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May 2018
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A freshwater turtle species, southern river terrapin or Batagur affinis is listed as a
Critically Endangered species in International Union for Conservation of Nature
(TUCN) Red List for Threatened Species. Hence, in purpose to achieve the cost
effective and well-guided future monitoring and habitat rehabilitation program, the
understanding on their optimum physical habitat requirement is highly paramount.
Parallel to that mission, one of the main objectives of this research is to understand
their physical habitat requirements and habitat preferences of this keystone species to
maintain its sustainability inside the lower part of Kemaman River. The habitat
suitability index (HSI) for six main physical parameters were constructed and the
optimum flow for B. affinis was proposed by employing the concept of
Environmental Flow Assessment (EFA) using habitat modeling simulations
approach. Based on the developed HSI, the highest preference range for velocity and
depth were between 0.1-0.2 m/s and 2.0-3.0 m respectively, for the nesting bay
sediment grain size, the highest preference index recorded were between 0.06 — 2.0
mm, which classified as sandy sediment. Next, for degree of nesting bank slope, the
highest preference index recorded were between 7-9° with average of 8.55° In
addition, for canopy coverage preferences aspect, approximately about 3 to 4 percent
of coverage recorded the highest preference for B. affinis’ roaming area. However,
the curve shows no pattern of preference for total suspended solid parameter (TSS).
For second objective, based on habitat simulation, the maximum Area Weighted
Suitability, AWS of the habitat availability for B. affinis is 32.439 m?/m at a
simulated flow of 26.84 m?/s while the minimum AWS is 3.606 m*m at flow of
4.474 m%s. AWS values decrease at simulated flow of 32.439 m?/m and
continuously decrease while the flow is increasing. The AWS values are then been
categorized into three different group which are Optimum Available Range (OAHR),
Degrading Available Habitat Range (DAHR) and Severely Degrading Available
Habitat Range (SDAHR). Based on habitat simulation, the OAHR for B. affinis is



between 26.84 - 30.46 m3/sec. This is the recommended flow that should be retained
in Kemaman River to ensure the habitat availability and sustainability of this
species. While, the value of DAHR is <26.84 m?/sec, and depleting of discharge
within this flow ranges will cause a decreasing in Area Weighted Suitability (AWS).
However, within this range, the rate of habitat deterioration is moderate. Other than
that, the value of SDAHR is >30.46 m3sec, and within this range, significant
deterioration in AWS are resulted from only subtle changes in stream flow. For third
objectives, the developed geospatial database will help in future species conservation
effort as the information can be kept in a visual map presentation in a more
interactive and manageable manners which subsequently can help to save a lot of
information-searching time and align strategies in a more precise result-oriented
basis.
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Tuntung sungai atau Batagur affinis merupakan antara spesies tuntung yang
terancam berdasarkan senarai spesis terancam yang dikeluarkan oleh Kesatuan
Pemuliharaan Alam Antarabnagsa (IUCN). Oleh yang demikian, bagi memastikan
usaha pemuliharaan yang efektif pada masa akan datang, kajian terperinci adalah
diperlukan untuk memahami keperluan habitat fizikal bagi spesis ini. Antara
objektif utama kajian ini dijalankan adalah bertujuan untuk membina Indeks
Kesesuaian Habitat (HSI) bagi enam parameter fizikal utama dan memberi cadangan
mengenai luahan sungai optimum bagi Batagur affinis dengan menggunakan konsep
Analisa Luahan Persekitaran (EFA) menerusi kaedah Habitat Simulasi. Enam stesen
persampelan dipilih bagi tujuan cerapan data hidraulik-hidrologi; manakala sejumlah
100 lokasi pemerhatian dikumpul untuk memantau kawasan rayau B. affinis di hilir
Sungai Kemaman. Berdasarkan HSI, julat kesesuaian tertinggi untuk halaju dan
kedalaman sungai masing-masing mencatatkan nilai antara 0.1-0.2 m/ s dan 2.0-3.0
m, manakala untuk saiz sedimen beting pasir persarangan, indeks kesesuaian
tertinggi yang direkodkan adalah bagi saiz partikel berukuran diantara 0.06 - 2.0 mm
(pasir). Bagi indeks kesesuaian tahap kecerunan tebing persarangan, nilai indeks
tertinggi yang direkodkan adalah berada dalam lingkungan kecerunan diantara 7-9°,
Seterusnya, untuk kesesuaian litupan kanopi, kira-kira 3 hingga 4 peratus liputan
kanopi mencatatkan kesesuaian tertinggi bagi spesis ini. Walau bagaimanapun, bagi
parameter kandungan pepejal terampai (TSS), indeks kesesuaian tidak menunjukkan
sebarang corak yang nyata bagi spesis ini. Seterusnya, bagi objektif kedua, nilai
maksima bagi Pemberat Kesesuaian Habitat (AWS) bagi spesis ini adalah 32.439
m?/m pada luahan berkadaran 26.84 m®/s, manakala nilai minima AWS adalah
sebanyak 3.606 m*m pada luahan berkadaran 4.474 m%s. Secara keseluruhannya,
nilai AWS akan mencapai kemuncak pada nilai 32.439 m?/m dan akan menurun
apabila nilai luahan meningkat. Nilai AWS ini kemudiannnya dibahagikan kepada
tiga kategori iaitu Julat Habitat Optimum (OAHR), Julat Habitat Penurunan



(DAHR), dan Julat Habitat Berbahaya (SDAHR). Julat OAHR untuk B. affinis
adalah diantara 26.84 - 30.46 m® / saat yang mana di dalam julat luahan ini, B. affinis
akan mencapai tahap kesesuaian habitat yang paling tinggi dan terbaik. Oleh itu,
luahan di dalam julat OAHR ini juga adalah nilai luahan kawasan kajian yang amat
disarankan bagi tujuan konservasi dan pemuliharaan B. affnis di kawasan hilir
Sungai Kemaman. Selain dari itu, julat DAHR adalah pada <26.84 m® / saat, dan
sebarang penurunan kadar luahan dari julat ini akan menyebabkan penurunan nilai
kesesuaian habitat yang ada. Walau bagaimanapun, kemerosotan pemberat habitat
dalam julat ini adalah berkadaran sederhana. Manakala, Julat SDAHR adalah >
30.46 m®/saat, di mana dalam julat ini, sebarang perubahan kecil dalam luahan
sungai akan membawa kepada kesan yang besar dan serius terhadap kesesuaian
pemberat habitat bagi spesis ini. Berdasarkan objektif ketiga pula, data geo-ruang
telah berjaya dibangunkan dan hasil daripadaa usaha ini, maklumat yang dikumpul
akan dapat membantu dalam usaha pemuliharaan dimana semua maklumat disimpan
didalam bentuk peta visual yang menarik dan mudah untuk diurus.
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CHAPTER 1

INTRODUCTION

1.1 Problem statement

Freshwater turtles are among the world’s most endangered vertebrates, as they are
most at risk of impending extinction compared to avian, amphibians, mammals or
even sharks and rays (IUCN, 2000; Auliya, 2007). As one of the freshwater turtle
species, the Southern River Terrapin (Batagur affinis) or locally known as tuntung
sungai is listed as a Critically Endangered in IUCN Red List of Threatened Species
and CITES (Appendix 1) (IUCN, 2000). On top of that, this species also categorized
as one of the top 25 most critically endangered freshwater turtles worldwide
(Anderson et al., 2011). In Malaysia, B. affinis population (formerly known as
Batagur baska) was once very common in the main river network in Kedah, Perak
and Terengganu state in Peninsular Malaysia (Moll et al, 2015). However, their
populations have declined drastically in the wild all over Malaysia (Moll et al, 2015,
Chen, 2017).

As a keystone species, terrapins play a role as a top predator in riverine ecosystem
and its function to control a bloom of highly invasive species has made river
terrapins are valuable to be conserved (Ernst and Lovich, 2009). The keystones are
species with disproportionate effects on the food web in relation to their relatively
low biomass proportion in the ecosystem. Their presence is crucial in maintaining
the organization and diversity of their ecological communities. Second, it is implicit
that these species are exceptional, relative to the rest of the community, in their
importance (Mills, 1993).

As their diet relies on hard-shelled invertebrates (Erazmus 2012), river terrapins are
capable in controlling periwinkles (Littoraria spp) population (Levesque, 1999) as
this easily-reproduced species is a common prey of many important aquatic floras
throughout the river system (Tucker et al. 1995; Munscher et al. 2012). In other part
of the world like in Virginia, terrapins also consume on mobile fauna and epifauna in
sea grass beds located near marshes (Tulipani, 2013). This top predator species exert
top-down control thereby affecting community structure through foraging (Valiela et
al., 2004) by increasing plant biomass to sustain biodiversity by feeding on grazers
and sessile organisms and in river beds (Silliman and Bertness 2002; Tulipani,
2013). In a nut shell, terrapin’s existence has a very huge potential to give influence
towards the ecosystem structure within its habitat through foraging and prey choice
(Silliman and Bertness, 2002).

However, considered as conservation-dependent, the species population would not
persist without the intensive and accurate recovery efforts. The probability of natural
self-sustained survivorship of the species is uncertain with their wild habitat remains
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impacted. Despite of its worrisome declining population number due to highly
altered ecosystem, to date, only Perak and Kemaman River have been recorded to
sustain B. affinis species with almost no other survivors are recorded to occupy other
river system in this country (Moll et al., 2015).

The over consumption of their eggs as a food source prior to World War 11 (Moll,
1980 and 2004), was once considered as culprit of its declining population,
however, activities from sand mining and weir construction are now the current
major threats for this species (Moll, 1997). Subsequently, conserving the remnant of
the population in their highly altered river habitat is now the real challenge. Decades
of cost-intensive rehabilitation programmes pioneered in Perak River produced a
despairing result since local wild terrapin population in Perak River made no
positive indication to forestall declining wild terrapin trend (Moll et al., 2015;
DWNP, unpub.). Perak River ecosystem used to offer the largest population of this
species in their natural habitat. The recent unpublished report by DWNP showed a
dramatic decline of the river terrapin population at the lower Perak River to as much
as less than 40 wild nests (recorded in 2009), in comparison to 932 nests reported in
1989-1990 (Moll, 1980; Wildlife Department of Malaysia, 2009). Other than Perak
River, a few private organisations of NGOs such as Turtle Conservation Society
(TCS) are actively leading in conservations in Kemaman River, and since the wild
terrapin in this river system are more sufficiently available in number for research
purposes, this river has been chosen as the study area to understand their physical
habitat requirement.

Based on recent studies, the most established study on terrapins are highly available
for Diomand-back terrapin species (or Malaclemys terrapin) such as in is North
Corolina Estuary (Hildebrand, 1929; Montevecchi, 1975; Palmer, 1988; Athens,
1998; Butler, 2004), while data for river terrapin (or Batagur affinis) in Asians are
insufficiently deprived especially on their physical habitat requirement. The rapid
extraction of sand has impacted the morphology of the area, causing the some rapid
changes in river movement and physical characteristic. Due to that idea, the
understanding of current physical condition should be well documented and that can
be achieved through out this research.

1.2 Research questions

1) What is the maximum preference of physical environmental condition for B.
affinis?

2) How does a species’ physical habitat change with changes in a stream’s flow
characteristics?

3) Where is the roaming area for this species? And how they are temporally and
spatially distributed?

4) What is the physical habitat preference of B. affinis’ roaming area? How this
information could help in deciding a specific and priority sequencing for the
habitat restoration planning?



1.3 Research objectives

1) To construct a Habitat Suitability Index (HSI) of B.affinis in Kemaman River by
adopting Selectivity Index method using six dominant physical parameters.

2) To determine the Area Weighted Suitability (AWS) and recommended optimum
flow for Batagur affinis in Kemaman River by using Habitat Modelling method.

3) To develop a Geospatial Database of B. affinis based on seasonal migratory
routing in Kemaman River.

1.4 Scope of study

This study focused on Kemaman River as this ecosystem provides habitat for a
highly endemic species of freshwater river terrapin, Batagur affinis. The study area
is limited to the lower region of main Kemaman River between Seberang Tayur
Village until a river-crossed weir at Pinang Village. 13.67 km river stretch at the
main channel and another additional 3 km of Cherul River tributary gave a
cumulative of 16.7 km of total river reach for the study area. Despite of many other
contribution factors that may influence the species sustainability, such as predation,
illegal catch, food source availability and natural disaster, however, this study will
primarily focus on the physical habitat factors of B. affinis which reflects why the
concept of environmental flow (EA) was employed in this study. Inputs for EA are
primarily rely on physical factors of the river (Eg: Velocity, Depth, Discharge,
Substrate) to produce the habitat predictive modeling for B. afiinis in Kemaman
River. However, the biological factor such as food availability will be discussed in
general base on literature review and field observation to support the physical habitat
factors of this research. Six sampling stations were selectively appointed for the
hydraulic-hydrologic survey; while a total of 100 observation points have been used
by considering the most-frequently spotted sites for active nesting points as well as
historical points along the study stretch. The development of Habitat Suitability
Index (HSI) of B. affinis in Kemaman River was highly relying on these primary
data collection during 15 months sampling periods (May 2015 - August 2016). More
than 25 fieldwork trips for primary data collection were successfully conducted in
different climate-hydrological seasons to validate the existing hydraulic variables
properties, while 15 years of hydro-climatological data were obtained as secondary
data from the related agencies for a long-term historical data analysis and
calibrations. To complete the hydraulic sampling and site observations, a telemetry
technique using radio tracking activities has been done. The radio transmitter devices
were attached on 12 carapaces of adult female terrapins during nesting season,
purposely for these movement-tracking activities. By using this technique, the
roaming area of B. affinis was identified and has been integrated with the hydraulic
variables to produce a Habitat Suitability Index (HSI). Modelling software
developed by Aquatic System Analysis known as is System of Environmental Flow
Analysis (SEFA), has been used as it able to integrate hydraulic and habitat
variables, by incorporating the concept of Environmental Flow Assessment (EFA)
by using Habitat Modeling principles. At the end of the study, the Habitat Suitability
Index (HSI) and Area Weighted Suitability Area (AWS) which was developed

3



specifically for this species can be used as the benchmark for environmental flow
setting for Kemaman River, taking species conservation as the goal.

1.5 Significance of the study

As there is scarce information on this species’ specific habitat preference, it would
be very beneficial to understand the optimum physical habitat for the species to
enhance their survival probability in the wild environment. As the flow is the major
driver of all processes in a river system, thus, the quantification of flows is needed to
preserve the ecosystem for the species. The quantified flow obtained from this
research would benefit future river management and restoration plan of Kemaman
River, hence, help the related stakeholder to strategize the needed action.

At the end of this research, the temporal and spatial distribution of B. affinis will be
mapped and archived in a geospatial database within GIS environment, which has a
potential linkage with other governmental geospatial database specifically to cater
the conservation inventory and data records such as Malaysian Centre for Geospatial
Data Infrastructure (MaCGDI).

This database will help in future species conservation effort as the information can
be kept in a visual map presentation in a more interactive and manageable manners
which subsequently can help to save a lot of information-searching time and align
strategies in a more precise result-oriented basis.

1.6 Thesis organization

Chapter 1 consist on the background of this study, problem statements, and the
objectives of this study. Scope and significance of the study are provided a
comprehensive understanding. This chapter further introduces the physical habitat
for B. affinis and the importance of healthy river towards its sustainability. Besides
that, this chapter discusses on the definition, method of environmental flow
assessment used in Malaysia and other country.

Chapter 2 provides a broad literature reviews in related studies. The current practise
and background studies have been obtained from journals and academic books.

Chapter 3 covers the methodology of the research. The procedures on primary and
secondary data collection, data analysis and modelling analysis for hydraulic-habitat
simulation in System for Environmental Flow Analysis (SEFA) will be discussed in
depth within this chapter.



Chapter 4 encompasses the results and discussions of this study. The hydraulic and
habitat data are modelled and presented in form of Area Weighted Suitability
(AWS). Subsequently, results are interpreted where the recommendations of flow
required to sustain B. affinis population in Kemaman River are proposed in this
section. The preferable physical parameters; velocity, depth and substrate for B.
affinis will be discussed in context of Habitat Suitability Index (HSI). In conjunction
of that, all analysed hydraulic and habitat data has been integrated into the geospatial
database which also be presented in this chapter.

Chapter 5 proposed several recommendations for future research in filling the gap
uncovered in this research, and how the findings in this research can help future
research and conservation effort of this critically endangered species.
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