised marks denotes the number of the capture. If the
number of the capture was in the double digits a simple dot indicated the first digit and a line
denoted the second. If two digits were the same then two dots were used.

Figure 3 A diagram illustrating the areas on the dorsal side of the Sauria that
were marked to denote a specific number

.
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Previous studies reported no impairment to reptiles movement and the possibility of the mark
remaining for up to two years (Winne et al. 2006). Marking prevents pseudo replication of results.
It will also provide the study with recapture results for an estimation of population density.
Extreme care was taken to reduce the stress of the captured skinks. Handling was kept to a
minimum with extra care being taken so that tail autotomy did not occur. The loss of the tail puts
an unnecessary metabolic strain on the lizard and possibly in some species will affect its

Figure 4 The rear left leg of a Eutropis Rudis heavily infected with ecotparasitic mites

reproduction ability , as well affecting its mobility and ability to evade predators (Bloch and Irschick
2005).To reduce handling time a picture were taken of ectoparasites instead of being counted with
a magnifying glass. Pictures were taken using a Tamron 90mm macro lenses attached to a Nikon
Dslr camera. Three pictures were taken of each infected limb to provide a comprehensive view.
Mites samples were taken from individuals from each Eutropis species and stored in 70% ethanol.
Speciation
Samples of mites and ticks were examined under stereo and microscopes and speciated as
accurately as possible using appropriate insect keys. However with the available equipment it was
impossible to be sure of anything beyond Genus .It was noted however that all mites sampled were
morphologically similar.
Site Comparison
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The habitats characteristics was assessed by measuring the canopy cover using Image J and
using a vegetation density stick to determine the density of the undergrowth. Average
Temperatures were generated for each site by taking temperatures at a range of times in the
morning and evening when the traps were checked. Average litter depth was taken at each site by
generating an average from four measurements randomly taken from around the traps.
Data Analysis
All analyses of data were carried out using the statistical software R (version 3.0.1, R Core
Team 2013). Significance was accepted at an α level of 0.05.
To test the association of weight with the Length of the lizards a liner regression was used. Figure
5 was generated from the logged mass against logged svl values. The data performed as expected
with proving that with greater size comes greater weight. As the average line increases in a linear
fashion. The residual scores for each lizard are can be seen deviating from the average. The
extent of their deviation was their overall body condition score. Lizards above the average weight
for their size were thought to have more fat stores indicating better health (Madsen, Ujvari and
Olsson, 2004)

Figure 5 This liner regression is the logged Mass against Svl. The dots
are the individual residual for each Sauria. The red line is the average of
all the samples. Each dots’s deviation from the red line is the score of
body condition. Dots above the red line are in good health while ones
below are in poor health
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To further prove this method was valid measure of body condition a linear regression of residuals a
gainst Svl (figure 6) was generated to show that the body condition was independent of the length
of the skink.

Figure 6 was generated from the body condition score against Svl . This proves that
the residual scores are independent of Body size.

For the differences in SVL, weight , body condition , and ectoparasites load between forest interior
and forest edge a t-test from the Wilcoxon family was needed. The data was non-parametric and
unpaired so a Man Whitney-U test was the best fit.
For the comparison of temperatures between sites a repeated measure one-way annova. The data
was described as normal using a histogram and Shapiro Wilk test. Temperature data taken I the
afternoon was in initially not normally distributed (shapiro wilk test p.value= 0.07365) so a repeated
measure one-way annova was with carried out with squared y values to pass a Shapiro wilk-test.
Initially to test the association between the body condition and parasitic load a poisson Glm was us
ed. This model is used for integer data bounded at zero. However testing of the results showed a h
igh amount of over dispersion from my data because of the high theta value (theta= 4391). Over di
spersion is common in count data due to the presence of zero counts. A negative Binomial Glm wa
s also used but was not valid either with overdistention remaining high (theta= 85.76819)
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This led to the necessity of a model for zero inflated data. A poisson regression would be more suit
able for this data. The results for the test still suggested over dispersion. With a histogram of the re
siduals revealing the data was not normally distributed. With the over dispersion coming from zeros
and positive integers. It was decided that zero inflated negative binomial would be most appropriat
e

The programme estimate s was used to generate a graph of species density (figure7) of my Four
trapping sites.
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Figure 7 Species density between sites A,B ,C and D generated on the software estimate s
(Purl.oclc.org, 2017)
The data from site C cannot be relied upon with much assurance as so fat there have only been
three captures at the site. The site also regularly flooded. The comparison shows in this graph
show that while site has more individuals it is less diverse than sites C and D because it took more
individuals to get up to 5 species.
Results
The results of the linear proved significant association between length and weight (P-value 8.46e-0
9). Figure 6 further illustrates SVl and mass increase in a linear fashion. With the residuals generat
ed for each individual Eutropis lizard they had an overall body condition score that could be used fo

L4141/C1325486

BI9999

14
r further statistics. Sphenomorphus were exculed from statistical testing as none of them were fou
nd with any ectoparasites
. In separate comparisons for Svl and mass infected sauria had significantly higher. However, body
condition was not found to have an effect on the presence of mites (Man Whiteny U test result (p-v
alue 0.1925).
There was no significant difference in the prevalence of mite infection between “edge” and interior
forest sites.
The habitat assessment recorded temperature, average leaf litter depth, canopy cover, and shrub
density. Average temperatures in the morning and afternoons were not significantly different
(p.value= 0.468489). But It was the edge sites that had then highest recorded temperature (31.6c).
Canopy cover was significantly different (p-value = 0.01596) with edge sites having almost 10%
less canopy cover. Shrub Density was also found to be significantly Different (p-value = 0.04013).
With the Edge sites having a higher shrub density.
The results of the zero-inflated negative binomial regressions were inconclusive. The data could
not be made to fit the models well. All the predictors in the count and are statistically significant,
whereas the inflation portions of the model were not (Appendix 3)
There significant differences between individuals that there infected and uninfected. In separate
comparisons for Svl and mass infected sauria had significantly higher. However, body condition
was proven to have no significant effect on the presence of mites (man Whitney U test result (pvalue 0.1925).

Tick and mite Identification
The ticks were identified using the key of Madder. All species of ticks were belonged to the Family
Ioxidae . Which is concurrent that most reptiles in Borneo are infected with hard bodied ticks. Only
two samples Sauria were found with ticks indicating that it is a far less prevalent problem for
Eutropis lizards. Without access to genetic methods we cannot assuredly identify the species of
mites or ticks afflicting the local sauria, however we can be quite sure of the Genera. All ticks were
of the Amblyomma genus. Their identifying features being long mouth parts, an elongated second
papal segment, indistinct eyes, a hypotosome. We do not believe the ticks affecting the Sauria to
be the more common species of tick Amblyomma helvolum (Macdonald 1960). due to the lack of
an ornate Scutum.
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Fugure 8 Ticks from Eutropis Inderepensa taken using a Tamron macro lens showing A)
The dorsal view (right) of the ticks scutum indicating that it is a hard tick B) The scutum is
not ornate so is unlikely to be Amblyomma helvolum

All mites are in the same taxonomic family as ticks Acari they with extreme fusion of the body
segments and mouth arts joined to a separate body region. It is quite likely they are form the
Genus Macronyssidae the species is similar to Ophionyssus natricis a common reptile mite
especially species that have large overlapping scales. But we cannot say this with any certainty
without genetic analysis. All mites samples form the Eutropis sauria sampled had morphologically
similar mites .All were red in colour, had six legs and had distinct mouthparts. With only six legs
and relatively few hairs they are mites were not fully grow adults but in the larval stages. However,
some mite species have 6 legs in their adult stages. We cannot make any strong conclusions in
this case without speciation.

L4141/C1325486

BI9999

16

Figure 9 Mites from a Eutropis Inderpensa (left) and Eutropis Rudis taken at x100, both have
only six legs. The mite from Eutropis Inderpensa only has a few hairs suggesting that it is not
fully matured.
Comparison of methods
Trapping method Captures per

Preparation time

Sampling Effort

hours

Observer Bias

/10

Pitfall trapping

0.005475

2 hours

5

n/a

Noosing

0.24

15mins

7

Bias towards
larger slower
Sauria

Discussion
This study using novel techniques assessed the factors affecting the Acariasis of ground dwelling
skinks in Sabah’s lowland forest, revealing new information on the responses of sauria hostparasites interactions. The body conditions of the skinks was found to have no effect on the
presence of ectoparasites. This could have been due to the fact that fat reserves in skinks are
highly variable and depend on a number of other factors like resource availability or reproductive
cycles (Wapstra and Swain, 2001). The presence of ectoparasites could have no effect on the
health of the skinks. Or all the skinks in bad health have died from the stress of the parasitic load.
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Severe Acariasis can lead to Anorexia and difficulty shedding (Camin, 1953)SVL was shown to be
significantly larger in infected individuals. This could be because larger individuals are older, and
therefore have had more time to acquire ecto-parasites. There may also be a difference in size
between males and females of the Eutropis species. The larger males may have a weaker immune
system to prevent parasitic infection. The increased testosterone released during mating season
has been shown in some reptile species to lead to an increased parasitic load (Salvador et al.,
1996).
Research suggests this may have just been because of an increased surface area for pythons
(Madsen et al., 2005) the greater surface area may simply offer a larger target for Acariasis to
occur along with more space to support a larger parasitic load.
It is also difficult to assume that this how the ectoparasite load will always behave. The trapping
period in this study was through one of the wettest seasons in years. But, when looking at parasite
changes, temperature, rainfall and humidity cannot be viewed independently. Humidity acts as a
modifier for temperature. Even brief periods of atypical heat can lead to more significant change,
than a long term average. In comparison to the same period in 2016 my trapping period was
noticeably wetter more humid and colder. This would explain the very low prevalence of ticks
sampled as high humidity can be lethal (Pfäffle et al., 2013). Mites and ticks must expose
themselves to the elements putting them at risk in the case of extreme conditions. For further
research it the sampling of the interior and edge sites would reveal interesting results. Interior
forest would be a more stable environment and this could be reflected in the prevalence of
parasites. This would agree with previous research that edge sites are not beneficial for ticks
(Gillespie and Chapman, 2008). Mites are also sensitive to excessively wet conditions. Sauria have
been known to bath themselves for extended period of times to take advantage of this weakness.
Being close to water sources and in an area that regularly floods there is ample opportunity for this.
The prevalence of mites was found to be not significantly different between forest edge and
interior. The shrub density of the edge zones was far higher, and would have facilitated the
spreads of the ectoparasites to await for passing sauria. It is more likely the ectoparasites in
question wait among the leaf litter. Leaf litter between the sites was found to be significantly
different, neither was the temperatures between the sites. It’s possible that these two factors are
more likely to affect ectoparasites.
All Spenomorphus species captured were devoid of any ectoparasites. The scales of the
Sphenomorphus cyolaneus and more tightly bound than that of Eutropis. As well as this S.
cyolaneus is more arboreal than the Eutropis species. Spending less time among the leaf litter
reduces the contact with litter dwelling parasites. It could also be that any infected individuals
rapidly decline and cannot survive mite or tick infections.
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Site A is in what is classed as riparian zone, an area with a higher silt component of its soil
because of regular flooding. The tree diversity of the riparian zone is less diverse than interior
forest. Hardier trees resistant to waterlogging dominate the environment. The Danger to these
zones are loss of the stabilizing plants to oil palm agriculture which is why by law all plantations
must leave a 50 m gap from the river. This would certainly have an effect on the Insect
communities found in this area and therefore the sauria that predate them. The high amounts of
erosion in arears may make this area unsuitable for sampling because it is not a stable
environment. Site A also showed signs of being a Gap a natural part of forest dynamics. The high
amount of Liana in the area is a common sign of a ‘building gap’ openings in the canopy shifts light
wavelength ratio towards the red end of the spectrum that causes rapid growth of Liana and other
fast growing plants to take advantage of the new space. Gaps like theses change the moisture
dynamics of immediate and surrounding are decreasing humidity and increased surface
desiccation. The canopy cover between the sites was significantly different at 9.1%. It could be
that this is too small a difference to desiccate ectoparasites . Further research should be carried
out to test this effect between trapping sites with a more severe difference in abiotic factors. The
ectoparasite populations are stable enough not to be affected by minor changes in abiotic
conditions such as canopy cover. To be fully able to predict the response of these mites to habitat
change there must be further sampling from oil palm, primary, and secondary forest.
Without knowing the true extent of mite infestations across other species it cannot be said that the
species diversity of the area could act as a Dilution factor (Civitello et al., 2015). Further trapping is
needed in more areas of forest and over subsequent years. We cannot assume that the
abundance of mites for this study is ‘normal’ when the weather has differed quite substantially from
previous years. Trapping in oil palm plantation should provide significantly different results due to
their vastly different forest structure. The endoparasites of these lizards is still unknown. Blood or
intestinal parasites could also have an effect on the conditions of the lizards and may be more
important as they are less dependent on weather conditions, and there is less that Sauria can do to
relieve themselves of these types of parasitic load. They could certainly play a far more important
role in the lifecycle of S. cyolaneus because of this species’ apparent lack of ectoparasites.
This study has revealed that Body condition of Eutropis skinks was not significantly different
between infected and uninfected individuals, while also finding that within forest sights do have
significant differences of mite infection, suggesting that within forest habitats the ectoparasites
populations for skinks are stable. Further research should use genetic analysis for all mites and
ticks caught to prove if all Eutropis species are affect by the same larval mite. Genetic analysis
could also reveal anyendoparasites the ectoparasites act as a vector for. If the mites are proven to
be Ophionyssus natricis then there would be further research into the host that houses the final
stage of mite developments, as no mites with 8 legs were found. Ophionyssus natricis is a multiple
host species so the study of its prevalence would be important for the safety in the ecosystem as it
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is capable of carrying bacterial infections that could affect multiple species, including humans
(SCHULTZ, 1975).
Validity of mark recapture process
Some lizards were recaptured after being marked proving that the cauterizing the scales can last
upward of 24 days. Appendix 5 shows how a clear mark remains after almost a month. This
individual was repaired a 3rd. At no visible impairment to the lizard’s motor skills. Supporting the
use of scale cauterisation over toe clipping.
Most sauria slough their skins once every two months or so, and often more if they are growing or
heavily infested with ectoparasites (Hoppmann and Barron, 2007). Sloughing Is one of their main
methods to rid their bodies of the infestation. method can last through at least one shed. Previous
studies using this method on pythons have reported marks lasting upward of a year (WINNE et al.,
2006).

This study concludes that there is no obvious link between the severity of ectoparasite infection
and body condition of Eutropis Skinks, and that the presence of the skinks was not an indicator of
good or bad health. It is evident that a better indicator of the presence of ectoparasites is the length
or weight of the lizard. As well as this we may have revealed that the Eutropis sauria are only host
for one part of the mites lifecycles suggesting that there are further host species involved in the
ecology of these mite species. This underlines the importance of understanding the ecology of
parasites and their hosts as the change of abundance of one parasite could potentially change
multiple other species. A better understanding of these dynamics is needed to better combat the
risks of zoonotic diseases in the future as a result of Habitat fragmentation.
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Appendix 3
Figure
Count model coefficients (negbin with log link):
Estimate Std. Error z value Pr(>|z|)
(Intercept)
4.3937
0.1761 24.946
<2e-16 ***
res
2.2868
0.9171
2.493
0.0127 *
Log(theta)
0.5333
0.3220
1.656
0.0977 .
Zero-inflation model coefficients (binomial with logit link):
Estimate Std. Error z value Pr(>|z|)
(Intercept) -0.2015
0.3470 -0.581
0.561
res
1.6300
1.5513
1.051
0.293
--Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
Theta = 1.7045
Number of iterations in BFGS optimization: 1
Log-likelihood: -135 on 5 Df
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Appendix 5

Appendix 6 Eutropis Inderepensa with its front limb marked. The picked was taken 24days after
initial sampling
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Appendix 7 – Tick from a Eutropis Indeprensa taken at x40 showing A) Long mouthparts parts
with an elongated second papal segment B) Indistinct eyes
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