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ABSTRACT

The traditional knowledge of indigenous people is often neglected despite its significance
in combating climate change. This study uncovers the potential of tr aditional ecological
knowledge (TEK) from the perspective of indigenous communities in Sarawak, Malaysian
Borneo, and explores how TEK helps them to observe and respond to local climate
change. Data were collected through interviews and field work observat ions and
analysed using thematic analysis based on the TEK framework. The results indicated that
these communities have observed a significant increase in temperature, with uncertain
weather and seasons. Consequently, drought and wildfires have had a substantial impact
on their livelihoods. However, they have responded to this by managing their customary
land and resources to ensure food and resource security, which provides a respectable
example of the sustainable management of terrestrial and inland ecosystems. The social
networks and institutions of indigenous communities enable collective action which
strengthens the reciprocal relationships that they rely on when calamity strikes.
Accordingly, the communities maintain their TEK through cultural festival s and oral
traditions passed from one generation to another. TEK is a practical tool that helps
indigenous communities adapt to climate risks and promotes socio -ecological resilience,
which upholds social empowerment and sustainable resource management.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

A global trend of climate warming is now clear and has been well documented in many
research studies. Over the past few decades, the earth has experienced rapidly increased
temperature change (New et al., 2009) with record high temperatures occurring in the
past decade (Scripps Institution of Oceanography, 2017). Human activities are the
primary drivers of climate change, contributing more than 95 percent of the rapid
temperature rise (Cook, 2016) especially due to the burning of fossil fuels, deforestation
and land-use changes that emit greenhouse gases. Worldwide, the impacts of global
warming are evident and the trend is projected to become even more disruptive in the
future (Bryndum -Buchholz et al., 2019; Jimenez & Takahashi, 2019)0ne response to such
change is mitigation action to reduce the extent of warming; in addition, it is imperative
to adapt to the climate change that already exists. Adaptation, however, has become nore
difficult in the face of uncertainties caused by the effects of climate change; therefore,
developing adaptation will require further intervention in many directions (Kettle &
Dow, 2014).

In response to this need, attention has increased to the efforts of Indigenous
peoples with their traditional ecological knowledge (TEK), with a demonstrated capacity
for addressing climate change at grassroots levels(Kupika et al., 2019). A growing body
of research and global policy debates highlights how this knowledge system can
contribute to climate action under Sustainable Development Goal (SDG) 13 and to life on
land in SDG 15 by detecting climate change and responding and adapting to its impact,
thereby supporting global adaptation actions.

TEK is an important expression of the Indigenous culture and is inextricably
OPOOT EwUOwW( OEPT 1 OOUUwx1 OxO1l Uz wUUEEPUDPOOUB w311
reflect values that shape and facilitate their responses to the dimension of global climate
change (Adger et al., 2013) Hence, despite Indigenous peoples being the worst affected
by climate change, their TEK responses to locatlevel climate variations offer significant
contributions to adaptation (McLean, 20125 w 3 $* wDUw UOT T wUOO0w O w ( OE!



resilience and can foster their capacity to adapt to environmental change and

uncertainties based on an in-depth understanding of the land (Scaddan, 2008) Although

Indigenous peoples OO0Oa w Ul x Ul Ul OUwkwx1 UET OUw O(Ramost 1 wpOUC
Castillo et al., 2017pw ( OEDPT | OOUUWEOOOUOPUPI UWwOEEUxawUOUT I
OEOEWEUI EOWDOEOUEDOT wOEOa woi (Bthisteuepad 2OAH TS WED OE D
has challenged them to become ideal custodians of the landscapes ad ecosystems in

ways that are essential to climate change adaptation.

1.2 Problem Statement

Climate change is probably the greatest environmental risk of our time, and all sectors of
society feel its impacts. Of these, rainfed agriculture probably is the most directly

affected (IPCC, 2007) so that Indigenous communities dependent on agricultural

subsistence are in turn likely to be the most affected. While Indigenous peoples are now
widely regarded as the most vulnerable to climate change impacts (Nakashima et al.,
2012) their unique knowledge and experience are still relatively unappreciated when

strategies are aimed at reducing vulnerability or developing adaptation to changing

circumstances (Nalau et al., 2018) The Intergovernmental Panel on Climate Change
(IPCC), for example, recognises the importance of Indigenous knowledge and attempts to
incorporate such knowledge. However, in its latest reports (Assessment Report 4 and
Assessment Report 5), Indigenous participation has often been overlooked or limited in
scope. Since the interventions are intended for the most vulnerable, specifically the
Indigenous communities, lo cal knowledge holders and skills could instead be of great
value.

There are several explanations for such omission. The most vulnerable groups
have become the victims of institutional and social discrimination (Salick & Byg, 2007)
hence diminishing their roles in development and political discourse, including climate
change. In essence, they have been portrayed as victims of climate change impacts, rather
than as agents of environmental protection (Etchart, 2017) this has also caused their
culture and knowled ge systems to be neglected as well. Indeed, there has been little
discussion in Malaysia about the adaptation of Indigenous peoples to climate change.

Scholars have shown, however, that there is much to be learned from Indigenous
and community -based practices that engage climate change adaptation, resilience and
preparedness for disasters(Nakashima et al., 2012; Vinyeta & Lynn, 2013) This is because
Indigenous peoples have often adapted to changes in the environment based on their
long-term experience and exploration, which are passed from one generation to the next
(McMillen et al., 2014). Through this process, a wide range of coping strategies has been
developed or enhanced and is maintained locally or regionally (Gomez-Baggethun et al.,



2012; Leonard et al.,, 201 w 3T 1 Ul | OUI Ow ( O Ebvledge GiidUpractided x O1 Uz
specifically TEK, may provide a significant foundation for today's attempts to address
even greater challenges of climate change.

1.3 Research Objectives

In view of the preceding arguments, the aim of this study is to investigate how some of
the Indigenous peoples of Malaysia have been adapting to climate change by using TEK.
There are three specific objectives of this study:

1. To describe the role of TEK in climate change adaptation context based on
typologies of TEK.

2. 30wi OT EQEIT wUOEIT UUUE OE b Gadaptéribrustrat@§ied tolclitméte) Uw x 1 O x
change based on three different case studies.

3. To provide important insights into the theoretical and practical implications.

1.4 Research Questions

This study responds to multiple questions according to the objectives of the study. The

research questions for this study are as follows:

1. What does TEK mean?

2. Is TEK important in the climate change context?

3. Why is TEK important in the climate change context?

4. How do communities view climate change based on their local observations?

5. What are the adjustments that communities make in terms of land and resource
management?

6. What are the interactions among the communities when facing disturbance?

7. What are the values and practices that the communities have retained to enable
adaptation across generations?

8. Are there any differences or similarities between the different tribes in adapting to

climate change?



15 Significance of Research

The purpose of this study is to intensively review the role of TEK in Indigenous peoples
who are adapting to climate change. This research is expected to add to the body of
knowledge in the field of climate change adaptation involving Indigenous peoples. T EK
generates value that is actually not adequately understood and appreciated, and its
holders have not been appropriately compensated when the existing system applies their
knowledge. Therefore, this study may also serve as a catalyst for decision makersto
formulate new strategies and initiatives to include these Indigenous communities in
decision-making and protect their rights, including their use of TEK.

Analysing TEK in the context of climate change also reveals the value of TEK
toward fulfilment of society's broader goals, such as conserving the environment,
ensuring food security and developing sustainable agriculture, while protecting TEK
encourages traditional practices and lifestyles to be maintained. This study provides a
foundation for governme nt and other stakeholders to collaborate with Indigenous
peoples in developing appropriate and successful strategies to plan for and adapt to
changing environmental conditions. This should include entities (government and non -
government) defining and worki ng towards what the communities want to accomplish,
rather than relying solely on policy directives from the government.

1.6 Scope of Research

TEK is the central focus of the study to be conducted. There are four important
components that are considered in the TEK:

1. Local knowledge of the environment | knowledge focused on careful observation
of the local environment to direct their livelihood activities through time and
space, including farming, hunting, fishing and gathering

2. Land and resource management| knowledge of the use of natural resources by
Indigenous peoples and terrestrial and marine management strategies that have
evolved through adaptive processes

3. Social networks and institutions | the social mechanisms of TEK, which describe
the behaviour and role of individuals or communities when facing climate
disturbance



4. Worldviews and belief systems| values which shape the behaviour of adaptation
and how knowledge is accumulated across generations

The study involved three sub -ethnic groups of the Orang Ulu in Sarawak, namely,
the Lun Bawang, Sa'ban and Penan. These were selected as patrticipants in the research
EIl EEUUIl wOOUUwWOT wiOTT wl UOUxUzwlOl OEIl UUwUUPOOwWUI UE
perform traditional practices in their daily activitie s.

1.7 Thesis Structure

This research process has been developed with careful planning, in order to
address the research questions of this study and to attain its objectives. The thesis
includes eight sections.

Chapter 1: Introduction

Chapter 2: Literature Review

Chapter 3: Research Methodology

Chapter 4: Case Study 1 The Lun Bawang
Chapter5: Case Study 2 31 1 w2Ez EEO
Chapter 6: Case Study 3t The Penan

Chapter 7: Comparison of adaptation strategies among the Lun
| EPEOT Ow2EZEEOWEQOEwW/ 1 OEOD

Chapter 8: Implications and conclusions



CHAPTER 2

LITERATURE REVIEW

2.1 Traditional Ecological Knowledge (TEK)
2.1.1 Definition of TEK

Different cultures across the globe have different views of the natural world, which are
OOUWEEUI EwOOwUT | wi EPUGawWUI EIl OUwWwOOET UOwWUEDI OUPBI
are often rooted in the traditional belief systems of indigenous people. They include
sophisticated collections of interpretations and information that help societies interact

with the natural environment for survival (e.g. hunting, fishing and gathering; agriculture

and medicine and natural phenomena) as well as coping with any envi ronmental changes

(Nakashima et al, 2012) Indigenous people consider their environmental management

system as a vital part of their cultural identity and social integrity (Mazzocchi, 2006)

, ECAw Ul UOUWTEYI wEIT OwUUI EwUOwEI UEUPET wUOT
knowledge, such as indigenous knowledge (IK), traditional knowledge and TEK.
However, even though they sound a bit similar, these terms carry slightly different
meanings. Magni (2016), for instance, described IK as the local knowledge of indigenous
people or other particular cultural groups. This term is usually used in the development
literature to describe local ways of knowing as opposed to the modern understanding of
globalised culture or developmental science (Dudgeon & Berkes, 2003) Dudgeon and
T UOT Uwopl YYt AWEOUOWEUT Ul EwUOT ECws UUEEDUDPOOEOWOC
(*6w3T 1 wUOl UOws UUEEPUDPOOzZwUI I T UUWUOWEUOUUUEOuWI 1
down and thus preserved from generation to generation (Graburn, 2001) In this context,
tradition is not static but cumulative and open to change (Nicholas-Figueroa, 2017) In
other words, as their surroundings change, a cultural group will adapt to such change.
belief, evolving by adaptive processes and handed down through generations by cultural
transmission, about the relationship of living beings (including humans) with one another
EQEwbPBDUT wlIT | b Barke) YW ® i 3dUxUO w3 $* uEEOWET wUI T EU
Ux] EPI PEzZwUUEU]I OwbbPUI DPOwWUOT 1 wOEUT 1 UWwEOEa wOl w( * w



Although both IK and TEK emphasise the social patterns of relationships within a
cultural group and within the ecosystem (cultural aspect), TEK adds an ecological aspect;
that is, it focuses on interaction patterns between human and nature as well as local ways
of knowing and interacting with the e cosystem (Dudgeon & Berkes, 2003). This holistic
approach derives from the definition of ecology itself, i.e. the relationship between living
organisms and their biophysical environment (Friederichs, 1958) Since TEK is strongly
connected to physical settings, every aspect of the local biosphere, including plants,
animals, and landforms, can be considered as a part of the community and are therefore
treated with respect and honour (Pierotti & Wildcat, 2000). This body of knowledge
generally includes languages, systems of naming and classification, sustainable practices
for the use of resources, rituals, indigenous worldviews and spirituality (Boven &
Morohashi, 2002; Vinyeta & Lynn, 2013)

Essentially, TEK is cumulative, dynamic and adaptive. It is also grounded in the
historical experiences of people and is the result of careful observations of everchanging
environmental, economic, social, spiritual and paolitical conditions, reflecting the fact that
knowledge of all these aspects is essentidto survival (Berkes, 2017) Indigenous people
express TBE WEUWEwW? PEA WOl woOPi 1 2 OWUEUT T UwUOT EOQwNUOUOwWOOD
the actual living of life (McGregor, 2004 p.78). As a selfmanagement system, TEK is an
environmental source of information that helps indigenous peoples protect an d sustain
their way of life. This is because it has become the basidor decision making, especially in
matters related to agriculture, hunting and gathering, resource management, education,
nutriti on, health and food preparation (Nakashima et al., 2012).

2.1.2 Emergence of TEK at the international level

Western science originates in Europe and has become a common term referring to the
dominant knowledge system in the western world. According to Hewson (2015), many
great thinkers from the East (such as India, China, Japan, Korea, and Thailand), tte
Middle East and Africa have also contributed to Western Science. Before TEK was
recognised, Western scientific knowledge, values, and skills, based on the works of
Ptolemy, Copernicus, Newton, Aristotle, Einstein, Darwin, and others, had dominated

those of indigenous people around the world (Hewson, 2015). The reason for this
imbalance is rooted in the history of European Colonialism. In the 19th century, the

colonial expansion involved a so-called mission aimed at making the less developed
community more civilized (Aybar, 2014). Moreover, the dominant scientific ideas at that
time have promoted the European vision of social evolution in which indigenous peoples

Gosart, 2009) Consequently, the colonised people (i.e. indigenous people) were denied
equal status within the legal system, and their cultures, knowledge an systems were
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2012; PopovaGosart, 2009)

However, after the World War I, the value of indigenous people and their
knowledge systems began to be acknowledged at the global level due to the changes in
the world economy and international political climate. The reasons for such recognition
are fourfold: (1) information potential, (2) economic potential, (3) political potential and
environmental potential of TEK (Berkes, 2017; PopovaGosart, 2009). First, the transition
of labour and capital into knowledge and technology intensive in the world economy
during the 1970s has promoted the potential of TEK. Second, TEK is recognised as an
intangible aspect of cultural/intellectual heritage that needs further protection and
preservation which serves as an economic benefit of the state and/or humanity. Thirdly,

the initial impetus of the human rights movement , Ul EQw x UOOOUI Uw ?DPOET
1 OxOpPI1 UOI OU2w pPT PET w DOw UUUOwW T1 O0xUw DOEDPTIT OOU

cultural/intellectual herit age within the global community. Finally, public frustration with
modern practices in relation to resource management and conservation hastriggered the
inclusion of indigenous people and their TEK in this regard. Since the late 1970s, the
credibility of T EK at the global level has been recognised by numerous international
organisations, as shown in Table 1.

Table 1: Emergence of TEK at the international level

Year Description

1971 Man and the Biosphere Program (MAB) is launched by UNESCO to conduct
scientific investigations of traditional systems

1983 Programs under UNESCO have recognised traditional management systems
in coastal marine areas

1984 Ecology Commission of the International Union for Conservation of Nature
(IUCN) has established the Traditional Ecological Knowledge Working
Group to promote the underrated TEK in natural resource conservation and
management

1987 The Brundtland Commission Report recognised the role of indigenous
groups to sustainable development

1991 The United Researd Institute for Social Development (UNRISD) conducted
a Program in Protected Areas to examine the role of indigenous knowledge
in the context of participatory management

1992 The Convention on Biological Diversity (CBD) recognised the need to
respect and preserve the knowledge and practices of indigenous and local



communities especially their traditional way of life in relation to
conservation and sustainable use of biological diversity

1993 Agenda 21, Chapter 26, Section 1 in the Earth Summit emphasisedthe
recognition of indigenous values, traditional knowledge and resource
management

1993 The Inter-Commission Task Force on Indigenous People of IUCN recognised

indigenous people in strategies for sustainability

Early The IUCN shows interest in indigenous and community conserved areas
2000s

Source:Berkes, (2017); Cordell (1995); IUCN (1993); Tsuji & Ho (2002); Vivian (1991)

2.1.3 TEK is traditional science

Science can be considered similar to TEK, thus, TEK is sciencéHobson, 1992) i.e. the
UUEEDPUDOOEOWUEDI OEI dw( OwUT PUwUI TEUEOQW3$* wubUWEO!
the Western scientific studies (Berkes, 2017) As Lévi-Strauss (1962 argued, the ancient
people employed scientific curiosity (observation and experiments) to develop certain
sophisticated technological skills (e.g. the making of water-tight pottery using unstable
clay and fired under appropriate temperature, fuel and duration). In addition, indigenous
people also conduct some type of science during their annual subsistence activities using
their wealth knowledge of flora and fauna. In fact, they also have their own versions of
Earth science, meteorology, physics, botary, chemistry, psychology and pharmacology
(Barnhardt & Kawagley, 2005). Interestingly, TEK is as ancient as humankind whereby
people acrossthe world have develop a multitude of livelihoods before the emergence of
modern science (igure 1). In fact, the origins of science are deeply embedded in
traditional knowledge (Nakashima et al., 2012) In the Palaeolithic period for example,
humans lived as hunter-gatherers and they have innovative hunting tools and various
food-storage techniques (Thodengal & Kandiyil, 2014). In the Neolithic period, on the
other hand, humans have developed important technology in agriculture, animal
husbandry, food preparation/conservation, weaving and pottery (Lévi-Strauss, 19@).
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Neolithic Science (Domestication)

Palaeolithic Science:

TEK-[ = SCIENCE
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Figure 1: Historical perspective of human knowledge
Source: Adapted from Toledo & Barrera-Bassols (2009)

Therefore, TEK should not be neglected in the modern world because both
Western science and TEK denote two different ways of perceiving the world. In other
words, while Western science learns about the world by studying individual parts, TEK
understands the world by observing the relationship bet ween all parts (Mazzocchi, 2006)
Currently, many disciplines embedded in Western science have recognised the value of
TEK. Various forms of TEK are commonly accepted in disciplines such as the social
sciences, medicine and public health, resource management, conservation of protected
areas, biodiversity conservation, environmental monitoring and assessment, development
and environmental ethics (e.g. Berkes, 2017; Bir6 et al., 2019; Khalafzai et al., 2019;
Sundaram et al., 2019; Ulicsni et al., 201P Due to its relevance, many climate researchers
have also begun to embrace the practicality of applying TEK to contemporary climate
change initiatives.

2.2 TEK in climate change adaptation

2.2.1 Climate change adaptation

Climate change adaptation has been anunderappreciated topic across recent decades
because mitigation action has seemed more urgent (Farber, 2007) Nonetheless, any
mitigation measures that take place are expected to be insufficient to address all the
impacts of climate change, resulting in an urgent need for adaptation. Adaptation is
E1 1 POl EWEUwsUT T wxUOET UUwOI weEeNUUUOI OUwUOWEEUCU
human systems, adaptation seeks to moderate or avoid harm or exploit beneficial
opportunities. In some natural systems, human interventio n may facilitate adjustment to

I Rx1T EUI Ew EODPOE Ul (IRGC) Boas DATEBHDWeVel, Elihéteg dnange has
instigated considerable environmental changes across the globe, which in turn necessitate
adaptation strategies at multiple levels (i.e. global, regional and local levels) (Kettle &
Dow, 2014). Because Indigenous peoples have amassed unique knowledge, practices and
beliefs that connect them to the environment, they can be significant contributors to
robust climate adaptatio n action.
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2.2.2 TEK and climate change adaptation

When TEK complements scientific data through provision of site -specific precision and
detail, valuable insights emerge (Vinyeta & Lynn, 2013). In essence, local explanations of
observed climate changes are often more holistic and diverse when compared to the
conventional climate model, which focuses largely on anthropogenic greenhouse gas
emissions (Salick & Byg, 2007) The detection of environmental changes and development
of strategies to adapt to these changes are important climate responses that can be
informed by TEK (Parrotta & Agnoletti, 2012).

Essentially, TEK helps Indigenous peoples to track changes in their local
surroundings through TEK -based observations and then to document their adaptation
strategies responding to those changes. These abilities can be understood as emerging
from the typol ogies of TEK. Using several interrelated levels of analysis, TEK can be
structured as a knowledget practicet belief complex (Berkes, 1999, 2017; Houde, 2007;
McMillen et al., 2014). The first level is factual observation, followed by management
practices at the second level, with social organisation at the third level. Finally, a fourt h
level underpins the other three levels of TEK, presenting the perceptions that govern
relationships of humans and their environment (Berkes, 2017)

Berkes and other scholars (e.g.Davidson-Hunt & Berkes, 2003; Orlove & Brush,
1996) have studied the TEK framework from the perspectives of science of ecology,
conservation of biodiversity and management of n atural resources. The framework
engages folk taxonomies, plant and animal ethnobotanical and ethnozoological
classifications and perception of ecological processes, including human relationships to
animals, plants and sometimes supernatural influences. Sud information is usually used
to target species and to develop methods that can protect habitats and natural resources.
The present study, on the other hand, seeks to address TEK from a different perspective,
that of climate change. Table 2 compares the TK perspective in this study with previous

studies.
Table 2: Comparison of perspectives on TEK framework
TEK elements Previous studies by Berkes This study
and others
Local knowledge of Speciesidentification Forecast and track surrounding changes
lands, animals (e.g. weather, climate, seasons, etc.),
including phenology of plant and animal
species
Resource management Species management Managing land and resources so as to
systems adjust to changes/disturbance
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Social institutions Social institution for Social relationship/ties, institutions and
management of species behaviour of the communities that foster
social cohesion in the face of
changes/disturbance

Worldviews Values that shape Values that shape management of land
management of species and resources, social relationship and
across generations behaviour; also, accumulation of values

across generations

Based on a literature review, we developed a conceptual framework to describe
and explore TEK in the context of climate change (Figure 2), using the TEK typologies of
(1) local knowledge of the environment, (2) land and resource management, (3) social
networks and institutions, and (4) worldviews and belief systems.

TYPOLOGY OF TEK

| edae of —— A Forecastweather
N Local Knowledge o

the Environment ———— A Understand and track surrounding changes

L A Identify impacts of changes

develo
1 P Land & Resource _E:A Ensure food & resource security
Management A Promote resilient socio-ecological systems

ROLE OF TEK

Social Networks & —:A Self-organisation

Institutions A Buffer disturbance

Worldviews & Belief _|:: A Maintain traditional practices & systems
Systems A Ensure the transmission of knowledge of

TEK

Figure 2: Conceptual framework

@) Local knowledge of the environment

Local knowledge of the environment includes the knowledge of the flora, fauna, soil and

landscapes as well as their classification, behaviour and distribution (Berkes, 2017,

Houde, 2007; McMillen et al., 2017) This type of knowledge also encompasses
understanding how the ecosystem works, the interactions of animals and plants within it

EQEwWUT 1 wUOOT woOi wEDOxT AaUPEEOWXxEUEOI Ul UUwPOwbBOI ¢
(Freeman, 1992) In essence, indigenous people are able to understand the weather based

on their understanding of animal behaviour, wind speed, sky coverage and length of

precipitation (Garay-Barayazarra & Puri, 2011) For example, the Miriwoong community

in East Kimberley, Australia observed the flo wers on the Woolegalegeng (silver leaf

paperbark tree) to predict the arrival of thunderstorms (Leonard et al., 2013) In the case

12



of Kenyah Badeng farmers on Borneo idand, the behaviour of animals such as chickens
and frogs, e.g. their noises, are the indicators of coming rains (Garay-Barayazarra & Puri,
2011) Seasonal changes or cycles can also be observed based on the development and
reproduction of flora and fauna. For example, the harvesting seasons for certain plants are
indicated by the appearance of certain insects, bird songs or blooming of flowers. These
phenological events, i.e. the condition of the weather and cycles of seasons, are very
important for indigenous people given their links to the timing of their subsiste nce
activities such as hunting, gathering, agriculture and fishing.

In order to survive, indigenous people must be aware of even the smallest changes
in their surroundings and must try to respond to those changes. For example, the
Miriwoong people know th at the flowering of the Gali-Galing (Fern-leaf grevillea)
indicates the beginning of cold season and, thus, respond to this natural event by
commencing their traditional burning practices. These practices are motivated by a desire
to avoid late hot seasonfires that can have damaging impacts on the landscape(Leonard
et al., 2013) In fact, many indigenous communities have their own traditional or seasonal
calendar that they use to organise their relations to the surrounding land, sea and climate
and that enables them to manage their activities across varying seasons(e.g. Garay
Barayazarra & Puri, 2011; Leonard et al., 2013; Prober et al., 2011¥enerally, this local
knowledge can offer very fundamental insights about climate change research. While
scientific climate models detect environmental changes at bigger scales (i.e. melting of
snow and ice, sealevel rise, high water temperature, etc.), local observations made by the
non-industrial community offer information at smaller and more specific scales.
%UUUT T UOOUT OwbPOEDPT 1 OOUUwWwxT UUOOUzZwbOUUDPOUPEWOOC
communities anticipate changing conditions and situations that could pose significant
risks. Knowledge, experiences and approaches to dealing with changes in socieecological
systems are strong assets that could inform climate change adaptation planning. They
could help in understanding changes, impacts on local communities and their
surrounding as well as coping strategies to adapt to those impacts.

(b) Land and resource management systems

+EOQOEWEOEWUI UOUUET wOEOETT O OUwUauUlil OUWEOOUEDPOWE
natural resources use and strategies of terrestrial and marine management that have

evolved through adaptive processes (Leonard et al., 2013; McMillen et al.,, 2014).

Possessim of such systems allows indigenous communities to prepare for an anticipated

hazard by modifying practices and developing appropriate technologies sustainably. In

the context of climate change, land and resource management systems are fundamental in

terms of building adaptive capacity that contributes to community resilience (McMillen et

al., 2014; McMillen et al., 2017). In some cases, such as to avoid food depletion, indigenous

people make an adaptive decision to ration resources that correspond to ecolgyical
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productivity. For example, a temporal restriction of harvest, including fishing, hunting,
gathering and planting, could be imposed in response to common shortages as well as to
allow renewal of surrounding ecosystems (Berkes et al., 2000; GomezBaggethun et al.,
2012; Ingty, 2017; McMillen et al., 2014).

In addition, indigenous management systems often promote diversification that
helps in spreading risks across spatiotemporal scales by providing a range of options,
thus increasing resilience during shocks (Agrawal, 2008). These include swidden
agriculture, integrated farming, agroforestry, farming and plantation of multipurpose tree
species and crop varieties (Berkes et al., 2000; Hobson, 1992; Magni, 2016). Such mixing
and selecting of different liv estock and crop varieties in an integrated landscape of
farming promotes bio -cultural diversity, which not only resilient to climate change but
also has high rates of carbon sequestration in fighting against the change (Singh et al.,
2011). Harvests are ato spread across the seasons to ensure resources are available
throughout the year (Gomez-Baggethun et al., 2012). Another important strategy is
mobility which avoid risks across space (Agrawal & Perrin, 2008). For example, one of the
most ancient system that the indigenous people still practice is shifting cultivation i.e. a
cropland is left for a period without being cultivated to restore its fertility (Hillel, 2005).
Fertility of land promotes growth of crops and produce surplus yield. Finally, storage o f
resources reduces risks experience over time especially in reducing food scarcity
(Agrawal & Perrin, 2008; Gomez-Baggethun et al., 2012). Indigenous communities in Asia
for instance, have improved the method for food preservation and storage such as using
physical infrastructure to store crops and water, and drying food when food is abundance
(AIPP, 2012).

(c) Social networks and institutions

Social networks and institutions are the social mechanisms of TEK that explain the social
behaviour of actors in the community when facing disturbance. These structures strongly
influence indigenous livelihoods and adaptation. In the climate change context,
customary social institutions and networks promote adaptive capacity within social -
ecological systems by buffering disturbances, promoting self-organisation and facilitating
social learning (McMillen et al., 2014)8 w%OUwl REOx O1 OwbOEDPT 1 OOUUwx1 O:
Hawaii and Ddnana, Spain both have practised community pooling duri ng hard times.
Such pooling entails sharing assets and resources (such as food, natural resources, labour
and infrastructure) across households on a reciprocity basis during scarcity (Agrawal &
Perrin, 2008; GémezBaggethun et al., 2012) Consequently, thesecommunity were able to
increase food and resource availability and diversity across space and time, which gave
them a buffer against difficulties, especially when resources were scarce e.g. during
tsunami, drought and other disturbances (McMillen et al., 2017).

14



In addition, self-organisation is promoted through local leadership and
institutions that provide the capacity to respond to shocks. Strong local leadership and
institutions can encourage efficient allocation systems, support sustainability, promote
social cohesion within community an d store collective memory (Brown & Sonwa, 2015;
Gomez-Baggethun et al., 2012; Ingty, 2017) Among community in alpine Himalaya, for
instance, the traditional institution, namely the Dzumsa, which consists of 12 village
representatives from Lachen valley, is very responsive to environmental stresses. It has
played a vital role in preventing overuse of resources, maintaining resource buffers and
providing social, environmental and economic security through resource partitioning
(Ingty, 2017). Generally, social institutions and networks based on reciprocity and trust
will influence the community res ilience. In climate change adaptation planning, existing
social institutions and networks should be incorporated and strengthened because they
could disseminate and promote the exchange of needed resources and information more
effectively (McMillen et al., 2014), especially when facing climate change impacts
(drought, severity of storms and others).

(d) Worldview and belief systems

The worldview and belief systems of indigenous people underpin the first three elements
of TEK, thus playing important roles in TEK as a whole. These systems are the basis for
accumulation and transmission of local knowledge and resource management practices as
well as the social networks and institutions. This transmission often occurs in the form of
folklore, taboos, stories, ceremony and rituals and other related cultural tradition. In other
words, worldview and belief systems are a mechanism for interge nerational transmission
of knowledge in a form that is embedded in social systems (Berkes et al., 2000: 12570ne
example of such transmission is the milpa script (related to milpa agroforestry system),
which is passed from generation to generation and sustained by mythologies, cultural
beliefs and yearly festivals (Folke & Berkes, 1998)

In practice, ceremonies, rituals and festivals help promote strong social networks
and maintain relationships of reciprocity through sharing and exchanging information
and resources. They can create and foster robust and enduring relationships among the
exchange parties by creating trust and establishing a bond among community members
(Ziegler, 2007). Consequently, during hard times, individuals can rely on these reciprocity
relationships, thus helping to ensure resilience of resource access. Kula Ring in Papua
New Guinea is an example of ritual exchange of gifts made from shells (McMillen et al.,
2014 w( OEDPT 1 OOUUwx1 OxOl Uz wbOUOEYDPI bUwWOI Ul Owbdy d
encourage sharing, reciprocity, respect and other values that are important for TEK to
function. In essence, these values serve as the main factors maintaimig traditional
practices and systems (Swiderska et al., 2011) Generally, the worldview of indigenous
people is fundamental to ensuring the continuity of TEK, especially in the globalised
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world. Thus, the loss of TEK means the loss of alternative ways of adapting to
environmental changes, particularly in the face of climate change.

2.3 Example of Case Study in Japan: The Ainu

This section presents a description of TEK in Japan, particularly among the Ainu. This
case study describes how the Ainu manage their livelihoods based on TEK components.

2.3.1 Background

Japan is home to numerous minority groups, and one of those groups is the Indigenous
people of Japan, the Ainu. The word Ainu means human beings (Lie, 2004) These people
were hunter-gatherers who worshipped nature and animals, spoke a language unlike
those around them and had unusual customs such as tattooing their lips. Historical
record asserts that by the 13h century, the Ainu people had settled on the northern part
of Honshu (the main island of Japan), as well as on the northern island of Hokkaido, the
southern part of Sakhalin (called Karafuto in Ainu and Japanese) and the Kuril Islands
(Chishima in Japanese)(Sarah, 2013) Ainu settlements were traditionally situated near
the ocean and were known as the Ainu Mosir, meaning 'the quiet earth where humans
Epl Qi6,220086 w3l PUwx] Ox Ol ZUWOEPOwWUUEUPUUINDdhd wEEUDY
hunting (Okada, 2012)
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2.3.2 Ainu local knowledge of the environment

For the sake of survival, the Ainu noted any slight changes in their environment and
scheduled their livelihood practices according to the demands of different seasons.
Ohnuki -Tierney (1973) explains that the Ainu year is divided into two main seasons, the
cold season and the warm season, which are reflected in their subsistence economy,
pattern of settlement and religious activities. These two seasons were further broken
down into four short er seasons:paykari(spring) (mid -February to May); sakiita(summer)
(June to August); 8 U O Babtlhin) (September to mid-October) and matayta (winter)
(between mid-October and mid-February). * E O E qQtfober) is the month of marten
trapping, during the wi nter, while hahrah(April) is the month of the herring run, during
spring. The Ainu developed a calendar system that can forecast their activities, because
both the peak time of the marten pelt and the herring run are natural phenomena that
occur independently of human actions. Ohnuki -Tierney (1973) explains the phenomena
that mark the cold and warm seasons as follows.

For the Ainu, the cold season begins at the time of first snow in October with
marten trapping. During the trapping period, the men build hu ts and live in the
mountains. Meanwhile, the women gather nettles to weave their clothes and candlestick
lilies for food and finish other necessary tasks of preparation for the cold season. As the
men return from the marten -trapping, a bear ritual called iyomanteis held on a supra-
community scale. The Ainu then travel further inland to their winter settlement, where
the men continue to hunt, except when the snow is too deep. Animals captured during
this period include squirrel, fox, musk deer, reindeer and bear. Seamammal hunting,
which takes place intermittently throughout the year, does not break up the period,
although the most plentiful capture is expected at the end of the cold season when seals
are born on the ice. The Aimu also fish through the ice, when the ice is not too thick. Long
winter nights are often spent reciting myths and tales. In addition to the iyomante most
other Ainu rituals often take place during the winter.

Herring migration marks the beginning of the warm season. During the waxi ng
moon of April, the Ainu head toward the coastal area, where they form their summer
settlement. The main activities throughout the summer for the men consist of fishing in
rivers, lakes and the sea, while women gather plants. From these harvests during this
season, many fish are dried and smoked and plants are dried. This busy fishing season
ends when the Ainu go upstream for salmon fishing. More significantly, throughout this
season hunting for land mammals is minimised. Spring and autumn seem to mark th e
beginning and end of the warm season, respectively, in terms of Ainu seasonal activities.
During the cold season, Ainu activities engage their deities, so the cold season can be
regarded as sacred, while activities in the warm season are profane.
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2.3.3 Ainu la nd and resource management

The ability to predict the seasons is critical how the Ainu establish their livelihood across

time (Kayano & Hane, 2018). As predominantly hunter -gatherers with limited

agricultural practice and no food trade, for their sustenance the Ainu have relied entirely

on the natural world around them. Ainu culture, language and religion e volved in

support of a comfortable and autonomous standard of subsistence, so that each Ainu

could live 'not needing food,” kupoutar yayperepokaw Ul I w EUOUUUI zUw UUEUI
happiness (Moody, 2014: p.4) Over generations, the Ainu have been both resourceful and

imaginative in establishing ways to survive with what was available to them. Ainu people

have specific traditional protocols for using n atural resources, and these protocols have

played a large part in protecting their environment as well.

The Ainu culture can be seen to revolve around hunting, fishing and the selection
of edible plants on which the people depended for subsistence. However, agriculture has
at times made up an essential component of the Ainu ecosystem. Kohara (1999) pointed
out historical evidence indicating that the Ainu practiced limited farming during the Edo
period (1615t 1868), using the harvest to supplement their diet. Later, agriculture became
fully established in the late nineteenth and early twentieth centuries when the foods
raised became staples in the diet (Kohara, 1999). Dublin and Tanaka (2015) clarified that
the Ainu practiced small -scale agriculture, growing m odest grain crops of wheat, millet
and barley and more recently cultivating beans and other vegetables, including daikon,
pumpkins, potatoes, tomatoes and onions. In addition, they gathered native plants for
food consumption, including wild garlic, wild gr apes, lily bulbs and even skunk cabbage,
which was dried after being collected. The Ainu also gathered berries and nuts, acorns
and chestnutg| the chestnuts are buried to keep them fresh throughout the winter. As an
agricultural preference, the Ainu chose fields with fewer grasses and trees, in order to
avoid clearing vegetation and chopping trees and often these were on riparian land.
Based in their religious beliefs regarding their gods, the Ainu neither fertilised the fields
nor vigorously weeded them (Morris -suzuki, 1994).

Crop and harvest storage has also been essential to the Ainu. For everyday needs
they cooked the food they obtained from hunting, fishing, gathering and farming; they
also stored a large portion of the food supplies for winter and potential famine (Hayashi,
1970) As one example of such famine, it is estimated that when the salmon run on the
Ishikari River collapsed in 1725, several hundred Ainu died of starvation that winter and
spring (Irish, 2009). The stored food is prepared using different techniques. The Ainu
have preserved fish, meat and some vegetables by drying. Hayashi (1970) reported that
meat and fish were dried and smoked and then were piled them up in a storehouse. This
kind of processing and storage allowed meat to be kept for many years and prevented
spoilage. It also protected these supplies from infestation by flies and other insects. For
trout, the Ainu use a different technique, as this fish did not dry or smoke well the way
salmon did. Irish (2009) clarified that the Ainu captured the trout that swam upriver
during the springtime and held them in a natural spring of flowing fresh water. The

18



spring was covered with small stones, allowing the fish to be kept for up to a month. The
Ainu stored dried wild plants and vegetables, either in the storehouse or on a board in a
basket called saranip or shintoko (a lacquered ware). Grains were placed in straw bags.
The Ainu prepared a hole in the ground near each home to store turnips and potatoes,
which protected such crops from freezing during the winter.

Use of land for the Ainu is closely aligned with the use of the surrounding areas.
Dublin and Tanaka (2015) outlined the relevant rules designed to be practiced by
everyone, with these authors pointing out sustainable use of natural resources within the
concept of carrying capacity. The Ainu have had guaranteed access to both hunting and
fishing grounds, allocating vertical portions of land to various kotan (hamlets). Such
divisions were conduct ed on the basis of the availability of deer, salmon and some main
plants. For the Ainu, this system of assessing carrying capacity was crucial to preventing
over-hunting and overfishing. They will agree to split a kotan into two separate ones
whenever a kaan is found to be too large, due to an increase in family size. More
importantly, various kotan always came together for hunting and fishing expeditions.
Permission to hunt, fish, or gather in another kotarls territory could be sought and
acquired from th e headman. He would hold a special ceremony to award the permission
to a person. This is important since there is a religious cultural aspect to allowing access
to an area. Entry to the territory of another kotanwithout consent is considered a serious
crime and a death penalty may be imposed. Anyone who entered the territory of another
kotan did so also at high personal risk from traps that the Ainu set up catch animals in
their territory, making it extremely dangerous to enter an area without knowing wher e
such traps were located. The locations of the traps would be revealed to a person when
permission was granted by the headman.

2.3.4 Ainu social networks and institutions

The Ainu live in close contact not just with their fellow Ainu but also with vast numbers

of beings of the universe. They believe their wellbeing depends on their good relations
with the owners of the soul, deities, spirits and demons (Ohnuki -Tierney, 1973) The Ainu
mainly lived in kotan (small villages or hamlets) close to the rivers where the people
fished (Pham, 2011) Irish (2009) described thekotanas having a headman who could be in
charge of more than one village. He would oversee religious ceremonies, ensure that all
families in his region have food to eat and become a representative of the kotan in
relations with outsiders, as well as taking on other leadership duties. In general, different
kotanswere three to five miles apart, with as few as three or as many as 20 homes in a
kotart each dwelling sheltered one nuclear family (Irish, 2009).

More significantly, the Ainu have a concept of mutual ownership of land, as
opposed to single ownership. Watanabe (1973)wrote that the Ainu people was defined
by ethnologists as a river-centred community in which groups of a few households
cooperated in subsistence activities such as fishing and gathering. For example, Dublin
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and Tanaka (2015) explained that the Ainu practice four types of communal hunting: (1)

sunoyamgcommunal hunting b y Matagi hunters targeting the Japanese serow,Capricornis
crispug; (2) tateshi(two or three hunters catch a sleeping bear in its den); (3) muratate
(similar to sunoyamacommunal hunting but with community rules) and (4) denjishsi(no
community rules, wi th the only beneficiaries the people taking part in the hunt).

Furthermore, sharing is fundamental in the culture of the Ainu. They often shared
food and drink with their neighbours, although it might be just a cup of wine (Kayano &
Hane, 2018) In addition, the first salmon captured in early autumn each year was a
special item to be shared with neighbours (Selden, 2018) Selden (2018) also reported that
whenever there is a disagreement among community members, they apply ukocarankea
practice of settling disputes by debating rather than fighting. In such a case, the people
involved in the conflict will sit down and debate for hours or even days, before one of
them has been defeated and decides to compensate the other.

2.3.5 Ainu worldvi ews and belief systems

Moody (2014) wrote that the Ainu believed that the world in which they lived was
inhabited by a number of gods, or kamui who protected human beings and gave them
food in exchange for ritual offerings. According to their traditional views, the Ainu
viewed the plants and, in particular, the animals as the bodily representation of divine
spirits that provided them with food and should be respected in order to maintain a
reciprocal relationship between man and the gods. Such religious views taught strict food
collection and patterns of consumption and inspired Ainu practices.

All of these early Ainu beliefs are reflected in the kamui yukar the oldest and most
sacred manifestation of oral Ainu culture. Roche et al. (2018: p. @) explained that Ainu
people often remember a cautionary guideline of 'do not collect wild plants exhaustively.
31T awodl T EwWUOWET wxUOUI EUI Ewi OUwi UOUUT wi1 Ol UEUD
Dublin and Tanaka (2015), in the doctrine of Ainu, when a plant or animal was to be
harvested or killed, kamuiwas invited to a ceremony to ensure success. This ritual further
strengthens the strong sociocultural bond between the people and their surroundings. For
example, the Ainu people celebrate the Asircep-Nomi festival, a symbol of continued
support from their ancestors for annual salmon cultivation.

Strong (2011) stated that the most prominent religious ceremony in the culture of
Ainu was the iyomante(bear ceremony). Preparation for the iyomantebegins in the spring.
At this time, the men will go to the mountain to catch a cub and bring it home. The host
family raises the cub inside the house and then moves it to a bear cage when its claws
become too dangerous for them. Just before the Ainu move into their winter settlement,
they slay the bear in a long-planned ritual. Many outsiders might consider this practice to
be a cruel act, but this is not so for the Ainu people. In accordance with their religious
views, the bear is properly slaughtered and its carcass is also properly treated to ensure
proper transition of its life to the realm of deities. Such an act means that the bear will
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return carrying meat and fur as presents in a gesture of goodwill, just as human visitors
would. Importantly, several friend s and relatives, including those who live very far away,
will come together to take part in the ceremony, which lasts for several days. However, in
the early 1960s the Japanese government officially banned the Ainu bear ceremony. The
Ainu continue to worsh ip and honour bears today but they no longer kill them ritually.

24 Summary

For centuries, Indigenous people have lived in harsh natural environments where
they have coped with and adapted to environmental changes in order to survive. As
I PTTOPTTUI EwPOwWUT PUwxExT UOw3$* wuwDUWEQws OUT 1 UwkPE
track changes in their local surroundings by providing a knowledge base with which to
compare current observations, as well as by offering a method for documenting
adaptation practices. Generally, local knowledge of the environment, land and resource
management, social networks and institutions and worldviews and belief systems are all
very important and need to be considered when documenting TEK, in order to generate
and understand an overall picture of the impacts of climate change along with local
adaptation. TEK systems can be particularly valuable in fostering adaptation and
resilience during times of environmental and climate change. Such systems can fortify
community capacity to deal with any disruption and maintain ecosystems under
uncertain conditions be cause the body of knowledge coevolves with ecological and social
systems.
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 Introduction

This section discusses the approach that guided conduct of this study. It includes
description of the research design, selection of study area, data collection and research
instrument and data analysis. This research is a qualitative case study.

3.2 Research Approach and Design

The research approach includes the method and procedure used for conducting the
study. This work falls within the category of discovering, comprehending and
interpreting the role of TEK in helping Indigenous people understand and adapt to
climate change. According to Yin (2009) qualitative case study is a highly relevant
method when a study is intended to clarify an in -depth process based on the issues of
how and why. This is because the approach to case study allows the researber to
understand those processes or phenomena that are especially difficult to quantify.
Through a case study approach, the researcher gathers firsthand and comprehensive
data from the participants in the study, as well as from other information sources, such as
the researcher's own observations and experience when doing fieldwork.

Stake (1995)describes two benefits of using a case study approach: First, it is
concise, straightforward and easy to understand and second, it is more descriptive. The
richness, depth and variety of information gained through case studies make it valuable
and very important to understanding a phenomenon or an occurrence (Yazan, 2015) In
addition, the case study is highly versatile and flexible be cause it engages a variety of
methods in the data collection process (Yin, 2009).

Another thing to note in qualitative studies is that the design of the study is not
static rather is built according to the purpose of the research that prompts exploration
(Stake, 1995). The interpretation of qualitative research data is therefore inductive, based
on the themes proposed (Braun & Clarke, 2006). Specifically, the emphasis of a qualitative
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research is not on hypothesising but rather on understanding the true meaning and
nature of the study area (Yazan, 2015).

3.3 Selection of Study Area and Research Participants

Field sites and communities were chosen based on the following criteria: (1) communities

that still maintained traditional practices or economies, (2) resource -based livelihoods and

(3) location of homes in a vulnerable environment (Ingty, 2017; Vinyeta & Lynn, 2013).

Therefore, this research was conducted in Sarawak, Malaysia, where most of the
Indigenous communities meet these criteria.

Sarawak is a Malaysian state located in northwest Borneo Island, bordered by
Sabah to the northeast, Brunei to the north and Kalimantan to the south (Figure 3). With
an equatorial climate, the temperature of Sarawak is relatively uniform throughout the
year, 23 °C early in the morning to 32 °C during the day (Sarawak Government, 2019)
Sarawak, as in other parts of Malaysia, experiences two monsoon seasons; the northeast
monsoon brings heavy rain between November and February, while the southwest
monsoon from June to October is usually milder. The average annual rainfall is between
3300 and 4600 millimetres, which may vary according to locality (Sarawak Government,
2019)
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Figure 3: Location of study area and its natural areas

With a total population of 2.5 million people, Sarawak has 25 ethnic groups that can
be categorised into seven major ethnicities, namely, Iban, Chinese, Malay, Bidayuh,
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Orang Ulu, Mel anau and others (Kheung & Zaidi Adruce, 2018). Orang Ulu was chosen

as the main research target because the majority of then still live in the remote interior of

Sarawak and perform traditional practices in their daily activities. The Orang Ulu, who

EUI WEOQUOWOOOPOWEUWUTT w?2x1 OxO01 woOi wiUT T wbOUI UPOU
north -eastern Sarawak and their population ranges from 300 to over 25,000 peoplgBesar

et al., 2014) Three subethnic groups of Orang Ulu were chosen, namely, the Lun

| EPEOT OW2EZEEQWEOE W/ | Er@é agricutdalists BvhoEliGe inutkeU I w

I DT T OEOEUOWUT | w2EZEEOQWEUI wUx OEQEWUDPET WET UOOOOD!
are the legendary hunter-gatherers of Sarawak who previously lived in the rainforest.

With a population of 1500 people, the Lun Bawang people are indigenous to the
' Ez Ol OEOEOQuwT D1 T OEOEUOWEOWDPUOOEUT EwUI 1 DOOWOOEEUI
EOQOUDUUET woOil wt YYYwI TTUOWEEOYITI wUI T wUl EwOI Y, 06 w( Ou
whereas Kelalan means river. The Lun Bawang were one of the earlier settlers in the
mountainous regions of central Borneo (Runciman, 1960)and many of their traditional
economical activities are related to rice cultivation, especially the O E U.B-zE )ibafeks Fog
a traditional system of wet rice cultivat ion that is still maintained by the Lun Bawang
people, where they incorporate water buffaloes into the farming system. The Lun Bawang
are also known as hunters and fishermen and, at the same time, practice animal
husbandry such as rearing poultry, pigs and buffaloes.

3T T W2EZEEQOwWOOwWUT 1T woOUT 1 Uwi E O#thnic Group wf O U1 Ow |
Kenyah or Kelabit (Harisson, 1949) They comprise small communities in Long Banga,
which settled in the most isolated area of the Baram River in the Marudi Division.
. UPT POEOCOaAaOwWUT 1 w2EZEEOWEEO! wi UOOwWUT T w! ET EVUwWPEUI
to Sarawak around 1900 and continued until the late 1960s. The total number of the
2EZEEQuwx1 Ox Ol wbUwE UOU O Bne bl thy mallest dultethnicug®@ip©Oih UwUT 1 O
Sarawak. Their increasing outmigration into the urban areas has reduced the number to
about 500 people in Long Banga. All of these households are involved in diverse
agricultural activities, but most are upland ric e cultivators. Fishing and hunting for wild
game is also a common activity for some individuals in the village.

Finally, the Penan are the renowned hunter-gatherers who used to live in the
rainforests of the Sarawak interior. They are expert hunters who use silent blowpipes and
poison darts for hunting. Their traditional staple food is sago, which comes from the core
of a small palm tree. The majority of Penan communities were nomadic up until the
1950s. The transition in lifestyle was due to programmes promoted by the state
government and foreign Christian missionaries to settle them into villages. One of the
earliest Penan settlements is Long Lamai, with a population of approximately 580 people.
Due to their isolation and sedentary lives, they have started to focus on an agrarian
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lifestyle where they cultivate rice and plant garden vegetables. However, they still rely on
sago as their main staple as well as jungle fruits and hunting game.

34 Data Collection & Research Instrument

The TEK of indigenous groups was sampled during three fieldwork visits conducted in
three villages between January and February 2019. Indepth interviews with local
informants (Guion et al., 2011)and field observations were conducted. Since the focus
was on TEK, the targeted informants were those with direct experience in traditional
practices including farming, hunting, g athering and forestry. The first person approached
in each village was the headman to get background information about the study area,
including population size, economic activity, history of the communities and other basic
information. Snowball sampling t echnique (Naderifar et al., 2017) was used to identify
further key informants. Overall, 31 faceto-face semistructured interviews were
conducted with local i nformants. Some of the answers were documented using a field
notebook because there were a few informants who were unwilling to be tape -recorded
due to unresolved disputes with the state government. The interviews took between 1 to 2
hours and were stopped if they drifted into repetitive information.

The questionnaire was structured into four main parts. Part One was designhed to
gather data on climate risks and threats affecting the livelihoods within the study area,
environmental changes and understanding their weather forecasting and bioclimatic
indicators. Part Two was related to their traditional strategies on land and natural
resource management when they experience disturbances. Part Three was aimed at
capturing the role of their social networks and in stitutions when a calamity strikes. The
final part was used to understand their worldviews and belief systems related to their
practices. The majority of respondents could speak and understand the Malay language
(the official language of Malaysia) and only a few used English. Interviews were therefore
conducted mostly in Malay. We also asked informants to translate a few words in their
native language which represented the real expression of their communities rather than
the official language.

3.5 Data Analysis

There are different ways in which qualitative data can be analysed. For qualitative
research, there is no single best or most accurate way to analyse datdBogdan & Biklen,
2003) Lincoln and Guba (1985) confirmed that there is no consensus or uniformity in
gualitative studies regarding data analysis. This means the qualitative data analytics
process will be subjective. The most important thing, however, is that the purpose
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remains the same, namely, to make the data collected relevant in a research context.
Thematic analysis (Braun & Clarke, 2006) was used in this study to analyse qualitative
data and identify themes in each of the research components. The global theme was buit
around a TEK framework. According to Braun and Clarke (2006) the method of thematic
analysis should span several phases, including data transcription, encoding, theme
creation and preparation of a report.

Data collected during fieldwork are transmitted within a text document. The process of
incorporating data in this way is called transcription. For this study, repeated reading of
data from interview transcripts supported the formation of key ideas (categories). The
data were then encoded based on the tanscripts produced. Joffe and Yardley (2004)
describe encoding as the process of identifying and compiling into transcripts texts that
have similarities, differences, patterns, or related structures, which subsequently generate
or convey certain themes. Every related code is assembled to shape one main idea or
theme. Thus, any frequent, unigue, interesting code that has enough evidence to support
the research findings is can effectively produce a theme. At this point the data need to be
interpreted carefully so that the themes generated can provide appropriate meaning in
the context of the study. The results of the study obtained through these mentioned
methods and processes are reported in the next section.
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CHAPTER 4

CASE STUDY 1: THE LUN BAWANG Ow! z*$+ + -

4.1 Background

Ba'kelalan is an isolated highland with an altitude of 3,000 feet situated in the Sarawak
Limbang Division. The closest town is Lawas, which is connected to 150 km of the former
unpaved and bumpy logging road that can only be reached by four -wheel drive vehicles.
It takes about six hours to get from Ba'kelalan to the town. Nevertheless, the trip can take
up to 24 hours during a bad day particularly when it rains. They also have a STOLport
that uses 19seater DHT aircraft with twice -a-week flights to Lawas and Bario.
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Figure 4: Ba'kelalan area
Source ofaerial photo: Bing Maps, 2020

Ba'kelalan has a tropical climate with an average annual rainfall range of 2800 to
3150 mm and temperatures ranging from 18 to 29 C (Kuok & Chan, 2012). This
picturesque highland is inhabited by the Lun Bawang tribe, a deeply religious group with
a population of around 1500 people. Agriculture was the dominant industry of the region
for hundreds of years ago. But the economy today is more diverse, with some of them
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forming small businesses. Many roads are not paved, and the eneagy supply on the
highlands is primarily from micro -hydro dams, solar power and generators. Villagers
have access to small village clinics, primary school and kindergarten.

Figure 5: Ba'kelalan scenery
Source: Fieldsurvey, 2019
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