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SUMMARY

Recent burning in the tropical peat swamp forests of Southeast Asia, linked with anthropogenic land-use change,
has resulted in widespread environmental degradation across the region. Yet little is known about the long-term
natural fire regime in these landscapes. Using fossil pollen and charcoal data from three peat cores collected from
Sarawak, Malaysian Borneo, we looked at the incidence and impact of local and regional fire on coastal peat
swamp forests over the last 7000 years. Results show that burning has occurred in these wetland ecosystems
throughout their history. However, prior to the Colonial era c. 1839, when human presence in the peat swamp
forest was comparatively limited, neither local nor regional burning significantly impacted on the forest
vegetation. After the mid-19"™ Century, at the onset of intensified land-use change, fire incidence elevated
significantly within these coastal peat swamp forests. Although fire does not correlate with past vegetation
changes in these ecosystems, the long-term data reveal that open vegetation, a proxy for human forest clearance,
does to a greater extent. However, results suggest that human activity may be strongly influencing and acting
synergistically with fire in the recent past, leading to the enhanced degradation of these peatland ecosystems.
These findings support present-day concerns about the increase in fire incidence and combined impacts of fire and
human disturbance on peat swamp forests, with serious implications for biodiversity and global climate change.
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INTRODUCTION

The peat swamp forests of Southeast Asia, covering an area of 25 million ha, hold c. 12% of the total
carbon stored in the world‘s peatlands (Page et al., 2011). The performance of these peat swamps as a carbon sink
relies on a tight interrelationship between the landscape, vegetation and hydrological conditions (Page et al., 1999;
Dommain et al., 2010; Posa et al., 2011), making the forest component of this ecosystem vital for its maintenance.
Despite this, peat swamp forests are being lost at a rapid pace: in Southeast Asia between 2000 and 2010, 56% were
converted to plantations (Miettinen et al., 2012a), in addition to the area lost through logging and other development
(Koh et al., 2011). In particular, fire is considered one of the most important drivers of land-use change and vast
areas of these tropical peat swamps burn every year (Razali et al., 2010; Phua et al., 2012), especially on the island
of Borneo (Langner & Siegert 2009; Hoscilo et al., 2011).

Burning has increasingly affected the peat swamp forests of Southeast Asia in the last two to three decades
(Taylor 2010) and is claimed to be one of the most insidious threats to peat-swamp habitats (Razali et al., 2010), as
well as to all rainforest ecosystems (Laurance 2003). However, natural fires, predominantly caused by lightning
strikes, have constituted an important part of the ecosystem dynamics in these tropical peat swamps (Taylor et al.,
2001), by creating gaps in which succession can occur. A study of peat swamp forests in Western Kalimantan
suggests that fire has been a component of the landscape for at least the last 30,000 years (Anshari et al. 2001), and
in Singapore, for the last 23,000 years (Taylor et al., 2001).

Small-scale forest burning by humans, largely as part of shifting cultivation practices (Haberle et al.,
2001), has been recorded in forests in Sarawak from the early Holocene (Hunt & Premathilake 2012). More recently
however, fires are reported to have increased in frequency, magnitude and impact in peat swamp forests in eastern
Kalimantan (Hope et al., 2005), in Australasia over the last few centuries (Mooney et al., 2011), and across other
areas of Southeast Asia in the last two or three decades (Taylor 2010). How much recent fire frequency has
increased relative to historical levels, and what impact it has had in shaping ecosystem dynamics in the peat swamp
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forests of Sarawalk, is still poorly understood.

This study aimed to investigate the patterns of fire, both local and regional in scale, in Sarawak‘s coastal
peat swamp forests, using a long-term ecological approach. The overall objective was to determine the change in
frequency and magnitude of fire through time in these ecosystems, and how/if this has influenced forest
composition. Through reconstructing past burning regimes and vegetation change from fossil records contained in
three sedimentary sequences extracted from peatlands on the coast of northern Borneo, this study addressed two key
research questions: (i) What is the natural fire regime in these swamps, and how has it changed through time?, and
(i1) How do the changing fire regimes impact the peat swamp forest vegetation?

METHODS

The State of Sarawak contains the greatest proportion of Malaysia‘s peat swamp forests, covering an area
of approximately 3000 km” or 2% of the State (Miettinen et al., 2012b), and of its deforested peatlands, which
extend over an additional 11% (FAQ, 2012). Until recently, the peat swamp forests of Sarawak were denounced as
—rarginal wastelands” (Sawal, 2003), of little use except in the absence of alternative land. As such, large-scale
conversion has occurred (Miettinen et al., 2012a), predominantly for agricultural production (Koh et al., 2011),
where fire is commonly used to clear the forest vegetation (Wooster et al., 2012).

Sedimentary cores were extracted using a hand-held coring device, from three peatlands across the Miri and
Batu Niah Districts of north-east Sarawak: Deforested Peatland from Senadin, Kuala Baram (04°30¢47”N,
114°247”E), an area of degraded peatland covering >50 km?; Peat Swamp Fragment from Sungai Dua Forest Reserve
(04°21°24”N, 114°0‘217E), a ¢. 2 km” fragment of secondary peat swamp forest; and Converted Peatland from Sungai
Niah (03°524”N, 113°42¢43”E), an agriculture-forest matrix of ¢. 1 km®. Though these three sampled sites cover a
relatively narrow geographical range of 80 km along the coast of northern Borneo, since there is limited variation in
climate, geology and land-use across the region, they are sufficiently representative of the coastal peat swamp
ecosystems of Sarawak, and to an extent, of Borneo and parts of Southeast Asia.

Using standard palacoecological techniques (Bennett & Willis, 2001), the sedimentary cores were analysed
at set intervals through the sequences for fossil pollen, microfossil and macrofossil charcoal and mineral magnetic
material (magnetic susceptibility). Once counted, fossil pollen grains were divided into different ecological groups,
defined as follows: total PSF (TotPSF), which encompasses all peat swamp forest (PSF) associated taxa; the mature
PSF community (PSF); the pioneer PSF community (PSF+); taxa of degraded peatlands (DP); taxa of other forests
(OF); coastal vegetation (CV), and open vegetation, comprising taxa which dominate open-canopied areas of greater
spatial and temporal scale than tree-fall gaps, for example Poaceae, Cyperaceae and ferns (both of monolete and
trilete morphologies). This latter ecological group is used as an indicator of human impact. A size-class analysis of
fossil charcoal, i.e. differentiating between macrofossil and microfossil charcoal was performed to investigate
changes in local and regional fire regimes, respectively, in each site through time (Whitlock and Larsen, 2002). To
determine the age-depth relationship of the sedimentary cores, samples containing organic material suitable for '*C
dating were extracted from each and analysed with AMS radiocarbon dating techniques, at the *Chrono Centre in
the Archaeology and Palacoecology Department, at Queen‘s University Belfast, and the SUERC AMS Laboratory,
at the NERC Radiocarbon Facility.

KEY RESULTS

i. ~ What is the natural fire regime in these coastal peat swamps? How has it changed towards the present day?
Fire has been present in all three sites through time (Figure 1). Fluctuations in macrocharcoal and
microcharcoal levels vary within and between cores, though there are two distinct phases of elevated magnitude and

frequency of burning: between €. 2800 and 1800 Cal. yr BP and from c. 200 Cal. yr BP to the present.

ii. How do the changing fire regimes impact the peat swamp forest vegetation?

Peat swamp forest is the baseline vegetation at all three sites over the late Holocene period that these
coastal swamps have been present, dominating the vegetation profile. Since the inferred onset of peat swamp
development (varying in each core), the percentage of pollen from the total PSF ecological group (aggregate dark
and light green components on the pollen sum diagram, Figure 1) has been relatively constant in each site through
time, fluctuating c. 80%. However, in the Peat Swamp Fragment and Converted Peatland sites, the total PSF
proportion declines in the last c. 500 years. The indicator group of disturbance within the peat swamp forest,
PSF+, does not appear to follow a pattern within or across sites, thus demonstrating internal dynamism throughout
the past. Open vegetation levels in all sites remain low until ¢. 200 Cal. yr BP, with the exception of an anomalous
peak in the Peat Swamp Fragment prior to 2000 Cal. yr BP. This notable increase in open vegetation taxa suggests
that there was a higher incidence of open-canopied areas in the vicinity of these sites in the last several hundred
years.
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Figure 1: Pollen summary diagram showing the sediment stratigraphy, magnetic susceptibility, five different ecological groups
(represented by the following colours: PSF dark green, PSF+ light green, DP brown, OF orange and CV yellow), open vegetation
(light grey) and macrocharcoal and microcharcoal (red) for the Deforested Peatland, Peat Swamp Fragment and Converted Peatland
sites. Cores have been adjusted to enable their chronological correspondence against one timescale. Significant pollen zones are
shown for each. TotPSF% comprises the sum of PSF% and PSF+%, and is represented by the division between PSF+% and DP%.
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DISCUSSION

This investigation found there to be no consistent fire regime across the three studied peat swamp forest
ecosystems on the coast of Sarawak over the last 2000 to 7000 years. It also demonstrates that fire has not had a
significant impact on either internal peat swamp forest vegetation communities or ecological change within the
wider landscape through time. Rather, patterns of burning appear to be predominantly idiosyncratic and drivers of
vegetation change predominantly anthropogenic.

(i) What is the natural fire regime in these coastal peat swamps? How has it changed towards the present day?

Results from this study demonstrate that fire has been present throughout the past within these coastal peat
swamp forests, in accordance with findings from elsewhere in the region (Anshari et al., 2001; Taylor et al., 2001).
However, there is no apparent _natural‘ or predictable baseline local or regional burning regime. Instead, evidence
suggests that there were two notable episodes of increased fire across sites, overlaying a background of
heterogeneity. The first episode, between ¢. 2800 and 1800 Cal. yr BP, coincides with a period of climatic drying in
the Tropics that is reported to have occurred in the interval 2000 — 3000 Cal. yr BP (Selvaraj et al., 2007,
Woodroffe et al., 2003). The latter episode, from c. 200 Cal. yr BP to the present, is likely to have resulted from
increased human interaction with and impact on Sarawak‘s coastal peat swamp forests. Until several hundred years
ago, local fires (those within peat swamp forest) would predominantly have been driven by natural disturbances
such as lightning strikes, especially during dry climatic periods, i.e. El Nifio years (Hope et al., 2005). Human
disturbance would have been minimal (Sawal, 2003), restricted to activities such as subsistence sago cultivation.
Within the last 200 years however, the coincidence of data showing dramatic increases in the magnitude and
frequency of local and regional fire (and open areas), with the reporting and documenting of increased human
interaction with Sarawak‘s coastal peat swamp forests, suggests that humans were responsible for these elevations
in burning. Significant landscape exploitation by people, in a great part through the use of fire, is likely to have
started after Colonial Rule was established in Sarawak approximately 170 years ago. More recently, further and
more dramatic increases in the burning of peatlands have been recorded in Sumatra (Miettinen et al., 2012¢) and
across Southeast Asia (Van Eijk et al., 2009).

(ii) How do the changing fire regimes impact the peat swamp forest vegetation?

Results from this study suggest that fire has not caused significant disturbance to these three coastal peat
swamp forests through time. Even during episodes of elevated burning in the past, for example during the
hypothesised dry phase between c. 2800 - 1800 Cal. yr BP, there is no decline in the peat swamp forest or apparent
impact on the vegetation within these ecosystems. In terms of internal peat swamp forest dynamics through time,
the fluctuation between mature and pioneer taxa does not correlate with fire incidence, again suggesting that, in
general, burning has not played a significant role in the regeneration of these ecosystems. Since anthropogenic
burning is hypothesised to have only started in the last two centuries, it appears that the natural burning regimes in
each site, which have been predominantly idiosyncratic, have not had a significant negative impact on these peat
swamp forests.

In conjunction, the results from the three studied sedimentary cores strongly suggest that fire has been
present in tropical peat swamp forests for thousands of years and that it is not the most prominent driver of long-
term or recent changes in coastal peat swamp forest vegetation, contrary to the common concern expressed in the
literature on the sustainable management of tropical peat swamp forests today (for example Razali et al., 2010;
Miettinen et al., 2012c¢). Instead, human impact has had the most influence on internal peat swamp forest dynamics
and peat swamp forest decline, and this disturbance has manifested only in the last c. 200 years. In reality however,
it is likely that forest clearance, drainage and fire occur simultaneously and act synergistically in these landscapes,
exacerbating impacts, reducing forest regeneration potential and thus jeopardizing the resilience of these peat
swamp forests. Management implications The causes of fire are complex, and include underlying cultural, political
and socio-economic conditions, not simply environmental or climatic factors (Stolle et al., 2003; Langner & Siegert,
2009; Carlson et al., 2012), such as the recent ElI Nifio event. The interaction between different drivers of
disturbance requires further investigation when considering management interventions. If recent elevated trends in
burning can be prevented, predominantly through halting forest clearance and drainage, this and other studies (e.g.
Hope et al., 2005) provide evidence that peat swamp forests are resilient to less frequent and less intense fire.
However, in the face of current conversion rates and future land-use planning in the region (Miettinen et al., 2012a),
potential disturbance by fire must be a central consideration in the more sustainable management of these carbon-
rich ecosystems.
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