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Summary

Nowadays almost half of the world’s population of freshwater turtles and tortoises are
threatened with extinction in the wild. Particularly in Asia the population decline is severe
and referred to as the “Asian Turtle Crisis”. Turtles are thought to be keystone species
and therefore their disappearance could have catastrophic effects on their ecosystems.
The study species Keeled Box Turtle (Cuora mouhotii) is one of the endangered species of
Vietnam and nearly nothing is known about its ecology. The aim of this research was to
provide information on the ecology of the species to enhance the current knowledge for
future conservation purposes. The study was divided into three parts: a survey on the
daily activity patterns and time budget, an experiment on the influence of rainfall on the
behaviour, and a survey on the daily movement patterns. All data were collected from
July to September 2010 in the Cuc Phuong National Park in Vietnam.

The study site of the survey on daily activity and behavior and the experiment on the
influence of rainfall were carried out at the same study site, an enclosure at the Turtle
Conservation Centre (TCC) at the entrance of the Cuc Phuong National Park in Vietnam.
The study population for both research parts consisted of four adult captive turtles
housed at the TCC. The turtles were observed in shifts of two hours length over a period
of 24 hours. While using the method of focal animal sampling fifteen behavior types and
their duration were recorded continuously. The results of the survey show that the turtles
spent most of their time resting, followed by the behaviours under litter and observing.
The standard deviations found indicate big differences in behavior shown between the
four individuals. The daily activity was significantly related to daytime and peaks of
activity were shown from 6am-10am and 8pm-10pm whereas no activity at all was shown
from 10pm-2pm. The inactive behavior of the turtles throughout a major part of the day
was expected as well as the peaks of activity in the mornings due to former literature
study of research that was done on other species of turtles.

The experiment on the influence of rainfall on the behavior of the turtles was set up by
using sprinkler devices to create artificial rain as a treatment. The method used was a
before-and-after study and focal animal sampling was used while observing the turtles in
shifts of two hours throughout the day (12h period). The same behavioural data were
recorded as for the survey on daily activity and time budget during the treatment with
artificial rain for later comparison between the behavior shown during artificial rainfall
and without it. A significant difference was found for the mean percentage of time spent
for the two conditions no rainfall and artificial rainfall for the behavior types resting and
locomotion. The mean percentage of resting was significantly higher without rainfall
whereas locomotion was shown more often during the treatment with artificial rainfall.
The percentages also show that the turtles spent a higher amount of time being active
during observations with artificial rainfall than without rainfall. However, this difference
in activity was not significant.

The survey on the daily movement was carried out with five individuals of the wild
population at the park center (Bong) of the Cuc Phuong National Park. To follow a turtle’s
track over 24 hours exactly, thread-trailing was used, whereby the spooling device was
attached to the carapace of the turtle. The position of the thread was recorded by using
reference trees to calculate the coordinates of the places where the turtle changed
direction. Additionally, the location of pathways and service facilities at the park center
were recorded with a GPS device. A map was created which shows the thread-trailed path
of the one turtle that was successfully spooled. That turtle crossed a pathway and moved
at least 99m within the period of 24 hours in which it was being thread-trailed. The



results suggest that the pathways and the main road form an immediate danger to the
turtles because they cross them as expected prior to the study.

It is recommended to conduct further behavioural research to enhance the knowledge of
the study species. Based on this, conservation strategies for the management of in situ as
well as ex situ populations could be developed. The gained results display activity peaks
throughout the day as well as during rainfall and it is assumed that the turtles are more
vulnerable to being poached at these times. Therefore turtle conservation organisations
should consider this when developing their strategies. Furthermore, turtles passing the
small pathways and especially the main road leading to the park centre are threatened to
be picked up. Controlling and advising visitors frequently could reduce the numbers of
turtles being collected. More spooling data of different individuals of Keeled Box Turtles
should be obtained to map the turtles’ movement within a year, for example, to
determine when they move to other parts of the forest and how often they are in danger
of encountering humans on roads or pathways. The future results of movement patterns
and therefore turtles’ home ranges can be implemented in conservation management of
protected areas.
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1. Introduction

According to the 2000 International Union for Conservation of Nature (IUCN) Red List of
Threatened Species almost half of approximately 300 freshwater turtles and tortoises
worldwide are listed as threatened and possibly face extinction in the wild (Turtle
Conservation Fund, 2002). Habitat loss or degradation as well as the extensive
consumption and pet trade are among the most significant threats. Some estimates put
the number of turtles traded annually at ten million (Asian Turtle Network, 2006). Further
Salzberg (1998) explains that almost all of these animals are wild caught and considering
the low reproduction rate of most species that this exploitation of turtles and tortoises is
not sustainable and extinctions of some species in the wild can be expected within the
next decade (Gibbons et al., 2000). Since the convertibility of the Chinese currency in
1989 China’s turtle imports increased dramatically (Cheung and Dudgeon, 2006) and
today China is the largest consumer of turtles (Gibbons et al., 2000) with a minimum
estimate of 13,000t annual traded, live turtles (van Dijk, 2000). The country’s developing
economy and the increasing affluence generated a demand for expensive food and
medicine made out of turtles (Asian Turtle Network, 2006). Particularly for Asian
freshwater turtles and tortoises, which are harvested as food source and for traditional
Chinese medicine (TCM), the situation is very acute and described by conservationists as
the “Asian turtle crisis” (Cheung & Dudgeon, 2006). As populations decline and the
international pet trade of turtles becomes more popular (Asian Turtle Trade Working
Group, 1999), the amount of animals traded has decreased although the value of each
individual turtle has increased (Lau et al., 2000) providing incentives for further
exploitation.

In 1992 the World Conservation Monitoring Center declared Vietnam as one of the 16
most biological diverse countries characterised by high biodiversity and endemism in flora
and fauna (Dang Thi An and Chu Thi Thu Ha, 2005). Furthermore Vietnam is considered
one of the most important hot spots for turtle diversity in Asia with 27 different native
species of tortoise and freshwater turtles which are all threatened by hunting and the
unsustainable trade to meet the demand from consumers in China (ENV, 2010). Only
about 10% of turtles on the Vietnamese market are consumed by the domestic demand
(Lehr, 1997) but with some species selling for $1,000 on the Chinese market
(Environmental News Network, 1999) and an average annual Vietnamese household
income of $1,052 (U.S. State Department, 2010) there is an obvious incentive to trade
turtles.

Evidence suggests, that over the past 15 years wild populations of most turtle species in
Vietnam have declined, leaving fragmented and degraded populations (ENV, 2010). The
2010 IUCN Red List states that of the 27 turtle species in Vietnam, 96.3% are threatened
with extinction (see Appendix |, Table 3). Turtles and tortoises are major biodiversity
components of the ecosystems they inhabit, often serving as keystone species from which
other animals and plants benefit. They represent major resources of their environments
and participate in the web of interacting and co-dependent species that constitute a
healthy functioning ecosystem (Turtle Conservation Fund, 2002). Keystone species are
often defined as species that support many other species or species that change the
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physical structure of the environment, creating shelter for other species (Simberloff,
1997), like the gopher tortoise Gopherus polyphemus whose burrows are inhabited by up
to 332 other species (Jackson and Milstrey, 1989).

The knowledge of the natural history of most Asian turtles is limited (Thirakhupt and van
Dijk, 1994; Moll and Moll, 2004) but data on geographic distribution for example, could
indicate possible consequences of turtle removal from ecosystems (Cheung and Dudgeon,
2006). Long-term or large-scale consequences of turtle species loss might include
significant ecological impacts such as changes in energy flow, nutrient cycling and food-
web structure (Cheung & Dudgeon, 2006). Nonetheless, Peterson (1998) suggests that
the resilience of an ecosystem ‘is generated by diverse, but overlapping, function within a
scale and by apparently redundant species that operate at different scales, thereby
reinforcing function across scales.” Already Darwin (1859) proposed that an area is more
ecologically stable if it is occupied by a large number of species and MacArthur (1955)
formalized this idea by proposing that the addition of species to an ecosystem increases
the number of ecological functions present, and that this increase stabilizes an
ecosystem.

The Keeled Box Turtle (Cuora mouhotii), the studied species in this research, is one of
Vietnam’s turtles that is affected by the Asian turtle crisis and currently listed by the IUCN
as endangered (IUCN, 2010) as well as protected from international trade under CITES as
an Appendix Il species (CITES, 2010). Although there is a lack of knowledge about the
turtles’ ecology, a previous study by McCormack (2005) has shown a direct connection
between seasonal activity patterns of Cuora mouhotii and their availability on illegal trade
markets. During hibernation there were fewer individuals for sale on markets, thus
allowing the conclusion that turtles prefer hibernation dens where they are not easily
found and are well camouflaged (McCormack, 2005).

Almost nothing about the ecology of C.mouhotii is known but if competent conservation
management guidelines are to be formulated, an increased understanding of habitat
requirements and behaviour of the species is required (Moll, 1996, Wone and
Beauchamp, 2003 cited in McCormack, 2005).

The Turtle Conservation Center (TCC), based at the Cuc Phuong National Park, is
supporting this research, since they are dedicated to the rescue and conservation of
chelonians and have identified six of Vietnam’s 27 turtle species as priorities for
developing captive breeding and assurance populations and reintroduction programs, one
of them being the Keeled Box Turtle.

The Turtle Conservation and Ecology Project and the Cuc Phuong National Park’s Turtle
Conservation Center (TCC), were established by Fauna and Flora International in 1998,
focusing on tortoises and freshwater turtles from illegal trade (The New York Turtle and
Tortoise Society, 2010). In 1999, the turtle project was formally integrated into the Cuc
Phuong National Park conservation actions and became the first official tortoise and
freshwater turtle conservation program in Vietnam, officially endorsed from the MARD
(The New York Turtle and Tortoise Society, 2010). The management of the TCC was
transferred to the National Park Management in 2001 and is nowadays the flagship of
turtle conservation in Asia (Asian Turtle Conservation Network, 2010).
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A thorough knowledge of the ecology of C.mouhotii has benefits not only for current wild
populations but also for any future reintroduction program or translocation e.g. selection
of optimum release sites, time of year for release etc., as McCormack (2005) emphasised.
Previous research on the Keeled Box Turtles by McCormack (2005) has identified long-
term home ranges of wild individuals of Keeled Box Turtles in Cuc Phuong and their
seasonal movement. However, the time budget, the daily activity patterns, the effect of
rainfall on activity and behaviour and movement patterns (direction and distance) of the
study species are unknown yet and were researched in this following study.

Aim of the research

The aim of this research was to provide information on the daily activity patterns and
time budget of captive individuals of Keeled Box Turtles as well as the influence of rainfall
on their activity and behavior. This information was collected with the purpose of
enhancing the knowledge on the ecology of the species which is useful for the
implementation of future conservation management and the understanding of the
protection needs of the endangered species in Vietnam.

Furthermore the aim was to investigate the daily movement patterns of wild individuals
of Keeled Box Turtles in the Cuc Phuong National Park in Vietnam. The purpose of this
research was also to enhance the knowledge on the ecology of the species and the
collection of this information is especially important regarding the future conservation
management of the study species in the Cuc Phuong National Park in Vietnam. The results
can indicate the distance and directions of turtles’ daily movement and therefore,
conclusions can be drawn about the potentially dangerous interferences caused by the
main road and the human-made pathways, used by the staff of the national park and the
tourists, with the turtles’ habitat.

The research was carried out to answer the following questions:

1. What is the time budget and daily activity pattern of the Keeled Box Turtle?
2. What influence does rainfall have on the activity of the Keeled Box Turtle?

3. What are the daily movement patterns of wild individuals of Keeled Box Turtles in
the Cuc Phuong National Park in Vietham?

In order to answer the research questions this research was divided into three parts.

The first part consists of a study about the daily activity and time budgets of captive
Keeled Box Turtles at the TCC. It is useful to investigate if there are certain patterns in the
activity of the turtles during a 24 hour period to gain more understanding of the ecology
of the species. Certain behaviour types might be linked to a particular time of the day and
besides providing basic ecological knowledge, it can provide helpful information for
conservation actions. If, for example, it would turn out that the observed turtles spent
most of their time hiding or resting sheltered under logs this would indicate the
importance of dead wood (logs lying on the forest ground) for the species, which would
need to be considered in management plans for the conservation of the habitat of the
species.

The second part of the conducted research also provides further information on the
species’ ecology. McCormack (2005) explains in his study, that ‘carapace temperature and
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rainfall each had highly significant effects on activity level in C.mouhotii although it
remains unclear whether one of these factors is more influential than the other’. In order
to detect if rainfall has an influence on the activity and behaviour shown by the study
species, a controlled situation was created. An experiment using the treatment “rainfall”
(in that case artificial rain by using sprinklers) has been set up and behaviour and activity
of the captive population exposed to that treatment were recorded, analysed and
compared to the recorded data without the application of the treatment.

To protect the species and enhance habitat conservation planning for the Keeled Box
Turtle population in the Cuc Phuong National Park it is important to know how the
tortoises use their habitat while moving around. Chelonians may use their habitats in
non-random patterns, utilising some areas more frequently or at other times than other
areas (Dodd et al., 1994; Nieuwolt, 1996; Lue and Chen, 1999; Smith et al., 1999). Turtles
have been observed crossing the major road that divides the Cuc Phuong National Park.
This is not only dangerous because of traffic but also because tourists and guides often
illegally pick up turtles and take them back to their hotel or home as pets (McCormack,
2010). In order to gain more information on the daily movement patterns of the species a
study about the daily movement of wild individuals at Cuc Phuong National Park was
carried out and is dealt with in the third part. The method used to collect data on the
movement was thread-trailing. Many researchers have used thread-trailing in order to
gather data on the movement of tortoises (i.e., Hailey & Coulson, 1996; Loehr, 2002;
Marlow & Tollestrup, 1982) and in contrast to radio-tracking, thread-trailing can reveal
details about daily movements, thus where and how far the animals travel (Loehr, 2002).
Because a continuous record of the exact route taken is available, spooling permits the
study of certain aspects of spacing behaviour, predator avoidance, and foraging
behaviour not readily answered with radio telemetry, which can only provide a series of
spot readings of animal location (Boonstra and Craine, 1985).

The research took place from July to September 2010 since the studied species Cuora
mouhotii is supposed to be most active at that time of the year (McCormack, 2010).
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2. Study area and study species

2.1 Study area

The research was carried out at the Cuc Phuong National Park in the Socialist Republic of
Vietham. The Cuc Phuong National Park, approximately 22 200 hectares large and
situated 120 km southwest of Hanoi, is the first National Park of Vietnam, established in
1962 (Footprint, 2010). The National Park is located between the boundary intersections
of the provinces Ninh Binh, Hoa Binh and Thanh Hoa (see Figure 1 and 2), between
105029’ E to 105044’ E longitude and between 20014’ N and 20024’ N latitude (Cuong,
2007).
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Figure 1 and 2: Location of Cuc Phuong National Park (Holiday Hotel, 2010 and Google Maps, 2010) and
the approximate location of the study sites at the park entrance and the park centre (Bong
area).

The area is managed as a National Park according to the IUCN Protected area
Management Category Il (Vietnam Open Tour, 2005). Responsible for the management of
National Parks and protected areas within Vietnam is The Ministry of Agriculture and
Rural Development (MARD) (McCormack, 2005).
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Directly in charge of the protection of this area and the enforcement of wildlife protection
laws such as Decree 18/48 is the Forestry Protection Department (FPD), since the MARD
is only in charge of the management of protected areas (McCormack, 2005).

Biogeographically, Cuc Phuong National Park is classified as a Thailandian Monsoon Forest
with an altitude varying from 150-637m (Vietnam Open Tours, 2005).

The climate in the north of Vietham can be classified as monsoonal with a hot rainy
season (May-September) and a warm dry season from October to March (Central
Intelligence Agency, 2010). At Cuc Phuong National Park, seasonal moist sub-tropical
conditions can be found (Vietham Open Tours, 2005). The mean annual temperature is
21°C with an average winter temperature of 9°C and a maximum of 35°C, respectively
0.5°C as minimum (Vietnam Open Tours, 2005).

Rainfall on an average of 224 days a year causes a mean annual rainfall of 2.1200mm with
the heaviest rainfall in July and August (Vietnam Open Tours, 2005).

The predominant soils in the forest area are generally very shallow with fast turnovers
and ground rocks, which absorb mainly all surface water and lead to just a number of
seasonal water courses (Vietnam Open Tours, 2005).

The 22 200ha rainforest, mainly evergreen, broadleaf tropical rainforest, is located on two
limestone karsts mountain ranges (Soejarto and Kadushin, 2001) and hosts a wide variety
of wildlife and is also known for its cultural heritage (Cuc Phuong National Park, 2006).
Within the park, a broad flat valley between the limestone hills, wide at the western end
but narrow at the east end can be found (Vietham Open Tours, 2005). South and west of
the park, the bordering land is relatively flat, of a lower altitude and densely populated,
whereas the north-west borders are forested limestone hills leading to the main
mountain range of the Annamite Mountains (Vietnam Open Tours, 2005).

Especially in the flatter parts of the valley, a multi-layered canopy rain forest with trees
up to a height of 70m and a large variety of ferns, orchids, lianas and cauliflory are
present (Vietnam Open Tours, 2005). Forest areas on the karst crests are in general more
specialised and less tall, comprising evergreen, semi-evergreen and deciduous species
(Vietnam Open Tours, 2005).

These characteristics form the habitat for many species, currently including 97 mammal
species, 17 amphibian species, 11 fish species, 300 bird species, 36 reptilian species,
about 2000 vascular plant species and some thousand species of insects, many listed in
the Vietnam Red Data book and the IUCN Red List (Viet Nam Travel, 2010).

These days Cuc Phuong National Park is a popular tourist destination with about 60.000
domestic and international visitors throughout the year (Adventure Tours Vietnam, 2010).
On one hand, the high amount of tourists is a potential risk for some species, since they
are disturbed by the visitors or even collected and taken out of the protected area. On
the other hand, the National Park has a high potential value for raising awareness of
nature and environmental issues among the public.

Several conservation and research centres are based in Cuc Phuong: Endangered Primate
Rescue Center (EPRC), Small Carnivore Conservation and the Turtle Conservation Center
(TCC) (Cuc Phuong National Park, 2006). All of these centres have strong support and
connections to world-leading conservation organisations and a large number of zoos
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around the world support their work with expertise, researchers and funding. These
conservation centres are based at the park entrance (Cuc Phuong National Park, 2006).

The research was conducted at two different study sites, the so called “Bong Substation”
in the centre of the park and the Turtle Conservation Center at the entrance of the park:
both sites are described in detail in the chapters 3-5.

2.2 Study species

The Keeled Box Turtle belongs to the order of the Testudines and the family Geoemydidae
and, depending on the taxonomist, is often treated under the Genus Pyxidea, as Pyxidea
mouhotii as well (IUCN, 2010).

This terrestrial chelonian is also known as Jagged-shelled Turtle or Keel-backed Terrapin;
native to China, India, Laos, Myanmar and Vietnam, is listed as an endangered species on
the IUCN Red List (IUCN, 2010).

Two subspecies of Cuora mouhotii, C.mouhotii obsti and C. mouhotii mouhotii, have been
described so far (McCormack, 2005). The subspecies C.mouhotii mouhotii is native to Cuc
Phuong National Park (McCormack, 2005) and the object of this study.

Three large keels (see image 1) on the upper carapace gave this terrestrial box turtle its
name (Wildscreen ARKive, 2010). Adult turtles are about 18-21 cm long and the brownish
colour ranges from tan to mahogany to dark brown, with a yellowish-brownish plastron
(see image 2) and an upper carapace, which is serrated at the rear and sometimes at the
front as well (Rogner, 2008). The front of adult’s plastron has a singular hinge and the
head is usually brown with unclear dark fine lines, a short snout and a hooked and strong
upper jaw (Wildscreen ARKive, 2010). Brown legs and sharp claws are common in both
sexes, but males have usually thicker tales and a different eye colour than females (ETI
Biolnformatics, 2010).

ed Boy Turtle (Cuora mouhotii) Sheldon, 2010

Image 2: Pagton ( ).

Image 1: _Kzel
(Devender, 2010).

The Keeled Box Turtle was observed to be omnivorous in captivity (Rogner, 2008). In a
previous research carried out by McCormack (2005), snails and mushrooms were
identified to be the major food items of the observed wild individuals at Cuc Phuong.
Furthermore, local people reported that C. mouhotii is regularly observed foraging under
the tree species Allospondias lakonensis which fruits in August and September
(McCormack, 2005).
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The preferred habitats of the Keeled Box Turtle are moist forest areas (Rogner, 2008) and
Meier (2010) explains that, at least in captivity, they like to spend time in water puddles
but are not observed swimming, diving or entering deep water.

Captive C.mouhotii have been observed at the TCC and were most active during heavy
rain (McCormack, 2005). Furthermore, the only research carried out on that species from
McCormack (2005) showed, that they were most active during the wet season, home
ranges in a time period of eight weeks reaching an average size from 0.52ha compared to
just 2.1m?* during the cold dry season and that the general activity drops significantly if
temperature falls below 20°C.

Up to now, little is known about the preferred day times for activity, daily movement and
behaviour patterns of the study species and existing information is often not conform.
According to Rogner (2008), the turtles often dig themselves in during the day or during
dry periods, are more active from dusk till dawn and like to spend time in water puddles,
even though they are not able to swim. Other scientists point out, that this species has a
strict terrestrial life and just gets wet during rain (ETI Biolnformatics, 2010).

July and August are the months where the turtles are most active, mainly with foraging
since the mating season (main month is May) is already over (McCormack, 2010).
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3. Part | — Survey on the time budget and daily activity pattern

The first part of the research study consisted of a survey on the daily activity pattern and time
budget of the Keeled Box Turtle (Cuora mouhotii).

3.1 Material and Methods

3.1.1 Study site

The survey was carried out with individuals from the captive population at the TCC (Turtle
Conservation Centre).

The TCC is located at the entrance of the Cuc Phuong National Park in Vietnam and covers
about 2000m?, including enclosures, aquatic tanks, breeding and holding facilities for
more than 600 individuals of turtles, laboratory, hatchery and incubation room, office and
feeding kitchen (Asian Turtle Conservation Network, 2010).

The enclosure holding the captive population used for the survey is a fenced rectangle,
4,70m wide and 13,8m long with an area of about 65m?. A 1m wide service pathway is
situated along side the enclosure, separated from the enclosure by a 0,5m high fence. The
enclosure and the service pathway are enclosed by a fence on each side. A sketch of the
enclosure can be found in Appendix Il.

The enclosure represents the natural environment of that area, since the fence was just
reared around a natural piece of land. Besides the naturally occurring plants, rocks, trees
and leaf littler piles, the enclosure was furnished with an artificial water pond and some
extra hay/leaf litter stacks (see Appendix Il).

3.1.2 Study population

The individuals of this sample shared the enclosure described in chapter 3.1.1 Study site.
In total the enclosure accommodated six turtles of which four were used during this
survey. Reasons for the use of only four individuals were mainly the restricted capacity of
time and man power of this research. Furthermore the number of individual turtles
within the enclosure was stated as five or six by the staff of the TCC, and the sixth
individual was only found coincidently during the second week of data collection and
therefore was not included in the study population. The fifth turtle was found together
with the other four during the pilot study, due to its looks- it was much bigger and of
different shape and colour than the other four individuals- it was decided to not use it
during the survey because the researchers and the TCC staff were not absolutely sure if
this individual belonged to the same sub species as the four others.

The four individuals used during the study were all adults but the exact age of them is
unknown. Unfortunately the sexes of the individual turtles are also unknown because a
precise sex determination is not possible without DNA-sexing methods. Due to the finding
of fertilized eggs within the enclosure last season and during the pilot study it was
anticipated that both sexes are present within the enclosure, but it is unsure if this is also
true for the study population.

The animals got fed every morning around 9am by the TCC staff. Food items included
different chopped fruits and vegetable like bananas, apples and tomatoes.
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3.1.3 Study design

Prior to the actual survey a pilot study was conducted at the TCC with the four captive
individuals of Keeled Box Turtles described in the chapter 3.1.2 Study population.

The captive turtles were used to check if the in advance defined behaviour patterns of the
turtles are clearly distinguishable. Furthermore, a Kappa value of 0.89, an almost perfect
strength of agreement beyond chance, was reached (Landis & Koch, 1977).

The distance to the animals at which they can be clearly seen as well as the type of
behaviour they are performing without altering their behaviour through researchers’
presence was also determined during the pilot study by approaching the tortoises up to
different distances and just trying which distance is best suited for the purpose of this
research. It turned out to be best to keep at least a distance of 1m to the animal and
between the researchers in order to prevent disturbance but the high density of
vegetation made it impossible to clearly determine the type of behaviour if the distance
to the tortoise was bigger than 1,5m. The four individuals of the study population were
marked and numbered with nail polish on the top of their carapace in order to be able to
distinguish them reliably even from out a distance. This was important to minimize the
stress experienced by the animals during close encounters and to make sure that no
turtle was observed twice while another one not at all, for example. The nail colours used
in this research are developed for horn (human nails) and were therefore not harmful in
any way for the animals (Meier, 2010).

The research method used was an observational cross-sectional study.

The approach conducted for the data collection was to observe the captive individuals in
multiple shifts of two hours length daily with a two hours break in between each shift, to
achieve more random data. The shifts were divided over a period of 24h.

The shifts of two hours were divided among the observers and individuals in order to
make sure that every individual study object was observed for the same amount of time
at similar times of the day by different observers. Every two hours shift of observation
was carried out at least once for every turtle which provided data on at least one full day
(24h period) for every individual of the study population. During the former mentioned
observation shifts one individual of the study population was observed by one person. In
order to gather the same amount of data on every individual, a time table of shifts has
been developed in advance to the survey (Appendix Ill).

An advantage of this method of data collection is that two individuals were
simultaneously observed under the same external conditions. Therefore, differences in
behaviour patterns shown by the observed individuals should have other reasons than
possible external conditions.

3.1.4 Data collection
The data collection was carried out on 15 days between the 16th of August and the 8th of
September 2010 during the hot rainy season.

The categories on which the data were selected were especially created to suit the
purpose of this study. Eleven different patterns of behaviour, further described in the
ethogram in Table 1, were identified prior to the data collection and were recorded
during the survey: feeding, drinking, agonistic, locomotion, social activities, resting,
basking, investigating, observing, under litter and not observed.
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The behaviour patterns agonistic and locomotion were further subdivided into three
categories whereas the behaviour patterns social activities was subdivided into four
categories in order to gather as precise data on their behaviour as possible. Most of these
behaviour patterns were selected after literature research (see Table 2) and with the
support of Mr. Meier of the Internationales Zentrum fiir Schildkrétenschutz Allwetterzoo
Miunster (International Turtle Conservation Center, Miinster Zoo, Germany), because they
summarize the main behaviours shown by this species which are performed to ensure
their survival.

The two patterns under litter and not observed are used in case the observed animal is
not visible and therefore it is not clear what it is doing, or when the animal was not
observed at all.

During the pilot study and with the support of the TCC staff and Mr. McCormack (Asian
Turtle Program Coordinator, Cleveland Zoo) two behaviour patterns were
added/modified. The behaviour locomotion climbing was added, since parts of this
species’ natural habitat, rocky rainforest areas, demands climbing skills and turtles were
observed climbing up rocks. Additionally, the behaviour basking was expanded to basking
either in sun or rain, since individuals of Keeled Box Turtles were observed basking in rain,
compared to other reptiles, who are known to sun bask.

Another advantage of the patterns of behaviour as they are defined in this study is that
they are clearly distinguishable in the research species even by inexperienced observers.

Table 1: Description of the behaviour patterns, codes and definitions used for the Keeled Box Turtle
in this study (McCormack, 2005; Kiester & Moskovis, 1987).

Behaviour patterns Code Definition
Feeding F Collecting and consuming food
Drinking D Consuming water
Agonistic Afi Fighting
(behaviour associated with
conflict/disturbance)

Ae Escaping

Afr Freezing
Locomotion Ls Walking slow

Lf Walking fast

Lc Climbing

Ls Swimming
Social activities Sf Following

Sc Courtship

Scop Copulating
Scha Chasing

Resting St Standing, no forward movement

Basking B Exposing itself to the warmth of the sun or
to rain

Investigating | Exploring social, biological and physical
environment

Observing (0] Watching/smelling environment

Under litter ul Not or barely visible under litter

Not observed No No behaviour observed
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Furthermore the date, the number of the observed turtle and the number of the sample,
the name of the observer, the observation shift, the time of the day as well as the
external weather condition rain/no rain were recorded (see data sheet Appendix IV).

The date, the number of the turtle, the sample number, the observers name and the shift
number, are important in order to keep an overview of the data sampling. Due to the
research aim of collecting information on the activity patterns and time budget over a
period of 24h there were twelve observation shifts, each shift consisting of a time period
of two hours. Shift 1 started at 0:00am and in intervals of two hours a new shift began, so
that the last shift, shift 12, was from 10:00pm to 0:00am.

The sampling method carried out during data collection of this survey was focal animal
sampling and as a recording rule continuous sampling was used to record the behaviour
patterns and their duration shown by the individuals at all times. Therefore the time,
behaviour patterns performed by the turtle and weather condition listed in the data
sheet in Appendix IV were recorded continuously. The date, the number of the observed
turtle and the number of the sample, the name of the observer and the observation shift
were recorded just at the beginning of each observation session because this information
did not change during one observation shift.

During the night shifts of observation a flash light was used. The darker the light the
lesser the disturbance of the turtles is supposed to be (Meier, 2010). Therefore red lights
created by covering the torch with red plastic or paper or red lamps were used.

3.1.5 Data preparation and analysis

Time budget

In order to prepare the data set for the analysis, the original data set recorded in Excel
Microsoft Office 2003 (see template Appendix V) had to be transformed into an SPSS file
using the program PASW Statistics 17.0. For representing the data clearly, within the SPSS
file all behaviour types defined prior to the survey (see Table 1 in 3.1.4 Data collection)
which were not shown at all during these observation periods, agonistic behaviour
fighting, locomotion swimming, social activity chasing, basking and not observed, were
deleted from the data set, instead of taken into account with values of zero. The
remaining 14 behaviour types were grouped together into the following eight classes:
resting, observing, investigating, foraging (feeding and drinking), agonistic (escaping,
freezing), locomotion (slow, fast, climbing), social activity (following, courtship,
copulating) and under litter.

The percentages each turtle spent with certain behaviour types over a period of 24 hours
were calculated to carry out statistical analysis. The means with standard errors, standard
deviations, minimum and maximum of each behaviour type for all turtles together were
calculated for the time budget.

Daily activity

The data set for analysing the daily time budget was also used for answering the second
part of the first research question, daily activity. The remaining 14 behaviour types were
grouped in the same way as mentioned above, in the paragraph Time budget.
Furthermore, the behaviour types were grouped into two classes: active (observing,
investigating, foraging, agonistic, locomotion, social activity) and not active (resting,
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under litter). The percentages each turtle expressed one of the eight behaviour types and
performed behaviour grouped in the behaviour classes active/not active for each of the
twelve shifts were calculated. The values for each behaviour type over the different shifts
were summed up for all turtles and averaged.

Furthermore, it was tested if the mean percentages turtles showed certain behaviour
depended on the time of day. It was chosen to conduct the following tests only with the
percentages for active behaviour, consequential that missing percentages up to 100 % are
inactive behaviour.

The percentages of all behaviour types shown by each of the turtles per shift were arcsine
square root transformed. This is appropriate for observations that are given in
percentages prior to further statistical testing (Hill et al., 2005). After the transformation
the repeated measures ANOVA was carried out.

Furthermore, a post hoc test was conducted for comparing the main effects within the
twelve shifts, using the LSD (Least Significant Difference) test.

3.2 Results

Time budget

The mean amount of time # standard errors for all four turtles in percentage per 24 hours
spent with the eight different behaviours, resting, observing, investigating, foraging,
agonistic, locomotion, social activity and under litter, as well as the standard deviations,
maximum and minimum for each case are given in Table 2.

Table 2: Total time budget over 24 hours. Means (+S.E.M.), minimum, maximum and standard deviation
for all 4 turtles (N=4).

Behaviour Percentage mean * Percentage Percentage Percentage standard
S.E.M. minimum maximum deviation

Resting 57.99+11.45 28.72 80.06 22.89
Under litter 20.96 + 10.22 7.22 51.22 20.44
Observing 17.92 £5.40 12.11 34.10 10.79
Foraging 1.23+1.09 0.00 4.49 2.18
Locomotion 0.78 £0.43 0.00 1.86 0.87
Social activity 0.67+0.41 0.00 1.67 0.82
Investigating 0.43+0.17 0.00 0.83 0.34
Agonistic 0.02 £0.02 0.00 0.06 0.03

The turtles spent most of the time resting (X + S.E.M.; 57.99% * 11.45%), followed by the
behaviours under litter (20.96% + 10.22%) and observing (17.92% * 5.40%). Low mean
percentages (0.02% * 0.02% to 1.23% + 1.09%) are displayed for the behaviours foraging,
locomotion, social activity, investigating and agonistic behaviour.

The standard deviations indicate the big differences in behaviour shown between the four
observed individuals. Whereas the behaviours resting, under litter and observing were
shown to different degrees (minimum 7.22%, maximum 80.06 %) by all four turtles, the
remaining behaviours were not displayed by all individuals.

But even under consideration of the standard deviations, the behaviour types resting,
under litter and observing are dominant during a 24 hours’ time period (sum mean
percentages 96.87%). Considerably less time (3.13%) was spent on all other behaviours.
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Daily activity
Fig. 3 shows the distribution of active behaviour across the day, divided into the different
shifts.

0%

B0%

5
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Time of day

Fig. 3: Mean percentages (+S.E.M.) of active behaviour of all turtles in each shift.

The arcsine values revealed that the daily activity of the four turtles was significantly
related to daytime (Repeated Measures ANOVA, F1133=2.465, p=0.022). Therefore, active
behaviour differed significantly between some of the shifts.

From 10:00pm to 2:00am (Shift 12 and 1) only non active behaviour was shown. In

contrast, peaks in activity were shown from 6am-8am (X+ S.E.M; 54.58% + 18.95 %),
8am-10am (47.92% + 27.68%) and 8pm-10pm (47.29% + 27.32%). In the remaining times
of the day, active behaviour was displayed between averaged 2.92% * 1.97% of the two
hours shift time (6pm-8pm) and 24,79% + 20.83% (4pm-6pm).

Active behaviour differed significantly between 6am-8am compared to 10pm-6am and
2pm-4pm. Furthermore, clear differences were revealed from 0am-2am (no activity at all)
to 10am-2pm and between 10am-12pm to 2pm-4pm and 10pm-2am (again, no activity at
all). Last, the shift from 12pm-2pm differed from the ones 2pm-4pm and 10pm-2am (no
activity at all).

The daily activity patterns divided into the eight different behaviour classes over the
twelve different shifts are presented in Fig. 4.
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Fig. 4: Averaged percentage of time all turtles expressed certain behaviours per shift.

During the times of day with the highest percentages of active behaviour (6am-10am,
8pm-10pm), the behaviour type observing is averagely shown between 25% and 52.92%
of each two hours interval. Furthermore, 15.21% of the time between 8pm-10pm was
spent on foraging, 4.58% on locomotion and 2.50% on investigating. Social activity
percentages were highest from 10am-12 pm with 6.67%. The averaged time spent resting
reached from 23.96 % (8am-10am) up to 92.50% (4am-6am).

3.3 Discussion

The daily time budget of the Keeled Box Turtles at the TCC shows that the activity periods
are low, inactive behaviour is displayed for a major amount of the day. This result
confirms the outcomes of studies on African tortoise species (Keswich et al., 2006, and
Hailey and Coulson, 1999). These studies were carried out on wild individuals, what was
originally planned for the survey in this research as well. This survey was supposed to be
conducted with wild individuals at the Cuc Phuong National Park. However, during the
pilot study this turned out to be impossible due to a lack of time and man power.
Furthermore, locating these wild individuals took too long and sometimes they were
hidden under logs and dense vegetation and therefore greater parts of the vegetation
had to be cut to find them. If this would have been done a couple of times a day over
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some weeks, it would have had major impacts on the habitat and caused disturbance to
the individuals. In addition, a turtle being observed in the wild seemed to be disturbed
and did not display any behaviour except observing the researchers until the observation
shift was over. This was also the case in other box turtle studies, carried out by Dodd
(2002). Therefore it was decided to use the captive population at the TCC for this survey.

All individuals of the study population shared the same enclosure, which could have had
influencing effects on each others behaviour. A fifth individual, which was not part of the
sample, was assumed to influence the others, since it was bigger and stronger and was
observed chasing some of the individuals of the studied population. Furthermore, the
exact age and the sexes of the individuals are unknown, so no conclusion can be drawn
about these factors having effects on the daily behaviour and time budget. However,
former studies on differences between sexes in activity patterns revealed that there were
no differences in the amount of time spent resting (Liu, 2009).

The possible influence of the staff of the TCC, visitors and regular procedures during the
day like feeding on the turtles’ behaviour was not taken into consideration.

However, as liang (2001) explains, rigid elements of behaviour will be performed in
captivity as well. According to Meier (2010), bright light and a close distance to the
observed individual could prevent the turtles from behaving naturally. Although red filters
for the flashlights were used during night observations and the observers kept as much
distance as possible to still be able to determine the behaviour types, it cannot be
excluded that these factors had effects on the displayed behaviour. Nevertheless, as
Hailey & Coulson (1999) point out, it is necessary to observe turtles for the whole period
of 24 hours to get a real time budget. Even though effects of the captive environment
cannot be excluded, it should be taken into consideration that the enclosures at the TCC
display the natural habitat of the species very well.

However, the factors which are most affecting the reliability of the results of the study
are the small sample size, the large differences in behaviour shown between the
individuals and the small amount of observation hours. Furthermore the fact that the
observations took only place in just one season of the year, from mid August to the
beginning of September, and external conditions like temperature, weather and humidity
were not taken into consideration.

The large spread in durations of behaviour types performed by the individual turtles was
reflected in the high standard deviations. In order to achieve statistically significant
results a sample size of at least 15 individuals (sample size calculations based on the
results for the behaviour type resting, considering a relative precision from p=20%) would
be suitable.

The highest mean percentages of all four turtles for resting, observing and under litter
were expected.

Furthermore, the data were analyzed in a way that considered only the length of time a
behaviour type was carried out instead of its frequency. Consequently, some behavior
types, even if shown very frequently, only form small percentages in the results because
of their short duration. Locomotion, for example, was carried out frequently by the study
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population, but only for a short amount of time which results in a low percentage of that
behaviour type.

Surprisingly, the behaviour basking was not shown at all during the observations, which
could indicate, that this species does not bask in the sun as observed in other species
(Keswick et al., 2006), but instead, as suggested by McCormack (2010), in the rain, a
condition that was not given during these observation periods.

For the daily activity, active and not active behaviour in the different shifts were
recorded. Significant relations between the activity and day time were achieved. Peaks in
activity occurred in the morning from 6am-10am and in the evening from 8pm-10pm.
Peaks in daily activity in the morning, in that case from 10am-12pm were also observed
by Keswick et al. (2005). Furthermore, Liu et al. (2009) found out, that another Asian
turtle species showed the highest level of activity between 7am-1pm and 7pm-3am. Even
though the activity peaks in this survey are located around the same activity peaks
recorded by Liu et al. (2009), differences are given, since the Keeled Boy Turtles showed
no sign of activity from 10pm-2am.

However, due to the grouping of the behaviour type under litter to not active behaviour,
the period of inactive behaviour observed could possibly be too high. According to the
TCC staff, the turtles often rest when being under leaf litter, but this cannot be said with
certainty, since it was not possible to determine the exact behaviour of the turtle while it
was situated under litter. Based on these results, it cannot be confirmed, that the species
is most active during this season (McCormack, 2010), since there is no data for
comparison with other seasons.

Roger (2008) supposed that this species is mainly active during dusk, night and dawn.
Even though activity peaks could be observed after dusk (8pm-10pm) and during dawn
(6am-8am), there was also a higher activity level compared to the other times of day from
8am-10am. Displaying active behaviour throughout the day was also observed in the
study from Hailey & Coulson (1999) and was shown from the Keeled Box Turtles
throughout the day and night, except from 10pm-2am.

Even though significant differences in behaviour could be recorded between the different
shifts, the large differences between each sample show that the individuals of the study
population displayed very distinctive behaviours. The reason for this individuality is not
clear. Furthermore, their slow metabolic rate (Sample, 2004) might be the reason for
them to wait and observe till a food source comes up or slowly start looking for it. The
low metabolic rate is also maintained by avoiding fast movement when possible and
instead of energy intensive fighting or escaping the species can just retreat in its carapace
if harassed by anything. Therefore it is possible that the turtles just move if an
opportunity comes along or they are really in need of energy intake which means that
they never established defined activity patterns connected to certain times of day.
However, feeding times at the TCC are around 9am and do not seem to have an effect on
turtles foraging behaviour, since that was observed mainly in the period 8pm-10pm.

The data were analyzed using the repeated measures ANOVA. However, the Mauchly’s
Test of Sphericity could not be carried out to check if the assumptions for conducting the
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Repeated Measures ANOVA were met, since not enough degrees of freedom were left to
calculate the significance value. Nevertheless, with sphericity assumed, a significant
relation of active behaviour and day time was indicated. Therefore a post hoc test was
conducted. For these data, the LSD (Least significant difference) test was preferred over
the Bonferroni test. Even though the LSD test does not control the Type l-errors, it
guarantees to not lose statistical power. The Bonferroni would have taken Type | errors
into account, but at the same time a lack of statistical power could be expected and
differences between means might have been rejected (Field, 2009).

Even though considering the small sample size and the high variation between the

individuals, the results display activity tendencies, which could be confirmed with a larger
sample size and more observation hours.
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4. Part Il — Experiment on the influence of rainfall on activity

The second part of the research study consisted of an experiment on the influence of
rainfall on the activity of the Keeled Box Turtles (Cuora mouhotii).

4.1 Material and Methods

4.1.1 Study site

The experiment was carried out at the same study site, an enclosure at the TCC, as the
survey on the activity patterns and time budget. Further information on it can be found in
chapter 3.1.1 Study site and an additional outline of the enclosure in Appendix .

4.1.2 Study population

The study population consisted of the same sample population of four captive individuals
of the subspecies C.mouhotii mouhotii that was used during the survey on activity
patterns and time budgets. More detailed information on the study population can
therefore be found in the chapter 3.1.2 Study population.

4.1.3 Study design

Prior to the actual experiment a pilot study was conducted at the TCC with the study
population. The aspects of the pilot study, which were similar to the pilot study
conducted for the survey on the activity patterns and time budget of the Keeled Box
Turtle, are the determination of the Kappa value between the researchers, the
investigation of the most appropriate distance kept to the animals during the
observations and the marking and numbering of the study population. These aspects of
the pilot study are described in more detail in chapter 3.1.3 Study design. Another aspect
of the pilot study was to test the range and functioning of the sprinkler device prior to the
observations.

The study was set up as an experiment where the artificial rainfall created by the use of
the sprinkler device was used as a treatment. Two sprinkler devices were installed at both
ends of the ceiling of the enclosure which sprinkled the water in circles. The whole area of
the enclosure was getting wet as a consequence of the sprinkling and the water for the
treatment came out of the tap of the TCC. The turtles of the study population were
already used to the treatment with the sprinkler devices because these were used earlier
on to keep the soil within the enclosure humid according to the requirements of the
turtles.

Due to the lack of a control group the experiment can not be called a true experiment and
is rather defined as a quasi-experiment.

The research method used during the experiment was a before-and-after study and focal
animal sampling was used. The approach for the data collection was to observe the
captive individuals in multiple shifts of two hours length with a two hours break in
between each shift, to achieve more random data. The observation shifts during which
the sprinkler device was turned on were carried out throughout the whole day (12h
period). The data that were used for comparison without the use of the sprinkler device
and without natural rainfall were gained from the data that were originally collected and
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used for the survey on activity patterns and time budget of the Keeled Box Turtle. By
comparing the collected data of the turtles during the same shifts with and without the
use of the sprinkler device or natural rainfall it is possible to answer the second research
question if there is a difference in activity and behaviour of the study population between
those two conditions.

The shifts of two hours were divided among the observers and individuals in order to
make sure that every individual study object was observed for the same amount of time
at similar times of the day by different observers.

Every two hours shift of observation was aimed to be carried out at least once for every
turtle which provided data on at least a half day (12h period) for every individual of the
study population. During the former mentioned observation shifts one individual of the
study population was observed by one person. In order to gather the same amount of
data on every individual while using the sprinkler device, a time table of shifts has been
developed and the observations were carried out accordingly (Appendix lll). An advantage
of this method of data collection is that the researchers were simultaneously watching
two turtles under the same conditions of humidity and temperature which could
influence the behaviour of the animals.

4.1.4 Data collection
The data collection of the experiment was carried out on 19 days between the 16th of
August and the 8th of September 2010 during the hot rainy season.

The patterns of behaviour that were recorded during the experiment are similar to the
ones that were recorded for the survey on the activity patterns and time budget and can
be found described in detail and shown in an ethogram in chapter 3.1.4 Data collection.
Recording those behaviour types makes it possible to determine if there is a difference in
the behaviour carried out by the study population during the treatment of artificial
rainfall compared to when there is no rainfall, neither natural nor artificial.

Furthermore the same variables were recorded as for the survey on the time budget and
activity patterns in part 1 of the study except for the condition artificial rainfall or no
rainfall (see Appendix VI).

The sampling method carried out during data collection of this survey was focal animal
sampling and as a recording rule continuous sampling was used to record the behaviour
types and their duration shown by the individuals at all times. Therefore the time and
behaviour type performed by the turtle were recorded continuously as well as the
condition (artificial rainfall/no rainfall). The date, the number of the observed turtle and
the number of the sample, the name of the observer and the observation shift were
recorded just at the beginning of each observation session because this information did
not change during one observation shift.
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4.1.5 Data preparation and analysis

In order to prepare the data set for the analysis, the original data set recorded in Excel
Microsoft Office 2003 (see template, Appendix V) had to be transformed into an SPSS file
using the program PASW Statistics 17.0. Within the SPSS file, the data set was prepared as
described in chapter 3.1.5 Data preparation and analysis.

Contrary to the observations made in Part | - Survey on the time budget and daily activity,
basking was observed during rainfall, so the values of this behaviour type were not
deleted from the dataset and used for the analysis. The behaviour types were grouped in
nine, respectively two (active/not active) classes. The behaviour type basking was
counted as active behaviour.

The percentages each turtle performed a certain behaviour type and in the behaviour
classes active/not active for the two conditions artificial/natural rainfall and no rainfall
were calculated.

As the same individuals of turtles were observed during the treatment with artificial rain
and during no rain (neither artificial nor natural) the samples were considered to be
related. After the transformation of the values as described in 3.1.5 Data preparation and
analysis, the Paired Samples T-Test was carried out to compare the arcsine values for
each of the nine behaviour types for both conditions rain or no rain.

Furthermore, the Paired Sample T-Test was carried out to compare the transformed
values of turtles being active either in rain or no rain conditions.
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4.2 Results
Fig. 5 gives the mean percentages of all turtles (N=4) together for each of the nine
behaviour types for both conditions artificial rainfall (blue) and no rainfall (yellow).
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Fig. 5: Mean (+ SEM) percentages for each behaviour type recorded with artificial rainfall (blue) and
without rainfall (yellow) (n=4). Star symbol showing the behaviours with significant differences
between the two conditions.

As Fig. 5 displays, the behaviour types resting, observing and under litter are the
behaviour types that were shown for the largest amount of time by the study population
and therefore have the highest mean percentages. Furthermore the graph shows that the
difference in percentage of time spent while performing certain behaviour during

artificial rainfall and without rainfall is the highest within the behaviours resting (;J_r
S.E.M; rain: 29.18% + 7.90% / no rain: 55.51% + 11.99%) , observing (rain: 44.76%
10.60% / no rain: 17.88% * 7.27%), locomotion (rain: 2.12% + 0.49% / no rain: 0.38%
0.17%), basking (rain: 5.63% + 3.33% / no rain: 0.00% * 0.00% ) and under litter (rain:
15.75% + 1.66% / no rain: 24.46% * 14.56%).

+
*

The comparison of the arcsine values for the behaviour types showed a significant
difference in the mean percentage of time spent for the two conditions no rainfall and
artificial rainfall in resting with p=0.043 (Paired Sample T-Test, t3=3.379) and in
locomotion with p=0.001 (Paired Sample T-Test, t3=-12.346).

Fig. 6 gives the mean percentages of all turtles (N=4) together for the behaviour class
active for both conditions artificial rainfall (blue) and no rainfall (yellow).
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Fig. 6: Mean (+ SEM) percentages for active behaviour recorded with artificial rainfall and without rainfall
(n=4).

In Fig.6 it can be seen that in general the turtles of the study population spent a higher
amount of time with active behaviour during observations with artificial rainfall (55.05 %
+ 8.89%) than without rainfall (20.03% +7.81%)

This observation indicates that in general the study population was more active during
the application of artificial rainfall than it was without rainfall.

However, the comparison of the arcsine values for each of the behaviour classes active
(Paired Sample T-Test, t3=-2.265) and not active (Paired Sample T-Test, t3=2.268) with
both of the conditions rain and no rain showed no significant differences (p=0.108 for
both cases) in the amount of time spent with active or not active behaviour.

4.3 Discussion
The highest mean percentages of all four turtles for resting, observing and under litter
were expected for these behaviour types due to the former literature study on the
ecology of the study species and other tortoise species. The differences in behaviour
shown during the treatment with artificial rainfall in comparison without rainfall were
partly expected due to the hypothesis that the study species is more active during rainfall
than without (McCormack, 2010). The significant differences for the behaviour types
resting (significantly lower during the treatment) and locomotion (significantly higher
during the treatment) confirm the hypothesis that this species is more active during rain.
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Furthermore, the behaviour observing had a definitely higher percentage of time spent
during the application of the treatment which was not really foreseen prior to the
experiment but could be founded in the theory that various species of land snails, one of
the turtle’s favourite food sources, are also more active during rainfall and while moving
easier to spot for the turtles (Iglesias et al., 1996). Furthermore, the high percentage of
basking shown during the treatment in comparison with not being expressed at all
without rainfall was rather surprising because tortoise species in general spend a large
amount of time with sun basking (Keswick et al., 2006). However, Liu et al. (2009)
discovered that their observed species, an Asian turtle species living partly terrestrial, did
not sun bask for a considerable time of the day.

Anyway, due to the absence of similar studies on the study species or other rain basking
turtles in south-east Asia the following possible explanations are just based on
assumptions. The function of the rain basking could as well as for sun basking be
thermoregulation. It is possible that the body temperature of the turtles is rather high
during the hot summer months during which the research took place. The turtles could
therefore use basking in the rain as a measure to lower their body temperature during
the hot rainy season. Another reason for the basking behaviour shown could be that the
turtles just use the rainfall to moisture their skin.

Resting and under litter were both grouped as not active behaviours and in both the
mean percentage of shown behaviour is lower during artificial rainfall, which was
expected. Locomotion was accounted as an active behaviour and it was also anticipated
that the percentage of this behaviour shown was higher during artificial rainfall.
However, comparing the values for active behaviour with and without the treatment
revealed no significant differences. Due to the large differences between the turtles and
the high standard deviations even though there are considerably high differences in
percentages for observation with or without treatment, significant differences were
expected but not achieved. The reason for that is a negative correlation between active
behaviour with and without treatment. This means that turtles, which were more active
than other turtles with the treatment rain are relative less active than the other turtles
without rain. Again, the small sample size and the fact that the individuals showed very
distinctive behaviour resulting in large standard deviations and their possible influence on
each other as well as the small amount of observation hours could be a reason for that.
Furthermore, the individuals and the study site were the same as used for the survey on
time budget and daily activity and therefore, the results of this experiment face the same
possible influences, assumptions and aspects as mentioned in 3.3 Discussion. Besides,
access to the sprinkler device was limited due to a shortage of water in the tank of the
TCC and the danger of flooding the enclosure of the study population. The fact that the
observations with artificial rainfall and without rainfall were not collected in turns every
other day within the same weeks could also have had an influence on the statistical
outcome, as well as the lack of a control group. For statistical testing, the Paired Sample T
test was conducted, but maybe due to the influence that the turtles had on each other,
the samples were no independent samples of the population.
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Although the possible influences on the results have to be taken into account and no significant
differences were achieved considering active behaviour with and without rain, the results
indicate, that the turtles were in general more active during rain than without rain. Therefore it is
likely, that the observations made before by the staff of the TCC and McCormack’s suggestion
(2010) about a higher level of activity during rain, are true and are another characteristic of this
species’ ecology.
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5. Part Ill — Survey on the daily movement patterns

The third part of the research study consisted of a survey on the daily movement of the
study species which aimed to answer the third research question.

5.1 Material and Methods

5.1.1 Study site

The survey on the daily movement of the Keeled Box Turtles was carried out with
individuals of the wild population at the park centre (Bong area) of the Cuc Phuong
National Park (see Chapter 2.1 Study area). The habitat of the turtles lies between service
areas that are highly frequented by tourists and a main road leading through their habitat
(see Figure 7 in 5.2 Results). On the right of Figure 7 in 5.2 Results the map on the top
right shows the part of the Bong area (park centre) where the thread-trailing took place,
but it displays also an overview of the other environmental features: buildings, pathways,
service areas and the main road. The forest between the accommodation and restaurant
area is connected by smaller pathways. These pathways are also used as nature trails with
labeled trees for tourists.

The map below shows the Cuc Phuong National Park and its close environment. The Bong
area where the data was collected is marked with a red point and the main road is
displayed as well. Further you can see on this particular map that the National Park is an
‘island’ of forest, surrounded by agricultural land and settlements.

5.1.2 Study population

During the pilot study five individuals of wild Keeled Box Turtles which already have been
followed by using a GPS transponder during a former study were located, of which four
were marked and weighed to be part of this study (see Appendix VII). The fifth turtle was
known to be located within a cave for already a year at that point without ever changing
location. It was therefore assumed that this individual either died in the cave or lost its
transmitter in it. Either way, it was decided to exclude the individual in question from the
study population. However, an additional turtle with a transmitter was found by chance
during a telemetry search for another turtle, and added to the study population.

The five individuals used during the study on movement were all adults but their exact
age and sex are unknown.

5.1.3 Study design

In order to exactly follow a turtles’ track, with every change of direction, the thread-
trailing method was used for this study. This method would also allow investigating where
turtles are hiding or how often they cross a certain pathway.

For a detailed building plan of the spooling device used during this research, see Appendix
VIIl. Other researchers have used trailing devices which made up to 6% of the body
weight of the turtles (Stott, 1987) and it is believed, that the threshold is about 10 % of
the body weight (McCormack, 2005). The spools that were built for this study weighed
approximately 40g which is definitely lower than 10% of the weight of any individual of
the study population (weights of turtles see Appendix VII).
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In the pilot study it was tested if the thread-trailing devices are applicable by applying
them on the carapace of an Asian Leaf Turtle (Cyclemys dentate) in the TCC. This
individual was chosen because it was more accustomed to being handled by humans.
Therefore the testing of the spooling device was less stressful for this particular animal
than it would have been for one of the captive Keeled Box Turtles. This species is similar
in size and shape to the study species and can therefore be just as useful in determining if
the device is working properly.

The devices were also applied on the study population to test the practicability within the
vegetation of the study site and the feasibility of following the thread with a GPS device.
The lower-back part of the carapace was chosen to attach the spools because not being
the highest point it is more unlikely that the turtle will scrape off the device under a tree
log for example. The normal activities of the turtles are not detectably altered by the
attachment of the trailers or the handling and marking (Stickel, 1950, McCormack, 2010).
However, in the pilot study it became clear that the study area, the habitat of the turtles,
is an area which is highly frequented by tourists, who also walk through the habitat on
paths. It was important to collect geographical data on the location of the buildings,
pathways and other areas used by tourists because this information together with the
coordinate data which results out of the thread-trailing would allow recommendations
about conservation efforts in the park center.

The spooling devices were attached to the carapaces of the individuals of the study
population after locating them with radio telemetry. Marine glue was preferred to attach
the trailing devices because the high humidity and possible restricted locomotion of the
turtle made duct tape an unfavourable option. In order for the marine glue to dry on the
carapace the turtles were handled approximately one hour when the devices were
attached. The animal was released at the location of capture, with the thread tied to
vegetation nearby. During day light, the trail of the turtle was checked every two hours to
ensure that the turtles are not tangled up in the thread, ran out of spool or crossed paths
that are frequently used by tourists who could possibly follow the thread and find the
turtles. The spools were exchanged if necessary simply by unscrewing the cap of the
trailing device, with minimal disturbance to the turtle (Longepierre et al., 2001).

5.1.4 Data collection

Unfortunately GPS tracking could not be used to record the exact track (every point of
direction change) of an individual because of the dense canopy in study area, cloudiness
and the short distances between points of direction change. Instead, reference trees
were used to calculate the GPS coordinates of every point where the direction of
movement had changed. For this, trees near the thread track that were standing quite
open were located. Several reference trees were used for measuring the turtle track
because dependent on the location of the point that was going to be measured, a
reference tree that was nearby would allow more accurate measurements of the turtles’
track than one further away. The criterion for choosing a tree was that the two
researchers involved in this data collection method would be able to establish a straight
line between the reference tree and the point of direction change with a measuring tape,
without vegetation blocking the line. The average of ten GPS waypoint coordinates
(Garmin GPS60) recorded at the location of those trees was taken because this is
supposed to increase the accuracy up to + 1m or even less (Ha, 2010). Following the track
of the turtle, at every point the direction changed, the distance and angles of that point
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(of direction change) to the nearest reference tree were measured. The angles were
measured from both directions by lining up a compass on the measuring tape, one person
pointing in the direction of the reference tree and one person pointing at the point of
direction change. Ensuring that the measurements were correct and the measuring tape
line ‘running’ straight, it was checked if the angles combined exceeded 180° + 4°. The
degrees/angles taken would also indicate what formula to use for the calculation of the
coordinates (see Chapter 5.1.5 Data preparation and analysis).

The distance the turtle had moved was recorded by measuring the thread of the spool
after 24 hours with a measuring tape.

Due to time and personnel constraints it was not possible to spool all turtles at the same
time to avoid differing weather conditions and temperature. However, it was tried to
spool all five turtles and the attempts were repeated as often as possible.

The location of the buildings and paths was recorded by using the tracking program of a
GPS device from Garmin (GPS60), taking one point each second (Hradsky, 2010).
According to McCormack (2010), the accuracy of the GPS signal is approximately £ 5m,
which is suitable for habitat mapping. In the pilot study it became clear though that an
accuracy of £ 5m is only realistic with good weather conditions (clear sky) and that the
actual accuracy is * 15m most of the times.

5.1.5 Data preparation and analysis

In order to analyze the data on the daily movement of the Keeled Box Turtle the
coordinates of the spooling track had to be calculated by using the reference tree
method. For the procedural method see the ATCN (Asian Turtle Conservation Network)
document in Appendix IX. To display the calculated coordinates of the spooling track and
the coordinates of the pathways and service areas recorded with the GPS device, the
ATCN provided geographical layers for the ArcMap GIS and mapping software system
version 9.3.1. Those layers provided the basic information like land use and roads on
which the collected data were displayed (Flowchart Appendix X). The tracks and points
representing the pathways and service facilities of the park center that were recorded
with the GPS device were transferred to the MapSource Garmin Trip & Waypoint
Manager (Version 4.00) software. Changing the format of the file containing the
coordinates was necessary in order to display the data in ArcMap. The file with the
coordinates of the tracks and points was then transformed into a GPS Exchange Format
(gpx) by using the MapSource program. The calculated coordinates (Decimal degrees -
WGS84) from the spooling were entered by hand into the MapSource program and this
file was then also transformed into a gpx format.

In the ArcMap program the extensions tool ‘Data Interoperability’ was activated to allow
the transfer of the GPS and calculated coordinates. In the ArcMap program the
geographical layers Land use, Traffic, Boundaries and Elevation were used as a map basis
to project the spooling track coordinates of the points of direction change on to. The
coordinates of the pathways and service buildings were also added to give a better idea
of the Bong area. Displaying this data is also necessary to show the frequency of potential
human encounters on roads or near buildings.
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5.2 Results

In Figure 7 the distance and direction moved over a period of 24 hours by turtle 2 is
displayed in the main large scale map. Of all individuals of the study population, it was
only possible to obtain one, complete data set. This particular turtle moved at least 99m
in 24 hours, crossing one of the pathways that connect the restaurant area with the
accommodation area. During day light it was checked every two hours if the turtle ran out
of spool but before nightfall the spool was exchanged anyway to ensure that the turtle
will not run out of thread overnight. Unfortunately, the turtle moved more than 50m
during the night and ran out of spool anyway. The yellow point on the map represents the
starting point of the spooling and the light blue point represents the end point of the
spooling, where the turtle had run out of spool (after covering a distance of 64m).
However, the turtle was then located by radio telemetry and the pink point represents its
final location after 24 hours. The distance between the light blue and the pink point
represents another approximately 35m (linear distance) that the turtle had moved after
running out of thread. The small map on the right shows the spooling location in Bong
and to visualize the entire 24hours spooling tack in this map, the light blue and pink point
are connected by a dotted line.
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Spooling track of Turtle 2 over a period of 24h
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Fig 7: Direction and distance moved over a period of 24 hours by Turtle 2 of the study population in the park center (Bong) of the Cuc Phuong National Park.
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5.3 Discussion

The results of the data collection on the daily movement of the turtles (see 5.2 Results)
show that it is more than likely for a turtle to cross a pathway or road at least once during
a period of 24 hours. Slow-moving species, such as turtles, are expected to be especially
affected by road mortality (Smith and Dodd, 2003) and in this case study the detection by
tourists is another valid mortality risk. It was expected that the individuals of the study
population would cross a pathway during the 24h data collection. However, it was not
expected that the turtle moved at least 99m because during the entire research time in
the park centre, the turtles were always located in the same area. This suggests, that the
turtles may have a well-defined home range or territory that they might only leave
periodically (seasonal movements for reproduction or over wintering). However, they
seem to move a lot within these home ranges/territories and it is assumed they know
where to find hiding places, food etc. Another explanation for this is that although some
turtles may remain in one location for days or even weeks, others are active nearly every
day and travel considerable distances within a twenty-four-hour period (Dodd, 2002). In
this context, the individuality of turtles has to be taken into account. Allard (1949) records
what he terms ‘selfish behavior’ of turtles but Dodd (2002) explains that this behavior
should rather be termed as ‘single-minded’ or ‘determined’.

Like the results of this study, many authors using thread trailers have shown that turtles
meander through their habitat, crisscrossing their own paths, turning often, and
wandering around certain objects as trees (Stickel 1950, Metcalf and Metcalf, 1970).
However, although not observed in this result, routes of turtles appear direct at other
times, as if the turtle was moving to a specific location. Previous research has also shown
that turtles use the same pathways in their habitat repeatedly (Dodd, 2002) and utilize
their home range (Madden, 1975) by tending to use core areas for day-to-day activities.

The results of the movement of turtle 2 could also not be representative for the study
species in general because the thread could not be checked every 2 hours during the
night and therefore the turtle ran out of thread before the 24 hours of data collection
were completed. Although it cannot be said after how many hours the turtle ran out of
thread, it was possible to record the exact track of the turtle up to 64m. However, after
locating the turtle again and measuring the distance from the end of the thread to the
new location (air-line distance) of the turtle (after 24 hours exactly), it was assumed that
the turtle had moved at least 99m in total. Nevertheless, this distance is only estimated
because the turtle could have traveled a greater distance before settling in that one
particular last location.

It is likely that the spooling data that was collected during this study is slightly biased
because it is possible, that the reason for the turtle’s movement was the disturbance of it
by the researchers. Although thread trailing is a traditional field method for the study of
spatial patterns, other researchers say that the method only provides partial, often
discontinuous, information and generally involve some interference with normal
behaviors (Dall’antonia et al., 2001). Therefore it has to be assumed that the long
handling time of one hour while attaching the spool and the checking of the thread every
two hours, influences the turtle in a way where it increases its movement. This would
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mean that the collected data is not representative for the species’ movement under
undisturbed circumstances. However, once the thread trailing device is attached to the
carapace of the turtle, spools can be easily changed, often within a minute and the turtle
is relatively undisturbed.

During the survey on the daily movement of the turtles it was attempted to spool every
turtle as often as possible for a period of 24 hours. Unfortunately, it was only possible to
attain this data once from one turtle. There are many steps involved when collecting this
data and although the data represents the movement of a turtle within 24 hours, a
minimum of 48 hours is required to actually collect the data. For once, it was sometimes
difficult because the telemetry device, which was used to locate the turtles, broke down a
lot due to high humidity and age of the device. Also, the individuals of the study
population were quite far apart, so it was not possible to easily switch between turtles.
Furthermore, the habitat of the turtles is very dense and difficult to access. It was
observed that they preferred ‘hiding’ in places where they could be located but not
reached (within big, hollow logs). This behavior was not expected but it is very typical for
the Keeled Box Turtle because generally, they live very secluded and hide most of the
time (Aqualognews, 1998). It is therefore assumed, that the wild turtles were disturbed
too often during data collection.

If the turtles could be reached it was often very difficult to attach the spool to the
carapace because even if it was not raining that day, the high humidity made the
carapace too wet for the marine glue to stick to it. The turtle had to be handled for
approximately one hour to make sure the spool was not going to come off immediately
but often it was observed that after releasing the turtle, the spool got scraped off under a
tree log or other vegetation because the turtle was trying to escape and hide. This is a
common problem with smaller tortoises that move a lot in densely structured habitats
(Loehr, 2004).

Another problem during data collection was the monitoring of the spooling in case the
turtle ran out of thread. Although the spool was checked every two hours, this was not
possible at night because it was quite easy to get disoriented in the dark, to move in the
difficult terrain and the venomous fauna of the jungle. Another reason for monitoring the
spooling data collection was the potential detection of the thread and/or turtle by
humans. If the turtle crossed a pathway only once during the 24 hour period it would
have been easy for tourists to follow the thread and find the turtle.

Recording the turtle track with the GPS tracking program was not possible because of the
dense canopy and an overcast sky. The accuracy for taking coordinates with the GPS
device was often over 35m and with all the direction changes and the relatively small
distance that the turtle moved it was only possible to record the coordinates by using the
reference tree method. This method takes a lot of time of at least two persons and is
difficult because it involves taking a lot of measurements. There is also the chance of
small miscalculations of the coordinates because after taking the measurements, there
are many calculations which have to be carried out (see Appendix IX).

A general problem with this data collection was also that the weather was often too
severe to go out into the jungle to spool a turtle. During a thunderstorm, for example, it
was dangerous to remain in the jungle because of falling branches, fruits etc. Another
concern during the data collection was the destruction of the habitat of the turtle.
Because the vegetation was so dense and inaccessible, it was obvious where a path had
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been cleared in order to locate the turtle. This is a potential threat to the turtle because
tourists will be more likely to investigate this path, find the turtle and potentially harm it
or take it with them. For this reason, some areas around trees, where turtles were known

to hide under, were not cleared in order to protect them.
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6. Conclusion

What is the time budget and daily activity pattern of the Keeled Box Turtle?

The Keeled Box Turtles at the TCC spent a mean average of 57.99% * 11.45% of their time
resting. Under litter and observing accounted for 20.96% * 10.22% and 17.92% + 5.40%
respectively of their daily time budget. Only 3.13% + 2.12% of their time, they expressed
the remaining behaviours foraging, locomotion, social activity, investigating and agonistic
behaviour. The behaviour basking was not displayed at all during these observation
periods. The data revealed large differences between the behaviours of the four
individuals, which can be seen considering the minimum and maximum percentages for
each behaviour type. The behaviour resting was for example performed between 28.72%
and 80.06% of the time; other behaviours like foraging would not be expressed by all
individuals, percentages of time spent ranging from 0% up to 4.49%.

The daily activity patterns revealed a significant relation to the time of the day.

No active behaviour at all was shown from 10:00 pm to 2:00am. In contrast, peaks in
activity were shown from 6am-8am (54.58% + 18.95 %), 8am-10am (47.92% + 27.68%)
and 8pm-10pm (47.29% + 27.32%).

During the peaks in activity in the morning and evening, especially observing behaviour
(up to 52.92%) was shown. Furthermore, the averaged percentages of time all turtles
expressed the behaviour types foraging, locomotion and investigating is during one of the
peaks of activity from 8pm-10pm. Social activity behaviour was shown longest from
10am-12pm. The averaged time spent resting reached from 23.96% from 8am-10am up
10 92.50% in the early morning (4am-6am).

What influence does rainfall have on the activity of the Keeled Box Turtle?

The results of the experiment indicate that the Keeled Box Turtles are more active during
rainfall even if the difference in activity could not be proven as statistically significant.
During rain, the turtles performed 55.05% + 8.89% active behaviour, whereas only 20.03%
1 7.81% of the time was spent with active behaviour without rain.

Furthermore the difference in mean percentages of the behaviour types resting and
locomotion shown during artificial rainfall and without rainfall were tested significant
(p=0.043 and p=0.001). The mean percentage of resting during rainfall (29.18% + 7.90%)
was significantly lower than without rainfall (55.51% + 11.99%) whereas the mean
percentage of locomotion was significantly higher during rainfall (2.12% + 0.49%) than
without rain (0.38% + 0.17%).

What are the daily movement patterns of wild individuals of Keeled Box Turtles in the Cuc
Phuong National Park in Viethnam?

The collected data of one individual shows, that the thread-trailed turtle walked a
distance of at least 99m. Also, it is likely for turtles to cross the pathways leading through
their habitat, at least once in a period of 24 hours.
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7. Recommendations

To achieve more knowledge and significant results for the time budget and daily activity
patterns of Keeled Box Turtles it is recommended to conduct behaviour surveys with
larger sample sizes, because the individuals in this study showed very distinctive
durations of behaviour types, which lead to high standard deviations. Therefore, a follow
up survey with a larger sample size as well as more observations, using the same
recording methods which proved to be suitable for the aim of the survey, is necessary to
draw stronger conclusions about the species’ time budget and daily activity. The findings
could be used for developing conservation strategies for the management of in situ as
well as ex situ populations. Research on time budget and activity patterns can help to
improve husbandry guidelines and therefore enhance the breeding success of assurance
populations in captivity. Besides, the additional ecological knowledge could be helpful for
educating the local communities on the importance and intrinsic value of the species.

For in situ research, due to the dense vegetation, it is recommended to verify if the turtles
are not disturbed by observers being close to them. Furthermore, behaviour studies on
wild individuals should be carried out to eliminate possible influencing factors caused by
the captive environment. Although the method is very time consuming, the observations
of wild individuals could be conducted by habituating a study population of wild Keeled
Box Turtles to the presence of observers prior to the survey.

In order to locate more individuals which can be added to a study population, turtle
detection dogs could be used. This is actually a common way for poachers in Vietnam to
find turtles but Timothy McCormack and the TCC recently started to use this knowledge
and train dogs for turtle searches. Another option of improving the way to find wild
turtles and conduct research on them would be the inclusion of former poachers into
research activities. By doing so they would be provided with a steady income and their
knowledge on the species could be more than valuable during field research.

The use of small electrical devices, even though those are rather expensive, like cameras
attached to the carapace could be another method to successfully conduct behaviour
research on wild individuals.

In order to gain more knowledge on the relation between rainfall and the activity or
behaviour shown by the Keeled Box Turtle further experimental research should be
carried out. The method used during the experiment of this study proved to be suitable
for the most part and can therefore be used in further studies with some adaptations. It is
recommended to use a sample size as large as possible to avoid having high standard
deviations. Furthermore more hours of observational data over several 24 hours periods
of each turtle of the study population should be collected. A control group should be used
as a comparison to the group that receives the treatment during a follow up research in
order to conduct a true experiment.

Besides, for further research on the behavior of this species it might be worth considering
taking frequencies of behavior types instead of recording durations in order to test if that
method leads to similar results.

The gained results display activity peaks throughout the day as well as during rainfall and
it is assumed that the turtles are more vulnerable to being poached or collected by
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humans at these times. Therefore conservation organisations that aim to protect the
species should consider this information when developing their strategies.

The small pathways and especially the main road leading to the park centre are a
considerable threat to the turtle population living there. The collection of turtles by
humans remains the biggest threat to Asian turtles in general (Tisdell, 1986) and this is
also the greatest danger to the turtles in the National Park. Controlling visitor busses
frequently with a turtle search dog at the park exit is recommended to reduce the
number of turtles being collected in the park.

During the study, turtles were found by tourists and also encountered on the main road
where they are in immediate danger. More spooling data of different individuals of
Keeled Box Turtles should be obtained to map the turtles” movement within a year, for
example, to determine when they move to other parts of the forest and how often they
are in danger of encountering humans on roads or pathways. Because even if the home
range remains constant for most box turtle species, there may be slight shifts in habitat
use which may occur weekly or monthly within a year or season (Stickel, 1950, 1989;
Yahner, 1974; Madden, 1975; Strang, 1983). If turtles use a certain trail repeatedly, more
effective conservation actions can be planned, like installing a certain barrier to prevent
the turtle from crossing a road. Other research has found that drift fences, for example,
reduced turtle road mortality (Aresco, 2005).

In case more spooling data is collected, researchers should determine more precisely
when the turtle moved where by marking the thread. In addition to simply checking the
proper functioning of the spool and the well-being of the turtle, the researchers could
mark the location of the spool with tape that has the current time written on it, without
disturbing the turtle too much. The future results of movement patterns and therefore
turtles’” home ranges can be implemented in conservation management of protected
areas.

The results of the thread-trailing as well as encounters of individuals of the study species
on the main road suggest that the turtles are crossing the pathways and road rather
frequently. Furthermore, tourists found a turtle that had been run over by a vehicle. In
this context, it is advised that the National Park authorities decide upon restricting the
speed limit on the main road through the jungle to rather 20km/h than 40km/h. This
would not only protect the turtles but also other endangered species that were observed
on the main road. It is realistic to hide speeding cameras in the vegetation along the road
that leads into the National Park and as the tourists enter and leave the National Park
through the same gate, it would be easy to fine them for speeding. Eventually people
would take speeding limits seriously because it was observed during the research study,
that money is an important motivation for most Vietnamese people.

During the research it was also observed that tourists frequently leave the pathways to
explore the forest. As a consequence, they leave noticeable trails that damage the
vegetation and create open spaces. It is advised to educate tour guides about the
potential risk to turtles if vegetation is cleared around their hiding places and that they
should pass their knowledge on to the tourists. Additionally, appropriate signs which
prohibit tourists to leave the pathways should be placed within the park. Another way of
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reinforcing the obedience of the visitors of the park is to collect fines if they do not stay
on the pathways.

The pathways connect the restaurant area with the accommodation area (see Figure 7 in
5.2 Results) and act as a nature trail for tourists. The problem arising from this is that
tourists tend to carry their trash with them in the jungle and leave it there. On the side of
the accommodation area where the pathways lead into the jungle, the National Park has
already set up trash bins. It is advised that such trash bins are also set up at the beginning
of the pathways in the restaurant area, where tourists are more likely to buy food and
beverages packages. Also, the National Park could put up, at least, one sign, friendly
reminding people not to leave their trash in the jungle. And again, if a friendly reminder
does not work, fines can be taken if the rules are not obeyed.

37

Research into the ecology of the Keeled Box Turtle (Cuora mouhotii) in Vietnam
Inga Fischer, Sarah Wahl, Sandra Weimer
December 2010



8. References

8.1 Literature List

Adventure Tours Vietnam, 2010. Cuc Phuong National Parl’k. [Online] Available at:
http://www.adventuretours.vn/nationatiol_parks/cucphuong_park/index.htm
[Accessed 12 June 2010]

Allard, H. A., 1949. The eastern box turtle and its behavior. Journal of the Tennessee Academy of Science,
23, pp.307-321.

Asian Turtle Conservation Network (ATN), 2006. Turtles in Crisis. [Online] Asian Turtle Network. Available

at: http://www.asianturtlenetwork.org/library/reports_papers/papers/Turtles_in_Crisis.pdf [Accessed 6
June 2010]

Asian Turtle Conservation Network, 2006. Cuc Phuong Turtle Conservation Center. [Online] Available at:
http://www.asianturtlenetwork.org/project%20profiles/vietnam/cuc_phuong.htm [Accessed 7 June 2010]

Asian Turtle Trade Working Group. 1999. Conclusions from the Workshop on Trade in Tortoises and
Freshwater Turtles in Asia. [Online] Available at: http://nytts.org/asia/trade-ws.htm [Accessed 2 June 2010]

Aqualognews, 1998. The Keeled Box Turtle, Pyxidea mouhotii (Gray, 1862). International Newspaper for
Aquarists, No 15 [online] Available at: < http://www.aqualog.de/news/news_pdfen/News15e.pdf>
[Accessed 5 December 2010]

Boonstra, R., Craine, I.T.M., 1985. Natal nest location and small mammal tracking with a spool and line
technique. Canadian Journal of Zoology, 64, pp.1034-1036.

Cheung, S.M., Dudgeon, D., 2006. Quantifying the Asian turtle crisis: market surveys in southern china,
2000- 2003. Aquatic Conservation: Marine and Freshwater Ecosystems, 16(7), pp.751-770.

Central Intelligence Agency website, 2010. Vietnam. [Online] Available at:
https://www.cia.gov/library/publications/theworld-factbook/geos/vm.html [Accessed 7 June 2010]

Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), 2010. UNEP-
WCMC Species Database: CITES-Listed Species. [Online] Available at: http://www.unep-
wcmc.org/isdb/CITES/Taxonomy/tax-species-result.cfm/isdb/CITES/Taxonomy/tax-species-
result.cfm?Genus=Cuora&Species=mouhotii&source=animals [Accessed 7 June 2010]

Cuc Phuong National Park, 2006. Cuc Phuong National Park. [Online] Available at:
http://www.cucphuongtourism.com/index.html| [Accessed 7 June 2010]

Cuong, N.M., 2007. Gymnosperm Conservation at Cuc Phuong National Park, Vietnam. Report Online
available at: http://www.ruffordsmallgrants.org/rsg/projects/cuong_nguyen_manh [Accessed 12 June

2010]

Dall’antonia, L., Lebboroni, M., Benvenuti, S., Chelazzi, G., 2001. Data loggers to monitor activity in wild
freshwater turtles. Ethology Ecology & Evolution, 13, pp.81-88

Dang, T.A., Chu Thi, T.H., 2005. Biodiversity in Vietnam 2005. Department of Environmental Biology.
Institute of Ecology and Biological Resources. Vietnamese Academy of Science and Technology (VAST),ppt.

Darwin C., 1859. On the origin of species by means of natural selection or the preservation of favoured races
in the struggle for life [reprinted 1964]. Cambridge (MA): Harvard University.

38

Research into the ecology of the Keeled Box Turtle (Cuora mouhotii) in Vietnam
Inga Fischer, Sarah Wahl, Sandra Weimer
December 2010



Dodd, C. K. Jr., Franz, R., Smith, L.L., 1994. Activity patterns and habitat use of box turtles (Terrapene
carolina bauri) on a Florida island, with recommendations for management. Chelonian Conservation and
Biology, Vol. 1, pp. 97-106.

Dodd, C.K., 2002. North American Box Turtles: A Natural History. University of Oklahoma Press

ETI Biolnformatics, 2010. Turtles of the world. [Online] Available at:
http://ip30.eti.uva.nl/BIS/turtles.php?selected=beschrijving&menuentry=zoeken&zoeknaam=cuora%20mo
houtii [Accessed 6 June 2010]

Education for Nature — Vietnam (ENV), 2010. Vietnam’s turtle crisis. [Online] Available at:
http://www.asianturtlenetwork.org/library/useful_resources/Turtle%20factsheet%20(ENfinal;%2015%20M
arch%202010).pdf [Accessed 6 June 2010]

Environmental News Network. 1999. Half of world's turtles face extinction, scientists say. [Online] Available
at: http://edition.cnn.com/NATURE/9908/27/fresh.turtle.enn/index.html [Accessed 2 June 2010]

Field, A., 2009. Discovering statistics using SPSS.SAGE Publications Ltd. London. UK.

Footprint, 2010. Footprints Vietnam. [Online] Available at:
http://www.footprintsvietnam.com/Destinations/Cuc-Phuong-National-Park.htm [Accessed 6 June 2010]

Gibbons, J.W., et al., 2000. The Global Decline of Reptiles, Déja Vu Amphibians. BioScience Vol.50, No. 8, pp.
653-666.

Hailey, A., Coulson, .M., 1996. Differential scaling of home-range area to daily movement distance in two
African tortoises. Canadian Journal of Zoology, 74, pp.97-102.

Hailey, A., Coulson, .M, 1999. Measurements of time budgets from continuous observation of thread-
trailed tortoises (Kinixys spekii). Herpetological Journal, 99, pp.15-20.

Hill, D., Fasham, M., Tucker, G., Shewry, M., Shaw, P., 2005. Handbook of biodiversity Methods-Survey,
Evaluation, Monitoring. Cambridge University Press. Cambridge. UK.

Iglesias, J., Santos, M., Castillejo, J., 1996. Annual activity cycles of the land snail Helix apsersa Mdller in
natural populations in north-western Spain. The Malacological Society of London; Santiago de Compostela,
Spain.

International Union for Conservation of Nature and Natural Resources (IUCN), 2010. IUCN Red List of
Threatened Species. Version 2010.1. [Online] Available at:
http://www.iucnredlist.org/apps/redlist/details/163414/0 [Accessed 7 June 2010]

International Union for Conservation of Nature (IUCN), 2010. IUCN Red List of Threatened Species. [Online]
Available at www.iucnredlist.org [Accessed on 13 June 2010]

Jiang, Z.G,, Li, C.W., Peng, J.J. & Hu, H.J., 2001. Structure, elasticity and diversity of animal behavior.
Chinese Biodiversity 9, 265—274 (in Chinese with english abstract).

Jackson, D. R., Milstrey, E. R., 1989. The fauna of gopher tortoise burrows. Proc. of the Gopher Tortoise
Relocation Syrup. eds J. E. Diemer, D. R. Jackson, J. L. Landers, J. N. Layne and D. A. Wood, pp. 86-98. Florida
Game and Fresh Water Fish Commission, Tallahassee, FL.

Keswick, T., Henen, B., Hofmeyr, M., 2006. Sexual disparity in activity patterns and time budgets of angulate

tortoises (Chersina angulata) on Dassen Island, South Africa. Zoological Society of Southern Africa. African
Zoology, 41 (2):224-233.

39

Research into the ecology of the Keeled Box Turtle (Cuora mouhotii) in Vietnam
Inga Fischer, Sarah Wahl, Sandra Weimer
December 2010



Kiester, A.R., Moskovits, D.K., 1987. Activity Levels and Ranging Behaviour of the Two Amazonian Tortoises,
Geochelone carbonaria and Geochelone denticulata, in North-Western Brazil; British Ecological Society.
Functional Ecology, Vol. 1, No. 3, pp. 203-214.

Landis, J.R. and Koch, G.G., 1977. The Measurement of Observer Agreement for Categorical Data;
Biometrics, Vol.33, No.1, pp. 159-174.

Lau M., Chan B., Crow P., Ades G., 2000. Trade and conservation of turtles and tortoises in the Hong Kong
Special Administrative Region, People’s Republic of China. In Asian Turtle Trade: Proceedings of a Workshop
on Conservation and Trade of Freshwater Turtles and Tortoises in Asia, van Dijk PP, Stuart BL, Rhodin AG)J
(eds). Chelonian Research Foundation: Lunenburg; 39-44.

Lehr, E., 1997. Untersuchungen zum Schildkrétenhandel in Vietnam zwischen 1993 und 1996. Mitteilungen
der Zoologischen Gesellschaft fiir Arten- und Populationsschutz, 2

Liu, Y., Shi, H., Wang, J., Murphy, R., Hong, M., Yun, C., W, Z., Wang, Y., He, B., Wang, L., 2009. Activity
rhythms and time budget of Sacalia quadriocellata in captivity. Herpetological Journal 19: 163-172.

Loehr, V.J.T., 2002. Population characteristics and activity patterns of the Namaqualand speckled padloper
(Homopus signatus signatus) in the early spring. Journal of Herpetology 36:378-389.

Loehr, V.J.T., 2004. A New Thread-Trailing Method for Small Tortoises in Densely Structured Habitats. Turtle
and Tortoise Newsletter, 7, pp.13-14.

Longepierre, S., Hailey, A. & Grenot, C.; 2001. Home range area in the tortoise Testudo hermanni in relation
to habitat complexity: implications for conservation of biodiversity. Kluwer Academic Publishers;
Netherlands; Biodiversity and Conservation 10: 1131-1140.

Lue, K.-Y. and T.-H. Chen, 1999. Activity, movement patterns, and home-range of the yellow-margined box
turtle (Cuora flavomarginata) in northern Taiwan. Journal of Herpetology, Vol. 33, pp. 590-600.

MacArthur, R.H., 1955. Fluctuations of animal populations and a measure of community stability. Ecology,
Vol. 36, pp. 533-6.

Madden, R., 1975. Home range, movements, and ori- entation in the eastern box turtle, Terrapene carolina
carolina. Ph.D. Thesis. City University of New York.

Marlow, R.W. and Tollestrup, K. 1982. Mining and exploitation of natural mineral deposits by the desert
tortoise, Gopherus agassizii. Animal Behavior 30:475-478.

McCormack, T.E.M., 2005. Conservation of Vietnam’s chelonians, the Keeled Box Tortoise (Pyxidea
mouhotii); University of East Anglia; Norwich; UK.

Metcalf, E. L., Metcalf, A. L., 1970. Observations on ornate box turtles (Terrapene ornata ornata Agassiz).
Transactions of the Kansas Academy of Science, 73(1), pp.96-117.

Moll, D., Klemens, M. W., 1996. Ecological characteristics of the Pancake Tortoise, Malacochersus tornieri,
in Tanzania. Chelonian Conservation Biology, Vol. 2, pp. 26-35.

Moll, D., Moll, E.O., 2004. The Ecology, Exploitation, and Conservation of River Turtles. Oxford University
Press.

Nieuwolt, P. M, 1996. Movement, activity, and microhabitat selection in the western box turtle, Terrapene
ornata luteola, in New Mexico. Herpetologica, Vol. 52, pp. 487-495.

Peterson, G., Allen, C.R., Holling, C.S., 1998. Ecological Resilience, Biodiversity, and Scale. Ecosystems, Vol. 1,
pp. 6-18

40

Research into the ecology of the Keeled Box Turtle (Cuora mouhotii) in Vietnam
Inga Fischer, Sarah Wahl, Sandra Weimer
December 2010



Rogner, M., 2008. Schildkréten. Eugen Ulmer KG, Stuttgart.
Salzberg, A., 1998. The Chinese Turtle Problem. Reptilia.

Sample, I., 2004. Why do tortoise live so long? The Guardian. [Online] Available at :
http://www.guardian.co.uk/science/2004/may/13/thisweekssciencequestions2 [Accessed 01 December
2010]

Simberloff, D., 1997. Flagships, umbrellas, and keystones: is single-species management passé in the
landscape era? Biological Conservation, Vol.83(3), pp. 247-257

Smith, L. L., R. Bourou, J. Mahatoly, and C. Sibo, 1999. Home range and microhabitat use in the Angonoka
(Geochelone yniphora) in Madagascar. Chelonian Conservation and Biology, 3,pp. 393-400.

Smith, L.L., Dodd, C.K. Jr., 2003. Wildlife mortality on U.S. Highway 441 across Paynes
Praire, Alachua County, Florida. Florida Scientist, 66, pp.128-140.

Soejarto, D. and Kadushin, M., 2001. Atlas of Seed plants of Cuc Phuong National Park. University lllinois.
[Online] Available at : http://fm2.fieldmuseum.org/plantatlas/about.asp [Accessed 13 June 2010]

Stickel, L.F., 1950. Populations and Home Range Relationships of the Box Turtle, Terrapene c. Carolina
(Linnaeus); Ecological Society of America; Ecological Monographs, Vol. 20, No. 4, pp.351-378.

Stickel, L.F., 1989. Home Range Behavior among Box Turtles Terrapene c. Carolina (Linnaeus) of a
Bottomland Forest in Maryland. Journal of Herpetology, 23(1), pp.40-44.

Stott, P.; 1987. Terrestrial Movements of the Freshwater Tortoise Chelodina longicollis Shaw as Monitored
with a Spool Tracking Device; University of Adelaide, Adelaide, Australia; Aust. Wildl. Res., 1987, 14, 559-67.

Strang, C. A., 1983. Spatial and temporal activity patterns in two terrestrial turtles. Journal of Herpetology,
17, pp.43-47.

The New York Turtle and Tortoise Society, 2010. The Turtle conservation Senter at Cuc Phuong National
Park. [Online] Avaialbe at: http://nytts.org/vietnam/ [Accessed 12 June 2010]

Thirakhupt, K., van Dijk, P.P., 1994. Species diversity and conservation of turtles in western Thailand.
Natural History Bulletin of the Siam Society, 42, pp.207—-259.

Tisdell, C., 1986. Marine Resources in Southeast Asian and Australian Waters: Turtles and Dugong as Cases.
Marine Resource Economics, 3(1), pp.89-109.

Turtle Conservation Fund. 2002. A Global Action Plan for Conservation of Tortoises and Freshwater Turtles.
Strategy and Funding Prospectus 2002—-2007. [Online] Washington, DC: Conservation International and
Chelonian Research Foundation. Available at:
http://www.asianturtlenetwork.org/library/reports_papers/papers/Turtles_in_Crisis.pdf [Accessed 6 June
2010]

U.S. State Department. 2010. Background Note: Vietnam. [Online] Available at:
http://www.state.gov/r/pa/ei/bgn/4130.htm [Accessed 7 June 2010]

Van Dijk, P.P., Stuart, B.L., Rhodin, A.J.G., 2000. Executive summary. In Asian Turtle Trade: Proceedings of a
Workshop on Conservation and Trade of Freshwater Turtles and Tortoises in Asia, van Dijk PP, Stuart BL,
Rhodin AGJ (eds). Chelonian Research Foundation: Lunenburg; 13-14.

Vié, J.-C., Hilton-Taylor, C., Stuart, S.N., 2009. Wildlife in a Changing World — An Analysis of the 2008 IUCN
Red List of Threatened Species. Gland, Switzerland: [UCN. 180 pp.

41

Research into the ecology of the Keeled Box Turtle (Cuora mouhotii) in Vietnam
Inga Fischer, Sarah Wahl, Sandra Weimer
December 2010



Vietnam Open Tours, 2005. Appendix 7- Summary description of selected protected areas. [Online]
Available at:
http://www.vietnamopentour.com/english_info/vietnam_national_park%201.htm#CUC%20PHUONG
[Accessed 13 June 2010]

Viet Nam Travel, 2010. Vietnam Travel Blog. [Online] Available at:
http://www.vietnamtravelblog.net/national-park/190/cuc-phuong-national-park-world-naturalheritage-
unesco [Accessed 5 June 2010]

Wildscreen ARKive, 2010. Keeled Box Turtle. [Online] Available at:
http://www.arkive.org/keeled-box-turtle/cuora-mouhotii/ [Accessed 5 June 2010]

Wone, B., Beauchamp, 2003. Movement, home range, and activity patterns of the horned lizard,
Phrynosoma mcallii. Journal of Herpetology, Vol. 37, pp. 679-686.

Yahner, R. H., 1974. Weight change, survival rate and home range change in the box turtle, Terrapene
carolina. Copeia, 1974, pp.546-548.

Research into the ecology of the Keeled Box Turtle (Cuora mouhotii) in Vietnam
Inga Fischer, Sarah Wahl, Sandra Weimer
December 2010

42



8.2 Photograph and Map Credits

Devender, W.v., 2010. Image 1 Keeled Box Turtle (Pyxidea mouhotii). [Online] Available at:
http://jcvi.org/reptiles/families/geoemydidae.php
[Accessed 7 June 2010]

Google Maps, 2010. Figure 2 Location Cuc Phuong National Park. [Online]

Available at: http://maps.google.com/maps?g=cc%20phuong%20national%20park&oe=utf-
8&rls=org.mozilla:de:official&client=firefox-a&um=1&ie=UTF-8&sa=N&hl=de&tab=wl
[Accessed 13 June 2010]

Holiday Hotel, 2010. Figure 1 Map Vietnam. [Online] Available at:
http://www.holidayhotelhanoi.com/Hanoi_Travel_Guide/map.html [Accessed 9 December 2010]

McCormack, T., Asian Turtle Program, 2010. Image Title. Keeled Box Turtle. [Online] Available through
Wildscreen ARKive at: http://www.arkive.org/keeled-box-turtle/cuora-mouhotii/image-G22309.html
[Accessed 7 June 2010]

Sheldon, A.B., Animals Animals, 2010. Image 2 Underneath of a keeled box turtle, showing plastron.

[Online] Available at: http://www.arkive.org/keeled-box-turtle/cuora-mouhotii/image-G24750.html
[Accessed 7 June 2010]

All photographs in the appendices by courtesy of the authors.

Research into the ecology of the Keeled Box Turtle (Cuora mouhotii) in Vietnam
Inga Fischer, Sarah Wahl, Sandra Weimer
December 2010

43



8.3 Personal Communication

Ha, H.V., 2010. Asian turtle program employee. [conversation] (Personal communication, 19 August 2010)

Hradsky, B., 2010. Wildlife Conservation and Science Department Manager, Zoos Victoria, Australia
(personal communication, email, 27 June 2010)

McCormack, T., 2010. Program coordinator of the Asian Turtle Program of Cleveland Metroparks Zoo /
Vietnam supervisor. Contact through: Mr. C. Banks., Zoos Victoria. [phone call, conversation] (Personal
communication 21 May 2010; 3 June 2010 and frequently during data collection in Vietnam)

Meier, E., 2010. Program coordinator International Turtle Conservation Center, Allwetterzoo Minster.
Germany. Contact through: Dr. M. Raffel, In-situ curator of the Allwetterzoo Muenster, Germany
[conversation] (Personal Communication, 26 June 2010)

Research into the ecology of the Keeled Box Turtle (Cuora mouhotii) in Vietnam
Inga Fischer, Sarah Wahl, Sandra Weimer
December 2010

44



Appendix | Threatened Turtles and tortoises worldwide and
in Vietham

Table 3: International Union for Conservation of Nature 2008 Red List of threatened turtles and tortoises
worldwide and 2010 Red List of threatened turtles and tortoises in Vietnam.

THREATENED TURTLES AND TORTOISES THREATENED
WORLDWIDE IUCN 2008 TURTLES
AND

TORTOISES

IN VIETNAM

IUCN 2010

N % N %
Extinct 71 3,3% 0 0,0%
Extinct in the wild 1 0,5% 0 0,0%
Subtotal Extinct 8 3,8% 0 0,0%
Critically Endangered 31| 14,6% 4 14,8%
Endangered 42| 19,8% 13 48,1%
Vulnerable 59 27,8% 9 33,3%
Subtotal Threatened 132| 62,3% 26 96,3%
Lower Risk/conservation dependent| 1 0,5% 0 0,0%
Lower Risk/near threatened 42| 19,8% 1 3, 7%
Lower Risk/least concern 19 9,0% 0 0,0%
Data Deficient 100 4,7% 0 0,0%
Subtotal Lower Risk 72| 34,0% 1 3, 7%
NUMBER OF SPECIES 212/100,0% 27 100,0%

Source: Vié, 2009; IUCN, 2010
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Appendix Il Study site - Enclosure at the TCC

Images 3 and 4: Enclosure and service pathway and enclosure insight at the TCC.

‘ B A haystack
Enclosure of Keeled Box Turtles (Cuora mouhotiz) B rock
at the Turtle Conservation Center (TCC) in B e
Cuc Phuong National Park B pond
Il e

47m ——»

4— 58m ——»

Pathway

Figure 8: Enclosure where the observations took place.
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Appendix Il

Time table observation shifts

Tive [12] 1
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Appendix IV

Data sheet survey for time budget and daily

activity
Keeled Box Turtle observation
Sample #: Turtle:
Time
Date: start: Student:
Time end:
Condition: Rainfall=1 No rainfall=0
Behaviour types Code Definition
Feeding F Collecting and consuming food
Drinking D Consuming water
Agonistic Afi Fighting
(behaviour associated with
conflict/disturbance)
Ae Escaping
Afr Freezing
Locomotion Ls Walking slow
Lf Walking fast
Lc Climbing
Ls Swimming
Social activities Sf Following
Sc Courtship
Scop Copulating
Scha Chasing
Resting St Standing, no forward movement
Basking B Exposing itself to the warmth of the sun or
to rain
Investigating I Exploring social, biological and physical
environment
Observing 0] Watching/smelling environment
Under litter ul Not or barely visible under litter
Not observed No No behaviour observed
Time Behaviour Condition (1/0)
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Appendix V Excel data sheet template

Turtle
Number \

Date Shift | Time Behaviour | Condition | Observer
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Appendix VI Data sheet experiment on the influence of
rainfall on activity

Keeled Box Turtle observation
Sample #: Turtle:
Time
Date: start: Student:
Time end:
Condition: artificial rainfall=1 no rainfall=0
Behaviour types Code Definition
Feeding F Collecting and consuming food
Drinking D Consuming water
Agonistic Afi Fighting

(behaviour associated with
conflict/disturbance)

Ae Escaping

Afr Freezing
Locomotion Ls Walking slow

Lf Walking fast

Lc Climbing

Ls Swimming
Social activities Sf Following

Sc Courtship

Scop Copulating

Scha Chasing

Resting St Standing, no forward movement

Basking B Exposing itself to the warmth of the sun or
to rain

Investigating I Exploring social, biological and physical
environment

Observing 0] Watching/smelling environment

Under litter ul Not or barely visible under litter

Not observed No No behaviour observed

Time Behaviour Condition (1/0)
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Appendix VIl  Study population for daily movement

Table 4: Short characteristics of the wild individuals.

Turtle GPS Colour Mark Weight Characteristics Rough
Number | frequency | type/name location | (g) Location
1 8 Shining Star Right 706 Red eyes, short Cobra
middle tail, not afraid or garden,
aggressive jungle
right side
2 14 Just in case Left 546 Red eyes, Jungle
middle vocalising while left side,
handling close to
Turtle 4,
often
under a
log
3 7 Speedy Left 521 Red eyes, spare Far away.
middle battery beside 5km
transponder on from
carapace, no Bong
aggressive along the
behaviour road
towards
park
entrance
4 9/10 Pearl Left 494 Red eyes, tries Jungle
middle biting, prefers left side,
staying under a log | close to
when approaching | Turtle 2,
often
under a
log
5 5 Golden Bronze Left 544 Transponder Bamboo
middle secured with tape Garden,
around carapace. Jungle
First time head and | right side
legs inside
carapace, second
localisation trying
to bite

Note: Weight includes transponder. Rough locations are self-named and describe certain areas in the Bong
area.

Vi
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Turtle 1
Images 5 and 6: Turtle 1.

Turtle 2

Images 7 and 8: Turtle 2.

Vil
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Turtle 3

Images 9 and 10: Turtle 2.

Turtle 4
Image 11: Turtle 4.
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Turtle 5

Images 12 and 13: Turtle 5.
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Appendix VIII

Spool building

How to build a spool to record daily movement of the Keeled Box Turtle.
Constructed with the help and advice of Mr. McCormack.

Material (to build one spool):

Bottle cap (diam. ca. 5 cm, height 2cm)
Plastic lid of potato chips container (diam. ca.
15 cm —for example ‘Pringles’)

. Spool of thread

. 1 screw nut

. 1 screw (length of screw depends on height of
bottle cap)

. 1 washers that fit the screw

. 1 thread spool (part of a sewing machine)

. Scissors

. Pocket knife

1. Cut of the border of the lid of the potato chips to
create a platform on which to screw the cap on later.
Cut a hole in the middle of the plastic lid just large
enough for the screw to fit through. Put a washer on
the screw and push the screw through the hole in the
lid.

2. Punch a hole through the middle of the bottle cap
just large enough for the screw to fit through. Also, cut
a tiny opening on the side of the bottle cap for the
thread to fit through later on. Spool the thread on to
the thread spool.

3. Place the spool with the thread on the
plastic bottom with the screw sticking out.
Then, to cover the spool, place the bottle
cap on the spool but do not forget to pull
the end of the tread through the tiny hole
on the bottle cap side. Finally, to fix the
bottle cap, screw on the screw nut (but do
not screw it on too tight because otherwise
the thread might not run of the spool).

4. Attach the spool to the back part of carapace with
suitable glue (in humid areas use marine glue but also
duck tape for security) or duck tape (if duck tape is
used be sure it does not influence the turtles mobility).
If possible, position it on the carapace so that it is not
the highest point of carapace. This way the spool does
not get scraped off when the turtle crawls under trees.

Xl
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Appendix IX Coordinates calculation method (ATCN, 2008)

Rules for working out new co-ordinates for turtle locations with a known straight line
distance and point A and B bearings.

Below is an example in which Point A was the previous location of the turtle and point B is its new
location, the turtle has moved south east with a known straight line distance (Line AB), the two
bearings at point A and B are also known.

To find out the new co-ordinate for the angle at point B we can subtract the distance of the line y
from the GPS Northing value (in metres) for the co-ordinate at point A.

Northing Co-ordinate for Point B = (Northing Co-ordinate @ Point A) — distance y

Similarly for the new Easting value at point B the distance of line x can be added to the known
Easting co-ordinate value at point A.

Easting Co-ordinate for Point B = (Easting Co-ordinate @ Point A) + (distance x)

Note: for both new Easting and northing values there are four types of line ‘direction’ which need to
be considered to decided if the lines of x and y should be added to or subtracted from the known
GPS co-ordinates at Point A. These are discussed later after this first example which is a Type 4
line direction (South-easterly direction). Also the direction type of the line effects the method used
to calculate the angles of ‘a’ and ‘b’ inside the right angled triangle formed.

(y-axis) Northing
A

Angle a2 Type 4

(x-axis)
Point Easting

Line B
X Angle b2

x-axis is also representative of latitude (horizontal lines), which are called Eastings when North of
the equator.

y-axis is representative of longitude (vertical lines), which are Northings when east of Greenwich
London & west when west of Greenwich.

Xl
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The Sine rule is used to find both values for lines x and y, the values of the internal angles A2 and
B2 need finding first.

A2 =180 - (Angle a2)
B2 = (Angle b2) — 270

See notes later how the calculations for internal angles A2 and B2 changes dependant on line AB
direction type.

Then to calculate the distance of line x = AB SIN A2
To calculate the distance of line y = AB sin B2

North (+)
360, 0
Type 1
N>\//E)/ A Type 2
E- N+ NE
E+ N+
20 \ - E ()
) \ -
Type 3 /
SW Type 4
E- N- SE
v E+ N-
S ()
180

Xl
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N Type 1 Type 2
B a \
. B
Line AB
(NE)
Line Line AB Line
y (NwW)
‘\ y
] A
E
_ w oA | =
Line x A .
Line x
T 3 N T 4
e e
yp N A a yp
A
. A
Line AB
(SW)
. Line Line AB
/ Line y \ (SE)
y
1& L] B E
w B - Line x
Line x

For the different type of AB lines the following rules apply.

Type 1.

A line with a northwest direction.

x = AB SIN (180-b2) )

y = AB SIN (a2-270) +)

For point B’s Easting co-ordinate subtract the value of x (-x) from the easting coordinate for point A.
For point B’ Northing co-ordinate add the value of y (+y) to the northing coordinate for point A.
Type 2.

A line with a Northeast direction.

XIv
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x = AB SIN (b2-180) +)
y = AC SIN (90-a2) )
For points B's Easting co-ordinate add the value of x (+x) to the easting coordinate for point A.

For point B’s Northing co-ordinate add the value of y (+y) to the northing coordinate for point A

Type 3.

A line with a Southwest direction

x = AB SIN (a2-180) )

y = AB SIN (90-b2) ()

For point B’s Easting co-ordinate subtract the value of x (-x) from the easting coordinate for point A.
For point B’s Northing co-ordinate subtract the value of y (-y) from the northing coordinate for point
A.

Type 4

A line with a southeast direction.

x = AB SIN (180-a2) €]

y = AB SIN (b2-270) ¢)

For point B’s Easting co-ordinate add the value of x (+x) to the easting coordinate for point A.

For point B’s Northing co-ordinate subtract the value of y (-y) from the northing coordinate for point
A.

Table of how to calculate distance of x and y. Then how to use this along with the know
coordinates of point A to calculate the new Easting and Northing coordinates for point B.

Type 1 Type 2 Type 3 Type 4
X =ABSIN(180- | =ABSIN(b2- | =ABSIN(a2- | =ABSIN(180-
b2) 180) 180) a2)
=ABSIN(a2- =ABSIN(90- | =ABSIN(90- | =ABSIN(b2-
y 270) a2) b2) 270)
Easting Point al-x Point al+x Point al-x Point al+x
Northing Point al+y Point al+y Point al-y Point al-y

For lines that fall perfectly on the horizontal or vertical.

XV
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Appendix X

Steps

o vk w NN

GIS flowchart and steps

Land use
Boundaries
Elevation
Traffic
(roads)
Editor:
| Modify portion of a
Pathways line > Advanced
Editor:
Spooling », | Modify portion of a |
track "| line > Advanced
Spooling

coordinates

Buildings

E Data layers
-

S

Pathways

Spooling
track

Fig.9: GIS Project Flow Chart - Flowchart of steps executed in ArcMap (tools

applied to layers).

Activate extension ‘Data interoperability’ in ArcMap

Insert gpx files Spooling coordinates&Spooling track

Insert data layers Land use, Boundaries, Elevation, Traffic, Pathways and Buildings in ArcMap.

Export gpx file data in the same coordinate system as data frame - Output: shapefile
Data layer Pathways - Tools ‘Editor’ > Modify portion of a line - Advanced editing = Trim

Data layerSpooling track = Tools ‘Editor’ = Modify portion of a line - Advanced editing -
Smooth

Data layer Spooling coordinates-> ‘Layer properties’ - ‘Symbology’ - Add values of ‘name’ -
change color of individual coordinate points
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