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Graphical abstract
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Highlights
 People have occupied Sarawak’s coastal peatlands for c. 200 years
 In the last century deforestation & peatland conversion have been widespread
 Local stakeholders perceive few challenges & many opportunities in using peatlands
 This conflicts with the international community promoting peatland conservation
 Knowledge gaps between local & global communities need to be addressed

ABSTRACT
The effective conservation and sustainable management of tropical peatlands in Southeast
Asia is a major challenge. Pervasive deforestation, drainage and conversion to agricultural
land, is disrupting the ecosystems’ ability to sequester atmospheric carbon. Conserving
peatlands in an intact state has been described as a “low hanging fruit in tackling climate
change” by the international conservation community. Yet, peatland drainage and land
conversion continue unabated. Focusing on Malaysia’s coastal peatlands, this study
interrogates local and global perspectives on peatland conversion. We combine diverse
1
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datasets obtained using palaeoecological and social science research methods to provide a
comprehensive context to this conservation challenge. We also identify where the local and
global perspectives are in conflict and where they align. To do this, we employ a literature
review and qualitative analysis of the interview data, enabling us to draw out key themes of
local versus global discourses on the current management and future prospects of these
peatland ecosystems. Palaeoecological data, derived from cores collected from three
peatlands in Sarawak, Malaysian Borneo, provide a quantitative assessment of long-term
ecological changes in these environments; qualitative surveys of local stakeholders provide
complementary detail on the history of and future perspectives on human-peatland
interaction. Finally, a comparison of interview data with key themes in the international
discourses on peatland conservation, illustrates conflicts between the two. The coastal
peatlands of Sarawak serve as a case study to explore the fragile context of sustainable
tropical peatland management, illustrating the diversity of datasets and knowledges that can
be integrated. This approach enables a more effective dialogue amongst the multiple
stakeholders involved in the management of these globally important ecosystems.
KEY WORDS: conservation, interdisciplinarity, palaeoecology, Sarawak, stakeholders, tropical
peat

ur

na

lP

re

INTRODUCTION
The international conservation community (henceforth international community), driven by
researchers and conservation organisations, has expressed increasing concern about the
status of tropical peat swamp forests, especially those undergoing rapid conversion in
Southeast Asia (e.g., Page et al., 2002; Koh et al., 2011; Miettinen, Shi and Liew, 2016;
Wijedasa et al., 2017). Although large areas of tropical peatlands are also present in South
America (Draper et al., 2014; Lähteenoja et al., 2009) and Central Africa (Dargie et al., 2017),
agriculture currently poses only a relatively minor threat to their conservation in these regions
(Dargie et al., 2019; Roucoux et al., 2017). Here, we focus on Southeast Asia, where the local
practices and global perspectives on peatland conservation have come into increasing
conflict.
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The wetland forests of the coast of Southeast Asia have developed over thousands of years
(Dommain et al., 2011), and provide multiple ecosystem services to people both locally and
across the world (Page et al., 2011; Phillips, 1998; Posa et al., 2011; Silvius and Giesen, 1996).
The international body of research documenting the functioning of this ecosystem is
increasing in response to the size of the threat (e.g., Silvius and Giesen, 1996; Phillips, 1998;
Yule, 2010; Posa, Wijedasa and Corlett, 2011; Prenctice, 2011; Cook et al., 2018; Thornton et
al., 2018; Wijedasa et al., 2018). Recent international attention has focused on the role of
tropical peatlands as a sink and store of fossil carbon, vital in regulating our climate (Jaenicke
et al., 2008; Miettinen et al., 2017) and thus a potential nature-based solutions for mitigating
ongoing climatic change (Smith et al., 2019).
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Despite these facts, upwards of 45% of Southeast Asian peat swamp forests have been logged
or drained (Hooijer et al., 2006; Miettinen et al., 2017), converted to agricultural land or built
infrastructure, or left as degraded ecosystems (Koh et al., 2011). Peat swamp forests are
described as one of the most critical ecosystems in South East Asia (APFP, 2010); critical
because their ‘value’ (with its complexity of dimensions) to the people interacting directly
with them appears to be much greater when the ecosystem is in an ecologically degraded
condition, i.e., deforested and drained, than when intact. Unsustainable development of
these peatlands is largely unchecked by the concerns of the international community, namely
the resulting carbon emissions (e.g., Fargione et al., 2008; Couwenberg, Dommain and
Joosten, 2010; Hooijer et al., 2010; Page, Rieley and Banks, 2011) and biodiversity loss (Posa
et al., 2011; Yule, 2010). Here we ask: why do land-use conversion and peatland drainage
continue, with the priorities of local stakeholders apparently antagonistic to the global
discussions on tropical peatland conservation?
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The international community is generally in agreement that “we already know enough to
conclude that the conversion of deep peats into marginally profitable plantation agriculture
makes no environmental, economic or political sense” (Posa et al., 2011). Despite the
evidence of multiple benefits of conserving these ecosystems and profound environmental
costs of converting them (Hooijer et al., 2010; Wijedasa et al., 2018), these ecosystems
continue to be lost. The reasons for this are unique to each locality (Dargie et al., 2019;
Miettinen et al., 2016; Murdiyarso et al., 2019; Roucoux et al., 2017); manifesting from a
complex combination of local to global influences acting over a variety of timescales.
Uncovering the influences and developing solutions requires an equally complex set of tools
that draw together knowledges from different disciplinary perspectives.
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Interdisciplinary research & multistakeholder analyses in sustainable peatland management
There is an increasing call for interdisciplinary projects to answer the real-world challenges of
conservation (Murry, 2019; Roy et al., 2013; Williams et al., 2020). Newing (2010) defines
interdisciplinarity as an integrated approach where different disciplines inform and
interweave with one another to answer a question that could not be solved by a single
discipline alone.
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The study of human-environment systems requires the involvement of disciplines engaged in
understanding the dynamics of the system’s social and ecological components, and their
complex interactions (Berkes and Folke, 1998). For peatlands, sustainable management is
defined as “use....while allowing exploitation that does not irreversibly destroy the wetland’s
functions or its potential to support people and wildlife” (UNDP, 2009). To understand the
specific ecological parameters on which the underlying tenets of sustainability depend, the
study of a peatland’s ecology is a vital part of any attempts to understand the whole socioecological system. Palaeoecology is a discipline that uses patterns of fossil proxies to
understand the resilience of an ecosystem through time and the way its constituent
3

vegetation responds to perturbation (Willis et al., 2010). Its application to contemporary
landscape management and real-world conservation challenges has been emphasized (e.g.,
Froyd and Willis, 2008; Vegas-Vilarrúbia et al., 2011; Willis and Bhagwat, 2010); albeit with
calls for caution as to how the information is interpreted (Birks, 2012; Davies et al., 2018,
2014).
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Even when a range of optimal palaeoecological proxies are available, long-term ecological
records only provide an interpretation from one disciplinary lens (Richer and Gearey, 2017).
Other disciplines must be deployed to gather information on the social and economic
dimensions, and to contextualise and interpret the (palaeo)ecological data in a nuanced way
(Richer and Gearey, 2017). This multi-dimensional context can offer insights to inform policy
and practice relating to the sustainable management and conservation of ecosystems. Chan
(2008) emphasizes that “conservation is fundamentally the management of human
behaviour”. One method of managing behaviour is through the development of policies or
incentives. For these tools to be effective, it is essential to understand the unique dynamics
of exploitation by each party with a stake in the resources under consideration (Meijaard and
Sheil, 2011; Persha et al., 2011; Pfund et al., 2011; Wicke et al., 2011).
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Stakeholder analyses have been widely adopted to explore what a sustainable peatland
management strategy might look like in a variety of geographies, e.g., the United Kingdom
(Reed et al., 2010), Northern Europe (Rawlins and Morris, 2010) and Malaysia (Padfield et al.,
2015), gathering information from the range of voices associated with each locality. For
peatlands, sustainable management commonly refers to their use without drainage (Hooijer
et al., 2012; Wijedasa et al., 2017), such as for paludiculture, i.e., the cultivation of plants
under wet or flooded conditions (Joosten et al., 2012; Wichtmann and Joosten, 2007), e.g.,
sago (Songan et al., 2007) or a variety of other crops (Kittie et al., 2020), or for subsistencescale extraction of resources (e.g., as observed in the Peruvian Amazon (Schulz et al., 2019)).
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Knowing what sustainable management constitutes, in theory, is also only one part of
developing a conservation solution. Apparent conflicts between principles of best practice
proposed by “global conservation planners” (Fairhead and Leach, 1995) and the priorities,
practices and motivations of local communities, i.e., stakeholders on the ground, can result
from a plurality of factors, including access to differing information. Understanding
behaviours requires an understanding of the variety of knowledges and values held by
individuals and communities, which may vary substantially at the local scale from those held
by the scientific and international conservation communities (e.g., as identified in the oil palm
sector (Padfield et al., 2019)). In order to develop effective locally-appropriate conservation
interventions, strategies must be developed through close dialogue and involvement with
local stakeholders (Camino et al., 2020; Mistry and Berardi, 2016), and those agents
influencing resource management at all scales (Reed et al., 2019).
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The conservation conflict apparent with the ongoing drainage and conversion of Southeast
Asia’s peatlands, and in particular those of Malaysia’s peat-rich State of Sarawak, provides a
case study through which to explore the principles discussed above: (i) the importance of
interdisciplinary research to develop solutions to real-world resource management
challenges, drawing on appropriate disciplines; and, (ii) the central role that local stakeholders
must play in developing those solutions, with the “conservation planners” recognising the
diversity of knowledge, values and behaviours amongst the stakeholder population.
According to the UN Food and Agriculture Organisation (FAO) data, Malaysia has had the
“highest relative increase among large emitters” in greenhouse gas (GHG) emissions from its
peatlands over the last 30 years (54% increase, emitting 31 Mt CO2eq between 1990 and
2019) (FAO, 2020a). Sarawak, with the highest rate of peatland conversion across the three
Malaysian States during this period (Miettinen et al., 2016), is the major contributor to these
emissions. Sarawak’s peatland cover is over 13% (Wetlands International, 2010), constituting
a significant land resource, which has only been exploited in the relatively recent past.

ur

na

lP

re

-p

History of Sarawak’s peatlands & contemporary threats
Incursions into Sarawak’s peat swamps were historically rare. Water-logged and mosquitoridden, they were traversed only where possible and necessary to connect Sarawak’s coastal
and inland areas (Avé and King, 1986). There was little to no past experience of using
peatlands for commercial purposes until approximately 50 years ago, when agricultural
practices started in West Malaysia (Estate Manager, personal communication). Since less
than 28% of Sarawak’s land is classified as suitable for any kind of agriculture and the rest
either designated as forest and settlement (67.6%), or waterlogged (Siong, 1994), its peat
swamp forests became an important land resource for agriculture in the State (SAPP, 1992).
Aside from being seen as relatively unproductive environments (i.e. “wastelands”), these
swamp forests were situated on relatively flat and accessible coastal plains, and the land
principally claimed to be under State ownership, making them desirable alternatives to hilly
terrain with more complex land tenure. Large-scale conversion started with logging in the
early 1950s (Sawal, 2003), removing all valuable timber species.
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Sarawak’s State Planning Unit then initiated feasibility studies from 1989 to identify potential
areas in which to establish commercial plantations (Siong, 1994). Despite the identified need
to clear, drain, and apply fertilizer and lime prior to agricultural use (Posa et al., 2011), within
less than a decade, large oil palm plantations became common on peat soils located in the
flat coastal plains. This development has continued since, with estates now occupying nearly
half of the State’s peatlands, over 0.7 million hectares, and responsible for replacing over 80%
of the peat swamp forest lost since 2007 (Miettinen et al., 2016).
Research questions
In order to explore the underlying human-environment interactions shaping the use and
conservation of the tropical peatlands of Sarawak, we deploy an interdisciplinary approach.
5
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Here, we combine palaeoecology, social research and thematic analysis of local and global
perspectives on peatlands, to answer the following key research questions:
i) What long-term changes have influenced the human-environment system of Sarawak’s
coastal peatlands;
ii) What is the recent history of and likely future human interaction with these peatlands;
and,
iii) Where and how do perceptions on the challenges and opportunities for sustainable
peatland management differ between local stakeholders and the international
conservation community?
Through exploring the case of Sarawak’s coastal peatland ecosystems, we contribute to the
literature on tropical peatland management and conservation, whilst providing an example
of how an interdisciplinary approach can help to combine local and global perspectives to
answer a real-world conservation challenge.
MATERIALS AND METHODS
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Study area
Sarawak covers an area of 12.2 million hectares (Siong, 1994) on the island of Borneo (Fig. 1).
It lies within the Sundaland Biodiversity Hotspot (Conservation International, 2007)
illustrating the rich biodiversity it houses (MacKinnon et al., 1997) and rapid rates of
deforestation and habitat loss it is experiencing (Langner et al., 2007; SarVision, 2011), even
within protected areas (DeFries et al., 2005; Miettinen et al., 2011). Sarawak’s peatlands form
an integral part of this Hotspot. Northern Borneo has a tropical ever-wet climate (Morley &
Flenley, 1987) with an average temperature of 25oC and humidity levels ranging from 55% in
the daytime to almost 100% at night. These climatic conditions are important for the
development of tropical peat swamps (Staub & Gastaldo, 2003).
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Fig. 1 Map showing the geographical location of Sarawak, Malaysian Borneo (inner box), within
Southeast Asia, annotated with the main settlements (blue circles), and three peat swamp sites (red
circles) from which cores were extracted: DPL (Deforested Peatland), PSF (Peat Swamp Fragment),
and CPL (Converted Peatland). Sarawak State Boundary is demarked by a gray line; peatland areas by
brown shading [courtesy of Wetlands International: “Malaysia peat lands,” accessed through Global
Forest Watch (www.globalforestwatch.org) (17/04/2019)]. (Map republished, with permission, from
(Cole et al., 2019).)
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Data Collection & Analysis
We combine here two different datasets: (i) palaeoecological data – demonstrating past
vegetation change and human interaction in Sarawak’s coastal peatlands; and (ii) social
survey data, coupled with a literature review – indicating contemporary socio-ecological
dynamics and potential future trajectories. The methods we used to collect these datasets
are described below.
Palaeoecological techniques
We extracted sedimentary sequences from three peatland sites within the Miri and Batu Niah
Districts of north-east Sarawak in November 2008 and October 2009, using a Russian corer:
Deforested Peatland (DP) from Senadin, Kuala Baram (04°30′47″N, 114°2′47″E), covering
>5,000 hectares, lacking trees and dominated by ferns and grasses; Peat Swamp Fragment
from Sungai Dua Forest Reserve (04°21′24″N, 114°0′21″E), comprising a c. 200
hectares fragment of secondary peat swamp forest; and Converted Peatland from Sungai
7

Niah (03°52′4″N, 113°42′43″E), an agriculture-forest matrix of c. 100 hectares (Fig. 1). We
wrapped cores in plastic and tin foil in the field and transported them to the Oxford Longterm Ecology Laboratory, UK, for analysis. We used standard palaeoecological techniques
(Bennett and Willis, 2001) to prepare the material for the exploration of fossil pollen,
microfossil and macrofossil charcoal at set intervals of depth (see Supplementary Files,
Methods S1, for more information on sediment preparation and analysis).
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The sediment age corresponding to each depth, i.e. the age-depth relationships for each core,
were measured using Accelerator Mass Spectrometry (AMS) radiocarbon dating techniques
on samples of bulk organic material, at the 14Chrono Center in the Archaeology and
Palaeoecology Department, Queen's University Belfast, and the Scottish Universities
Environmental Research Centre (SUERC) AMS Laboratory, Natural Environment Research
Council (NERC) Radiocarbon Facility (see Supplementary Files, Table S1). The coding
package Clam (Blaauw, 2010) in R Core Team (2012), with a Northern Hemisphere correction,
i.e., the IntCal04 curve, was used to calibrate the conventional radiocarbon dates, and
construct best-fitting age-depth models (see Supplementary Files, Figure S1).
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Due to the diversity of species in the peat swamp flora and differing levels of pollen
production, and to allow for an interpretation of the palaeo-plant communities (e.g., Muller,
1963), we allocated taxa identified in the fossil pollen record to ecological groups
(see Supplementary Files, Table S2) using various publications (Anderson, 1980, 1964; Anshari
et al., 2004, 2001; Coode et al., 1996; Stuijts, 1993). We then calculated a pollen sum and
used it to estimate the relative abundance of each ecological group through time, giving a
percentage score, e.g., PSF%. We defined the following ecological groups: total PSF (TotPSF),
which encompasses all peat swamp forest (PSF) associated taxa; the mature PSF community
(PSF); the pioneer PSF community (PSF+) (indicative of transient canopy openings within a
closed peat swamp forest); taxa of deforested peatlands (DP), with extended open canopy;
taxa of forest types commonly not overlaying peat substrates (OF); and coastal vegetation
(CV) (e.g., mangroves). We constructed pollen assemblage zones, indicating significant
changes in pollen taxa through time, using an optimal splitting by information content
technique on all pollen data, after assessing the number of significantly different zones via a
broken stick modelling approach across multiple analyses (Bennett, 1996). Psimpoll version
4.26 (Bennett, 1994) was used to display all pollen, spore, and charcoal records (Fig. 2, and
Supplementary Files, Figures S2, S3).
In order to explore factors that could have influenced peat swamp forest ecosystem dynamics
in the past, we used two independent proxies, referred to as disturbance factors: (i) fossil
charcoal – used to infer patterns of burning within the peatlands in the past, and (ii) pollen of
‘open vegetation’ taxa –indicators of the presence of landscapes lacking forest cover. We
performed a size-class analysis of fossil charcoal, i.e. differentiating between macrocharcoal
and microcharcoal, to investigate changes in fire regimes in each site through time (Whitlock
and Larsen, 2002; see Supplementary File, Methods S1, for information on fossil charcoal
preparation and analysis). Macrofossil charcoal is used to broadly reconstruct local fire
8

events, since the larger charcoal particles, i.e. those >150 μm, will be heavier and less easily
transported by wind or other vectors away from the burning focus, concentrating around it.
Whereas, microcharcoal, comprising smaller and thus lighter charred particles, can be
transported large distances from the fire and therefore signal regional events (Clark, 1988).
Pollen grains of ‘open vegetation’, i.e. plant taxa which dominate sites where the canopy has
opened in a formerly forested area, e.g., Poaceae, Cyperaceae and ferns, have been used to
indicate the presence of people and their inferred removal of trees from the landscape.
Poaceae pollen is commonly used as a proxy for human presence in forested palaeoenvironments (Bush, 2002); Cyperaceae and ferns are characteristic of deforested tropical
peatlands (Miettinen and Liew, 2010).

-p

ro
of

Literature review & social surveys
Two approaches were used to assess global and local perspectives relating to the use and
value of Southeast Asian peat swamp forests: (i) global perspectives via a literature review to
identify the themes associated with the international conservation community, comprising
research scientists and conservation organisations; (ii) local perspectives via interviews with
stakeholders involved, directly or indirectly, in the management of these peatlands in the
State of Sarawak.
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We carried out a literature review to explore the global perspective and identify the common
themes arising in the discourses relating to tropical peatlands within the international
community, i.e. a variety of extra-local stakeholders of these ecosystems. We reviewed
published (i.e. peer-reviewed) and grey literature, such as reports from international nongovernmental organisations (NGOs) and international research scientists working on the
promotion of the sustainable management of Southeast Asian peatlands. We completed a
full search on Scopus (www.scopus.com), using search terms tropical peat swamp and tropical
peatland in the Title-Abstract-Key Words-Author, and of literature of key NGOs, such as the
Global Environment Centre, yielding over 100 records between the period of 1983 to 2012.
(See Supplementary File, Table S3, for the literature reviewed.) We manually searched each
record for key words arising in the literature, such as drainage, fire, carbon, livelihoods,
development, restoration, and noted down the context of the word’s use. Once the most
frequently cited themes were identified, we grouped them into three categories: (i)
challenges to using tropical peatlands sustainably (Table 2); (ii) functions of tropical peat
swamp forests (Table 3); and (iii) future prospects and actions for sustainable peat swamp
forest management (Table 4).
In order to explore the local perspective, we performed a multi-stakeholder analysis; defining
a ‘stakeholder’ as anyone engaged with the management of Sarawak’s coastal peatlands. We
conducted 30 semi-structured interviews, comprising closed and open-ended questions, with
Smallholders (SH) and Estate Managers (EM): the two main groups of people interacting
directly with these ecosystems (as illustrated by Miettinen et al., 2016) (Table 1). In addition,
9

to provide a more holistic ‘local’ context, we conducted 10 interviews with a variety of key
informants, who were variously and more indirectly engaged with the management of
Sarawak’s peatlands through policy, commerce or research. These were grouped into four
employment-based categories: Government (GO); Industrialists (ID), i.e., the executive of oil
palm plantation companies; Non-Governmental Organisations (NGO); and Researchers (RS),
belonging to scientific institutions (Table 1).
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We performed interviews between 2009 and 2011 (corresponding with the latter years
considered through the literature review). The University of Oxford’s Central University
Research Ethics Committee (CUREC) approved this work, and each interviewee gave prior
consent to participate. The majority of interview data collected was qualitative (with
quantitative results included for context), providing opportunities to explore the complex
dimensions of this conservation challenge (Drury et al., 2011). All interviews were directed
by a set of questions, compiled after conducting a literature review and an initial field visit,
and documented in interview guides for consistency. We deployed one guide for SH and EM
and a separate one for each of the other categories (Table 1; see Supplementary Files,
Methods S2). Guides included open-ended questions on the interviewee’s knowledge of the
history of Sarawak’s peat swamp forests, their use of the peatlands and associated challenges,
and thoughts on the future management of these areas. We coded qualitative answers in
Microsoft Excel, using the same three analytical categories defined through the literature
review (see Supplementary Files, Methods S3).

Jo

ur

na

lP

Smallholders, i.e., individuals with agricultural plantings in peat areas, were selected for
interview opportunistically, but with the aim of capturing a range of Sarawak’s different
ethnic groups. Interviewees belonged to the major ethnic groups of: Iban, Chinese, Malay
and Orang Ulu, and the minor group of Kedayan, and ranged from 40 years to older than 70
years old. We used land-cover type and infrastructure maps to locate suitable areas for
finding SH, focusing on the coastal Divisions of Samarahan, Bintulu and Miri (Fig. 1), where
peatlands coincide with some of Sarawak’s higher population densities (CIESIN, 2018). EM
were defined as those managing a commercial palm oil plantation based in Sarawak’s coastal
peatlands, using a Malaysian Palm Oil Board (MPOB) list of plantation companies as a
sampling frame. We identified key informants through the literature search, during the first
author’s fieldwork in the region, and following a snowball sampling technique (i.e., where one
interviewee suggests additional potential interviewees) during discussions with an initial set
of people involved in the management of Sarawak’s peatlands.
Interviews typically lasted 40-60 minutes, ranging from 30 minutes to three hours, and were
held throughout the day, predominantly in the interviewee’s home or office. We conducted
SH interviews in Malay or a local dialect shared with the translator. The majority of other
interviews were conducted in English. We noted answers at point of interview and later
transcribed them into electronic format. We chose not to digitally record interviews due to
10

concerns that the quality of answers may be compromised (Al-Yateem, 2012), especially given
the controversial nature of the topic of peatland management in Sarawak (e.g., Mongabay
(2011, 2016) and WWF (2016)). For the one interview conducted over email, we also stored
data electronically for consistency.
Table 1 Number of respondents in, and characteristics of, each stakeholder group interviewed to give
a ‘local’ perspective on Sarawak’s peatland management (to complement the ‘global’ perspective
offered by the literature review). (The responses of one interviewee, chairman of an oil palm company
with experience also in estate management, have been used in both EM and ID categories since the
respondent was asked both sets of questions.)

NGOs
Researchers

No. interviewees
22

ro
of

Government
Industrialists

-p

Estate Managers

Acronym Description and key characteristics
SH
Users of peatland, generally ≤100 ha,
for agriculture
EM
Managers of oil palm estates
(commonly >500 ha)
GO
Members of State Departments
ID
Senior employees of large oil palm
companies
NGO
Employees of conservation NGOs in
Malaysia
RS
Scientists researching Sarawakian or
Southeast Asia peatland ecosystems

re

Stakeholder group
Smallholders

3
2
2
3

40

lP

TOTAL

8

na

Answers to closed questions asked to SH and EM, such as “Is fire a problem?”, were summed
and converted into percentages to demonstrate the most common view held by these
stakeholders. Where quotes are displayed in tables (e.g., Table 4) they reflect the common
view held by the number of respondents shown in brackets.
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Reflections on study design
We conducted interviews with SH in three Divisions of Sarawak: Samarahan, Bintulu and Miri.
Thus, the reported results reflect the perceptions and experiences of people within these
geographies. They also reflect the perceptions of people who are primarily interacting with
peatlands through the practice of agriculture, have some legally recognised rights to use the
land and are members of only those ethnic groups described. Further research would be
required to assess the potential influence of geography, mode of peatland interaction, form
of land tenure and of ethnicity on people’s relationship with Sarawak’s peatlands. Limited
time, institutional barriers and the sensitive nature of peatland exploitation in Malaysia
meant we were confined to 10 key informant interviews, albeit from a range of professional
backgrounds. The multi-stakeholder analysis component of this case study reflects the
perspectives of interviewees and the reported literature up until 2012. If repeated a decade
11

on, the study may yield divergent results; or it may not, as suggested by the similar
conclusions drawn from more recent research exploring parameters of sustainable peatland
management in Malaysia (Padfield et al., 2015). Indeed, the central drivers for conversion
(Miettinen et al., 2017), main issues in peatland conservation (Murdiyarso et al., 2019), and
environmental threats from land use change have remained essentially unchanged over the
last three decades (Redford et al., 2013). Furthermore, the key goals of the study, exploring
the enrichment of conservation science through interdisciplinary interpretations and
incorporation of local stakeholder perspectives, are unaffected by the advancement of time
since data collection. This work therefore presents a geographically-focused case study of a
cross-section of stakeholder opinions on the various aforementioned aspects of peat swamp
forest management in Sarawak.
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RESULTS
i) What long-term changes have influenced the human-environment system of Sarawak’s
coastal peatlands?

(A) Deforested Peatland
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(B) Peat Swamp Fragment
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(C) Converted Peatland

Fig. 2 Pollen summary diagrams for each site: (A) Deforested Peatland; (B) Peat Swamp Fragment;
and (C) Converted Peatland, showing the sediment stratigraphy, five different ecological groups
(represented by the following colours: PSF - dark green; PSF+ - light green; DP – brown; OF – orange;
and CV - yellow), and disturbance indicators: open vegetation - light gray (proxy for anthropogenic
14

deforestation); and macrocharcoal and microcharcoal - red (proxies for burning). Significant pollen
zones are shown for each (labelled D-, P-, and C-, respectively). Zero Cal. yrs BP represents 1950 AD
and the years translate linearly downwards between Cal. yrs BP and years in AD BC. Fig. 5 displays key
variables on an AD BC timescale for the previous c. 1,000 years.
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The peat swamp forest (illustrated by the PSF and PSF+ ecological groups in Fig. 2) has
persisted as the dominant vegetation type through time in all three sites since the onset of
peat formation. The Deforested Peatland site (Fig. 2A) has the youngest peat deposits, with
peat accumulation starting c. 1,500 Cal. yrs BP.; followed by the Converted Peatland site at c.
2,800 Cal. yrs BP and Peat Swamp Fragment at c. 3,500 Cal. yrs BP. Cole, Bhagwat and Willis
(2015) describe the reasons for this varied timing of peatland initiation, as well as a more
detailed account of the long-term ecological dynamics of each site.
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There is evidence for burning, both local and regional, throughout the past in each peatland,
as illustrated by local and regional fossil charcoal records (Fig. 2), but with limited, if any
correspondence with changes in the relative abundance of pollen of peat swamp forest taxa.
This suggests that fire did not impact on the integrity of the forest vegetation, and by
inference, the accumulation of peat. However, in the recent past, from c. 200 Cal. yrs BP,
corresponding with pollen zone C4 in the Converted Peatland site, P4 in Peat Swamp
Fragment and the upper part of D3 in Deforested Peatland (Fig. 2), the incidence of fire
elevates, to the maximum levels measured in the case of local burning (represented by
macrocharcoal) in the Deforested Peatland and Converted Peatland sites. In the latter core,
these elevated macro- and microcharcoal levels coincide with a decline in the relative
abundance of the peat swamp forest ecological group, and in Peat Swamp Fragment, with
decreased stability and increased abundance of taxa of deforested peatlands. (For further
analyses of the fire dynamics of each site through time, see (Cole et al., 2019).)
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Open vegetation levels, the proxy used to indicate the presence of humans in the landscape,
appear to follow a similar pattern to fossil charcoal; except that in all three sites, the levels of
open vegetation reach a relative maximum in the last 200 years (with the exception of the
anomaly at c. 2,100 Cal. yrs BP in Peat Swamp Fragment site). These results suggest that
people started to interact with these peatland localities from c. 200 years ago, albeit without
a coincident apparent change in the relative abundance of the PSF ecological group across
the three sites.
What is the recent history of and likely future human interaction with these peatlands?
The longest time that any SH reported people living in these coastal peatlands was six
generations, equating to approximately 150 years. One respondent had only been living in
the coastal peatlands for one year, whilst the average period of occupancy was 41 years (n =
21). When asked in which year peat swamp forest was last present in each location, one
respondent reported 1850s, with the majority reporting forest loss after the 1950s (80%, n =
ii)
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20), linking a significant increase in deforestation to the Independence of Malaysia in 1957.
The area of land cultivated by SH was on average 10 hectares; ranging from less than one to
more than 30 hectares. SH reported growing a variety of fruit and vegetables, paddy rice and
oil palm, in a range of combinations; two respondents kept goats. The majority of SH
interviewed were living on and cultivating land for which they had some form of legal
ownership, via a certificate of title to the land or agriculture-specific ‘grant’ provided by the
State Government, or through Native Customary Rights; only two interviewees had no
formally recognised rights to the land.
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The EM reported having established oil palm plantations in the coastal peatlands much more
recently: the oldest plantation was only developed in 1996, on what was previously a forested
peatland. The most recent plantation was established in 2008. The average size of an estate
was 4,250 hectares (n = 6), with a range of between 1,091 and 8,400 hectares. All land
converted into plantations had been leased from the Sarawak State Government and was
reported to have been covered by either logged or secondary forest prior to plantation
establishment.

Jo

ur

na

lP

re

-p

In addition to understanding the history and manner of stakeholder interaction with
Sarawak’s coastal peatlands, we asked questions about their likely future interactions and
perceptions on the prospects for the State’s peat swamp forests. The vast majority of EM and
SH foresaw the forests continuing to decline in the future, mostly as a result of oil palm
plantation development (Fig. 3). Despite this, 67% (n = 20) thought that maintaining access
to peat swamp forest for the next generation was important (Fig. 3). When dissecting the
reasons, however, 47% (n = 14) thought it was important in providing an instrumental use: a
resource of land that would be available for conversion in the future, to provide an income
for people in need or wanting to extend their wealth. The remaining 41% (n = 12) who
commented did appreciate various other uses and values of the intact peat swamp forest,
e.g., for educational purposes, water provision and for its ecological value (the dominant
responses reported in Fig. 4), but only two claimed that people still had a direct reliance on
the forest for resource provision, i.e. acquiring timber, meat and fish for personal
consumption.
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"Is it important for the
next generation to
have access to PSF?"

Yes
No
Reduction
Same
Cannot predict
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"What can you see happening
to the PSF in the future?"

NA

20%

40%
60%
Percentage of Respondents

80%

100%

-p

0%

lP
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Fig. 3 Summed EM & SH (n = 30) responses to the questions: “Is it important for the next generation
to have access to peat swamp forest?” and “What can you see happening to the peat swamp forest in
the future?” (NA – no answer given).
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Fig. 4 Summed responses for EM & SH (n = 30), showing the main reasons quoted by interviewees for
why it is important for the next generation to have access to peat swamp forest. “Development
opportunities & poverty reduction”, contrary to the other reasons shown for conserving peat swamp
forest, was cited by respondents who felt it important to have access to the peatland under the forest
as a resource on which development could occur. (NA – no answer given.)
iii) Where and how do perceptions on the challenges and opportunities for sustainable

peatland management differ between local stakeholders and the international
conservation community?
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Challenges involved in using peatlands sustainably
The occurrence and impact of fire in tropical peatlands appeared as the key concern of the
international community (as identified through the literature review - see Supplementary File,
Table S3). It is also the challenge with the most divergence in response between the
international community and Sarawak’s stakeholders: the former perceives it as a large
problem, occurring often and in an uncontrollable manner, whereas the majority of SH and
EM (83%, n = 25) see it as a manageable part of using peatlands (Table 2). Similarly,
maintaining water at a suitable level in the peatland (referred to as ‘water management’,
Table 2) is not perceived as a challenge by 70% of SH and EM (n = 21) whereas the
international community emphasise the need for the careful control of drainage
infrastructure to prevent the drying out and irreversible loss of the peat substrate and
peatland ecosystem function. Subsidence, the lowering of the surface as a result of the
biological oxidation and peat shrinkage brought about by drainage (Hooijer et al., 2012),
featured sparsely within the literature but was reported by 60% (n = 18) of SH and EM (though
not in relation to water management challenges). The fact that people are using peatlands
for agriculture suggests they are suitable for the purpose; though whether they will remain
suitable into the future was poorly understood by respondents, with no consensus on the
reported direction of change in peat soil fertility with time.

Table 2 Reported incidence amongst interviewed SH and EM (n = 30), of the main challenges
associated with using tropical peatlands, accompanied by a description of the international discourse
associated with each. Interview Guides (see Supplementary File, Methods S2) prompted consideration
of the following challenges: flooding, drainage, fire, animals and fertility, but opportunity was given
for interviewees to discuss additional challenges of relevance to them. (*SUBSIDENCE reflects the
impact of drainage on the peatlands.
represent an answer of “No”;
“Yes”; ↓ decrease in soil
fertility, ↑ an increase, and ↔ no change.)
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Challenges

FIRE

DRAINAGE

International discourse
Large international concern,
increasing in likelihood with peat
swamp forest conversion
Must be carefully managed
otherwise irreversibly degrades
peat
Inevitable; occurs rapidly and
generates emissions

SOIL
FERTILITY

Peatlands are low nutrient
environments, unsuitable for
most agriculture

Results

Is fire a problem?
Is flooding a problem? i.e. is
water
management
unachievable?
Have
you
experienced
subsidence
on
your
plantation?
Have you noticed a change in
soil fertility since establishing
your plantation?

↑
↓

Nonresponse

83%
4%

13%

70%
17%

13%

13%
60%

27%

30%

3%
↔ 30%

37%
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Questions asked
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Knowledge on peatland ecosystem functions
The foremost function discussed by the international community was the role of tropical peat
swamp forests as one of the “most important carbon stores in the world” (APFP, 2010; CCGAP, 2005). A swamp forest atop 10m of peat (depths found in Sarawak’s older peat domes)
can store 5,800 tonnes of carbon per hectare, compared to 300-500 tonnes per hectare in
other types of tropical forest (UNDP, 2009). However, SH, EM, GO and ID respondents
generally seemed unaware of the value that the international community place on these
ecosystems as globally important carbon stores (Table 3). ID respondents mentioned the
negative press generated by the international community on the theme of forest conversion
to agriculture, commenting that assumptions had been made about the negative impacts of
this land cover change, primarily in causing excessive rates of subsidence and elevated fire
incidence, without the support of scientific data.

Table 3 Thoughts and concerns of the different stakeholder groups, categorised according to the main
functions of peat swamp forest as described by the international conservation community. The
summarised direction of comments in relation to the international discourse are displayed: + signifies
alignment, - contention, or ~ neutral comments. Categorised thoughts and concerns, and percentages
of responses associated with each theme, are shown in Supplementary File, Table S4. (EM, Estate
Managers; SH, Smallholders; GO, Government; ID, Industrialists; NGO, Non-governmental
organisation; RS, Researchers.)
19

Percentage
responses
Functions of peat
(those
International discourse
swamp forest
aligned)
BIODIVERSITY
Important
refuge
for 15%
CONSERVATION
biodiversity
(5%)
Vast store & potential sink of 15%
CARBON STORAGE
carbon
(8%)
Water supply, flood control
18%
WATER REGULATION & prevention of saline water
(18%)
intrusion
Provides resources and
70%
LIVELIHOODS
income
for
local
(18%)
communities

Stakeholder groups & discourses
EM
(8)

SH
(22)

GO
(3)

ID
(2)

NGO
(2)

RS
(3)

~

+

~

+

~

~/-

~

+

+

+

~

+/-

-

-

+

+

+/~

+

+/-

-
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The importance of peat swamp forests as a “refuge” for biodiversity (Yule, 2010) was not
alluded to by any SH or EM (Table 3); in contrast, several reported that the forests were
depleted of species now, and/or of unsuitable quality, i.e. too waterlogged for most fauna.
There was no mention of the flora that has evolved with unique adaptations for this
waterlogged environment, as reported by the international community (UNDP, 2009; Yule,
2010). The literature reports peatlands to be a haven for freshwater fauna (Posa et al., 2011)
and home to many threatened species (APFP, 2010; CC-GAP, 2005; Morrogh-Bernard et al.,
2003; Phillips, 1998), including a diversity of flora that is yet to be discovered (UNDP, 2009).
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The third major function highlighted by the international community, the importance of peat
swamp forests in regulating local water levels, proved the most uncontroversial and apparent
function perceived by local stakeholders, albeit with only 18% (n = 7) of all respondents
mentioning the importance of peatlands as a constant store of water (Table 3). The literature
documents the role of these tropical ecosystems in mitigating flooding (also mentioned by
two SH), preventing saline water intrusion and acting as reservoirs, providing a water supply
throughout the year (APFP, 2010; CC-GAP, 2005; Phillips, 1998; UNDP, 2009).
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Opportunities for and visions of sustainable peat swamp forest management in the future
The international literature was in agreement with local reports on the multiple and direct
use values that converted peatlands provide for stakeholders (Ramakrishna, 2005), with
agriculture being dominant (Koh et al., 2011), generating large revenues (Morel and Morel,
2012). The main smallholder crops are oil palm, coconut, pineapple, sago palm and rubber
(Miettinen et al., 2012), with vegetables, tapioca and rice also grown (DOA, 2003), as reflected
by those reported in this study (with the exception of rubber – reported only to have been
growing in the past). Industrial crops are predominantly oil palm, Elaeis guineensis, and
Acacia crassicarpa, for pulp wood (Jauhiainen et al., 2012). Forestry is another large industry
(UNDP, 2009), which constituted a key income for Sarawak from the 1950s to 1970s. Today
there are declining extraction rates due to the greatly depleted tree stocks (Sawal, 2003).
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The reported importance of the intact peat swamp forests for local livelihoods contrasted
strongly with international opinion. The literature reports these ecosystems as being
traditionally used for fishing, hunting and fuel-wood (UNDP, 2009), and for other forms of
livelihood acquisition (APFP, 2010). The majority of SH claim they no longer gain any
resources from peat swamp forests (Table 3), despite subsistence extraction being legal. They
also do not think their compatriots generally want access to the forests. Rather, they see the
opportunity for poverty alleviation through agricultural development as a priority. Indeed,
reduced access and increased pollution due to land conversion were quoted as reasons why
the forest was no longer considered a livelihood option. There was no mention of the value
of intact peatlands as providing cultural/spiritual, aesthetic and wilderness values and thus,
of course, no mention of their potential to generate benefits beyond economics or direct use.
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Table 4 Discussion points around the future of Sarawak’s peat swamp forest arising in interviews,
grouped according to the main themes identified in the international conservation literature and
ordered relative to the frequency of reference amongst respondents. The Percentage responses
column details the percentage of the total interviewees (n = 40) that commented on the topics listed,
during the open-ended section of each interview. Numbers in brackets illustrate the number of
interviewees in each group, or the number reporting each statement. Phrases in bold align with the
International Discourse. (EM, Estate Managers; SH, Smallholders; GO, Government; ID, Industrialists;
NGO, Non-governmental organisation; RS, Researchers.) The summarised direction of comments in
relation to the international discourse are shown in Supplementary File, Table S5.
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Strengthened
Government
support needed

More needed

RESTORATION

Important option
for
peatland
conservation

23%

23%

18%
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BUILDING
CAPACITY

RSPO
&
CERTIFICATION

Increased
awareness
&
support needed in
peat swamp forest
nations
Options
for
improving
management
of
peatland
plantations

SH (22)

Government to decide
on conservation (1)

(0)

Reforestation
(2)

needed

“need
balanced
development” (1)
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Aspirations to
achieve
developed
country status
(1)

GO (3)

ID (2)
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28%

Aspirations to achieve
developed
country
status (2); “protection
of the environment &
economic development
are equally important”
(3)
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RESEARCH

EM (8)

Development makes peat
more valuable & under
control, i.e. water & fire
management (1)

NGO (2)
Need “wise use”, considering
environment & development
simultaneously (1); currently no
integrated management, just
more areas being opened up for oil
palm development with little
benefit to & displacement of local
communities (1)
Acts as a consultant to
Government
(1);
State
Government & its relevant
agencies should be shown
research results, since currently
relying on “political will” for
suitable peatland management
strategies & existing policy favours
conversion (1)

RS (3)

Agricultural
development is a
reality (1)

(0)

Government dictates
conservation
(1);
needs to gazette
more
peatland
protected areas (1)

“Government taking bold
proactive steps” (1), but
creates pressure for
opening up new areas for
development & needs to
develop a protection
policy (1)

Research
needed (1)

Specialist research
stations
for
developing technical
info (1)

Much research being
done & more needed,
since most based on
temperate peat (2)

Much research needed (1);
sufficient research has been done
on which to base policy decisions
(1)

Fruit
trees
suffice
as
forest (3)

(0)

(0)

(0)

People unaware about
the forest (2)

People not appreciating the value
of peat swamp forest & have
aspirations to reduce poverty (1)

Important
to
conserve forest to
show grandchildren
(1)

Needs a “more thorough
perception towards peat
plantings” (1)

Involvement in Peatland Working
Group (1)

Certification
important (1), but
challenging (1)

re

GOVERNMENT

Needs
to
be
managed in a
sustainable manner

Percentage
responses
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DEVELOPMENT

International
discourse

of

Stakeholder groups & discourses
Considerations
for the future

15%

(0)

(0)

Know
what
is
important
about
peat swamp forest
(1); aspirations are to
reduce poverty (1)

10%

(0)

(0)

(0)

Need “political will”
(1); Government has
control (1)

Doing research but
little done before
(2);
most
understanding based
on temperate peat
(1)
Restoration
problematic & must
be
implemented
quickly (2)
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When exploring general themes that arose in open conversation about the future of
Sarawak’s peatlands, the need for development dominated (Table 4, with summarized
information in Supplementary File, Table S5): agriculture is seen as an unavoidable and
necessary reality for this developing nation, and one that generates more economic value
from peatlands than standing forest. Although the need for “balanced development” and
“wise use” was mentioned by one GO and NGO, respectively (Table 4), the emphasis was
placed on the importance of the development component and any peat swamp forest areas
that were unsuitable for conversion, for reasons of peat depth, access, etc., were then
designated protected by the State. This runs counter to the opinion/desire of the
international community, which calls for peat swamp forest to be conserved for its carbon
stocks and intrinsic values foremost and only developed if it lacks such values as a result of
previous degradation.
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International conservationists see the Government (with land management responsibilities
falling predominantly at State Government level (NGO, personal communication)) as the key
player in increasing areas of peat swamp forest under protection, but one that needs
encouragement in appreciating the importance of such policy changes. Twenty-three percent
of respondents shared this view (Table 4): the State Government has ultimate control over
which peat swamp forest is protected, and there needs to be increased political will to
develop policies that do not contradict conservation or sustainable development objectives,
as they currently do, and take into account the increasing volume of relevant research. At
the same time, one ID commented that the Government is improving environmental
standards on oil palm plantations, with more stringent regulations and frequent checks; but
when decisions were being made about where to offer new agricultural concessions, the
Government was still considering the agricultural suitability of a peatland before the
importance of conserving it.
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Respondents and the international community were in agreement that more research on
sustainable peatland management and peat swamp forest restoration is required (Page et al.,
2009), since much of the practice of, and guidelines for, peatland restoration to date has been
designed for temperate peatlands (e.g., Ferl and Rochefort, 1997; Andersen et al., 2017),
which vary in subtle and distinct ways to tropical peatlands. The fact that several SH thought
fruit trees provided sufficient ‘forest’ emphasises a lack of awareness of the importance of
peat swamp forest, illustrated by the responses of other stakeholders about the issue of
capacity building. Finally, the Round Table on Sustainable Palm Oil (RSPO) was mentioned by
four respondents (ID, NGO and two RS, Table 4), who commented that the institution had not
yet defined its Principles and Criteria for managing peatland-based plantings and that
certification was an expensive endeavour with little reward. (It is important to note that since
interviews were conducted, the RSPO has updated their Manual on Best Management
Practices for Existing Oil Palm Cultivation on Peat (Lim et al., 2018), and no longer grants
certification to new enterprises established in peatlands (RSPO, 2019). However, critiques
23

still see opportunities for improving sustainability standards and practices on the ground
(Carlson et al., 2018; Cazzolla Gatti et al., 2019).)
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DISCUSSION
i) What long-term changes have influenced the human-environment system of Sarawak’s
coastal peatlands?
The long-term ecological records of the three surveyed peat swamp forests demonstrate a
pattern of ecosystem resilience in the face of disturbance, notably local and regional burning,
throughout the Late Holocene. The potential influence of past climatic changes on peat
swamp forest dynamics, in particular the El Niño Southern Oscillation (ENSO), has not been
discussed here, though may have acted synergistically with fire and human impact in the
recent past to reduce ecosystem resilience (Cole et al., 2019). The anomaly in the open
vegetation and fossil charcoal identified at c. 2,100 Cal. yrs BP in Peat Swamp Fragment, likely
indicates local burning and resultant opening of the canopy for a short period, prior to
recovery. However, without sampling at a higher temporal resolution, analysis of additional
peat cores and/or environmental proxies, such as testate amoeba (e.g., Swindles et al., 2018),
it is not possible to identify whether humans caused this rapid and transient change at this
locality. Although the presence of people in these peatlands during the majority of the Late
Holocene cannot be ruled out, there are no conspicuous indicators of human impact across
all three sampled sites until c. 200 yrs ago, when the clearance of forest is signaled by notable
increases in vegetation linked to open landscapes (Fig. 5). This evidence could be interpreted
as the onset of socio-ecological system development and thus, of the Palaeoanthropocene,
within these coastal peatlands (Foley et al., 2013).
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Fig. 5 A schematic demonstrating the major ecological, human-environment system and political changes of the last millennium that are related to the
conservation of Sarawak’s coastal peatlands. The following information is displayed to represent key changes observed through each methodological
approach: (i) fossil pollen data for the three surveyed peatlands (DPL – Deforested Peatland, PSF - Peat Swamp Fragment, CPL - Converted Peatland), showing
the relative change in peat swamp forest (Total PSF%) over the last 1,000 years, as well as changes in disturbances factors, i.e. macrocharcoal concentration
indicating local burning and open vegetation proxies signifying deforestation; (ii) summaries of interview data reporting the approximate time of: (A) the first
arrival of people in Sarawak’s coastal peatlands; (B) the loss of peat swamp forest from these locations; and, (C) their largescale conversion into oil palm
25
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plantations; and (iii) key events of significance to the conservation of Malaysia’s peatlands, gathered from the literature review and key stakeholder
interviews.
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What is the recent history of and likely future human interaction with these peatlands?
Interview data supports the interpretation of palaeoecological records that suggest the
advent of people in these coastal peatlands within the last several millennia, in agreement
with Sawal (2003). This arrival is relatively late when compared to the known presence of
people in nearby, non-wetland forests from as early as 50,000 years ago (Hunt et al., 2007),
with significant activity from the early Holocene (Hunt and Premathilake, 2012; Kusmartono
et al., 2017). Most reports of people’s arrival were tied to accounts of peat swamp forest loss
and conversion of the land for agriculture, with little, if any reports of (sustainable)
exploitation of forest resources. Palaeoecological and interview data provide no evidence for
the presence of long-term sustainable socio-ecological dynamics in these ecosystems, with
the recent arrival of humans marking significant transformation of vegetation from peat
swamp forest to deforested landscapes (Fig. 5). These data indicate that there is limited, if
any, direct dependence of people on the resources and services that the peat swamp forests,
i.e. the intact peatland ecosystems, can provide. One respondent instead viewed the forested
waterlogged landscapes as “just a wasteland – (they serve) no purpose” (EM, personal
communication). Thus, there appears to be limited opportunity in Sarawak’s coastal
peatlands to build on long-standing relationships of environmental dependency,
demonstrated through effective feedback loops in the socio-ecological system (as observed,
e.g., in coral reef systems (Dajka et al., 2020)), or to ‘recouple’ links of historic precedence
that could foster stewardship of natural resources (Hayashida, 2005; Schulz et al., 2019).
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Predictions by SH and EM of the continued expansion of oil palm plantations and forest loss
(consistent with a ‘business as usual’ scenario, e.g., Harris et al., 2013), coupled with their
desire for future access to agricultural land, emphasize the challenging basis for sustainable
peatland management. Effective interventions will likely require new relationships to be built
between people and these peatlands, i.e. a new configuration of the socio-ecological system
grounded in the local context at present (Holdschlag and Ratter, 2016) and throughout the
past (Smart, Wheeler and Willis, 1986).
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iii) Where and how do perceptions on the challenges and opportunities for sustainable

Jo

peatland management differ between local stakeholders and the international
conservation community?
Through this study, we identified various conflicting perspectives on peatland management
held by the local and international communities. The central conflict is the apparent
unsustainable use of peatlands for agriculture, involving complete removal of swamp forest
vegetation and drainage. Local stakeholders continue to view agriculture as the most
effective way of gaining resources from (degraded) peatlands now and into the future, with
no notable dependency on resources from intact peat swamp forests. The international
community report agriculture as the key threat to peatland integrity; to its role in climate
change mitigation, and to its devastating potential contribution to GHG emissions through
the decomposition and burning of peat.
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The challenge of fire illustrates the importance of understanding the local situation.
Interviewees claimed that the management of fire within Sarawak’s peatlands was not an
issue; a situation reflected by the relatively low occurrence of fire hotspots reported over the
last five years in the State (ASMC, 2019; also accessible via Global Forest Watch). This is in
stark contrast to the hotspots reported over Indonesia for the same period (ASMC, 2019),
where recent and ongoing burning of peatlands are having colossal environmental (Erb et al.,
2018; Lee et al., 2017), health (Koplitz et al., 2016) and economic impacts (World Bank, 2016).
This nuance in the ‘challenges’ that different peatland nations experience is vital to
understand when developing policies at an international, or even national level that are
appropriate for the local situation.
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The types of ecosystem functions featured in the two discourses are illustrative of where both
challenges and opportunities lie for peat swamp forest conservation. The lack of knowledge
held by local stakeholders on some of the intangible functions of peatlands widely advertised
by the international community, such as carbon storage, may be countered by focusing on
the more visible services provided locally. For example, opportunities could arise from
building on the water provisioning service of Sarawak’s peatlands: 38 water treatment plants
associated with peat swamps provide domestic water supplies across the State (DID, 2001).
If carbon storage and sequestration are to be strong drivers of peat swamp forest
conservation, they must become more visible and lucrative, e.g., through payments for the
provision of these ‘services’ (though this monetary approach is not without its critique, e.g.,
Redford and Adams, 2009).
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The lack of adequate guidelines for quantifying GHG emissions from tropical peat swamp
forest conversion within the Intergovernmental Panel on Climate Change (IPCC)-led National
Greenhouse Gas Inventories (Page and Hooijer, 2016), and Reducing Emissions from
Deforestation and Forest Degradation (REDD) portfolios (Murdiyarso et al., 2010), is only
slowing the development of payment mechanisms that could make sustainable management
more profitable than current agriculture (Butler et al., 2009). Similarly, the “non-integrated
and conflicting policies related to agriculture, fisheries, forestry and water resources” (APMS,
2006), which often result in peatlands’ many services being neglected, e.g., when drainagebased agriculture is promoted leading to the loss of a peatland’s carbon storage function,
must be addressed (e.g., Sari et al., 2021).
Increasing the capacity of leadership to balance economic development with sustainable
peatland management is central to the success of any initiative (Ansari, 2011). Current
Government development policies, often inappropriate and conflicting, complicated by
differences in priorities between the Malaysian Federal and Sarawak State Governments
(NGO, personal communication; Padfield et al., 2015), with physical limitations and
challenges to peatland rehabilitation (Firdaus et al., 2010; Funakawa et al., 1996; Graham and
28

Page, 2018, 2012; van Eijk et al., 2009) and poor law enforcement, are limiting the
effectiveness of conservation and restoration programmes in the majority of cases (APMS,
2006). Galudra et al. (2011) describe a similar scenario in Indonesian Borneo.
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However, it is important to highlight and learn from local examples where tropical peat
swamp forest conservation is succeeding, such as in North Selangor Peat Swamp Forest in
Peninsular Malaysia (Charters et al., 2019). Efforts underway in Indonesia, notably the
establishment of the Government-affiliated Peatland Restoration Agency (Badan Restorasi
Gambut, BRG) and the International Tropical Peatlands Centre (ITPC,
www.tropicalpeatlands.org), provide further inspiration on how quickly political will can
change. The ASEAN Peatland Management Initiative (APMI), established in 2003 to
coordinate “more sustainable peatland management” amongst the Association of Southeast
Asia Nations (ASEAN) in response to the risk posed by transboundary haze (APMI, 2005), may
prove another source of support and funding (Fig. 5). There is also the potential to garner
funding from a carbon credits system, though work is still needed to develop one that
effectively competes with opportunities for revenue from, e.g., oil palm agriculture (Gaveau
et al., 2014; Gunawan, 2018; Morel and Morel, 2012).
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The vision, and indeed reality (Koh et al., 2011), of peat swamp forest conversion to industrial
plantations cannot be ignored. Yet, it may also provide opportunities. At a national scale, all
oil palm plantations in Malaysia are centrally monitored by the Federal Government-funded
MPOB, which is an important resource for the dissemination of information and education.
At an international level, the RSPO scheme for certifying Sustainable Palm Oil (CSPO) has the
potential to promote more sustainable practices in peat soil plantings and prevent further
conversion for oil palm agriculture (RSPO, 2019). However, few companies in Sarawak have
sought RSPO membership due to these restrictions and uncertain gains from the expensive
certification process. (Global Forest Watch (2019) provides a geospatial comparison of
numbers of RSPO-certified palm oil mills across Malaysia’s three states). Finally the Ramsar
Convention on Wetlands of International Importance, ratified by the Malaysian Government
in 1994, could promote conservation and draw attention to peatlands of international
significance, as it has in other peatland nations (e.g., the Abanico del Pastaza peatlands of the
Peruvian Amazon (Germaná et al., 2013)). Although a detailed discussion of local and
international initiatives, and of the dimensions of Sarawak’s peatland policies is beyond the
scope of this study, these agendas play a central role in shaping the future of tropical peat
swamp forests (Evers et al., 2017; Murdiyarso et al., 2019).
The degree of conflict we identified in this study suggests that a new strategic approach to
the management of Sarawak’s peatlands, involving all stakeholders, is required; one that
considers the realities of managing peatlands on the ground, the past, current and future
forces driving land use change, and fundamentally the physical and ecological thresholds for
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the continued functioning of this unique ecosystem, for both biodiversity conservation and
sustainable resource management (UNDP, 2009).
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CONCLUSIONS
This study has integrated palaeoecological methods with social science tools of enquiry, to
create a more coherent narrative of peat swamp forest change over time. Palaeoecological
data has demonstrated that Sarawak’s coastal peatlands have shown dynamism in their
ecology over the late Holocene, with the peat-forming vegetation maintaining resilience to
natural disturbance factors, i.e. fire and climatic changes. The presence of people in these
coastal peatlands is evidenced in the palaeoecological records only within the last c. 200
years, where the resilience of peat swamp forest vegetation appears to be compromised by
these novel human-environment interactions. In support of the long-term records, interview
data indicate that people moved into the coastal peatlands no earlier than c. 150 years ago,
after which point deforestation of the swamp forests and conversion of the land for
agriculture commenced. Future human interactions with the peatlands is likely to entail
further conversion, primarily under the continued expansion of the oil palm industry. The
local stakeholders we interviewed perceive the challenges involved in using the coastal
peatlands for agriculture to be minor compared to the financial opportunities offered by the
land, in conflict with the sustainability-related themes prominent in the discourse of the
international conservation community.
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In this paper we address two research practices associated with more effective conservation
science: (i) adopting an interdisciplinary approach when researching an environmental
conservation challenge; and, (ii) engaging with the local, anthropogenic component of the
socio-ecological system in question. Through investigating the long-term ecology and the
past, present and future human-environment dynamics of the coastal peatlands of Malaysian
Borneo, at a variety of scales and through combining various disciplinary tools, the
importance of these approaches is illustrated.
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Interdisciplinary research is key for addressing complex challenges, where each disciplinary
enquiry provides an unique angle to the resultant integrated narrative. Here, the social survey
results provide a level of detail through which to interpret the palaeoecological data that
cannot be derived from fossil proxies, moving beyond the simplistic disciplinary narrative of
the increasing presence of people in a locality equating to ecosystem “degradation” (Fairhead
and Leach, 1995). Similarly, the findings from interviews are contextualized through the
palaeoecological perspective on the past landscape. However, we acknowledge that this
study’s interdisciplinary integration is limited to the more recent past due to the lack of
interview and archival information about these landscapes beyond several hundred years
ago.
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Today, the responsible management of the coastal peatlands of Malaysian Borneo continues
to be a key focus of the international community (e.g., Alamgir et al., 2020). Through
exploring the perspectives of those engaged locally in peatland conversion and management,
and critically comparing them to the themes advertised by the international community,
results suggest that there are significant knowledge gaps, on both sides and at all scales. For
example, we identified a lack of knowledge and appreciation amongst local peatland users
(APMI, 2005) of the functions, often far-reaching and intangible (such as carbon storage), and
unique management requirements of the peatlands. This knowledge differential, a central
and common challenge in conservation science (e.g., Menzel and Teng, 2010; Lamarque et
al., 2011), needs to be addressed in a collaborative way if a strategy is to be found to manage
tropical peatlands responsibly, and where possible, sustainably (if the latter even exists – see
Evers et al., 2017).
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Fairhead and Leach (1995) identify the need for a “shift on the part of environmental agencies
away from (directing top-down policies) …. toward recognizing and supporting the diverse
institutions which are actually engaged in resource management”; the priorities of the socalled “global conservation planners” need to be balanced against those of the local
“constellations” of resource management agents. For dealing with practical challenges, more
targeted, long-term research and monitoring programmes are required, coupled with
exercises modelling the variety of future development scenarios for tropical peatlands (e.g.,
Warren et al., 2017; Dommain et al., 2018). These outputs can be used to address knowledge
gaps amongst stakeholders (Padfield et al., 2015), understanding that acquiring new
knowledge is often not a simple, linear process, and the knowledge itself always situated and
partial (e.g., Hertz, Mancilla Garcia and Schlüter, 2020).
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Though interdisciplinary teams are becoming more common in the realm of conservation
science and practice (e.g., Chua et al., 2020; Harrison et al., 2020), the incorporation of local
perspectives is still an under-developed component of large international projects (e.g., The
Indonesian Peat Prize (WRI, 2018)). The need to consider local perspectives is particularly
relevant to international networks such as the United Nation’s Global Peatlands Initiative
(www.globalpeatlands.org), the International Peatland Society (peatlands.org) and the ITPC.
With increasing attention on peatlands as focal ecosystems for climate change mitigation,
spearheaded by the nature-based solutions approach (Smith et al., 2019) and international
strategies for mapping and monitoring (FAO, 2020b), there may be more opportunities for
developing sustainable management strategies. These must consider the locally unique
patterns of human-peatland interaction , engage the local perspective and actively
collaborate with local stakeholders within management processes if any initiatives are to
balance resource exploitation with environmental stewardship (Taylor et al., 1994) and
promote truly sustainable use of peatland ecosystems (UNDP, 2009). This case study has
emphasised that no peatland is an island: sustainable ecosystem management requires an
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understanding of (pre-)historical and contemporary socio-ecological dynamics, and how
multiple values, at multiple scales, may interact to shape these landscapes into the future.
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Fig. 1 Map showing the geographical location of Sarawak, Malaysian Borneo (inner box), within
Southeast Asia, annotated with the main settlements (blue circles), and three peat swamp sites (red
circles) from which cores were extracted: DPL (Deforested Peatland), PSF (Peat Swamp Fragment),
and CPL (Converted Peatland). Sarawak State Boundary is demarked by a gray line; peatland areas by
brown shading [courtesy of Wetlands International: “Malaysia peat lands,” accessed through Global
Forest Watch (www.globalforestwatch.org) (17/04/2019)]. (Map republished, with permission, from
(Cole et al., 2019).)
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Fig. 2 Pollen summary diagrams for each site: (A) Deforested Peatland; (B) Peat Swamp Fragment;
and (C) Converted Peatland, showing the sediment stratigraphy, five different ecological groups
(represented by the following colours: PSF dark green, PSF+ light green, DP brown, OF orange and CV
yellow), and disturbance indicators: open vegetation (light gray) (proxy for anthropogenic
deforestation), and macrocharcoal and microcharcoal (red) (proxies for burning). Significant pollen
zones are shown for each (labelled D-, P-, and C-, respectively). Zero Cal. yrs BP represents 1950 AD
and the years translate linearly downwards between Cal. yrs BP and years in AD BC. Fig. 5 displays key
variables on an AD BC timescale for the previous c. 1,000 years.
Fig. 3 Summed EM & SH (n = 30) responses to the questions: “Is it important for the next generation
to have access to peat swamp forest?” and “What can you see happening to the peat swamp forest in
the future?” (NA – no answer given).
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Fig. 4 Summed responses for EM & SH (n = 30), showing the main reasons quoted by interviewees
for why it is important for the next generation to have access to peat swamp forest. “Development
opportunities & poverty reduction”, contrary to the other reasons shown for conserving peat swamp
forest, was cited by respondents who felt it important to have access to the peatland under the forest
as a resource on which development could occur. (NA – no answer given.)
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Fig. 5 A schematic demonstrating the major ecological, human-environment system and political
changes of the last millennium that are related to the conservation of Sarawak’s coastal peatlands.
The following information is displayed to represent key changes observed through each
methodological approach: (i) fossil pollen data for the three surveyed peatlands (DPL – Deforested
Peatland, PSF - Peat Swamp Fragment, CPL - Converted Peatland), showing the relative change in peat
swamp forest (Total PSF%) over the last 1,000 years, as well as changes in disturbances factors, i.e.
macrocharcoal concentration indicating local burning and open vegetation proxies signifying
deforestation; (ii) summaries of interview data reporting the approximate time of: (A) the first arrival
of people in Sarawak’s coastal peatlands; (B) the loss of peat swamp forest from these locations; and,
(C) their largescale conversion into oil palm plantations; and (iii) key events of significance to the
conservation of Malaysia’s peatlands, gathered from the literature review and key stakeholder
interviews.
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Table 1 Number of respondents in, and characteristics of, each stakeholder group interviewed to give
a ‘local’ perspective on Sarawak’s peatland management (to complement the ‘global’ perspective
offered by the literature review). (The responses of one interviewee, chairman of an oil palm company
with experience also in estate management, have been used in both EM and ID categories since the
respondent was asked both sets of questions.)

na

Table 2 Reported incidence amongst interviewed EM and SH (n = 30), of the main challenges
associated with using tropical peatlands, accompanied by a description of the international discourse
associated with each. Interview Guides (see Supplementary File, Methods S2) prompted consideration
of the following challenges: flooding, drainage, fire, animals and fertility, but opportunity was given
for interviewees to discuss additional challenges of relevance to them. (*SUBSIDENCE reflects the
impact of drainage on the peatlands.
represent an answer of “No”;
“Yes”; ↓ decrease in soil
fertility, ↑ an increase, and ↔ no change.)

Jo

ur

Table 3 Thoughts and concerns of the different stakeholder groups, categorised according to the main
functions of peat swamp forest as described by the international conservation community. The
summarised direction of comments in relation to the international discourse are displayed: + signifies
alignment, - contention, or ~ neutral comments. Categorised thoughts and concerns, and percentages
of responses associated with each theme, are shown in Supplementary File, Table S4. (EM, Estate
Managers; SH, Smallholders; GO, Government; ID, Industrialists; NGO, Non-governmental
organisation; RS, Researchers.)
Table 4 Discussion points around the future of Sarawak’s peat swamp forest arising in interviews,
grouped according to the main themes identified in the international conservation literature and
ordered relative to the frequency of reference amongst respondents. The Percentage responses
column details the percentage of the total interviewees (n = 40) that commented on the topics listed
during the open-ended section of each interview. Numbers in brackets illustrate the number of
44
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interviewees in each group, or the number reporting each statement. Phrases in bold align with the
International Discourse. (EM, Estate Managers; SH, Smallholders; GO, Government; ID, Industrialists;
NGO, Non-governmental organisation; RS, Researchers.) The summarised direction of comments in
relation to the international discourse are shown in Supplementary File, Table S5.
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