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ABSTRACT

The principal objective of the STRAPEAT project is to formulate strategies for wise use
and sustainable management of lowland tropical peatlands on the Island of Borneo by
integrating biophysical, hydrological and socio-economic data within strategies for
sustainable management. Recent investigations have revealed that peat initiation in SE
Asia occurred from the Late Pleistocene (~30,000-24,000 14C yrs BP) through to early
Holocene (~9,600-7,000 14C yrs BP, ~ 11,000-8,000 cal yrs BP). In Southeast Asia they
cover more than 26 million hectares (69% of all tropical peatlands) at altitudes from sea
level to about 50 m amsl mostly near the coasts of East Sumatra, Kalimantan, West
Papua, Papua New Guinea, Brunei, Peninsular Malaya, Sabah, Sarawak and Southeast
Thailand. At the present time, and in the absence of human intervention, many tropical
peatlands are actively accumulating peat or are in a steady state. Once peat swamp forest
is drained, the peat starts to decompose which leads to peat shrinkage and subsidence.
Indonesia's peatlands (200,728 km2), represent a potential peatland carbon sink of 17.06
Tg yr-1 (teragrammes). If this is extrapolated to the global area of tropical peatland
(420,000 km2) their total carbon sink potential is 35.7 Tg yr-1, which is equivalent to
about 54% of that for boreal and subarctic peatlands (66.2 Tg yr-1). Currently, forest
clearance and drainage converts peatlands rapidly into carbon sources through
decomposition losses and fire, contributing to the greenhouse effect and the potential for
climate and sea-level change. Every centimetre of peat subsidence results in a CO2
emission of approximately 355 g C m-2. As a consequence of clear felling and drainage,
peat subsidence in developed peatland is estimated to result in a loss of 545 g C m-2
annually. Arable agriculture on tropical peat, however, causes CO2 losses of up to 3,163 g
C m-2 y-1. Fires in 1997/98 released between 0.8 and 2.6 Pg C to the atmosphere as a
result of burning peat and vegetation in Indonesia. The peatland ecosystem has been
undervalued as a habitat for rare and threatened species, especially birds, fish, mammals
and reptiles. They provide one of the most important remaining habitats for large
populations of orang utan (Pongo pygmaeus pygmaeus). Agriculture is the dominant
sector development although there have been few instances of its success on tropical peat
and uncritical transfer of experience from one area to another has led to over-optimistic
expectations. Apart from nutrient deficiencies, the development of tropical peatlands for
agriculture faces many other constraints associated with their inherent properties and
behaviour. Forestry has been a major activity on tropical peatland only since the 1970s in
response to the decrease in area of dry land forest. Peat swamps support several native
trees of commercial value, for example, ramin (Gonystylus bancanus) and meranti
(Shorea spp.). As species regeneration in peat swamp forest is slower than in other forest
types, both legal (controlled) and illegal (uncontrolled) logging practices have had major
impacts on the peatland forest and the environment. For example, severe drainage leads
ultimately to collapse of the peat structure, increasing tree-fall and eventually complete
loss of forest cover. Peat swamps influence the hydrology of entire catchments. Drainage
destroys the sponge effect of peat swamps and their water reservoir function is lost.
Exploitation of peat swamp forest reduces the ability of the ecosystem to regulate rainfall,
and water is flushed more quickly into the rivers, causing flooding downstream. Forest
and peatland fires have caused severe damage to tropical peat swamp forest resources and
natural functions. The wise use approach provides a context for, and parameters within
which, management decisions can be taken in relation to peatlands and through which
conflicts can be resolved. Wise use of tropical peatlands is essential to ensure that
sufficient area of this resource remains to carry out vital natural resource functions while
satisfying essential requirements of people now and in the future.
5

SUMMARY OF FINAL REPORT
OBJECTIVES
Strategies for implementing sustainable management of peatlands in Borneo
(STRAPEAT)
STRAPEAT is a multidisciplinary European Union research project under the
International Co-operation with Developing Countries budget line (INCO-DEV). The
principal objective is to formulate strategies for wise use and sustainable management of
lowland tropical peatlands on the Island of Borneo. The key information obtained
includes (1) location and area of peatland in Borneo and the distribution of peat of
different thickness and land use, (2) biophysical and hydrological data on tropical peat,
pristine peat swamp forest and developed peatland, (3) ecological and natural resource
functions of pristine tropical peatland and the impacts of development and disasters upon
these, (4) sector development of tropical peatland, especially for agriculture, forestry and
settlement, (5) socio-economic importance of natural and developed tropical peatlands
including cost benefit analysis of the principal resources and commodities, (6) response
of local people and communities to land use change and disasters on tropical peatland, (7)
landscape and nature conservation and wildlife protection and (8) other aspects, including
the use of tropical peat and peatland for soil amelioration, horticulture, sylviculture, water
supply, water purification, ecotourism and energy generation.
Background
Large areas of globally important tropical peatland in Southeast Asia are under threat
from land clearance, degradation and fire, jeopardising their natural functions as
reservoirs of biodiversity, carbon stores and hydrological buffers. Many development
projects on tropical peatlands have failed through a lack of understanding of the
landscape functions of these ecosystems. Utilisation of this resource for agriculture or
plantation crops requires drainage that, unavoidably, leads to irreversible loss of peat
through subsidence, resulting in severe disturbance of the substrate and creating problems
for cultivation and peoples’ livelihoods. The STRAPEAT project promotes wise use of
tropical peatlands by integrating biophysical, hydrological and socio-economic data
within strategies for sustainable management. It specifically seeks to implement these
strategies for practical use in critical peatland areas in Borneo. Local research capability
is being strengthened, enabling peatland managers and scientists to understand better, and
address, the different, interrelated processes operating in tropical peatlands. The project is
contributing positively to fire prevention, water management, poverty alleviation,
protection of the environment, improvement of the quality of life and diminishing health
risks.

ACTIVITIES
Introduction to tropical peatlands
Peat consists of dead, partially decomposed plant remains that have accumulated on the soil
surface for millennia in situ under waterlogged conditions. Recent investigations have
revealed that peat initiation in SE Asia occurred from the Late Pleistocene (~30,00024,000 14C yrs BP) through to early Holocene (~9,600-7,000 14C yrs BP, ~ 11,000-8,000
cal yrs BP). Landscapes covered in peat are called peatlands. In their natural state, tropical
peatlands contribute to biodiversity and perform important environmental and landscape
functions. In Southeast Asia, peatlands occupy mostly low altitude coastal and sub6

coastal situations but may extend inland for distances of more than 150 km along river
valleys and across watersheds. In Southeast Asia they cover more than 26 million
hectares (69% of all tropical peatlands) at altitudes from sea level to about 50 m amsl
mostly near the coasts of East Sumatra, Kalimantan, West Papua, Papua New Guinea,
Brunei, Peninsular Malaya, Sabah, Sarawak and Southeast Thailand. A small proportion
of the total area occurs in mountains of Indonesia and Papua New Guinea. At the present
time, and in the absence of human intervention, many tropical peatlands are actively
accumulating peat or are in a steady state, although climate and land use are no longer
conducive to continued accumulation at all sites. Once peat swamp forest is drained, the
peat starts to decompose, a process that has a strong influence on its hydraulic
conductivity and moisture retention. Most peat soils shrink when dried but swell when rewetted, unless water content falls below a threshold value beyond which irreversible
drying occurs. Drainage leads to peat shrinkage and subsidence.

RESULTS ACHIEVED
Functions of tropical peatland
Tropical peatlands can be valued according to their functions, which can be either, direct
or indirect, products and attributes.
Direct or economic functions of tropical peatlands include:
• water flow regulation, protection from natural forces;
• provision of water supply to other ecosystems and human communities;
• forest resources ranging from food, fuel wood, timber and bark to resins and
medicines;
• wildlife resources;
• agricultural and horticultural services;
• energy sources.
Indirect or ecological functions of tropical peatlands include:
• sediment and water retention;
• nutrient detention;
• micro-climate stabilization;
• carbon storage.
Tropical peatlands, with their high water-holding capacity, regulate water in downstream
tropical lowlands. They serve as reservoirs of fresh water, stabilise water levels, reduce
storm-flow and maintain river flows, even in the dry season, that buffer against saltwater
intrusion. Tropical peat swamp forests in their natural state make an important
contribution to regional and global biodiversity. This ecosystem has been undervalued as
a habitat for rare and threatened species, especially birds, fish, mammals and reptiles.
They provide one of the most important remaining habitats for large populations of orang
utan (Pongo pygmaeus pygmaeus). Tropical peat swamp forests have been used by local
people for generations for a large variety of life support products and services. They have
the potential to be developed economically for ecotourism, carbon trading, biodiversity
maintenance, and as a future source of renewable resources for the benefit of local
communities and government. Management of peat swamp forest in its natural condition
and conservation of its biodiversity is the best land use choice from a long-term
perspective.
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Tropical peatlands and the carbon cycle
Indonesia's peatlands (200,728 km2), represent a potential peatland carbon sink of 17.06
Tg yr-1 (teragrammes). If this is extrapolated to the global area of tropical peatland
(420,000 km2) their total carbon sink potential is 35.7 Tg yr-1, which is equivalent to
about 54% of that for boreal and subarctic peatlands (66.2 Tg yr-1). Peat accumulation in
the Sebangau peatland of Central Kalimantan, Indonesia is taking place currently at a
rapid rate, with implications for contemporary carbon storage. Tropical peatlands have
become the focus recently of large-scale land development projects. Forest clearance and
drainage converts them rapidly into carbon sources through decomposition losses and
fire. The drainage of lowland tropical peatland, and consequent oxidation of peat, releases
carbon dioxide to the atmosphere, contributing to the greenhouse effect and the potential
for climate and sea-level change. Every centimetre of peat subsidence results in a CO2
emission of approximately 355 g C m-2. As a consequence of clear felling and drainage,
peat subsidence in developed peatland is estimated to result in a loss of 545 g C m-2
annually. Arable agriculture on tropical peat, however, causes CO2 losses of up to 3,163 g
C m-2 y-1. Fires in 1997/98 released between 0.8 and 2.6 Pg C to the atmosphere as a
result of burning peat and vegetation in Indonesia.
Sector uses of tropical peatland
Sector uses include agriculture, forestry, mining and urban development or may involve
retention of the natural peat swamp forest ecosystem for wildlife conservation and
community resource provision. At present, the large scale use of peat for energy and
horticulture in the tropics has little economic prospect. Agriculture is the dominant sector
development although there have been few instances of its success on tropical peat and
uncritical transfer of experience from one area to another has led to over-optimistic
expectations. Apart from nutrient deficiencies, the development of tropical peatlands for
agriculture faces many other constraints associated with their inherent properties and
behaviour. Forestry has been a major activity on tropical peatland only since the 1970s in
response to the decrease in area of dry land forest. Peat swamps support several native
trees of commercial value, for example, ramin (Gonystylus bancanus) and meranti
(Shorea spp.). Peat swamp forests with their valuable trees have been subjected to timber
and non-timber exploitation. As species regeneration in peat swamp forest is slower than
in other forest types, both legal (controlled) and illegal (uncontrolled) logging practices
have had major impacts on the peatland forest and the environment. Transmigration, an
Indonesian Government programme to improve the lives of poor and landless people and
to develop Indonesia’s under-populated islands by offering land and jobs to the settlers,
has failed on the peatland areas of Central Kalimantan largely because (1) of
inappropriate background of the transmigrants (not all farmers), (2) settlement sites are
located in remote areas, (3) the carrying capacity of the land is too low to provide crop
yields large enough and of quality to generate sufficient income, and (4) there is a lack of
markets for produce. As a result, many transmigrants are forced to move to other jobs
outside their farm areas to become urban labourers, illegal loggers or illegal miners.
Impacts of land use change, fire and illegal logging
Unplanned events, including unauthorized (illegal) activities and natural disasters, affect
seriously both natural and sector developed tropical peatlands. For example, severe
drainage leads ultimately to collapse of the peat structure, increasing tree-fall and
eventually complete loss of forest cover. Peat swamps influence the hydrology of entire
catchments. Drainage destroys the sponge effect of peat swamps and their water reservoir
function is lost. Exploitation of peat swamp forest reduces the ability of the ecosystem to
regulate rainfall, and water is flushed more quickly into the rivers, causing flooding
downstream. Despite the tropical wet climate, peat swamps suffer from water shortage
8

during dry periods and they become prone to fire. Without water conservation,
evaporation can lead to persistent moisture deficits and increased oxidation. In very dry
years, the water table can fall more than a metre below the peat surface. Forest and
peatland fires have been a recurring problem in Indonesia since the early 1980s when
conversion of peat swamp forest to agriculture began on a large scale, promoted by the
Indonesian Government's transmigration programme. These fires cause severe damage to
tropical peat swamp forest resources and natural functions. As a result, this ecosystem
may be destroyed forever with potentially devastating consequences regionally and
globally. Illegal logging results in the destruction of the forest resource for future
generations. It also causes severe damage to the peat base of the swamp forest because of
the extensive networks of canals excavated in order to extract the cut timber.
Wise Use of Tropical Peatland
Peatland resources can provide long-term support to the economy of local communities
and to the economic growth of developing tropical countries if they are managed
according to principles and procedures of ‘Wise Use’. ‘Wise use of peatlands’ is ‘their
sustainable utilization, for which reasonable people now and in the future will not
attribute blame’. The wise use approach provides a context for, and parameters within
which, management decisions can be taken in relation to peatlands and through which
conflicts can be resolved. Wise use of tropical peatlands is essential to ensure that
sufficient area of this resource remains to carry out vital natural resource functions while
satisfying essential requirements of people now and in the future. Wise use of tropical
peatlands aims to optimise the economic, social and ecological value of peatlands by
harvesting renewable resources at an environmentally sustainable level, whilst conserving
non-renewable resources and maintaining attributes and functions. ‘Wise Use’ of tropical
peatland necessitates integrated planning and management that maximises stakeholder
participation and requires an understanding of the necessity for both development and
conservation, with the ability to choose management methods to balance the two
optimally. Wise use of tropical peatlands is very different from the sector development
approach and it requires increased support for agencies that traditionally have been weak
in safeguarding tropical peatlands (e.g. forestry and environmental protection) and
consideration of the economies, societies and cultures of people occupying areas affected
by, or dependant upon, peatland. In the ‘Wise Use’ of tropical peatlands, conflicts will
occur between natural resource conservation and sector development, particularly
agriculture, and these must be resolved in a non-confrontational manner. Major global
issues influence the ‘Wise Use’ of tropical peatlands, including increasing demands for
water for agriculture, industry and human consumption, and the need for water allocation
and management to maintain ecological functions. In the case of future developments on
tropical peatland, it is essential to have available a guide to their ’Wise Use’ and
strategies for implementation in order to ensure sustainable management at minimal
environmental damage. Constraints to 'Wise Use’ of tropical peatland include legal and
illegal logging, inappropriate land development projects and fire. Several strategies
should be applied when formulating and implementing a management plan for the ‘Wise
Use’ of tropical peatland using an integrated approach that embraces collaborative or comanagement (participatory management), restoration and rehabilitation of degraded
peatland, peatland inventory and information, Integrated Catchment Management (ICM),
predicting the impact of and monitoring management plans, formulating and
implementing action plans and monitoring their progress.
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PROBLEMS ENCOUNTERED
Occasional the project managers experienced difficulties in getting rapid responses from
the partners on their requests for information. With 12 partners in the project it takes
considerable effort from the project managers to ensure that the project is undertaken
according to the contract specificatiosn. Regular visits by the project managers to the
partners in Malaysia and Indonesia are necessary to secure a smooth and efficient running
of the project.

TECHNOLOGY IMPLEMENTATION PLAN
A separate Technology Implementation Plan (T.I.P.) is accompaning this report.
Exloitation of results is mainly through the publication of scientific articles in
international journals. The vast majority of these scientific articles already have been
published and a limied number are still under review or in press. No patents, companies
or licences result from this project.
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CONSOLIDATED SCIENTIFIC REPORT
• OBJECTIVES
The overall objectives of theSTRAPEAT project are to:
 formulate strategies for implementing improved sustainable management of
tropical peatlands, in conjunction with stakeholders, based upon evaluation of
existing data and collection of additional bio-physical, hydrological and socioeconomic information;
 strengthen developing country research and institutional capability for the
collection and evaluation of environmental, technological and socio-economic
information in order to formulate and implement 'wise use' strategies for
tropical peatland.
Large areas of globally important tropical peatland in Southeast Asia are under threat
from land clearance, degradation and fire jeopardising their natural functions as reservoirs
of biodiversity, carbon stores and hydrological buffers. Many development projects on
tropical peatlands have failed through a lack of understanding of the landscape functions
of these ecosystems. Utilisation of this resource for agriculture or plantation crops
requires drainage which, unavoidably, leads to irreversible loss of peat through
subsidence, resulting in severe disturbance of the substrate and creating problems for
cultivation. Within this context, the over riding aim of this project is to formulate
strategies for the implementation of sustainable management of the principal sector land
uses (agriculture, conservation, forestry, natural resource exploitation and human
settlement) of tropical peatland. The island of Borneo has been selected as the principal
study area for several reasons: (1) as the world's fifth largest island it has a specific
geographical identity; (2) it is made up of portions of three countries - Brunei, Indonesia
and Malaysia (Sabah and Sarawak), (3) it contains approximately one quarter of the
global tropical peatland resource and (4) there are several potential field research sites
with good facilities and support staff. Several developments have been carried out on
tropical peatland in various countries with variable degrees of success. Examples in
Southeast Asia include agriculture on coastal peatlands in Peninsular Malaysia, Sarawak
and Southeast Thailand; aquaculture on shallow peat in the lowlands of Sumatra; oil palm
on thick peat in Sarawak, and human settlement (transmigration) on peatland areas of
Sumatra and Kalimantan. The success or otherwise of these projects has not been
monitored adequately and their cost effectiveness has not been appraised. It is essential
that a wide range of large peatland development and natural resource exploitation projects
be evaluated in order to provide the information necessary to formulate strategies for
sustainable management and ensure sustainable wise use. Acceptance of the principles of
multiple wise use of tropical peatlands and their implementation to achieve sustainable
management by Governments are absolutely essential in order to prevent the mistakes of
recent years that have resulted from ill conceived and badly managed peatland
development projects.
Two major recent events have emphasised the importance of detailed scientific, technical
and socio-economic information on tropical peatlands. These are (1) the Mega Rice
Project to convert one million hectares of peatland, mostly swamp forest in Central
Kalimantan, Indonesia to rice paddy and (2) the fires of 1997/98 that spread throughout
much of Indonesia's forests, especially those on peat. The former project commenced in
1996 but was abandoned in 1998 when rice cultivation proved to be impossible. As a
consequence, more than one million hectares of peatland were degraded environmentally
and impoverished economically. The fires, which were promoted in large degree by land
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clearance practices used in development, resulted in the burning of over one million
hectares of peat swamp forest and underlying peat with around a billion tonnes of carbon
being released into the atmosphere in only a few months. Both of these events have had
severe consequences for the economy, environment, natural resources and human health.
In future, the benefits and disadvantages of tropical peatland development should be
evaluated and outcomes predicted using an appropriate system of information and
administration in order to prevent project failure and environmental degradation.
The project will involve an initial screening of literature on tropical peatlands generally
but with particular emphasis on Indonesia and Malaysia. This is necessary in order to
determine, as accurately as possible, the location, area and thickness of the peatland
resource on Borneo and the status of biophysical and hydrological data on the natural
ecosystem and its developed derivatives. In addition, the extent and accuracy of
experimental and monitoring data on developed tropical peatlands, especially for
agriculture, forestry and human settlement, must also be determined by accessing
published and unpublished reports of the relevant Agencies and Ministries of the
Governments of Indonesia and Malaysia. These data will be evaluated in terms of the
objectives of this proposal to identify critical gaps in knowledge and target scientific and
technical research to be carried out in order to obtain missing information essential to
formulation of strategies.
This project will utilise results from current and previous EU RTD and Development Aid
projects, which have even a small association with tropical peatland, in order to capitalise
on those data, avoid repetition and maximise synergy between them. During the last five
years several detailed studies have been carried out on tropical peatland areas in
Indonesia and Malaysia. In the former country, these have mostly been detailed academic
investigations of the ecological and natural resource functions of tropical peatland
together with, in some instances, monitoring and evaluation of the impacts of fire and
land use change. There are also a number of aid projects supporting forest management
some of it on peat swamp forest. In Malaysia, most of the studies have been of peatland
areas developed for annual crops and plantation crops such as pineapple and rubber, and
for the economically important oil palm. Much of the information is in restricted
distribution or confidential reports and most of the data have not been published in the
public domain. It is necessary for the scientists in the partnership to obtain and evaluate
this information in the first phase of the project. All literature sources will be recorded,
referenced and stored in a literature data base that will be available to all partners during
the project and afterwards to anyone else who expresses an interest in it.
Strategies for the wise use and sustainable management of tropical peatlands will be
formulated from this database. These will be prepared by matching the background
information to pressures on current land use and plans for future development of tropical
peatland. Case studies will be carried out and pilot projects established in selected
locations where facilities are available and maximum information is available. There will
be maximum involvement of DC stakeholders (Government officials, local people,
institutions, private sector) throughout the process but especially in the formulation of
strategies for sustainable management.
The STRAPEAT project aims to promote wise use of tropical peatlands by integrating
biophysical, hydrological and socio-economic data within strategies for sustainable
management. It specifically seeks to implement the strategies once they have been
formulated for practical use in critical peatland areas in Borneo. Local research capability
will be strengthened enabling peatland managers to better understand and address the
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different, interrelated processes operating in tropical peatlands. The project will
contribute positively to poverty alleviation, protection of the environment, improvement
of the quality of life and diminishing health risks.
•

ACTIVITIES

Six work packages are proposed that embrace not only the project data gathering and field
monitoring activities but also project management, training and dissemination of
information.
WP1000:
WP2000:
WP3000:
WP4000:
WP5000:
WP6000:

Project Management
State of Knowledge
Data and Information Acquisition
Data Evaluation and Integration
Strategies for Implementation
Information Dissemination and Training

Work package 1 embraces all aspects of project management and partner integration
including communications and networking.
Work package 2 will determine the state of knowledge and understanding of the tropical
peatland resource, its utilization and success for sector development and assess impacts
upon its natural resource functions. It will identify existing knowledge gaps.
Work package 3 deals with the collection of additional biophysical, hydrological and
socio-economic information through monitoring and survey tasks operated by relevant
partners using standard methods. Remote sensing will be used to prepare maps of the
location and land use of lowland peatlands in case study areas in Borneo and classify the
remaining natural areas. Relationships between different types of information, for
example water management, peat subsidence, land use and economics, will be made
explicit and quantified.
Work package 4 aims to evaluate the appropriateness and effectiveness of current peat land
use for agriculture, forestry, mining, nature conservation, settlement and other sectoral
activities. A Management Support System will be constructed holding geo-referenced
information on a GIS of the principal characteristics of peatlands in Borneo.
Work package 5 will formulate strategies for implementing environmentally sustainable
management of tropical peatland, including restoration and rehabilitation of degraded,
mismanaged and impacted areas, based upon considerations of natural resource functions
and multiple wise use.
Work package 6 provides for strengthening of DC research capability and dissemination
of scientific and socio-economic knowledge through international and regional human
resource exchange and co-operation.
There is a logical progression and feedback of information inherent within the Work Plan
structure. WP1000 embraces all aspects of project management and partner integration
including communications and networking. Every partner will contribute to WP2000 that
will establish the status of knowledge and understanding of the tropical peatland resource,
its utilisation and success for sector development and impacts upon its natural resource
functions. WP3000 caters for targeted data acquisition and site monitoring determined by
the outcome of WP2000. All data obtained from every source will be evaluated in
WP4000, integrated and stored in an interactive GIS from which the strategies for
implementation of sustainable management will be developed following test case studies
15

of specific land uses (WP5000). Human resource development will be promoted through
a variety of training programmes at different levels of ability and expertise in WP6000
that will also be responsible for the dissemination of information and the subsequent
implementation of the strategies formulated in partnership with DC Government
Agencies and Ministries.
•

RESULTS ACHIEVED

In the previous section “Summary of final report” the results achieved are described.
Table 1 gives an overview of the different tasks performed in each Work Package as well
as a description of the methodology used to perform the different tasks. Table 2 shows the
deliverables, milestones and status of output for each Work Package. Table 3 shows the
involvement of the different partners in conducting the different tasks.
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Table 1

:

Project tasks

WORK
PACKAGE

TASK

1000: Project
Management

1100: Project management systems
1200: Project financial systems
1300: Monitoring/reporting systems
1400: Communication/
dissemination network
1500: Protocols for partner
participation

: Establish and operational
: Establish and operational
: Establish and operational
: Email/fax and telephone contact fully
operational
: Established and formalized

2000: State of
Knowledge

2100: Establish state of knowledge
and identify gaps

: Status report prepared and knowledge
gaps identified and prioritized

2200: Information on sector
development
2300: Computer based literature
database

: Data/information from Government
Agencies, NGOs and stakeholders
collected
: Interactive literature/information
database established and updated

3100: Collation of existing
information

: Data/information transferred to an
interactive data bases on a GIS

3200: Collection of biodiversity and
ecological data

: Biodiversity and ecological information
for selected sites in Kalimantan and
Sarawak collected.
: Climatic and hydrological information
for selected sites in Kalimantan and
Sarawak are obtained as well as
information on carbon gas emissions (in
situ chamber)
: Socio-economic information is obtained
by interviewing local stakeholders and
carry out cost-benefit analyses of
different types of peatland land use.
: For selected catchments, baseline maps
using are prepared using Landsat TM
satellite imagery.
: Site inspection and evaluation of
representative samples of development
schemes on tropical peatland completed.

3000: Data and
Information
Acquisition

METHODOLOGY AND TASK
LINKAGE

3300: Collection of biophysical data

3400: Collection of socio-economic
information

3500: Preparation of baseline maps

3600: Field investigation of degree
of success of
sector development

4000: Data
Evaluation
and
Integration

4100: Identify indicators for
sustainable management

: Determination of indicators completed

4200: Organise consultation
workshops

: Workshops of researchers were
organised on a regular basis to discuss
data evaluation and integration.
: Meetings with stakeholders were
organised on a regular basis to discuss
the full range of land use options for
tropical peatland in Borneo.
: Establishment of a relational, interactive
data bases on a GIS is completed.

4300: Organise consultation
stakeholders meetings

4400: Develop computer based
Management Support
System
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5000:
Strategies
for
Implementation

5100: Preparation of guidelines for
wise use

6000:
Information
Dissemination
and
Training

6100: Training to elevate research
capacity

: Intensive staff training programmes,
short courses and technique instruction
sessions were organised

6200: Training to elevate
stakeholders
involvement

: It is ensured that the maximum amount
of information is distributed/exchanged
between stakeholders

6300: Organise international
symposium

: Project findings are presented
to a broad international forum.

6400: Organise workshops

: Workshops in Nottingham, Brussels and
Kuching are used to inform
stakeholders.
: Scientific, technical and popular articles
are produced; press releases and a
website have been established and
updated.

5200: Transformation of guidelines
into strategies for
implementation

6500: Publication of project results
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: Information is synthesized. Published in
a book on Wise Use of Tropical
Peatland: Focus on Southeast Asia
: Operational strategies are being
prepared on the basis of the guidelines.

Table 2
WORK
PACKAGES

Deliverables, milestones and outputs
DELIVERABLES

MILESTONE
(months)

STATUS OF
OUTPUT

1000: Project
Management

: Project management protocol
: Project financial protocol
: Project monitoring protocol
: Project communication network established
: Partner participation protocol

3
3
3
3
3

: completed
: completed
: completed
: completed
: completed

2000: State of
Knowledge

: Review of status of the peatlands of Borneo
: Review of land use of peatlands of Borneo
: Interactive computer literature database

12
12
12

: produced
: produced
: established

3000: Data and
Information
Acquisition

: database of information on peatland area,
thickness and land use in case study areas

36

: database of biodiversity and ecological
functions of pristine, logged and developed
peatlands in case study areas
: database of climate, hydrology and carbon
gas flux measurements in case study areas
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: database of socio-economic information for
case study areas

36

: baseline maps derived from remote sensing
of case study areas to include location,
thickness, vegetation, land use and impacts
: Review of degree of success of sector
development on peatland in Borneo

12

: lit. and biophysical databases
established
: databases
available for
biodiversity
: databases
available for
hydrological para.
: databases
available for
socio-economic inf
: baseline maps
produced for study
areas
: review completed

4000:
Data Evaluation
and Integration

: Sustainable management indicator protocols
: Consultation workshops
: Consultation stakeholder meetings
: Management Support System on GIS

36
18-24
18-24
36

: prepared
: prepared
: prepared
: prepared

5000:
Strategies for
Implementation

: Guidelines for wise use of Borneo peatland
: Strategies for sustainable management of
Borneo peatland

30
36

: prepared
: prepared

6000:
Information
Dissemination
and Training

: DC staff trained
: DC stakeholders advised/trained
: International symposium
: Workshops
: Publications
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18

18

12-36
24
0 and 36
various
throughout

: Completed
: Completed
: conference,
presentations and
proceedings

Contribution of participants

Table 3

Partner involvement in work tasks

Work
Package

Task

ALTER
RA

UNNOT

1000
Lead:
ALTERRA
/ UNNOT

1100

Overall
Management
Coordination

Overall
Management
Coordination

1300

Coordination

Coordination

1400

Coordination

Coordination

1500

Coordination

Coordination

2100

Data
supply

Data
supply

2000
Lead:
ALTERRA
/ UNNOT

1200

2200
2300

Coordination

UNLEI

RSS

UNHEL

UNPAR

UGM

UNSRI

USM

UNIMAS

MARDI

BPPT

Data
supply

Data
supply

Data
supply

Data
supply

Data
supply

Data
supply

Data
supply

Data
supply

Data
supply

Data
supply

Data
supply

Data
supply

Data
supply

Data
supply

Data
supply

Data
supply

Data
supply

Continued
Work
Package
3000
Lead:
UNHEL/
UNLEI/
RSS/
UNPAR

Task

ALTER
RA

UNNOT

UNLEI

3100

Integration

Integration

3200

Ecology

Biodiversity

3300

Hydrology

RSS

UNHEL

UNPAR

UGM

Biodiversity

Meteorology

Carbon
dynamics

Hydrology

Nutrient
dynamics
Costbenefit
analyses

MARDI

BPPT

Nutrient
dynamics

Hydrology

Nutrient
dynamics

Costbenefit
analyses
Remote
sensing

3600

4100

Researcher
worksh

4300

4400

UNIMAS

Remote
sensing

3500

4200

USM

Biodiversity

3400

4000
Lead:
UNNOT/
ALTERRA

UNSRI

Indicator
identification
Researcher
worksh
Stakeholder
worksh.

Indicator
identification
Researcher
worksh

Researcher
worksh

Managm.
Support
sys.
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Field
investigation
Indicator
identification
Researcher
worksh.
Stakeholder
worksh.

Field
investigation

Stakeholder
worksh.

Stakeholder
worksh.

Stakeholder
worksh.

Indicator
identification
Researcher
worksh
Stakeholder
worksh.

Stakeholder
worksh.
Managm.
Support
sys.

Stakeholder
worksh.

Continued
Work
Package

Task

ALTER
RA

UNNOT

UNLEI

Prepare
guidelines

5000
Lead:
UNNOT/
ALTERRA

5100

6000
Lead:
UNNOT

6100

Provide
Training

Prepare
guidelines
Transfor
m. guidelines
Provide
training

6200

Provide
Training

6300

Present
Information
Present
Information
Present
Information

Prepare
guidelines

5200

6400

6500

RSS

UNHEL

UNPAR

UGM

UNSRI

USM

UNIMAS

MARDI

BPPT

Transfor
m. guidelines
Provide
training

Transfor
m. guidelines
Provide
training

Transfor
m. guidelines
Provide
training

Transfor
m. guidelines
Provide
training

Transfor
m. guidelines
Provide
training

Transfor
m. guidelines
Provide
training

Provide
training

Provide
training

Provide
training

Transfor
m. guidelines
Provide
training

Provide
training

Provide
training

Provide
training

Provide
training

Provide
training

Provide
training

Provide
training

Provide
training

Provide
training

Provide
training

Provide
training

Present
Information
Present
Information
Present
Information

Present
Information
Present
Information
Present
Information

Present
Information
Present
Information
Present
Information

Present
Information
Present
Information
Present
Information

Present
Information
Present
Information
Present
Information

Present
Information
Present
Information
Present
Information

Present
Information
Present
Information
Present
Information

Present
Information
Present
Information
Present
Information

Present
Information
Present
Information
Present
Information

Present
Information
Present
Information
Present
Information

Present
Information
Present
Information
Present
Information
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PROBLEMS ENCOUNTERED
Occasional the project managers experienced difficulties in getting rapid responses from
the partners on their requests for information. With 12 partners in the project it takes
considerable effort from the project managers to ensure that the project is undertaken
according to the contract specificatiosn. Regular visits by the project managers to the
partners in Malaysia and Indonesia are necessary to secure a smooth and efficient
running of the project.

TECHNOLOGY IMPLEMENTATION PLAN
A separate Technology Implementation Plan (T.I.P.) is accompaning this report.
Exloitation of results is mainly through the publication of scientific articles in
international journals. The vast majority of these scientific articles already have been
published and a limied number are still under review or in press. No patents, companies
or licences result from this project.
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CONCLUSION
The project resulted in an extensive collection of information on the extent, functioning
and importance of tropical peatlands. Results are published in a large number of articles
as well as in the book on ”Wise use of tropical peatland: focus on Southeast Asia”. In
the process the 12 partners have worked together in a constructive, efficient and
complementary way. Results are also disseminated outside the scientific world by
giving radio interviews, press conferences and seminars. As a result, the importance and
the fragility of tropical peatlands is better understood. This project resulted in the
formulation of sound scientific strategies on which restoration of degraded tropical
peatlands will be based. As such the project made an important contribution to Wise
Use of tropical peatland now and in the future.
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MANAGEMENT ANNUAL REPORT
•

Organisation of the collaboration

The project is coordinated and managed by Dr. Henk Wösten, Alterra in close
cooperation with Dr. Jack Rieley, Univ. of Nottingham. They are responsible to a
Management Team consisting of a representative from each of the partner institutions
(twelve in total). Communication between the members of the Management Team is
normally by email, sometimes the telephone was used and face-to-face meetings were
held several times a year when there is a joint activity.
The project clearly benefited from the good organisation and collaboration links that
existed under the previous EU-INCO funded project on ‘Natural Resource Functions,
Biodiversity and Sustainable Management of Tropical Peatland’ EUTROP. The
momentum created in EUTROP was successfully passed on to STRAPEAT and the
extension from 8 partners in EUTROP to 12 in STRAPEAT was a relatively smooth and
easy process. As such it demonstrates the big advantage of continuing a proven
successful collaboration of research partners especially when many of them are located
in developing countries. Since partners are used to work together as a group for some
years, internal consistency as well as openness for the ideas of other partners is
stimulating.
•

Partner meetings

During The STRAPEAT contract period several partners meetings were hold. In
summary they were held at:
•
•
•
•
•
•
•
•
•

•

STRAPEAT workshop, CIMTROP/UNPAR, Palangka Raya, Central Kalimantan,
Indonesia, 30-31 March 2002.
STRAPEAT workshop, MARDI, Sibu, Sarawak, 4-5 April 2002.
International Symposium on: Land Management and Biodiversity in Souteast Asia,
Bali, Indonesia, 17-20 September 2002.
STRAPEAT partners meeting, 19th December 2002 in Nottingham, United
Kingdom.
STRAPEAT partners meeting and EU briefing on 7th and 8th April 2003 at the EU
in Brussels, Belgium.
STRAPEAT partners meeting and NARED Conference from 25th to 29th
September 2003 in Kuching, Sarawak.
STRAPEAT Project Management Team meeting in Nottingham on 4/5 February
2004 to discuss progress and outputs.
Contributions were made at the STRAPEAT-PEATWISE-RESTORPEAT
Projects Meetings held in Pontianak, West Kalimantan, 10-16 April 2004.
Presentations were made at the international workshop at Pontianak, West
Kalimantan from 10th to 16th April 2004. The title of the workshop was
“Assessment, Conservation Restoration and Sustainable Use of Tropical
Peatland and Peat Swamp Forest Biodiversity”.
Papers were presented at the 12th International Peat Congress, Tampere, Finland,
6-11 June 2004.
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•
•
•

STRAPEAT partners meeting Kuching, Sarawak (23/24 November 2004):
“Strategies for Wise Use of Tropical Peatlands – The Sarawak Context”.
STRAPEAT partners meeting Palangka Raya, Central Kalimantan (26/27
November 2004): “Opportunities and Challenges for Wise Use of Peatland in
Central Kalimantan”.
STRAPEAT partners meeting Jakarta, Indonesia (30 November and 1 December
2004): “Restoration and Rehabilitation of Tropical Peatland – Strengthening the
Knowledge Base for Wise Use of Tropical Peatland”.

Often the meetings were held in conjunction with other symposia and/or workshops.
This allowed the STRAPEAT partners to present and to discuss their findings with other
scientist interested in tropical peatlands. To mark the successful conclusion of the 3year EU-funded STRAPEAT Project, presentations of key outputs were made at a series
of seminar/workshops held in Southeast Asia from 23 November to 1 December 2004.
These meetings resulted in the formulation of the Palangka Raya and Jakarta statement
on Wise Use of peatlands in Central Kalimantan, Indonesia, as presented below.

EU INCO-DEV STRAPEAT PROJECT
“STRATEGIES FOR IMPLEMENTING SUSTAINABLE
MANAGEMENT OF TROPICAL PEATLAND”
To mark the successful conclusion of the above 3-year EU-funded Project, presentations
of key outputs were made at a series of seminar/workshops held in Southeast Asia from
23 November to 1 December 2004.
Kuching, Sarawak (23/24 November 2004): “Strategies for Wise Use of Tropical
Peatlands – The Sarawak Context”.
Palangka Raya, Central Kalimantan (26/27 November 2004): “Opportunities and
Challenges for Wise Use of Peatland in Central Kalimantan”.
Jakarta, Indonesia (30 November and 1 December 2004): “Restoration and
Rehabilitation of Tropical Peatland – Strengthening the Knowledge Base for Wise Use
of Tropical Peatland”.
A ‘Statement’ on ‘Wise Use of Peatlands in Central Kalimantan, Indonesia’ was agreed
at the conclusion of the Palangka Raya meeting and this was improved upon at the
Jakarta meeting. It was decided this statement be distributed widely.
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PALANGKA RAYA AND JAKARTA STATEMENT ON WISE USE
OF PEATLANDS IN CENTRAL KALIMANTAN, INDONESIA
(November 2004)

1. Wise use of the peatlands of Central Kalimantan necessitates economic
development to improve the livelihood of local people through
rehabilitation of peat swamp forest and peatland resources.

2. Forest and peatland fires in Central Kalimantan make a substantial
contribution to the accelerating increase of carbon gases in the atmosphere,
which is related to climate change. In addition, fires have increased poverty
while depleting biodiversity of global importance.

3. In order to mitigate these problems there is urgent need for an economic
approach. This should include carbon and biodiversity conservation
through a Bio-rights approach and other land uses, such as oil palm
plantations on degraded peatlands.

4. The new economic approach should be delivered through a Strategic
Implementation Plan for conserving peat swamp forest, preventing illegal
logging and other unauthorized activities, rehabilitating degraded peatland
and promoting its wise use. The Plan should be based upon the best
available scientific, technical and socio-economic information and advice.

5. The preparation and implementation of the Plan should be managed by an
independent co-ordinating body (Badan Otorita), supported by a Committee
composed of national and international advisors.

6. The Strategic Implementation Plan should focus on restoration of the
former Mega Rice Project area and rehabilitation of peat swamp forest
within the new Sebangau National Park, incorporating three key elements
to ensure income generation by local people:
• Fire prevention
• Water management
• Profitable land use.
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•

Exchanges

During the project the project managers Dr Henk Wösten (Alterra) and Dr. Jack Rieley
(UNNOT) spent considerable time in Malaysia and Indonesia to maintain administrative
and management systems for the project, to participate in training events for DC
participants and to participate in workshops and symposia.
The following persons stayed for more than three months in Indonesia / United
Kingdom to fulfill the recuirements for their MSc and PhD thesis:
MSc
Grobbe, T. (2003) Reclamation Policy Evaluation & Analysis Tool: REPEAT.
Decision Support System for Water Management Strategies in Tropical Peatland.
Master of Science thesis to Larenstein University of Professional Education.
Vries, F.T. de, (2003) Practical use of a hydrological model for peatlands in Borneo –
Modelling the Sungai Sebangau catchment in Central Kalimantan, Indonesia.
Wageningen, Alterra-report 797.
Yulintine (2004) Human Impact on Benthic Communities of Two Lakes in Central
Kalimantan, Indonesia. M.Sc. Thesis, University of Nottingham, UK
PhD
Jaya, A. (2004) Ecological Planning of Tropical Peatlands for Carbon and Water
Conservation. Ph.D.Thesis University of Nottingham, UK (provisional).
Stahlhut, M. (2005) A Critical Evaluation of the Role and Potential of Remote Sensing
in Monitoring Vegetation and Hydrdology of Tropical Peat Swamp Forests – A
Case Study from Central Kalimantan. Ph.D. Thesis, University of Nottingham, UK
(provisional).
Sulistiyanto, Y. (2004) Nutrient Dynamics in Different Sub-Types of Peat Swamp
Forest in Central Kalimantan, Indonesia. Ph.D. Thesis, University of Nottingham,
UK.
Waldes, N.J.L. (2004) Botanical Studies of Peat Swamp Forest in Southeast Asia.
Ph.D. Thesis, University of Leicester, UK provisional).
•

Problems

The project managers experienced occasional difficulties in getting rapid responses
from the partners to request for information. With 12 partners in the project it takes
considerable effort from the project managers to ensure that the project is undertaken
according to the contract specifications. Regular visits by the project managers to the
partners in Malaysia and Indonesia are necessary to secure a smooth and efficient
running of the project.
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COMPLETED CATALOGUE PAGE

Summary
About one quarter of the world's tropical peatlands (11 million hectares) occur in
Borneo. Many development projects on tropical peatlands fail through a lack of
understanding of the natural landscape functions of this ecosystem. The STRAPEAT
project builds a framework and rationale for managing the change in tropical peat
ecosystems brought about by various forms of land use, based upon an assessment of
the physical and chemical, ecological and socio-economic characteristics of these
ecosystems. These different characteristics which are partly available and partly will be
newly collected, are integrated and used to formulate strategies for implementing
sustainable management of tropical peatlands. Formulation and implementation of the
strategies is carried out in conjunction with stakeholders, policy makers, decision takers
and practitioners. The project strengthens the developing country research and
institutional capability to formulate and implement ‘wise use’ strategies for tropical
peatlands.

Results achieved
A wealth of detailed information is collected on tropical peat swamp forest biodiversity,
especially plants, mammals, birds, reptiles and fish, peat thickness, land surface
topography, land use changes, hydrology, hydrochemistry, greenhouse gas emission and
impact of fire and sector development. This information is published in numereous
articles in scientific journals as well as in the book entitled: “Wise Use of Tropical
Peatlands: Focus on Southeast Asia”. The information is integrated in the form of
strategies for Wise Use of Tropical Peatlands. The strategies are endorsed by the
Indonesian and Malaysian national and local government authorities. In the process,
developing country research and institutional capability is strengthened in general while
in addition a number of researchers are trained to Master Degree and Ph.D. level.
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A system to support wise water management in tropical
Introduction
The majority of the world’s tropical peatlands (11 million hectares) are found in SouthEast Asia, mainly in coastal regions. Many of these coastal regions are identified as
areas suitable for agricultural development which includes oil palm, sago and forest
plantations, aquaculture, paddy and miscellaneous crops such as pineapple and
vegetables. At the same time these coastal peatlands have global ecological
significance, being some of the largest remaining areas of lowland rainforest in SE Asia
that provide habitats for many endangered species. In addition, they are large stores of
carbon and water and also play an important regional economic role in providing forest
products and land for settlement. However due to lack of awareness and understanding
of sustainable land management practices, many peatland development projects fail,
resulting in serious environmental degradation and impoverishment of local
communities (Diemont et al. 2002).
Peatlands are waterlogged most time of the year and need drainage to make them
suitable for agriculture or other land use (Alan Tan and Ritzema 2003). Compared to
mineral soils, peat has a much higher infiltration capacity, drainable pore space and
hydraulic conductivity, but a lower capillary rise, bulk density and plant-available water
(Wösten and Ritzema 2001). Another major difference is their subsidence behaviour: it
is never-ending and partly caused by oxidation. This oxidation leads to CO2 emissions,
which is estimated to be in the order of 26 tonnes per hectare per year for Borneo.
In addition, excessive subsidence results in a pronounced drop in land elevation
reducing the efficiency of drainage systems (Ritzema et al. 2001). To avoid flooding
and waterlogging problems during the monsoon season, frequent deepening of the
system is required. This never-ending process threatens the sustainability of peat areas
(Rieley et al. 2002). Controlled drainage can reduce subsidence but will never arrest it
(Ritzema and Wösten 2002a). The rate of subsidence depends on the design depth of the
groundwater level, which in turn is prescribed by the type of agricultural use: e.g. oil
palm requires a groundwater level in the range of 0.60 to 0.80 m compare to sago which
only needs a level in the range of 0.20 to 0.40 m. Thus the type of agricultural use has a
direct effect on the sustainability of the peat.
To assist planners, farmers, managers and other stakeholders in wise use of these
tropical peatlands Alterra incorporated expertise on soil, hydrology and water
management in a decision support system (DSS). This DSS, which is based on a GIS
application, combines the Groundwater Modelling Computer Programme PMWIN with
expert knowledge on subsidence, land use and water management. The DSS consists of
three components:
• A groundwater model to simulate the impact of reclamation on groundwater
levels,
• A model to calculate the corresponding soil subsidence, and
• A GIS component to visualise the results.
Possibilities and limitations are discussed of the wise water management support
system and it is demonstrated how visualisation can assist the decision making. Data
from Balingian, a tropical peat dome of about 10,000 ha in central Sarawak, Malaysia
are used to test and refine these methods.
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Input requirements for the visualization
Groundwater modelling
Each type of land use has a different optimal groundwater level. To visualize the longterm effects of these different types of land use the PWWIN 5.0-79 simulation package
is used to simulate groundwater levels (Grobbe 2003). PMWIN is based on Modflow: a
public-domain, three-dimensional, finite-difference, saturated groundwater flow model
(www.modflow.com). Modflow is selected because it offers good pre- and postprocessing options, requires limited input data, is well documented and can easily be
extended with additional modules. In the model, the peat domes are schematized as a
one-layered, unconfined aquifer with the mineral subsoil at mean sea level as the bottom
boundary. The mineral subsoil is considered to be impervious. The top boundary is the
soil elevation of the peat layer, which in waterlogged peat soils coincides with the
groundwater level.
Subsidence modelling
The outcome of the groundwater modelling is used to calculate the subsequent
subsidence using the following relation:
Subsidence (m/year) = 0.1 x groundwater level (m – ground level)
This relation is based on data of peat subsidence in Western Johore, Peninsular
Malaysia, and (Wösten et al. 1997) and corrected for the conditions in Sarawak (Wösten
and Ritzema 2001).
Visualization of modelling results
Modelling results, i.e. changes of groundwater levels and associated subsidence, are
normally presented in graphs and figures. However, their interpretation is difficult for
non-specialists. Therefore the geographic information system-based programme Arc
View GIS 3.2 is used to visualize the results. Three interesting examples are discussed
which show for various single or combined types of land use the effects of:
• Lowering groundwater levels in a part of the peat dome on the overall water
levels in the dome,
• The amount of peat loss due to oxidation,
• The rate of subsidence of ground levels over time, in the area itself and in the
surrounding area.
Lowering the groundwater level
The model was used to simulate effects of reclamation of part of the peat dome on
groundwater levels, subsequent subsidence and elevation of the ground surface in the
surrounding part of the dome (Grobbe 2003). Changes were calculated after 1, 2, 5, 10,
20 and 50 years. Simulations are performed for two land use types, i.e. oil palm
plantations with an optimal groundwater level of 0.8 m below ground surface and sago
plantations with an optimal groundwater level of 0.4 m. Plantations are situated either
on top of the peat dome or along the edges (Figure 1), resulting in the following five
scenarios:
1. Deep drainage (0.8 m below ground surface) on the top of the peat dome,
2. Shallow drainage (0.4 m below ground surface) on the top of the peat dome,
3. Deep drainage (0.8 m below ground surface) along the edges of the peat dome,
4. Shallow drainage (0.4 m below ground surface) along the edges of the peat
dome,
5. Combination of scenario 2 and 3.
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Figure 1 Effect of the installation of a drainage system on groundwater levels
surrounding plantations (top left - scenario 1; top right – scenario 2; middle –
scenario 3; bottom left – scenario 4 and bottom right – scenario 5).
Peat loss due to oxidation
The second example shows cumulative peat losses for 8 different land use types
(Veltman 2004). In this case it is assumed that smallholders cultivate sago and coconut
at the edges of the peat dome maintaining shallow groundwater levels. Whereas the oil
palm plantations which require deeper groundwater levels, are situated at the centre of
the peat dome.

Simulations indicate that CO2 emission for the most intensive land use type (option 3A
smallholders + oil palm plantations without water conservation) is four times higher
than the smallholders types, i.e. 10.2 MT of option 3A compared to 2.8 MT for option 2
(Figure 2).
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Figure 2

Cumulative amount of CO2 emission in tons for eight different land use types

peat loss (kT/yr)

Rate of subsidence
The third example (Figure 3) shows the effect of installing a drainage system in oil palm
plantation that keeps the groundwater at its optimal level of 0.75 m. Here it is assumed
that yield reduction will occur as soon as the groundwater is shallower than 0.60 m. The
optimal groundwater of 0.75 m (year 1) causes peat loss through oxidation and
subsidence will start. If the drains are not deepened, groundwater levels will become
shallower as the elevation of the ground surface will drop. Consequently oxidation will
reduce as it only takes place in the peat layer above the groundwater. However, a
shallower groundwater results in yield reduction, thus plantation managers have the
following options:
• Scenario I: deepening drains as soon as yield reduction is likely to occur, for oil
palm under the prevailing conditions in Central Sarawak this means every 2.1
years,
• Scenario II: accepting a slight yield reduction and only deepen the drains as the
groundwater becomes shallower than 0.4 m, for oil palm under the prevailing
conditions in Central Sarawak this means every 4.8 years,
• Scenario III: no deepening of the drains thus excepting yield reduction.
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Figure 3 Scenarios for the maintenance of the drainage system: Scenario I: deepening
the drains every 2.1 years; Scenario II: deepening the drains every 4.8 years
and Scenario III: no deepening.
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Conclusions
Alterra developed a decision support system (DSS) for peatland management in the
humid tropics. This DSS, which is based on a GIS application, combines the
Groundwater Modelling Computer Programme PMWIN with expert knowledge on
subsidence, land use and water management. The DSS illustrates that the type of land
use (pristine forest versus oil palm), the location (at the edge or at the centre of the peat
dome) and management practices have an important effect on the resulting CO2
emission and associated subsidence. This makes the DSS a useful tool for planners,
farmers, designers and other stakeholders to discuss effects of various land use types
and thereby optimize sustainable use of these valuable peat domes. The structure of the
DSS allows relatively easy incorporation of newly acquired expertise and expert
knowledge on items such as reforestation, nature conservation and economics in future
versions of the DSS.
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Strategies for implementing sustainable management of peatlands in Borneo
Aim
Establishment and maintenance of an interactive literature data base on computer and
posted on the Internet; integration of data from all partners into interactive data bases
linked to a GIS; supervision of formulation of strategies for sustainable management of
tropical peatland in Borneo.
Specific objectives
• Review key information on peatlands in Borneo and identify critical gaps in
knowledge.
• Undertake a programme of environmental factor measurement and monitoring at
selected sites in order to collect biophysical, chemical and hydrological information
for natural peat swamp forest, peatland developed for sectoral land use and degraded
peatland.
• Carry out investigations of the socio-economic aspirations, conditions and potential
of communities living on and near peatland areas paying particular attention to
social conditions of people who derive elements of their livelihood from peat
swamps (natural and developed). Assess the impact of land use change on the way
and standard of life of local communities and investigate means of improving the
livelihood of local people through formulation and implementation of strategies for
better sustainable management of the peatland resource.
• Formulate strategies for implementing sustainable management of tropical peatland
including the restoration and rehabilitation of degraded, mismanaged and impacted
areas based upon considerations of natural resource functions, environmentally
sustainable management and multiple 'wise use'. Integrate data from case studies.
• Strengthen local research capability and scientific and socio-economic knowledge;
promote international and regional human resource exchange and co-operation;
transfer information, skills and techniques; disseminate information generated
locally, regionally, nationally and internationally.
Methods and procedures
• Acquire all available published and unpublished biological, chemical, physical and
socio-economic information on tropical peatlands;
• Evaluate the status and impact of sector development on tropical peatland;
• Establish an interactive literature/information data base to be used by partners and
others;
• Acquire targeted biological, chemical, physical and socio-economic information on
tropical
• Peatlands; obtain data on peat thickness and carbon content; transfer these to an
interactive database linked to a GIS;
• Determine socio-economic change (negative and positive) of converting tropical
peatland from pristine forest to different types of land use;
• Identify indicators of sustainable management following appraisal of all available
data and information; organise workshops of researchers in which indicators are
formulated and integrated;
• Organise meetings (training sessions, workshops, seminars, public meetings) with
stakeholders
• representing the full range of land use options for tropical peatland in Borneo;
evaluate/integrate
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•
•
•
•
•
•
•
•
•
•

stakeholder comments and opinions into the sustainable management process;
Develop guidelines for the sustainable management of lowland tropical peatland
(wise use);
Organise focus groups and stakeholder workshops to discuss and test the guidelines;
Organise meetings to develop draft operational strategies from the guidelines; hold
meetings
at which operational strategies are finalised.
Provide intensive programmes of staff training, including short courses and
techniques instruction sessions;
Ensure that the maximum amount of information is distributed or exchanged
between stakeholders;
Present the project findings to a broad international audience;
Use the project findings to inform and proactivate Government Agencies;
Publish results of this project in scientific, technical and popular journals; issue
press releases and hold press conferences.

Training courses and education programmes
During the four years of this STRAPEAT Project UNNOT trained 3 Ph.D. candidates,
three from Indonesia and one from the EU (Germany). In addition, two members of
staff of UNPAR completed masters’ degrees of UNNOT in Environmental
Management. Staff of UNNOT participated in several short courses, including tropical
ecology, peat soils and sustainable management of tropical peatland.
Results
The following is a selection of summaries of masters’ and Ph.D. theses produced by
candidates trained by UNNOT staff.
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NUTRIENT DYNAMICS IN DIFFERENT SUB-TYPES OF PEAT SWAMP FOREST
IN CENTRAL KALIMANTAN, INDONESIA
Yustinus Sulistiyanto
University of Palangka Raya, Indonesia
Nutrient dynamics of two sub-types of peat swamp forest, mixed swamp forest and low
pole forest, in the upper catchment of the Sebangau River in Central Kalimantan,
Indonesia were studied. The study area lies within the ‘Natural Laboratory for
Management of Peat Swamp Forest’. Three permanent study plots, 50 x 50 m, were
established in each forest sub-type to facilitate collection of throughfall, litterfall, live
biomass (above ground and below ground), peat and water samples.
Rainfall was sampled in four gauges located in the vicinity of the research plots. For the
throughfall, a statistical sampling procedure, involving a combination of one fixed and
two roving gauges (plastic funnels and polyethylene containers) was employed. For the
collection of stemflow, water was obtained from five trees of different diameter by
means of plastic collars placed around their stems. For the litterfall, three sampling
containers 0.3845 m2 (70 cm diameter) in area were established 1 m above the forest
floor, involving a combination of one fixed and two roving gauges (same with
throughfall). The sampling containers were constructed from 1-mm mesh plastic net,
wood and wire. Above ground biomass of trees and shrubs, was measured in 27 subplots in each forest type within 5 x 5 m quadrats. Below ground biomass (living fine
roots) was measured by excavating peat from one 1 x 1 m quadrat to a depth of 0.5 m
from the middle of each study plot and another four 0.5 x 0.5 x 0.5 m samples from
each of the four corners. Surface peat and water were sampled in the same plot as that
used for standing crop (trees diameter < 5 cm).
Rainfall, throughfall, and stemflow samples were collected every two weeks over a 12
month period. Samples were stored in a refrigerator (4oC) after collection. Next day,
water samples were filtered after pH analysis. Chemical analyses were carried out on
the filtered samples for Ca, Mg, K, Na, Fe and Mn using atomic absorption
spectrophotometry (AAS spectra 30). Ammonium was measured by the indophenol
method (Scheiner, 1976), phosphate and nitrite was measured by the method in
Tachibana (2000).
Litterfall samples were air dried for 2 weeks at room temperature, separated into leaves,
branches, reproductive parts and other debris, oven dried for 48 hours at 70 C and dry
weight determined. Chemical analysis was carried out on samples dried for 48 hours at
70o C. The determination of total nitrogen was carried out by persulphate digestion
(Purcell & King, 1996). Ca, Mg, K, Na, P, Fe and Mn were determined following wet
digestion of dried samples by 18% perchloric acid (Tolg, 1974 cit Jones & Case, 1990).
Total phosphorus was determined by the Scheel method (Lambert, 1992). Ca, Mg, K,
Na, Fe and Mn were measured by atomic absorption spectrometry (AAS spectra 30).
Chemical analysis for above ground and below ground biomass, peat, and
decomposition were similar to litterfall. Chemical analysis for surface water was similar
to rainfall and throughfall.
Rainfall is slightly acid (pH between 5.55 and 6.46 with average 5.96±0.35) with a
predominance of Ca and K. Throughfall and stemflow is enriched in most elements
analysed compared to rainfall and its pH values are lower. Throughfall pH ranges from
4.15 to 5.32 (average 4.76±0.33) in mixed swamp forest and from pH 3.56 to 5.36
(average 4.37±0.33) in low pole forest. Stemflow pH ranges from 3.42 to 4.43 (average
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4.03±0.19) in mixed swamp forest and from 2.88 to 4.01 (average 3.57±0.11) in low pole
forest. Nutrient input in rainwater (rainfall), canopy leachate (throughfall), and stemflow
showed temporal variation. The amount of throughfall and stemflow decreases with
decreasing rainfall and in Mixed Swamp Forest throughfall is 1969 mm (71%) of the total
precipitation whereas in Low Pole Forest throughfall it is 2170 mm (79%). Mixed swamp
forest stemflow is 81.9 mm (2.97%) of the total precipitation whereas in Low pole forest
stemflow it is 136 mm (4.9%). The order of magnitude of chemical elements reaching the
forest floor in throughfall is calcium, potassium, ammonium, magnesium and sodium in
Low Pole Forest, and potassium, calcium, ammonium, magnesium and sodium in Mixed
swamp Forest.
Greater litter production was obtained in mixed swamp forest (8,411 kg ha-1 yr-1)
compared to low pole forest (6,534 kg ha-1 yr-1). Dry weight of the different fractions of
litterfall (leaves, branches, reproductive parts and other debris) for MSF and LPF were
6216, 1246, 460 and 489 kg ha-1 and 4864, 1251, 169 and 251 kg ha-1, respectively. The
proportions of each litter component obtained in this study are: (1) mixed swamp forest
- leaf litter 74%, branches 15%, reproductive parts 5% and other debris 6%; (2) low
pole forest - leaf litter 74%, branches 19%, reproductive parts 3% and other debris 4%.
There are differences in nutrient concentration between the litterfall categories and
leaves were high in Ca, Mg, Na, Fe and Mn while reproductive parts were high in N, P,
and K. As far as the seasonal pattern of litterfall is concerned, mixed swamp forest and
low pole forest exhibited the same bimodal peaks of leaf fall at the end of the wet
season (Feb-March) and end of the dry season (August-Sept).
Weight loss (decomposition study) in both sub-type of forest, mixed swamp forest and
low pole forest was fast in the first six months. Potassium was the fastest nutrient loss in
the mixed swamp forest and low pole forest. Decomposition rate (k) in the mixed
swamp forest and low pole forest are 0.396 yr -1 and 0.285 yr -1 respectively.
The live above ground biomass in the mixed swamp forest and low pole forest were
313,899 and 252,548 kg ha-1, respectively. Calcium is the cation present in the greatest
amount in above ground biomass in both sub-type of forest while manganese is the
lowest. The live below ground biomass (roots) 50 cm deep in the mixed swamp- forest
and low pole forest are 26533 and 14382.7 kg ha-1, respectively. Nitrogen is the nutrient
present in the greatest amount in roots biomass in both sub-type of forest while
manganese is the lowest.
Nitrogen is the greatest amount of nutrient in peat 50 cm deep in the mixed swamp
forest and low pole forest that are 21478 and 16426 kg ha–1 respectively, while
manganese was the lowest that are 2.7 and 2.7 kg ha–1 respectively. Calcium is the
greatest amount of calcium in water run off in the mixed swamp forest and low pole
forest that were 8.15 and 7.15 kg ha-1 yr-1 respectively, while manganese was the lowest
with 0.01 and 0.02 kg ha-1 yr-1, respectively.
Comparison methods between Wilm’s method (co variance methods) and Excel
(conventional statistic) for throughfall and litterfall show that Wilm’s method has
advantages. For example, it leads to reductions in the standard errors of the mean values
for each collection period and the total values for the year. Wilm’s method reduced the
variability in the means of 4 weekly period sampling during the 1-year period.
Disadvantages of Wilm’s method, such as, if there is big variation in sample values
between successive time periods high standard errors result and mean differences are
smoothed out. The other Wilm’s method disadvantage is the long time it takes to input
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data and carry out the analyses. These operations have to carried out on every
component separately.
The pH of rainwater in the Sg. Sebangau catchment is slightly acidic (mean 5.96±0.35).
Neutralization of the weak acidity in the rain falling on the Sebangau catchment could
also be caused by atmospheric NH3 originating in the agriculture area, near to the study
plot, where NH4NO3 and (NH4)2 SO4 containing fertilizers are used intensively and
biomass burning produces inorganic N and basic cations such as Ca 2+, Mg 2+ and K+.
Biomass burning in the tropics is an important major source of trace gases and
particulate matter (including nutrient) to the atmosphere. Furthermore, deforestation,
intensification of agricultural practices, fossil fuel combustion and emision of natural
soil ecosystems also affect the fluxes of trace gases and particulates to the atmosphere.
Various reasons have been suggested to explain the changes that occur in the pH of
precipitation as it passes through a vegetation canopy and temporal variations. Throughfall
may contain pollutants leached from the canopy (dry deposit) or organic acids from tree
organs. Temporal variations may result from differences in intensity and duration of
precipitation and variations in the intensity of airborne aerosols and particulates throughout
the year.
Litter production in mixed swamp forest was 8,411 kg ha-1 yr-1 and low pole forest was
6,534 kg ha-1 yr-1. Tropical peat swamp forest is less productive compared to tropical
lowland forests in general. This relatively low productivity of natural vegetation is
believed to reflect the relative poverty of the tropical peat as a result of its an aerobic
condition and acidity. The low oxygen content and low pH are known to inhibit
biological processes involved in organic matter decomposition, thus resulting in mineral
lock up in a form unavailable for plant use.
In this study k (decomposition rate) in mixed swamp forest (MSF) was 0.396 and 0.285
in low pole forest (LPF) and is relatively low compared to other decomposition studies
of tropical forests except for similar results from another peatland area in Central
Kalimantan in similar ecosystem in Central Kalimantan, Indonesia was nearly the same
(k = 0.438). The low k values obtained in this study as a result of an aerobic conditions
for most of the year in this study area, plant species was poor in nutrient, (plant species
from nutrient-poor environments produce litter that is more difficult to decompose than
litter of species from nutrient-rich environments) and the acidity of peat soil (pH 2.82 –
3.80).
The total biomass and amount of nutrients in mixed swamp forest was higher than in
low pole forest as a result of differences in decomposition processes, water table depth
and peat-pore water chemistry. Soil pH and nutrient concentrations in this study area
were low because thick peat ( the nutrient content and pH in thin peat was higher than
thick peat) and the nature of the underlying mineral soil quartz sand (peat developed
over quartz sand is poorer in nutrients compared to that developed on top of loam or
clay). Nutrient inputs were higher than nutrient losses during the 1-year study period for
all nutrients studied.
Based on the results of this study (nutrient input, transfer, output and storage), it is
concluded that nutrient concentrations in peat soils are low and the substrates are acidic.
These factors are likely to be strongly limiting to agricultural development, including
plantations of estate crops and trees. Because of that management and conservation of
the peat swamp forest as natural condition is the best choice. The other alternative is
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that provision of natural ecosystem services (e.g. carbon storage, watershed,
biodiversity maintenance, timber production in certain time period) is likely to be a far
wiser land use from a long-term perspective.
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ECOLOGICAL PLANNING OF TROPICAL PEATLANDS FOR CARBON AND
WATER CONSERVATION
Adi Jaya
University of Palangka Raya
Tropical peatlands and their functions
Lowland tropical peatlands are wetland ecosystems characterised by an accumulation of
organic matter that is produced and deposited at a faster rate than it can be decomposed
(Gore, 1983). Peat formation in the tropics commences under conditions of constant
waterlogging or in wet coastal areas where organic matter is produced in abundance by
an adapted vegetation of mangroves, grasses or swamp forest trees (Driessen, 1977;
Radjagukguk, 2000).
Approximately 12 percent of the global peatland area occurs in humid tropical zones,
mainly in mainland East Asia, Southeast Asia, the Caribbean and Central America,
South and southern Africa (Rieley, et al., 1996). Indonesia is estimated to contain the
largest area of tropical peatland, ranging from 16 to 27 Mha (Radjagukguk, 1992).
Most of the peatland in Indonesia is situated at low altitude in the coastal and subcoastal lowlands of Kalimantan, Sumatra and West Papua, with a small amount in Java,
Halmahera and Sulawesi (Rieley et al., 1997). Some peatland also occurs in
mountainous parts of Java, Sumatra and West Papua.
The characteristics of tropical peatland differ from those of boreal and temperate
peatlands, especially in relation to their formation and chemical and physical properties.
Lowland tropical peat is formed from rain forest trees and other species of the shrub and
herb layers (Urapeepatanapong & Pitayakajornwute, 1996; Notohadiprawiro, 1997),
which results in higher lignin and nitrogen contents and lower amounts of ash,
carbohydrate and water-soluble protein than temperate peat (Notohadiprawiro, 1997).
In temperate and boreal zones peat is derived mainly from sphagnum mosses and sedges
(Andriesse, 1988). Chemically, ombrotrophic tropical peats are characterised by a low
nutrient content and an acid pH that varies between 3 and 4.5. The pH of surface peat
tends to increase as peat thickness increases (Radjagukguk, 2000). The acidity of peat is
caused by the high content of organic acids that are produced from decomposition of
organic matter. The ash content, as well as the degree of organic matter decomposition,
affects the nutrient content in tropical peat. In peat soils, the content of available
nitrogen, phosphorus, potassium, calcium and Cu are low, since these elements occur in
non-extractable forms. At low pH, for example, P will also be chelated by aluminium or
iron and rendered unavailable to plants.
Hydrology is a vital key to peatland ecosystem functioning, by controlling chemical and
biological processes and regulating wetland function and development (Mitsch &
Gosselink, 1993). Peat hydrology influences landform development by regulating
vegetation biomass production and decomposition, nutrient cycling and dynamics, and
carbon fluxes (Waddington & Roulet, 1997). In addition, natural peatland plays a vital
role in the regional water balance through its functions as a water catchment and
reservoir. Peat has a huge capacity for water absorption and retention, which ranges
from 0.8 to 0.9 m3 m-3 of peat (Notohadiprawiro, 1997), representing a considerable
water store (Mailvaganam, 1989). With this ability, water stored during wet periods is
released gradually in dry periods (Prentice, 1990; Rieley et al., 1992; Page, 1997). In
addition, the water in peatland areas is also extremely important in areas where the peat
is underlain with pyrite because waterlogging prevents oxidation of potential acid
sulphate substrate that would lead to extreme acidification (Giesen, 1991; Silvius et al.,
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1984). Severe acidification of pyritic soils gives rise to poor crop productivity even
with high inputs of lime and fertilisers (Klepper et al., 1991).
Globally, peatlands store between 192 and 450 Gt C (Post et al., 1982), representing
between 15 and 35% of the global terrestrial carbon, which gives them a major role in
the carbon cycle. The tropical peatland carbon store could be as high as 191 Gt C
(about one third of the total carbon stored in peatlands globally) (Page, 1997). At the
present time, with the assumption of an average thickness of 5 m, tropical peatlands are
a considerable carbon store, containing up to 2,500 ton C ha-1, compared with an
average of 1200 ton C/ha for peatlands globally (Diemont et al., 1997).
The pressure for conversion of tropical peat swamps to other ‘development’ land uses is
increasing. Almost 20% of the peat swamp forest of Indonesia has been developed,
mostly for agriculture (Rieley et al., 1997), whilst in Sarawak 467,097 ha (26.46% of
peatland in Sarawak), has been used, mainly for oil palm plantation, reforestation and
sago plantation (Melling, 1999). Dwiyono & Rachman (1996) asserted that large scale
use of peatland in Indonesia started in the 1960s related to national requirements to
increase production of food, timber and non-timber forest products. Since the 1970s
there was also a need for land on which to settle people from the densely populated
islands of Bali, Java and Madura (transmigration). Since peatland conversion
commenced, there has been no structural or comprehensive evaluation of the success or
otherwise of these programmes.
Most development of peatland is associated with drainage to reduce the excess water,
which also leads to environmental changes in and outside of the peatland ecosystem,
including subsidence (Rothwell et al., 1996), and other characteristics related to
oxidation of organic matter (e.g. loss of carbon). As soon as peatlands are drained, the
irreversible process of subsidence starts. Peat subsidence after drainage varies from 10
to 50 mm yr-1, of which about half is the result of oxidation of soil organic carbon
(Parent et al., 1982; Armenanto & Menges, 1986), while the remainder is probably
related to other processes, such as compaction, shrinkage and dehydration (Andriesse,
1988). Wösten et al. (1997) found that the average subsidence rate in Peninsular
Malaysia was about 20 mm yr.-1. Rapid subsidence in the 2 years following drainage of
natural peat was about 50 cm yr-1 and, subsequently, the rate decreased to 5 cm yr-1
(Wösten & Ritzema, 2002). Drajad et al. (1986) found an average subsidence rate of
3.6 mm/month in a sapric peat deposit 45-63 cm thick at Barambai (South Kalimantan,
Indonesia) 12-21 months after reclamation. At Talio (Central Kalimantan, Indonesia),
the rate of subsidence in a 180-240 cm thick sapric peat was 7.8 mm/month whereas, in
a hemic-sapric peat, 179-236 cm thick it was 9.0 mm/month.
The latest huge development of tropical peatlands was carried out in Central Kalimantan,
Indonesia on an area referred to as the Mega Rice Project (MRP). This project was
launched by President Soeharto on 26th December 1995 through Presidential Decree No.
82/1995 with the objective to develop approximately one million hectares of wetland
(mostly peatland) for food crop production, especially rice. The MRP covers an area of
1,457,100 hectares in total including buffer zone, Block E.
Three Indonesian Government Departments were involved in the planning and
implementation of activities within the MRP: (1) Ministry of Public Works (PW) for
the construction of the extensive drainage-irrigation network, rice fields, homesteads
and estates, (2) Ministry of Transmigration for the preparation of settlement,
transmigration placement, and the provision of both infra and supra structures, and (3)
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Ministry of Agriculture that carried out agricultural activities and provided guidance
and support to farmers. Field activities (land clearance and drainage) commenced in the
fiscal year 1996/1997. The project went ahead without carrying out either prior
comprehensive planning or environmental impact assessment (Muhammad & Rieley,
2002).
During the implementation of the project, many problems occurred including the
following:
1. Biophysical: decrease in water quality from increased acidity and the loss of
vegetation cover.
2. Socio-economic: non-payment of land compensation fees, the loss of daily
subsistence of local inhabitants because of damage to traditional fishponds (locally
called beje) and other forest products such as rattan, latex, food and medicines.
The MRP implementation was re-evaluated in May 1998 and this revealed that the
project had been misleading in terms of its rationale, strategy, planning,
implementation, and budget allocation from the beginning. This review concluded that
only 40-50% of the project area consisted of peat soils but, more significantly, only
400,000 ha were suitable for agriculture, but not for rice, while the rest should be
preserved and conserved.
Because peatland development to date has often produced disappointing results, it is
important to institute a better system of land use planning based upon a landscape
modelling approach. In designing a peatlands management model, the characteristics of
the ecosystem components should be understood well since each has specific functions
that contribute to the whole ecosystem. Preparing an inventory of environmental
parameters and understanding their behaviour in relationship to land use change and
natural or human impacts is an important step to this. Modelling should also be carried
out to predict the consequences of proposed actions that are expensive, difficult to
implement or destructive to the natural ecosystem and the environment generally (Hall
& Day, 1997).
The integration of a Geographic Information System (GIS) with ecosystem or
environment models provides the means to analyse ecosystem processes in a
comprehensive way. GIS is a valuable tool for combining data from disparate sources
in an organised fashion (Nemani et al., 1993). The role of GIS as a tool to capture,
manipulate, process and display spatial or geo-referenced data is very important in
establishing a model of peatland management. Studies have been carried out to integrate
environmental modelling and GIS. Aspinall & Pearson (2000), for example, combine an
eco-hydrological model and GIS for the assessment of water catchment conditions for
land management and planning. Bobba, et al. (2000) use a hydrological model to
simulate the movements of pollutants and subsurface water, surface water and lake
sediments.
In the past, the most concern was focused on the temporal effects on ecosystems by
studying changes over a certain time scale and considerable progress has been made in
this direction. In future, however, analysis and understanding of spatial phenomena
using GIS will become more important. The horizontal and vertical variation of
environmental characteristics such as soil type, peat depth, soil fertility, fire risk etc.,
could be stored and analysed in a much more precise manner. The use of GIS to
integrate spatial physical, chemical and hydrological data as well as land use of peatland
is a powerful tool. GIS progressed as a means of put together and analyse various data
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relate to specific geographic areas, using the spatial locations of the data as the basis for
the information system. The result of this technique that provides visual output is
meaningful for policy makers and planners.

The overall objectives of this research are: (1) to determine the impact of the
development of the Mega Rice Project on the ecological functions of the peatland
ecosystem, and (2) to prepare an integrated land use plan for this peatland area that
sustains its ecological functions in a comprehensive way.
Based on these general objectives, laboratory and field study of tropical peatland will be
undertaken to:
• evaluate physical and chemical characteristics of developed peatlands as part of the
MRP, especially those related to land suitability assessment.
• compare the ecological characteristics of developed peatlands of the MRP to
adjacent natural peatlands.
• determine, as accurately as possible, the amounts of carbon and water stored in the
tropical peat swamp forest of Central Kalimantan and the impact upon these of land
use change.
• determine the main factors affecting the loss of carbon and water from peatland
ecosystems.
• evaluate the change on hydrological characteristic of peatland under different land
uses.
• establish several land use options based on the biophysical and chemical parameters
as an input to land use planning.
Conclusions
This study provides information on morphological, landscape and physical and
chemical characteristics of a degraded peatland area that is associated with the
construction of large channels as part of the former Mega Rice Project in Central
Kalimantan, Indonesia. Investigation of the peat landscape between the major rivers
confirms the previous hypothesis that this peatland has a convex dome shape with only
a small gradient increase toward the summit. Chemical characteristics of peat in the
study area indicate a low fertility with acid pH and deficient macronutrient content.
Comparison of physical and chemical properties of peat between peatland types (study
areas) and depth partly shows a significant difference.
The main constraints to develop the peatlands in the study area is the thickness of the
peat most of which is >3 metres making it unsuitable for agricultural purposes. Peat
less than 3 metres thick could be considered for agriculture with some high inputs of
fertilisers and soil ameliorants.
There has been change in the ecological characteristics of developed peat compared to
its natural condition. This study confirms that the principal changes are to carbon stock
and carbon cycles, water storage and microclimate. These also affect carbon balance.
Total biomass and total carbon content of natural peat swamp forest are higher than in
other study sites (degraded forest etc…). Most of the biomass is allocated in wood and
roots whilst for carbon, the peat soil stores a much higher proportion of carbon than the
vegetation. Degradation of forest vegetation causes a decrease in biomass and carbon
content compared to the natural condition, with fire clearly causing largest losses of
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biomass and carbon, while agriculture also leads to lesser loss of carbon as a result of
the application of peat ash and resultant peat oxidation.
The calculation of aboveground biomass for tropical peat swamp forest can be carried
out using several allometric equations developed for other forest types, while for
calculation of carbon using a coefficient of 0.5 provides a slightly lower results.
The development of peatlands is associated with drainage and the channels excavated
for this purpose affect water storage significantly. The capacity of drained peatland to
store water is low and results in a decline of ground water levels. There is a drastic
effect on water storage in drained peatland during the dry season, while in the rainy
season the ground water table still remains depending on rainfall.
The results of the study show that inappropriate and unsustainable forms of peatland
management have resulted in degradation of the natural forest vegetation, drawdown of
the peat water table, increase of peat surface and air temperatures and recurrent surface
and ground fires. The last have been responsible for large emissions of carbon to the
atmosphere with consequence for climate change processes.
Based on the biophysical and chemical parameters, thick peat of more than 3 metres
should be considered for restoration to forest. On areas with the peat less than 3 metres
thick there is a possibility they could be developed as production areas and further
detailed study is needed for this purpose.

Implication of this Study for Tropical Peatland Management
This study confirms that for lowland tropical peatland landscapes, although the gradient
from the river edge towards the summit of the dome is relatively small, the peat surface is
definitely not flat. This is the reason why construction of the main channel to regulate
water supply in the Mega Rice Project, with its enormous dimensions, 5-6 metres deep and
25 metres wide, resulted in over drainage. Furthermore, it has and will continue to cause
the degradation of ecosystem functions of peatlands such as carbon sequestration and
storage and water regulation.
The chemical characteristics of peat in the study area, especially within the peat surface
were found in the category of low fertility. Since the fertility of peat soil in the study
area as peat in general is low, to improve this fertility will need a high input of fertilisers
(Limin et al, 1999). Therefore, the plan to utilise tropical peatlands, including the area
of the former MRP, for agriculture and plantations should be re-considered. Additional
negative impacts such as fire and flooding always occurred during the development.
New approaches are now required in order to utilise the environmental services of the
peatland ecosystem and therefore the plan by the Government of Indonesia for new
development of natural peatlands should be changed. It would be much better to restore
abandoned, degraded peatlands back to their former important ecosystem functions.
Therefore, the ex-MRP area should be re-assessed, based upon its carrying capacity and
also its suitability for different land uses. Since, most of the area is unsuitable for
agriculture development, reforestation is probably the best solution. Maintenance of
forest vegetation on the peatland area, especially thick peat (>3 m), is essential to
conserve the carbon stored there.
The large amount of carbon stored in the peatlands of Central Kalimantan is of major
importance to global and regional climate protection. The release of huge amount of
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carbon in the fires that occurred in the peatland areas of Indonesia in 1997 and 2002, for
example, has contributed considerably to the increase in carbon dioxide that could
accelerate changes on global temperature. The existence of forest vegetation on these
peatlands is vital to maintain carbon sequestration.
Based on study in Central Kalimantan, Sjarkowi (2000) found that the indirect and nonuse values of the potential resources of peat swamp forest ecosystem are much higher
than the direct values of ecosystem development. Therefore, the traditional approaches
of peat utilisation such as for agriculture should be re-considered, since they always
produce a lot of carbon emission through peat burning practices as well as drainage.
Alternative approaches, involving wise use of the peat swamp forest ecosystem as
developed by several parties such as Limin et al, (2003) should be supported. Various
efforts have been introduced by other organisations such as the Borneo Orangutan
Survival Foundation (BOSF) that is already managing part of Block E of ex-the MRP
area for conservation.
For the calculation of total carbon within the peatland area, especially for below ground
carbon, the thickness of peat is the most important factor while the bulk density of peat
throughout natural peat swamps is relatively constant (e.g. Shimada et al. 2001). In
addition, the carbon content of peat throughout the peat profile down to the mineral
substratum is virtually the same throughout.
This tropical peatland clearly stores a high amount of carbon that has accumulated for
up to 23,000 years. In addition, the existence of forest vegetation has the important
function to absorb the carbon dioxide from the atmosphere through photosynthesis.
However, much of this carbon store has been emitted to the atmosphere in a short period
as a result of peatland and forest fires. Therefore in order to avoid future peat and forest
fires that are usually associated with dry seasons, some efforts should be put into their
prevention in the first place. The success of preventing the emission of carbon to the
atmosphere depends upon protecting the peatland and forest from fire, which will also
avoid the health problems and decrease of economic activities associated with
production of haze.
This study confirms that most of carbon is stored as below ground carbon, especially in
peat, although the amount of carbon fixed in above ground biomass or vegetation,
through photosynthesis, is very important in the carbon cycle. In addition, the
vegetation cover clearly maintains the peat surface and air temperature that also
influences the oxidation process and could prevent the emission of carbon to the
atmosphere. Oxidation increases as a result of lowering the water table. The loss of
vegetation cover clearly causes an increase in the air temperature as well as peat surface
temperature. Furthermore, the temperature increase will clearly bring about the
increased of carbon loss as a result of peat oxidation (Hoog et al., 1992).
The development of peatlands for agriculture is always associated with land drainage and
irrigation. The MRP project, that was poorly planned and not subjected to an
environmental impact assessment before implementation, has proved that construction of
huge channels resulted in a massive loss of water storage as well as removal of organic
carbon dissolved in it, especially at the beginning of the project. Also, the abandoned main
channel provided access to enter the peat swamp forest for illegal logging. This increased
the risk of forest and peat fires. Recently, the Indonesian Government has prepared a new
plan to restore the MRP area, in which peat more than 3 metres thick will be conserved. In
order to protect further loss of water from the peatland ecosystem, effective techniques for
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restoring the area should be examined, to get better results, and these must consider the
socio economics aspects of closing access of local people that utilise the channel for
transportation.

Suggestions for Future Research
1. Theoretically, restoration of the damaged peatland area to reinstate hydrological
characteristics of the area and provide for the re-vegetation should have an impact
on the biomass and carbon content of this ecosystem. Therefore, it is important to
study the impact of peatlands restoration on hydrology and vegetation.
2. For mapping of peatlands thickness within the study area, the main transect used
was the main channel but it is essential to have a more widespread distribution of
sampling of peat thickness measurements. By carrying out additional peat
measurements between the main channel and the new interpolation, it will be
possible to compare the results with the previous interpolation work using a limited
distribution of data alongside the main channel.
3. For hydrometeorology, the measurement of soil moisture contents under other land
uses besides agriculture are needed to learn about their effects, since soil moisture is
also an important factor related to trace gases flux.
4. In this study, the calculation of aboveground biomass was undertaken within three
types of land use (natural, logged-over, and ex-fire). On a satellite images, the
performance of natural and logged over forest especially, show almost a similarity
colour and its classification, while the amount of aboveground biomass is different.
For accurate and fast estimation of forest biomass and carbon using remote sensing
technique, it is important therefore, to carry out the measurement of aboveground
biomass within several land cover as a result of classification.
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A CRITICAL EVALUATION OF THE ROLE AND POTENTIAL OF REMOTE
SENSING IN MONITORING VEGETATION AND HYDRDOLOGY OF TROPICAL
PEAT SWAMP FORESTS – A CASE STUDY FROM CENTRAL KALIMANTAN
Martin Stahlhut
University of Nottingham, UK
Tropical peat swamps are important in many ways: they are a habitat for rare and
endangered species, offer livelihood to local communities, regulate water flow, and act
as carbon sinks. Of the estimated 300 000 to 450 000 km2 globally, 200 000 km2 are
found in Indonesia, where they cover 10 % of the land area. As a consequence of
logging and large scale land conversion, these sensitive peatlands are threatened by
irreversible damage and destruction. Owing to increasing population pressure, their total
conservation is no longer considered an option. Utilization that minimizes
environmental impact requires detailed knowledge and understanding of the life
processes involved in this fragile ecosystem. In particular, the complex interactions
between water, vegetation and soil, to which they owe their existence, is still little
understood. This study investigates the potential of remote sensing, to determine the
spatio-temporal extent of flooding in a tropical peat swamp forest in Kalimantan,
Indonesia.
Firstly, a vegetation classification and subsequent change detection analysis were
carried out, using a time series of LandSat TM scenes (1991, 1996, 1997, 2000).
Unsupervised classification was used to determine the spectral profiles of the main land
cover classes of water, soil and vegetation. These signatures were then used as inputs
for a supervised classification. This showed that vegetation types could not be
discriminated by their spectral properties, and were classified according to their texture
in LandSat TM band 4. Two groups of forest types could be distinguished – the coarse
textured riverine and tall interior forest, and the fine textured low pole / very low
canopy forest. Of the entire study area (1523 km2), 34 % (518 km2) did not change their
class membership during the period of observation.
A time series of 14 JERS-1 scenes covering the period from 1994 to 1998 was used to
identify zones of radar backscatter change. The change detection analysis provided
information about the areas which underwent a land cover change during this period.
These areas were masked, which left only a change in the hydrological conditions of the
ground as possible explanation of the backscatter change. Thus, zones of fluctuating
ground moisture could be delineated. These showed a characteristic pattern, for the
entire study area as well as those zones that did not undergo a land cover change.
Backscatter change was found to be under represented in the riverine and the tall
interior forest, and over represented in the low pole and very low canopy forest. This
confirms the observation that even during the wet season, the soil in the former forest
types – particularly in the tall interior forest – is not flooded. Conversely, the forest
floor under the low pole forest shows a variable moisture regime.
An attempt was made to relate backscatter intensity to the amount of rainfall for periods
of increasing length – for three day intervals from 3 to 30 days - before the radar images
were taken. For any of the rainfall totals, 25 % of the area where no land cover change
was indentified from 1991 to 2000, showed a significant correlation. Differences
between the land cover classes were characteristic. For backscatter from water, the
significant correlation was predominantly negative. 72 % of the area classified as soil
and 1/5th of both vegetation classes, exhibit a positive backscatter/rainfall correlation. In
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general, a gradient of the rainfall/backscatter correlation from the north (closer to the
location where precipitation measurements were taken) to the south of the study area
was observed; this appears to be an effect of spatial decorrelation, resulting from spatial
variation in rainfall.
The occurrence of rainfall/backscatter correlation is decisively influenced by the length
of the rainfall intervals. For water and soil, zones that exhibit a significant correlation
for a specific rainfall interval, are strongly fragmented and seldom larger than a few
contiguous pixels. Shorter periods of rainfall cause a correlation in the coarse textured
vegetation at the upper reaches of the streams that drain the peat dome, while longer
rainfall intervals lead to correlation at their lower reaches and are thus likely to be
caused by water accumulation. In the fine textured vegetation, flat areas are
characterized by the absence of correlation for any of the rainfall intervals; after short
periods of rainfall, correlation is mainly found at steeper and upper slopes, while at the
lower slopes of the peat dome and a less steep gradient, more precipitation is required to
cause a significant rainfall/backscatter correlation.
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HUMAN IMPACT ON BENTHIC COMMUNITIES OF TWO LAKES IN CENTRAL
KALIMANTAN, INDONESIA
Yulintine
University of Palangka Raya, Indonesia
Background and Justification
There are 2,267,800 ha of wetlands in Central Kalimantan out of a total area of
15,382,800 ha in this Province of Indonesia. Freshwater swamps constitute 1,811,500
ha, rivers 322,500 ha and lakes 132,000 ha (BPS, 2000). These freshwater ecosystems
are characterized by very low pH and low nutrient content (Page and Rieley, 1998).
Little is known about lakes in Kalimantan compared to those in Java and Bali. Most
Kalimantan lakes are seasonal oxbow lakes that are formed in river floodplains. As a
result, they are relatively shallow and fed by the flood water of major rivers
(MacKinnon, et al., 1996). The pH of these lakes is strongly acidic in contrast again to
lakes in Java and Bali, which are mostly alkaline (Fernando, 1984).
The water of lakes in Central Kalimantan has low transparency ranging from several
centimetres to a half metre and low dissolved oxygen concentration ranging from 0.1 to
1 mg/l (Iwakuma et al., 1999). Nevertheless, freshwater lakes in Central Kalimantan
have several important uses for local communities, especially fishing and domestic
water supply. Fish are caught for local consumption in freshwater ecosystems,
including lakes, in the surroundings of villages. Local communities also use water from
these lakes for drinking and other purposes. For example, they support an abundance of
fish with production of some 13,000 tonne per year (BPS, 2000). Additionally, Torang
and Buchar (2000) have recorded a very high fish diversity in some oxbow lakes of
Central Kalimantan of 48 fish species.
Benthos, which lives in bottom sediments and on higher plants of open waters (Wetzel
and Likens, 1991), consists of several categories of bottom-dwelling organisms based
on their size namely, macrobenthos, meiobenthos and microbenthos. Macrobenthic
species are retained by sieves of mesh size 1.0 to 0.0425 mm, meiobenthic forms are
stopped by a mesh size of 0.050 to 0.045 mm while microbenthic species are retained
by 0.050 to 0.045 mm sieves (Cole, 1988). Benthic organisms play important roles in
aquatic ecosystems, for example, decomposers of organic matter, indicators of levels of
pollution and food supply for many fish species and higher trophic level organisms
(Mallory et al., 1994). Futhermore, insects, segmented worms (oligochaetes and
leeches), microcrustacea (ostracods) and macrocrustaceans (mysids, isopods, decapods
and amphipods) are major components of freshwater benthic fauna (Wetzel and Likens,
1991).
In addition, macrobenthos can be considered as an effective indicator to measure the
trend of environmental changes in water ecosystem because of its long life cycle, living
in and on sediments and thereby reflecting the state of the entire ecosystem (Reice and
Wohlenberg, 1993; Rosenberg and Resh, 1993). Macrobenthos are well-suited to
experimental approaches for biomonitoring because simple and inexpensive equipment
are available for sampling, there is well-known and readily available taxonomic
information for many groups and keys to their identification and well-developed
methods of data analyses (Rosenberg and Resh, 1993). The benthic macroinvertebrates
are a very useful group with which to monitor the quality of water bodies.
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Human activity has contributed, however, to alteration of many lake ecosystems
through urban and rural run-off such as effluent of domestic sewage, run-off of
agriculture and forest management. These effluents are especially high in their contents
of nitrogen and phosphorus that result in enrichment of lakes, or eutrophication (Moss,
2000; Mason, 2002). Moreover, many sources of nitrogen and phosphorus are located in
the surroundings of lakes that also contribute to their enrichment, often reducing
diversity of benthic species as well as decreasing water quality. Acceleration of
eutrophication eventually affects natural water bodies and reduces its life span as a
result of accumulation of massive amounts of dead algae and water plants, the presence
of which imposes stress on decomposition processes. Nevertheless, this increased
productivity also leads to an increase in the growth of fish and other higher level
organisms in aquatic food chains (Ryding and Rast, 1989). However, some potential
external sources including effluent discharges from domestic properties, run-off of from
agricultural activity, and diffusion from the atmosphere (Ryding and Rast, 1989; Moss,
2000; Mason, 2002) may be detrimental to lake ecosystems and their fauna and flora.
Other important internal sources of nitrogen and phosphorus include nutrient
regeneration from bottom sediments and subsurface flow (Ryding and Rast, 1989).
In turn, the enrichment of lakes can lead to high organic matter and low dissolved
oxygen contents and eventually induce changes in benthic organisms both in their
seasonal pattern of occurrence, abundance and composition (Mason, 2002). In other
words, nitrogen-and phosphorus-rich effluent entering a lake can result in negative
effects on its biological stability, affecting all the biological communities and their
relationships within this ecosystem (Moss, 2000). For example, the presence of high
organic enrichment in a lake can affect adversely taxonomic groups of
macroinvertebrates. Likewise, high organic matter and low dissolved oxygen increases
the number of tubificids that can survive under these circumstances owing to the
existence of haemoglobin in their blood. High organic matter but more dissolved
oxygen will result in a shift in dominant populations towards domination by
Chironomus spp. (Maitland, 1994; Moss, 2000; Mason, 2002). The overall abundance
and composition of macroinvertebrates, however, is influenced more by substrate
characteristics than their size distribution (Bourassa and Morin, 1995). In addition,
according to Maitland (1994), the benthic community is influenced by substrate as a
shelter. The effects of eutrophication in oxbow lakes in Central Kalimantan are little
known and have yet to undergo serious investigation. Moreover, benthic studies are the
weakest area in tropical freshwater ecosystem knowledge in comparison with studies of
algae and macrophytes. Based on this background knowledge, it is reasonable to
assume there will be differences in the benthic communities of lakes as a result of
different types and intensity of human impacts measured in terms of inputs of nitrogen
and phosphorus to them.In order to determine effects of human activities on lakes,
research on benthic assemblages is needed because they are effective indicators that can
reflect the state of the entire ecosystem.
The objectives of this research are to:
1. identify and determine the abundance, diversity, composition and distribution of
benthos in two lakes in Central Kalimantan, Indonesia
2. compare the abundance and diversity between the two lakes
3. investigate the relationship between benthic communities and human impacts
4. provide suggestions for sustainable management of these lakes for people’s
livelihoods and environmental protection
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Study sites
The sites used for the field investigation are lakes Tehang and Takapan in Central
Kalimantan, Indonesia. Lake Tehang, of maximum depth around 8 metres, is an oxbow
lake located in Sigi Village of Kapuas District, approximately 17 km north of Palangka
Raya the provincial capital (Figure 1). This lake, of maximum depth around 10 metres,
has two connections to the Kahayan River. Lake Takapan is also an oxbow lake located
approximately 10 km north of Palangka Raya (Figure 2). This lake also has two
connections to the Kahayan River and one to the Rungan River.
Methods
Benthos was collected monthly between July and December 2003 using an Ekman-Grab
sampler. Water samples for analysis of N and P were taken at the same time from all
locations using a Van Dorn water sampler. Four sampling stations were established at
each lake as follows: (1) inflow, (2) centre of lake (3) outflow and (4) lake adjacent;
three replicate samples were taken from every location for each purpose. Temperature,
light transparency, depth, pH and dissolved oxygen were measured in situ on each
sampling event.
Sampling of benthos using Ekman Grab sampler
Benthos samples were collected from the bottom of the lakes using an Ekman Grab
sampler and the material collected placed in plastic bags to which 40% formalin was
added. All benthos sediments were washed through a 45 u mesh size sieve after which
organisms were separated from debris and preserved in 95% alcohol. Macrobenthos
were collected directly and identified by eye, but meiobenthos were separated using a
dissecting microscope and placed in bottles for subsequent screening. Initially, benthic
organism were sorted into orders and thereafter identified to family or genus levels
according to Pennak (1978) and Merrit and Cummin (1996).
Water sampling using Van Dorn sampler
Water samples were collected from the surface and bottom of the lakes using a Van
Dorn in situ sampler. Samples were transferred immediately to bottles and analysed for
total N and total P by spectrophotometer upon return to the laboratory.
Data analysis
1. Abundance of benthos
Abundance of benthos were determined by counting the number of benthos individuals of
each genus. Abundance of benthos was defined by the formula below :
n
N = ---------------A
Where :
N = abundance of benthos species (ind/m2)
n = number of individuals per sample
A = Ekman Grab sampler area (15 X 15 cm)
2. Index of species diversity
Index of diversity was analyzed by Shannon-Wiener function. The formula is (Krebs,
1989) below:
S
H’ = ∑ (pi) (log2pi)
i=1
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where :
H’ = index of species diversity
S = number of species
pi = proportion of total sample belonging to ith species
3. Comparison of benthic communities between two lakes
Comparison of benthic communities between two lakes with different level of human
impacts was determined using statistical tests.
Conclusions
Human impact, in term of contributing phosphorus and nitrogen, on benthic
communities of two lakes in Central Kalimantan Indonesia was studied. Diversity,
composition and distribution of benthic assemblages in two lake were determined. The
present study was also carried out of these lakes to investigate effect of human activities
in terms of phosphorus and nitrogen concentration. The other environmental parameters
were measured such as depth, light transparency, temperature, pH, dissolved oxygen.
Benthos samples were collected monthly using Ekman grab at four stations on lakes
Tehang and Takapan from July to December 2003.
A total of 12,521 benthic individuals, within 29 taxa belonging to 10 orders and 15
families were recorded from Lake Tehang, while from Lake Takapan there was 10,012
individuals collected consisting of 25 taxa. According to the total number of benthos
oligochaetes were predominant, the percentage relative abundance ranging from 72.5 to
92.3% of total number of benthos of Lake Tehang. Although oligochaetes were also
predominant in Lake Takapan, the proportion of oligochaetes in Lake Takapan (65%)
was smaller than in Lake Tehang. Branchiura sp (Tubificidae) and Branchiodrilus sp
(Naididae) were dominant species of Lake Tehang, while the naidid family, such as
Dero sp, Naidium sp, Aulophorus sp and Branchiodrilus sp, dominated benthos in Lake
Takapan. Dominance of oligochaetes in low water level may be owing to high
suspended solid on main river entering the lakes. On the other hand, the percentage
relative abundance of insect larvae in Lake Takapan, dominated by Chironomus sp and
Polypedilum sp, was greater than in Lake Tehang. It could be owing to higher
dissolved oxygen in Lake Takapan than in Lake Tehang. It might not be due to
concentration of phosphorus and nitrogen because its concentration of both the lakes did
not significantly differ, although the presence of human settlement in surrounding lake
Tehang was more than in lake Takapan.
Further research on analyzing physico-chemical parameters of lake sediments such as
organic matter content, nitrogen, phosphorus, and substrate type, should be carried out.
Therefore, management of river catchments should be applied and in particular
monitoring benthos should also be conducted in order to be able to conserve
biodiversity of benthic communities.
Most lakes in Central Kalimantan are seasonal oxbow lakes located in river floodplains.
This study provides information on the effects of human impact in terms of nitrogen and
phosphorus concentration on benthic communities of two lakes in Central Kalimantan,
Indonesia. This study was to determine abundance, diversity, composition and
distribution of macrozoobenthos and to investigate relationships between benthos and
nitrogen and phosphorus concentration, between benthos and other environmental
variables because macrozoobenthos is a bio-indicator that can reflect the state of the
entire lake ecosystem. Thus, it is hoped that data obtained will be a significant
contribution to better understanding for management of lakes in Central Kalimantan.
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The study results highlighted seasonal water qualities such as depth, light transparency,
temperature, pH, dissolved oxygen, nitrogen and phosphorus, in two oxbow lakes in
Central Kalimantan. The results reflect typical condition of tropical oxbow lakes in
Central Kalimantan, with shallow depth, low pH, light transparency and dissolved
oxygen, and high and stable temperature. These unfavour environmental conditions,
including type of substrate, may affect the type of macrozoobenthos, dominated by the
oligochaete group and followed by the insect group. Although statistically there are no
significant relationships between macrozoobenthos and environmental factors, it is
assumed that environmental variables affect benthic assemblages.
Future work should be carried out on effects of physico-chemical characteristics of lake
sediment such as organic matter content, nitrogen, phosphorus, and substrate type
directly associated with benthic organisms. Therefore, maintenance of river catchment
area through river basin management considering human and environment aspects
should be conducted. Particularly, monitoring benthos should also be carried out in
order to be able to conserve biodiversity of benthic communities.
Problems encountered during the research project
No major problems were encountered that could not be resolved. One major exception
was the consequence of the bomb in Bali in October 2002 that had serious implications
for the UNNOT partner for some time. The University of Nottingham, following
recommendations by the UK Government Foreign Office, embargoes its staff from
visiting Indonesia for almost 18 months. This did not affect the supervision of
Indonesian researchers in the UK but had a major impact on direct project management
in Central Kalimantan throughout most of 2003. In the event, most of the work that was
delayed was subsequently brought back on target.
Problems/difficulties encountered by the project:
• Making initial arrangements with the partner universities in Indonesia
• Operation difficulties created by delays in funding arriving from the EU and the lack
of understanding of financial procedures and management by partners in SE Asia.
• Difficulty obtaining financial support for English language training for DC
postgraduates studying in Europe
• Persuading Indonesian and Malaysian Government authorities of the importance and
need for this work.
• Access to the peat swamp forest wilderness.
• Ethnic unrest in Kalimantan (commencing at the beginning of 2000 but continuing
to the present day).
• Damage to field study sites by illegal loggers and others entering the swamp forest.
Implementation Plan
1. Publication in peer reviewed scientific journals. The highest quality, most
significant findings of the research have been published in international journals and
these are listed below.
2. Presentation of findings at scientific meetings. A large number of presentations have
been given at a large number of conferences, seminars, symposia and workshops to
a wide audience in Europe, North America and Southeast Asia. This is continuing.
These are listed below.
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3. Publication of findings in the proceedings of scientific meetings. A selection of the
papers presented at scientific meetings have been published in proceedings are
therefore available to a much wider audience than the project partnership. These are
listed below.
4. Interface with local and national government authorities in Southeast Asia and
provision of project information.This has been a major activity of the STRAPEAT
Project and numerous meetings have been held with staff of ministries, agencies,
planning bodies, politicians and administrators in Indonesia and Malaysia. Notable
in this respect has been the State Planning Board of Sarawak and the Sarawak
Department of Agriculture, the Ministry of Research and Technology in Indonesia
and the Provincial Government of Central Kalimantan.
5. Interface with local government and communities. This has been achieved most
successfully in Indonesia through the first stakeholders meeting (Kalteng Forum)
that was held in the British Ambassador’s residence in Jakarta in September 2002.
This was followed by subsequent meetings in the office of the Governor of Central
Kalimantan in August 2003 and at the Aula of the University of Palangka Raya in
November 2004. The consensus of agreement reached at these meetings is now
being transferred into action plans to promote ‘wises use’ of peatland in Central
Kalimantan.
6. Skills transfer and training. The staff and postgraduate students trained in a variety
of skills related to sustainable development of tropical peatlands and those who have
obtained higher degree qualifications as a result are now a major human resource
that is capable of providing high level, focused training to future colleagues,
students and government officers in Central Kalimantan in order to propel
development in that province in order to alleviate poverty and promote
environmentally sustainable development. Several training courses have been held
and there are firm plans to establish taught postgraduate courses and short career
development courses.
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Summary of Key Points in the UNNOT/STRAPEAT Project
•
Project successes:
• A large database of information on peat swamp forest biodiversity,
especially plants, mammals, birds, reptiles and fish.
• A large database of ecological information on the peat swamp forest
ecosystem, especially, peat thickness, land surface topography,
hydrology, hydrochemistry and impact of fire and sector development.
• Establishment of a research centre for tropical peatland at the University
of Palangka Raya, including a field station in peat swamp forest in the
upper catchment of Sg. Sebangau.

77

•
•
•
•
•
•

Establishment of the Darwin herbarium at the University of Palangka
Raya.
Training of 2 persons to Masters Degree level and 3 for Ph.D.
Links formed with Indonesian and Malaysian National and Local
Government authorities.
Three meetings held of principal Indonesian stakeholders and a ‘forum
for action’ establisheed.
Springboard to obtain funding from other sponsors.
Lessons to be drawn from the experience of this project
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Objectives
• Review key information on peatlands in Borneo and identify critical gaps in
knowledge.
• Undertake a programme of environmental factor measurement and monitoring at
selected sites in order to collect biophysical, chemical and hydrological information
for natural peat swamp forest and degraded peatland.
• Formulate strategies for implementing sustainable management of tropical peatland
based upon considerations of natural resource functions, environmentally
sustainable management and multiple 'wise use'.
• Strengthen local research capability and scientific and socio-economic knowledge;
promote international and regional human resource exchange and co-operation;
transfer information, skills and techniques; disseminate information generated
locally, regionally, nationally and internationally.
Methods and procedures
•
Acquire all available published and unpublished information on (a) the
biological diversity of tropical peatlands; and (b) the role of tropical peatlands in
the global carbon cycle.
•
Evaluate the impact of sector development and environmental degradation on
the biodiversity and carbon dynamics of tropical peatlands, with a particular
focus on illegal logging and fire.
•
Acquire targeted biological, chemical and physical information on tropical
peatlands, with a particular focus on biodiversity and the role of tropical
peatlands in the global carbon cycle.
•
Participate in meetings (training sessions, workshops, seminars, public
meetings) with partners, peatland scientists and other stakeholders.
•
Develop guidelines for the sustainable management of lowland tropical peatland
(wise use guidelines).
•
Participate in focus groups, stakeholder workshops and other meetings to discuss
and test the guidelines.
•
Participate in staff training programmes, including short courses and techniques
instruction sessions.
•
Present scientific findings to a broad international audience.
•
Publish results of this project in scientific, technical and popular journals.
Training courses and education programmes
During the STRAPEAT project, UNILEI trained one UK research associate, and
participated in the training of three Indonesian postgraduate students from UNPAR.
Staff of UNILEI participated in several short courses, project workshops and allied
meetings and conferences.
Results Achieved
The following is a summary of the main research outputs arising from UNILEI’s
participation in the STRAPEAT project. The outputs are summarised under the
following headings:
• Biodiversity of peat swamp forest in Southeast Asia
o Botanical and biogeographical studies of peat swamp forest tree species
o Studies of genetic variation in populations of Gonystylus bancanus (ramin)
o Vegetation regeneration on fire-damanged peatlands
o Conservation status of the Bornean orang-utan in the peat swamp forests of
Central Kalimantan
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•

•

The role of tropical peatlands in the global carbon cycle
o The contemporary role of fire in the carbon dynamics of tropical peatlands
o A record of late Pleistocene and Holocene carbon accumulation and climate
change from a peat deposit in Central Kalimantan
The tropical peatland geochemical record

Biodiversity of Peat Swamp Forest in Southeast Asia
Biodiversity is the variability among living organisms and the habitats in which they
occur. This includes diversity within species, between species and of ecosystems, many
of which have not yet been discovered. The rapid loss of biological diversity that is
occurring as a result of species loss owing to habitat destruction and fragmentation is
considered one of the world’s most pressing environmental problems. Following the Rio
‘Earth’ Summit in 1992 the Convention on Biological Diversity (CBD) was established
with the express purpose of protecting global biodiversity.
Whilst the diversity associated with tropical rainwater fed peatlands is usually lower
than adjacent dryland ecosystems, many peatland species are specialised and are not
found in other habitat types. The inaccessibility of tropical peatlands has also drawn in
species, which, although not confined to this habitat, are dependent upon the shelter and
food these forests provide, compared with the intensively logged forests on mineral
soils. As more information on the biodiversity of tropical peat swamp forest
accumulates it is clear that this ecosystem has been undervalued as a habitat for rare and
threatened species, not all of which are considered to be wetland specialists.
In overall terms, tall peat swamp forest sub-types, which have the greatest tree species
diversity and canopy stratification, support the greatest faunal diversity (Page et al.,
1997). The lower canopy sub-types are less species diverse; these coincide with zones
of extreme hydrological and nutrient stress (as a result of waterlogging and oligotrophy)
and most closely resemble the depauperate plant and animal communities described in
earlier accounts of this ecosystem (Merton, 1962; Janzen, 1974). These forests are not
without interest, however, and several noteworthy species of mammals and birds have
been recorded in low pole forest (Page et al., 1997), whilst the many water-filled
hollows on the forest floor support unusual species of blackwater fish community (Ng et
al., 1994).
Botanical and biogeographical studies of peat swamp forest tree species
Contributors: Waldes, N.J. & Page, S.E.
The vegetation of natural lowland tropical peat swamp forest is dominated by trees, in
contrast to most temperate and boreal peatlands, which are usually characterised by
bryophytes, grasses, sedges and shrubs (Wyatt-Smith, 1959, 1964; Anderson, 1963,
1964, 1976, 1983; Rieley & Ahmad-Shah, 1996; Page et al., 1999). Many of the trees
have buttress or stilt roots that provide improved stability on the waterlogged peat soils
and breathing roots (pneumatophores) that protrude above the peat surface, enabling
respiratory gas exchange to occur under anaerobic conditions. Most of the tree families
of lowland dipterocarp forests in Southeast Asia are found in lowland peat swamp
forests (Polak, 1975; Whitmore, 1984) with members of the Anacardiaceae,
Annonaceae, Burseraceae, Clusiaceae, Dipterocarpaceae, Euphorbiaceae, Lauraceae,
Leguminosae, Myristicaceae, Myrtaceae and Rubiaceae being well-represented (WyattSmith, 1959; Morley 1981; Flenley, 1985, 1998; Brunig, 1988; Ibrahim & Hall, 1992;
Shepherd et al., 1997). Members of the Pandanaceae often form a dense ground cover;
ferns and insectivorous pitcher plants (Nepenthaceae) also occur. Bryophytes are
abundant on the tops of hummocks and on tree bases, but Sphagnum spp. are present in
81

marginal drainage areas only and are not associated with peat formation (Gates, 1915;
Flenley, 1979).
From an intensive study of the literature, a list has been compiled of 848 tree species
that occur in the peat swamp forests of the Southeast Asia region. Of these, 227 have
been recorded in more than one area of peat swamp forest, whilst the remaining 579
were recorded from single geographical locations. Borneo is at the centre of this tree
species diversity, with over half of the total peat swamp forest species in Southeast Asia
recorded from that island. Of these, however, 281 species were recorded from only one
peatland locality. Whilst the available information on the flora of peat swamp forests is
rather disparate, these data emphasis that there is considerable local and regional
variation in the peat swamp forest flora. For nature conservation efforts to succeed it
will be important to preserve peat swamp forest habitats across the region, rather than at
just one or two locations.
Whilst the diversity associated with ombrotrophic lowland tropical peatlands is usually
lower than adjacent terrestrial rainforest ecosystems, many peatland plants are
specialists that are not found in other habitats. In Southeast Asia, the tree species
Dactylocladus stenostachys, Gonystylus bancanus, Horsfieldia crassifolia, Shorea
belangeran and S. teysmanniana are confined almost exclusively to peat swamp forest.
Of these, Gonystylus bancanus (ramin) is a valuable timber tree that has been the
subject of extensive illegal logging from the peat swamp forests of Indonesia. This
uncontrolled exploitation has placed the species at risk of extinction and, as a result,
Gonystylus bancanus was placed on the CITES list of protected species in 2004.
Studies of genetic variation in populations of Gonystylus bancanus (ramin) from peat
swamp forest on the island of Borneo
Contributors: Waldes, N.J., Page, S.E. & Ferris, C.
The centre of diversity for the tree genus Gonystylus (Thymeleaeceae) is in Borneo (67
% of Gonystylus spp. are endemic to the island) and this is believed to be the origin of
the subfamily Gonystyloideae. One species, G. bancanus (ramin), is more or less
restricted to peatswamp forest and this tree was chosen for molecular phylogenetic
study. The aims of the study were to explore intraspecific genetic variation and
investigate whether this could be used to elucidate patterns of migration. A total of 29
leaf collections of Gonystylus bancanus (Thymeleaeceae) were collected from locations
in Central Kalimantan, Sarawak and Brunei. Whole genomic DNA was isolated before
being amplified by polymerase chain reaction (PCR) using the plant/fungal-designed
primers of ITS4 and ITS5 that allow amplification of the intergenic spacers (ITS) for the
nuclear ribosomal DNA (rDNA). Amplified material was then subject to sequence
analysis. Sequences were verifed, cleaned and aligned and phylogenetic analysis was
performed using PAUP (Phylogenetic Analysis Using Parsimony). The resulting
phylogenetic tree was ‘rooted’ using leaf material from the tree Aquilaria beccariana
(Thymeleaeceae) as the outgroup taxon and reliability of the data was tested using
bootstrap analysis. The phylogenetic tree revealed five clades or ribotypes of the G.
bancanus samples. Three ribotypes were identified from one peatland dome in Central
Kalimantan, with clear intraspecific differences between populations of three,
contiguous phasic communities (mixed swamp forest, low pole forest and tall interior
forest). The ribotype of the mixed swamp forest population was widely distributed
elsewhere in Central Kalimantan and in Sarawak, whilst a separate ribotype was
identified from the Brunei samples. This latter ribotype is the furthest removed from all
other ribotypes of G. bancanus and is a very ancient lineage. It is possible that the
degree of both genetic and morphological difference in this population is great enough
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to consider it for sub species status. Further collection and detailed analysis of fertile
herbarium material is necessary to resolve this.
The results of this study show that genetic sequences (in this case the ITS1 and ITS2
region of nuclear DNA) can be used to indicate intraspecific differences between
populations of G. bancanus, a tree generally restricted in distribution to peat swamp
forest. The same genetic sequence would also appear to be suitable for investigating
interspecific variation within the genus Gonystylus, at least within the Malesian group
of the species. The general pattern of migration of G. bancanus (and hence
development of the peatlands) since the retreat of the LGM may be inferred from
widespread sampling and comparison.
Vegetation regeneration on fire-damaged peatlands
Contributors: Waldes, N.J., Page, S.E. & Erna Poesie
The peatlands of Central Kalimantan have been suffering from over-utilisation for a
number of years. Access routes, such as roads, rivers and canals, are increasing in
number and providing access to the valuable but previously inaccessible peat swamp
forest. This is most evident in the former Mega Rice Project area, encompassing 1
million hectares of mainly peat-covered land in southern Central Kalimantan. The
massive canals and roads implemented by this project have created a vast access
network for those involved in the illegal logging industry. The previously pristine
peatswamp forests are now open for exploitation, whilst the fragile peat structure is
being rapidly drained of water. To exacerbate the situation further, many thousands of
transmigrants were shipped in from Madura and Java, to cultivate rice and ease the
population in their islands. Faced with failed crops of rice and vegetables, these people
were left to scavenge a living from the peat swamp forests through illegal logging. The
peat swamp forest areas are now criss-crossed by a network of small, hand-dug canals
and logging skids that are used for the extraction of commercially valuable timbers, e.g.
species of Gonystylus (ramin) and Shorea (meranti). The construction of drainage
canals has also, inevitably, led to hydrological changes. This is evident from the drop in
water levels in the canals and the susceptibility of the peatlands to fire in their overdrained condition. Any alteration in the usual pattern of monsoonal rains that produces
an extended dry season (such as occurs during an El Niño event), greatly increases the
risk of forest and peatland fires. In addition, illegal logging increases fire risk. Two
particularly extensive fires during 1997 and 2002 destroyed large areas of peat swamp
forest. These environmental conditions provide the background to the studies on forest
regrowth that were commenced during 2002. The primary aim of this work was to study
post-fire regeneration of the vegetation.
Studies were carried out in the Kalampangan area in Block C of the former Mega Rice
Project. This area contained remnants of peat swamp forest unaffected by fire (control
sites); forest that was fire damaged in 1997, but had subsequently regrown; and forest
that was fire damaged in both 1997 and 2002. The data collected in this area can be
compared with data for natural peat swamp forest collected in the Natural Laboratory
which lies some 10-15 km to the west of Block C on the other side of the River
Sebangau.
In the 5 year post-fire study plots, a number of trees (Combretocarpus rotundatus,
Shorea sp., Dyera polyphylla, Xylopia fusca, X. coriifolia, Eugenia spicata, Stemonorus
secundiflorus and Gymnecranthera eugeniifolia) had survived the fires, although their
trunks still showed evidence of scorching. In the regrowth vegetation, both Cratoxylum
arborescens and C. glaucum appeared to be re-establishing well and were fairly
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dominant. Interestingly, not a lot of young Combretocarpus rotundatus trees were noted
in the regrowth. Tetractomia tetrandrum, Randia kuchingensis and Litsea turfosa were
of frequent occurrence, as were Leguminosae (Adenanthera?), Syzygium (four
species?), a member of the Euphorbiaceae and Elaeocarpus marginatus. Amongst the
undergrowth were a few ferns (bakis and kalakai) representing remnants of the pioneer
post-fire vegetation, some Pandanus sp. and a lot of Antidesma phanerophlebium
(which was fruiting profusely). It was notable that the forest regrowth included
Alseodaphne coriacea (gemur); the bark of this species has a commercial value and in
some adjacent areas of peat swamp forest (e.g. the Natural Laboratory) this species has
been harvested almost to eradication. In the 5 year post-fire study plots most (if not all)
of the forest regrowth had occurred vegetatively from tree stumps and layering from
roots; there was little evidence of reproduction from seeds, either from the seed bank in
the surface peat (which must have been largely destroyed during the fires) or from seeds
brought into the area after the fire ended. It is interesting to note that post-fire conditions
are not conducive to the growth of seedlings of Combretocarpus rotundatus as this is a
common species of secondary peat swamp forest vegetation, and is widely-distributed
owing to its wind-borne, winged seeds.
Studies of the 2 month post-fire study plots revealed a pioneer vegetation consisting of
only three species of fern: Stenochlaena palustris, Lampasau, and Bakis. Some other
plants were mixed in with these along the transect, but appeared to be in a more
advanced stage of growth, as though they had been missed by the fire, e.g. Melastoma
sp. Studies of post-fire vegetation recovery are ongoing and have been incorporated into
two subsequent research projects on peatland restoration (KEYTROP and
RESTORPEAT).
Conservation status of the Bornean orang utan in the peat swamp forests of Central
Kalimantan
Contributors: Morrough-Bernard, H., Husson, S. & Page, S.E.
The orang-utan (Pongo spp.) was once widespread in Asia but is now found only on the
islands of Borneo and Sumatra where it exists as two distinct species (Pongo pygmaeus
and Pongo abelii), re-classified from two sub-species in 1999 (Groves, 1999). Current
knowledge about the distribution, population size and conservation status of all subspecies/sub-populations is incomplete. In 1995, the population of the Bornean orangutan was estimated to be between 10,200 and 15,500 individuals (Rijksen et al., 1995).
The uncertainty surrounding these estimates arises from an incomplete knowledge of
species distribution, combined with evidence that suggests population numbers are
undergoing continuous decline (Soemarna et al., 1995, Rijksen and Meijaard, 1999).
The orang-utan is known to inhabit primary and secondary forest and is typically found
in lowland dipterocarp, freshwater and peat swamp forests. It has also been recorded in
hill forests up to about 1,500 m although at much lower densities than in other habitats
(MacKinnon, 1974; Rijksen, 1978; Payne, 1988; Payne and Andau, 1989; Rijksen and
Meijaard, 1999). All of these habitats are reducing in extent as a result of habitat
degradation and loss, principally from timber extraction (legal and illegal), forest fires
and forest clearance for agriculture and settlement (Wilson and Wilson, 1975; EIA,
1998; Rijksen and Meijaard, 1999; Yeager, 1999). Reduction in habitat area, hunting of
orang-utan for bushmeat and the capture of young animals for the pet trade, have greatly
increased the vulnerability of the Bornean orang-utan in recent decades leading to its
classification as an endangered species by the World Conservation Union (IUCN,
2000). It is also included in Appendix 1 (endangered species, trade in which is
normally prohibited) of the Convention on the International Trade in Endangered
Species (CITES). Even without widespread habitat destruction, orang-utan populations
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are naturally vulnerable owing to a slow reproductive rate resulting from slow
development to sexual maturity (around 12 years) and a high inter-birth interval
(typically 8 years) (Galdikas and Wood, 1990; Rijksen and Meijaard, 1999).
Long-term conservation strategies for this great ape are urgently required but vital
prerequisites to these are accurate details of the density of the population across all
habitats, the exact area and distribution of each habitat type, and the scale and impact of
human intervention. Knowledge of the distribution of the Bornean orang-utan is
especially incomplete, with many unprotected areas of Kalimantan (Indonesian Borneo)
remaining unsurveyed (Rijksen et al., 1995). One recent study, based largely on
secondary information derived from environmental impact assessment statements and
questionnaires to logging concessionaires, has provided the most up to date overview of
the present distribution of this species and has highlighted the contemporary importance
of peat swamp forest as a major habitat (Meijaard, 1997). Peatland covers a vast area
(ca. 6 million ha) of the lowlands of Kalimantan (Driessen, 1978). A very small
proportion of this habitat is protected and the area of undisturbed peat swamp forest is
declining rapidly. Many of the shallow, coastal peatlands with peat thickness < 3 m
have been cleared for agriculture, whilst all of the deeper sub-coastal and interior
peatlands are designated for timber extraction. In addition, one million ha of peatland in
Central Kalimantan have recently been deforested and drained for agricultural
production and settlement, the so-called ‘Mega-Rice Project’ (Notohadiprawiro, 1998).
Owing to the rapidly increasing rate of peat swamp forest degradation and loss, there is
an urgent requirement to obtain more accurate estimates of current orang-utan numbers
in this habitat. There are difficulties, however, in estimating population sizes of orangutan owing to their natural low densities and semi-solitary nature (Galdikas, 1985). In
the past, densities were estimated from intensive field surveys that relied on direct
sighting methods. This work was carried out mostly in protected areas and densities
were extrapolated to cover a wide range of unprotected habitats, resulting in overestimates of population size (MacKinnon, 1992; Rijksen and Meijaard, 1999). Most of
the orang-utan habitat outside of formally protected areas remains unsurveyed although
the recent development of non-encounter surveys has the potential to change this. van
Schaik et al. (1995a) estimated orang-utan densities from counts of their nests (arboreal
sleeping platforms) along line transects. Orang-utans make nests daily (MacKinnon,
1971) and individuals rarely re-use old nests. Over a period of time old nests decompose
and are lost from view. The nest-count method requiresan accurate estimation of the
time taken for nests to degraded This variable is then used in the conversion of nest
density to orang-utan density.An alternative method has also been employed whereby
two surveys are performed and only nests that have appeared since the first survey are
used to estimate density. In this instance the time taken for nests to degrade is not
needed, although sample sizes need to be large (e.g. Singleton, 2000). van Schaik et al.
(1995a) found that orang-utan densities derived from nest counts compared favourably
with those obtained from encounter studies. By combining densities with information on
land use and vegetation coverage, derived from satellite images, they were able to
provide rapid and reasonably reliable estimates of the orang-utan population size of a
large study area in Sumatra (van Schaik et al., 1995b; 2001).
An investigation was carried out into the size of the orang-utan population in the
Sebangau catchment, Central Kalimantan. A number of different peat swamp forest
sub-types have been identified in the study area, corresponding to peat of different
thickness and hydrology. Parts of the study area have also been selectively logged over
a 20-year period. The principal aims of the field research were to (i) estimate orang85

utan population densities in the principal peat swamp forest vegetation sub-types using
nest counts from line transect surveys; (ii) investigate orang-utan densities in forest
blocks subject to varying levels of disturbance from logging operations; (iii) predict the
population of orang-utan in a larger peatland area, of which the field study area forms
part, by combining density estimates with land-use and vegetation types derived from
satellite images.
Densities were calculated for four forest sub-types by counts of orang-utan sleeping
platforms along line transects. Densities were found to be highest in the tall interior and
mixed swamp forest sub-types. Low pole forest supported the lowest density. Habitat
disturbance caused by logging was shown to affect orang-utan density within mixed
swamp forest. The orang-utan population for a larger peat covered landscape unit (9200
km2), including the Sebangau catchment, was estimated to be between 5671 (± 955) and
8951 (± 1509) individuals, based upon the area of each forest type, the level of
disturbance in each area and corrected to prevent overestimates. This study identifies
the presence of a very large, self-sustaining orang-utan population in this region and
emphasises the urgent requirement for greater protection of Kalimantan's peat swamp
forests in the light of recent and rapid habitat degradation.

The Role of Tropical Peatlands in the Global Carbon Cycle
The contemporary role of fire in the carbon dynamics of tropical peatlands
Contributors: Page, S.E., Rieley, J.O., Siegert, F., Adi Jaya and Suwido Limin
The tropical peat swamps of Indonesia cover 20 million hectares and may contain as
much as 15% of the global peatland carbon pool, representing a significant terrestrial
store for this element. Most of the carbon in tropical peatlands is located in belowground biomass (i.e. within the peat itself) and not above ground (in peat swamp forest
or derived vegetation types). Net carbon accumulation is favoured by high effective
rainfall and waterlogged soils, but any persistent environmental change, particularly
decrease in wetness, will result in peat degradation and release of stored carbon.
Records of late Pleistocene and early Holocene peat accumulation from several sites
across Southeast Asia indicate that periods of rapid peat formation were interspersed
with periods of peat decomposition and loss, attributed to changes in climate and sea
level and, in some cases, to fire. This suggests that the large reservoir of organic carbon
within tropical peatlands has acted, at various times throughout the Late Quaternary,
both as a sink and a source of atmospheric carbon. In recent decades, changing land
management practices on the peatlands of Indonesia have greatly increased their
susceptibility to degradation and to fire. The fires of 1997, which affected extensive
peatland areas in Kalimantan and Sumatra, illustrated this and also emphasised the
contemporary role of the tropical peatland ecosystem in the global carbon cycle. By
using satellite imagery and ground measurements within a 2.5 million hectare study area
in Central Kalimantan, we determined that the 1997 fires resulted in the release of
between 0.19 and 0.23 Gt (billion tonnes) carbon to the atmosphere through peat
combustion, representing a loss of up to 8% of the peat carbon store. By extrapolating
these results to the total area of burned peatland in Indonesia, we estimated that between
0.81 and 2.57 Gt of carbon could have been released from ground and surface fires,
contributing to a large pulse in atmospheric CO2. At the current estimated rate of carbon
accumulation in the peatlands of Central Kalimantan, this single fire event represents an
approximate loss of between 70 and 200 years of carbon sink function. The transfer of
large amounts of carbon to the atmosphere has major implications for climate change
processes (van der Werf et al., 2004).
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The Southeast Asian region is currently subject to increasing climatic variability
(Heaney, 1991; Easterling et al., 2000) and it is predicted that seasonal precipitation
extremes associated with future ENSO-events are likely to become more pronounced
(Meehl & Washington, 1996). This may lead to reduced water supply to and retention
by peatlands, leading to a lowering of water tables. This will limit the rate of peat
accumulation where it is still taking place, enhance degradation and oxidation on
peatlands that are no longer actively forming peat, and greatly increase the likelihood of
peatland fires, with consequent rapid loss of stored carbon.
A record of late Pleistocene and Holocene carbon accumulation and climate change
from an equatorial peat bog
Contributors: Page, S.E., Rieley, J.O., Wuest, R., Weiss, D., Suwido Limin, & Shotyk,
W.
A 9.5 m core from an inland peatland in Kalimantan reveals organic matter
accumulation started around 26,000 cal yrs BP, providing the oldest reported initiation
date for lowland ombrotrophic peat formation in SE-Asia. The core shows clear
evidence for differential rates of peat formation and carbon storage. A short period of
rapid accumulation is followed by a slow rate during the LGM. Very high rates of peat
(>2 mm yr-1) and carbon (>90 g C m-2 yr-1) accumulation during the Early Holocene
indicate that SE-Asian peatlands acted as a large sink of atmospheric CO2 at this time.
Slower peat accumulation during the mid- to Late Holocene coincides with rapid peat
formation in coastal locations elsewhere in SE-Asia. The average LORCA (long-term
(apparent) carbon accumulation rate) for the profile is 56 g C m-2 yr-1, with a current
-2
-1
rate of 85 g C m yr . The carbon pool of Kalimantan’s peatlands is estimated at 13 Pg,
with a potential carbon sink of 5.8 Tg yr-1; for all tropical peatlands, values are
estimated at 54 Pg and 35.7 Tg yr-1, respectively. These data confirm that studies of
global carbon sources, sinks and their dynamics need to include the past and present
sizeable peat deposits of the tropics.
The tropical peatland geochemical record
There have been very few geochemical studies of tropical peatlands. The studies
described below represent the first published account of the geochemistry of a massive,
ombrotrophic tropical peat deposit and, along with the study described above on peat
accumulation and carbon storage, provide the most detailed account available of peat
development in the tropical region.
Geochemistry of a 9.6 m core from the upper Sebangau catchment, Central Kalimantan
Contributors: Dominik Weiss, William Shotyk, Jack Rieley, Susan Page
Biogeochemical processes in a forested tropical peat deposit and its record of past
atmospheric dust deposition were assessed using the vertical distribution of lithophilic
and plant essential elements in a dated core profile from the upper Sebangau catchment,
Central Kalimantan. Peat formation started c. 22,120 14C yr BP ago and Ca/Mg mass
ratios of the solid peat and the very low ash contents indicate a strongly ombrotrophic
character throughout the deposit, implying that most of the inorganic fraction has been
supplied exclusively by atmospheric inputs. Concentration profiles of Mn, Sr, and Ca
suggest a very minor influence due to chemical diagenesis in the underlying sediments.
Silicon, Ca, Mg, P, S and K show a strong and extended zone of enrichment in the top
200 cm of the profile, indicating that biological accumulation mechanisms are much
more extensive than in temperate peat bogs. In the lower core sections, where the
element distribution is dominated solely by past atmospheric deposition, average Al/Ti
ratios are similar to upper continental crust whereas Fe is slightly enriched and Si is
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strongly depleted: this condition favors highly weathered tropical soil dust as the main
inorganic mineral source. Significant correlation of Al, Fe, Si, S, Ca and Ti with the
lithophilic elements Y and Z suggests that the distribution of these elements is
controlled by sources of atmospheric mineral dust. The Ca/Mg, Ca/K and Mg/K ratios
of the collected rainwater samples are similar to the global average of continental
rainwater and suggest a continental character of the site. This is supported when
relating the average concentration of Br, Mg, Ca and S with temperate continental and
maritime bogs in Switzerland and Scotland. The concentration profiles of Si, Fe, Al, and
Ti show distinct peaks within the profile, implying enhanced dust deposition, reduced
rates of peat accumulation, or possibly both owing to climatic changes during the
Holocene. Enhanced dust deposition between c. 10,830 and 9,470 14C yr BP is
tentatively interpreted as a Younger Dryas like event with dust fluxes of c. 10.8
mg/m2/y. The variation in Al/Ti and Fe/Ti profiles suggest that mineral dust sources
have been changing constantly during the Holocene, with local sources being dominant
between c. 7,820 to 9,470 14C yr BP and long range transport (derived most likely from
China) being important during the late Pleistocene/early Holocene and from c. 7,820 14C
yr BP to present.
Problems encountered during the research project
No major problems were encountered that could not be resolved. One major exception
was the consequence of the bomb in Bali in October 2002 that had implications for the
UNILEI field studies which were subsequently curtailed. Problems/difficulties
encountered by the project:
• Making initial arrangements with the partner universities in Indonesia
• Persuading Indonesian and Malaysian Government authorities of the importance and
need for this work.
• Access to the peat swamp forest wilderness.
• Ethnic unrest in Kalimantan (commencing at the beginning of 2000 but continuing
to the present day).
• Damage to field study sites by illegal loggers and others entering the swamp forest.
Implementation Plan
• Publication in peer reviewed scientific journals. The highest quality, most
significant findings of the research have been published in international journals and
these are listed below.
• Presentation of findings at scientific meetings. A large number of presentations have
been given at a large number of conferences, seminars, symposia and workshops to
a wide audience in Europe, North America and Southeast Asia. This is continuing.
These are listed below.
• Publication of findings in the proceedings of scientific meetings. A selection of the
papers presented at scientific meetings have been published in proceedings and are
therefore available to a much wider audience than the project partnership. These are
listed below.
• Skills transfer and training. The staff and postgraduate students trained in a variety
of skills related to sustainable development of tropical peatlands and those who have
obtained higher degree qualifications as a result are now a major human resource
that is capable of providing high level, focused training to future colleagues,
students and government officers in Central Kalimantan in order to propel
development in that province in order to alleviate poverty and promote
environmentally sustainable development. Several training courses have been held
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and there are firm plans to establish taught postgraduate courses and short career
development courses (UNILEI is a partner in the allied PEATWISE project (EU
Asia-Link funding) that is developing higher education teaching materials on the
sustainable management of tropical peatlands.
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Conclusions
•

Project successes:
a) A large database of information on peat swamp forest biodiversity,
especially relating to the tree flora, and regeneration of peat swamp forest
vegetation after fire, and the mammal and bird fauna, with particular
reference to the current status of the orang-utan.
b) A large database of ecological information on the peat swamp forest
ecosystem, especially, the peat carbon store, rates of peat and carbon
accumulation, the peat geochemical record and the impact of fire and sector
development.
c) Links formed with Indonesian and Malaysian peatland scientists and with
their institutes of higher education.
d) Links formed with European, Indonesian and Malaysian National and Local
Government authorities.
e) Publications in top quality scientific research journals, including Nature and
Journal of Quaternary Science.
f) Wise Use Guidelines for tropical peatlands produced.
g) Successful applications for additional funding involving several STRAPEAT
partners (e.g. PeatWise and Air-Co projects funded by the EU Asia Link
Programme and the Restorpeat project funded under FP6 Inco-Dev).

•

Key research findings:
a) The largest areas of tropical peatland occur in Indonesia and Malaysia
where, in their natural state, they provide a range of important ecological
functions and environmental services, including a significant contribution to
terrestrial carbon sequestration and storage. The latter results from the
considerable thickness of the peat, its high carbon content and rapid
Holocene peat accumulation rates that have equalled or exceeded those of
boreal and temperate peatlands. This has important implications for the
sustainable management of these vast carbon reserves.
b) Lowland tropical peat is relatively homogeneous, consisting of slightly or
partially decomposed debris of the former forest vegetation, mostly trees. Its
chemical and physical properties are derived from the high wood content,
degree of decomposition, mineral matter influx, stratification and
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c)

d)

e)

f)

compaction, which determine bulk density, hydraulic conductivity, water
holding capacity, ash content, acidity and chemical composition. In their
natural state, tropical peat soils are characterized by high acidity and low
availability of plant nutrients. Geochemical studies and nutrient budgets
indicate that chemical elements are retained by tropical peat swamp forest
and, since these are in dynamic equilibrium, it is possible that this surplus is
being stored in currently accumulating peat. Development of peat soils for
agriculture or other uses leads to nutrient imbalances and compromises
carbon sequestration.
The floral and faunal diversity associated with ombrotrophic lowland
tropical peatlands is usually lower than that of adjacent terrestrial rain forest
ecosystems, but peat swamp forest contains many peatland specialists and
fugitives from other declining habitats. Of particular wildlife conservation
importance are the relatively large populations of orangutan (Pongo
pygmaeus) associated with peat swamp forests in Borneo, which are now
one of the most important habitats remaining for this endangered primate. In
addition, a number of habitat endemic tree species have also been identified,
including the valuable timber species Gonystylus bancanus. There is
considerable local and regional variation in the tree species present in peat
swamp forests across the Southeast Asian region, emphasising the need for
greater protection of a range of sites in order to protect the full species
complement of this endangered ecosystem.
Phylogenetic studies of Gonystylus bancanus have emphasised that variation
exists both within and between populations. This has implications for the
conservation of biodiversity: even across one peatland there is significant
genetic variation between sub-populations; higher levels of variation exist at
a regional level. Thus genetic variation is a key issue that should be taken
into consideration in wise use planning strategies.
Palaeoenvironmental studies have demonstrated that coastal peat deposits are
the youngest tropical peatlands, especially in Southeast Asia where peat
accumulation commenced around 3,500-5,500 14C yrs BP, following
stabilisation of rising sea levels. In contrast, sub-coastal and inland peatlands
in Borneo started to form much earlier at times ranging from the Late
Pleistocene through to the early Holocene. The long palaeo-record in some
tropical peat deposits, extending over 40,000 years could, therefore, make an
important contribution to knowledge of the longer-term behaviour of the
global peatland carbon reservoir. Evidence also suggests that throughout this
time episodes of rapid peat formation were interspersed with periods of peat
decomposition and loss that can be attributed to changes in climate and sea
level and, in some cases, to fire. Depending upon prevailing conditions
tropical peatlands can act as either sinks or sources of carbon, thus they
have, during certain periods, made a significant contribution to the Late
Quaternary global carbon cycle.
In recent decades, large amounts of the tropical peatland carbon store have
been released through deforestation, land-use change and fire. The
widespread peatland fires that occurred throughout Indonesia during the
strong ENSO-related drought of 1997 resulted in the combustion of 0.872.57 Pg of stored carbon that took between 1000 and 2000 years to
accumulate. In addition, the tropical peatland carbon store is also being
depleted by conversion to agricultural use and, as a result of the impacts of
illegal logging, which prevents peat accumulation and lead to its
degradation.
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g) The challenge facing those involved in the management of tropical peatlands
is to develop integrated planning and management systems that balance the
conflicting demands on the tropical peatland heritage to ensure its continued
survival to meet the future needs of humankind. The production of Wise Use
Guidelines for Tropical Peatlands arising from the STRAPEAT project
should assist in this process.

Lessons to be drawn from the experience of this project
•

It is essential that EU partner(s)
a) spend as much time as possible in the host countries and institutes;
b) work in the field alongside host country staff and set standards;
c) provide a high level of training and transfer ‘ownership’ of the research
work to individuals at the host institutions;
d) ensure there are frequent and regular briefing meetings and information
dissemination seminars, involving as many host institution staff and
stakeholders as possible;
e) Work hard to develop a feeling of mutual trust between all partners.

• Sustainability of the project after STRAPEAT funding ends
There is now a key nucleus of scientists and assistants in Indonesia and Malaysia with
expertise in high level research experimentation, monitoring and assessment who are
able to focus on critical aspects of sustainable development of tropical peatlands in
order to alleviate poverty of local people while maintaining biodiversity and
environmental quality. They are also capable of training others in the expertise required
to continue to promote the objectives of this EU INCO Project in the future. Some are
already doing this through involvement in the successor EU INCO-DEV Project
(Framework 6) on “Restoration of Tropical Peatland to Promote Sustainable
Management of Renewable Natural Resources” (RESTORPEAT) that this is operating
from 2004 to 2007.
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Integrated inventory of the peatlands of Borneo
Introduction
A large fraction of the world’s tropical peatlands is found on the island of Borneo,
which is divided into a Malaysian part consistuing of the Provinces Sarawak and Sabah
und an Indonesian part refered as Kalimantan. Investigations from the late 80ies
estimated that peatlands cover more than 6 million hectares mainly in coastal regions of
Borneo.
Peat Swamp Forests (PSF) are among the earth's most endangered and least known
ecosystems. They are characterized by a high level of endemism and are extremely
fragile and liable to disturbance. The peat layer is often several meters thick (up to 18
meters), the soil is extremly acidic and nutrient poor.
Peat is fossil carbon which was sequestered over thousands of years from the
atmosphere. Due to frequent disturbance by fire and the resulting release of carbon
dioxide into the atmosphere tropical peatlands became of global importance in the
context of global warming. A preliminary inventory of the amount of carbon stored in
the peatlands of Central Kalimantan undertaken by our research team showed that
tropical peatlands might contain up to 20% of all terrestrial carbon.
Peat swamp forests have never been densly populated due to their extreme and unfertile
environment. In recent decades large tracts of peats wamp forests have been opened by
logging operation and later on cleared for agricultural development and oil palm and
forest plantations. Large fractions of peatlands in Indonesia have been destroyed by
recurrent uncontrolled wildfires.
Many peatland development projects failed, resulting in serious environmental
degradation and impoverishment of local communities. The most prominent of these
projects was the 1 Million ha rice project (MRP, Mega Rice Project) initiated in 1996 by
the former Indonesian President Soeharto. The combination of an extreme El Nino
causing more than 6 months of drought in Central Kalimantan in 1997 and the planned
conversion of over one million hectares of peat swamp forest led to the severest and
most damaging fire event ever experienced in Indonesia.
To improve the knowlegde about the tropical peatlands in Borneo especially it’s
previous and current extent, it’s actual condition and current land use RSS is analysing
satellite imagery from several different instruments. Results are maps and GIS databases
on various aspects of tropical peatlands which serve as a primary source of information
to support planners, farmers, managers and other stakeholders in a more sustainable
“wise use” of these peatlands.
Specific objectives of the RSS contribution are:
- to investigate the extent and quality of the peatlands in Borneo
- to establish an integrated GIS database which includes remote sensing derived
information, ground data on peat depth, fire impact and land use/land management
- to establish a GIS based planning tool to support sustainable use of peat lands
The investigation is focused on two sites, one near Kuching and Sibu in Sarawak,
Malaysia and another near Sampit in Central Kalimantan, Indonesia.

96

Inventory of the peatlands of Borneo

The total area of peat swamp forests on the island of Borneo was determined using a
time series of more than 50 TERRA/MODIS satellite images acquired in 2003. The
Moderate Imaging Spectrometer (MODIS) onboard the TERRA satellite achieves a
2,330-km swath and provides global coverage every one to two days. Two bands are
imaged at a nominal spatial resolution of 250 m at nadir and five bands at 500 meters.
Multitemporal processing included image to image registration, atmospheric correction,
elimination of clouds and haze and instrument noise and a resolution merge of the 250
and 500 meter imagery. A supervised classification based on ground validated training
sites resulted in an almost cloud free (>95%) land cover map of Borneo. Special
attention was given to the correct identification of natural forest types such as peat
swamp forests, lowland Dipterocarp forest, heath forests and montane forests.

Figure 1: Peat swamp forests (green) on the island of Borneo based on TERRA/MODIS
imagery. Mapping scale 1:500.000.
The total area of more or less intact peat swamp forests was 49.819,00 km2, equalling
6,8% of Borneo. Using MODIS satellite imagery it was not possible to determine the
peatland area, i.e. the peat area not covered by peat swamp forests, because these areas
have been classified as open/degraded forest, agricultural land and wetlands and thus
could not be discriminated from non-peat land soil types. Currently there are no means
to identify peatlands from even high resolution satellite imagery as Landsat or SPOT
without extensive field validation studies.
63.788 km2 of peatland were reported for Kalimantan by RePPProt, 1990 and 14.860
km2 for the Malaysian part of Borneo. Since then severe deforestation occurred in the
peat swamp forests of Kalimantan and Sarawak. Losses were especially significant in
East and Central Kalimantan where large areas were destroyed by uncontrolled
wildfires in 1994, 1997/98 and 2002. For example, more than 70% of the peat swamp
forests near the Mahakam lakes were destroyed by fire in 1998 (Siegert et al., 2001) and
more than 10.000 km2 in Central Kalimantan in 1997 (Page et al., 2002).
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Extensive ground-truthing, involving travel of over 1,500 km on foot and by boat, car
and small aeroplane, has been carried out to validate land cover maps and fire impact
within the study areas.
Inventory of peat depth and volume

To improve the estimate of the carbon stored in the tropical peatlands of Kalimantan we
conducted large-scale field measurements of peat depth and the shape of the peat dome
in the area of the 1 Million ha Rice project area (MRP) in Central Kalimantan (Böhm &
Siegert, 2001). Measurement of peat thickness were done by a team of the university of
Palangkaraya. The surface levels of the peat domes relative to the adjacent main rivers
and the thickness of the underlying peat were determined on more than 250 locations at
intervals of 500 m along the main channels in MRP Block B and C. Peat volume and
carbon store were calculated from this field data and other measurements of the
peatland area determined from satellite imagery using GIS based interpolation
techniques.
Figure 2 (left) shows shows GPS recordings of the location of peat depth/surface level
measurements and figure 2 (right) shows the interpolated peat volume for MRP blocks
A-D.

Figure 2: Location of peat depth measurements (left) and interpolated peat volume for
MRP blocks A-D (right).
Preliminary results show that significat amounts of carbon are stored in the peatlands of
Central Kalimantan. We estimate that 2-6 Gt of carbon are stored in the peatlands of the
MRP and Sebangau catchment alone. If this fossil carbon will not be preserved from
burning substantial amounts of carbon will be released into the atmosphere.
Analysis of fire impact
In 1997/98 and again in 2002 extensive wildfires were recorded all over Indonesia and
especially in Central Kalimantan (Taconi, 2003). Wildfires on peatlands are of special
importance because of their potential to release huge amounts of carbon into the
atmosphere (Page et al., 2003). RSS used remote sensing and GIS technologies to assess
the extent of the burnt area including peatlands and the type of vegetation, which had
been burnt, to investigate possible causes for and impacts of these fires.
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For 2002 the burnt area was determined from Landsat ETM (Enhanced Thematic
Mapper) imagery and NOAA-AVHRR (National Oceanic and Atmospheric
Administration-Advanced Very high Resolution Radiometer) hotspot data (Bechteler &
Siegert, 2004; Siegert et al., 2004; Limin et al., 2004; Huang & Siegert, 2004). The
burnt area map was then compared to a pre-fire land cover map of the year 2000
prepared from Landsat ETM imagery and to a burnt area map of 1997 in order to reveal
which type of vegetation had been affected most severely and where recurrent fire
occurred.
3,398 individual fire scars have been identified with an average size of 72.6 ha. All
together 268,468 ha were classified as burnt which equalled 5.2 % of the study area
(Figure 3). The comparison of the fire scars with all hotspots detected in the area
between January and November 2002 showed a good agreement between the two data
sets (Figure 3B and C).

Figure 3. Study site in Central Kalimantan, Borneo, Indonesia. A: Landsat ETM image
(Landsat ETM, 118-61 and 118-62, 24 January 2003; RGB = 5,4,3). Fire
scars are visible in red B: Burnt area derived from A, burnt areas are labelled
in red; dense cloud cover is shown in white C: NOAA-AVHRR hotspots (red
dots) detected between January and November 2002.
The GIS intersection of the burnt area 2002 with the land cover map of the year 2000
showed that fire affected mainly vegetation, which has been previously burnt or had
been strongly degraded. Forest mosaics were severely damaged by fire as well as
fragmented peat swamp forests. Much less damage was found in pristine peat swamp
forests. The comparison of the burnt area of 1997 with that of 2002 showed that 61.54
% of the fire-affected area in 2002 had already been affected in 1997 (Figure 4). The
spatial pattern of fire occurrence confirmed that most fire scars are located next to
irrigation channels of the MRP. New fire scars were found mainly in the western
Sebangau region. Most of these forests have been logged over once during the past 30
years by commercial logging enterprises. Since 1998 logging operation is almost
uncontrolled and illegal logging has become a major threat. Many new fire scars
detected in the Greater Sebangau correlated with logging operation. The spatial and
temporal analysis showed that fire hazard increased with vicinity to previous logging
operation and that recently logged areas were more vulnerable to fire.
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Figure 4. Comparison of the burnt area 1997 (orange) with the newly burnt area of
2002 (red). Purple indicates areas that have been burnt in both years.
Irrigation canals of the MRP constructed between 1996 and 1997 are
indicated in blue..
Causes for fire
Severe forest fires are observed with increasing frequency in Central Kalimantan and
their impacts are getting more and more serious. Several major fire events, in 1994,
1997/98 and 2002 were linked to El Niño induced droughts. The unique peat swamp
forest ecosystem between the Sebangau river in the west and the Barito River in the east
has been destroyed almost completely in the past 6 years. The Greater Sebangau water
catchment between the Sebangau and the Katingan rivers supports the last remaining
large, contiguous block of peat swamp forest in Kalimantan, which however, suffers
severely from commercial and illegal logging operation (Boehm & Siegert 2004).
Our analysis of fire impact and possible causes for increased fire hazard showed that
fires were most destrúctive in previously disturbed forests. Disturbance related to three
factors: logging, peat drainage and previous fire damage. Peat drainage and forest
disturbance were the major catalyzers for fire: 11.4 % of the drained Mega Rice Project
(MRP) area burned whereas undrained peatland burned only by 4.3 %. Our results
suggest serious fire hazard for the Greater Sebangau water catchment area for the next
El Nino which is expected for 2005 if no appropriate prevention measures will be taken.
Conclusions
Undisturbed tropical rainforests and especially peat swamp forests are usually highly
resistant to fire because of low loads of fuel, low fuel-energy content and high humidity
even during drought. Fragmented forests or logged over forests are much more
susceptible to fire due to dense undergrowth of fast growing, light demanding pioneer
species, which die quick during drought conditions and thus provide huge fuel loads
(Siegert et. al. 2001). The opening of the forest canopy by logging or fire leads to an
increased flammability. Both logging and fire leave huge amounts of dead biomass that
dries out quick and thus becomes an ideal fuel. The observation that most fires occurred
in forests which had already been burnt in 1997 or in fragmented forests confirmed the
conjecture that a positive feedback mechanism leads to recurrent fires by a progressive
degradation of the forests into fire prone vegetation.
Our findings suggest that more frequent fires can be expected for the future if no
measures are taken to restore the hydrological regime, the ecological function and
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sustainable use of these peat swamp forests. Recurrent fires are especially alarming in
tropical peatlands because they are one of the largest near-surface reserves of terrestrial
organic carbon and hence their stability has important implications for climate change
(Page and Rieley 1998). The tropical peat swamps of Indonesia cover 20 million
hectares in Kalimantan, Sumatra and Irian Jaya. For whole Indonesia the release of CO2
into the atmosphere during the 1997 fires was to 13-40 % of the mean annual global
carbon emission from fossil fuels (Page et al 2002). The 2002 fires in Central
Kalimantan again released substantial amounts of carbon into the atmosphere. Each
future fire episode will burn more of the peat layer, which has been built up in the past
thousands of years. The repeated release of enormous amounts of carbon will accelerate
global warming and climate change.
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Carbon Fluxes from Tropical Peat Swamps
Introduction and Objectives
Peat containing wetlands are found at all latitudes, from the Arctic to the tropics.
Estimates of the global wetland area vary between 5.3 and 6.4 Mkm2 (Matthews & Fung
1987; Lappalainen 1996). Wetlands with a thick surficial layer of partly decomposed
organic matter deposits, i.e. peat, are called peatlands. About 75% of the wetlands by
area are peatlands (Armentano & Menges 1986; Andriesse 1988). Although peatlands
occupy only 3% of the Earth’s land area, they can store up to 525 Gt (1 Gt = 1 × 1015 g)
of carbon (Maltby & Immirzi 1993). Peatlands are therefore recognized as one of the
largest global carbon stores. Tropical peat covers between 0.3 and 0.5 Mkm2 (Immirzi et
al. 1992; Maltby & Proctor 1996; Lappalainen 1996). The tropical peat carbon store is
about 191 – 202 Gt (Post et al. 1982; Rieley & Setiadi 1997). Owing to the great
average depth of tropical peat deposits, this ecosystem covering just 10% of the global
peatland area may represent 15% to >30% of the world’s total peat carbon pool (Maltby
& Immirzi 1993; Jaya et al. 2000; Page et al. 2000, 2002; Siegert et al. 2002). Areas
surrounding the South China Sea and in Papua-New Guinea enclose the largest expanse
of tropical peat deposits, together forming up to 68% of all known tropical peat
resources (Immirzi et al. 1992).
An intact tropical peat swamp forest forms one of the most efficient natural carbonbinding machineries on the planet. Carbon dioxide is fixed in photosynthesis from the
atmosphere into the plant biomass. Part of this biomass-allocated carbon is released
back to the atmosphere in autotrophic plant respiration, but the rest is stored in living
and dead organic matter for prolonged periods. When organic matter in peat soil
undergoes either aerobic or anaerobic decomposition, large amounts of organic carbon,
ammonium (NH4+) and nitrate (NO3-) accumulate. Vast quantities of such gases as CO2,
CH4, nitrous oxide (N2O), and sulphur can therefore potentially be released to the
atmosphere.
One of the most important abiotic factors determining the release of greenhouse gases in
peatlands is hydrology. The tropical climate is characterized by wet and dry seasons,
which have a clear effect on the processes that depend on the peat water table. The only
water inflow into tropical peat swamp forests is rainfall, which is irregular both in time
and space. No large seasonal changes occur in the monthly means of daily
evapotranspiration, but any rainfall in excess of evaporation forms predominant peat
hydrology-regulating parameter (Takahashi et al., 2002). Peat water table drawdown
during the dry season deepens the oxic surface peat zone (acrotelm), thereby increasing
substrate availability for CO2-releasing decomposition processes. In wetlands, CH4 is a
characteristic product of organic matter breakdown in anoxic waterlogged peat
(catotelm) located underneath the water fluctuation zone. Depending at least in some
extent on the volume and microbiological activity of the oxic peat above, diffusing CH4
is an energy source to methanotrophic bacteria that are capable of oxidizing it to CO2.
Potentially important ways to discharge CH4 directly to the atmosphere are bubbling
and ventilation through plant structures.
Depending on the balance between the rate of organic matter supply and the rate of
peat-decaying processes, carbon deposit can decrease, be in a steady-state, or increase.
The ecosystem becomes a net carbon source when carbon loss exceeds carbon
allocation to the ecosystem. The age, rates of organic matter accumulation and carbon
sequestration, and amount of carbon stored in boreal and temperate peat are well
documented (e.g. Turunen 2003 and references therein), but peat in the tropics has
recently received more attention as the large volume of the deposits has become known.
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Carbon flux estimates in tropical forest-covered peat are rare (Inubushi et al., 2003;
Chimmer, 2004.
The work of UNHEL in STRAPEAT project was carried out to estimate CO2 and CH4
emission rates from tropical peat swamp forest soil surfaces at various water table
positions, and to establish annual gas flux estimates based on actual peat water tables. In
addition, spatial and temporal variations in microsite CO2 fluxes were quantified. The
research was made both in pristine and developed conditions.
We measured CO2 and CH4 fluxes from the peat soil surface. As there is no fixing of
CH4 by the plants, our approach also yields an estimate for the annual CH4 balance. Our
estimate covers the system CO2 exchange on the soil surface, but net CO2 balance in
above-ground plant photosynthesis was not investigated here. Studies are needed to
determine the missing part of the total CO2 balance in peat swamp forests.
Materials and Methods
Two closed-chamber methods were applied in the gas flux measurements. The first
method was used for measuring CO2 and CH4 fluxes on hollow peat surfaces (Bubier et
al. 1998; Crill et al. 1998; Heikkinen et al. 2002). For sample collection, 20-ml glass
vials filled with nitrogen (99.5% N2) and closed with rubber septa were prepared
beforehand. Sampling plots on hollow surfaces were prepared some days before the
start of measurements. Square-shaped open-top aluminum frames with dimensions
(W×L×H) 60×60×40 cm and equipped with a groove for water sealing on the upper
edging were inserted into the peat to a maximum depth of 15 cm from the lower frame
edging. Prior to each gas sampling event, the frame groove was filled with water, and a
lid (W×L×H 60×60×10 cm) that was placed on the groove closed the chamber. A fan
mounted inside the chamber mixed the air. Air samples were drawn into 60-ml syringes
from the inlet of the chamber lid at 5-min intervals during the 20-min incubation period.
Vials were flushed with 40 ml of the sample air and over-pressurized with the remaining
20 ml. The samples were transported to a laboratory for analysis. Hewlett Packard gas
chromatograph with a flame ionization detector (FID) using a Hayesek Q was used for
CO2 and CH4 analyses (Nykänen et al. 1998; Heikkinen et al. 2002).
The second closed chamber method was used for measuring CO2 emissions on
hummocks. A chamber (Ø 20 cm, height 10 cm) connected to a portable infrared gas
analyzer (PP Systems, model EGM-2) was placed tightly on the peat surface at the start
of the measurement. A small fan mixed air inside the chamber, and soft rubber sealing
on the lower edge prevented airflow from the chamber. Air was circulated between the
chamber and the analyzer, and the chamber CO2 concentration was recorded at 1-min
intervals during a 5-min incubation period.
The momentary water table depth was measured during gas sampling with an audible
buzzer apparatus from small PVC-edged wells next to each sampling plot.
In both methods, CO2 and CH4 flux rates were calculated from the linear gas
concentration change inside the measurement chamber as a function of incubation time.
Each of the water table classes covered a 10-cm range in depth and was named based on
the mean water table value.
To produce estimates of gas fluxes integrated over time, mean flux rates in each of the
water table classes were multiplied with the number of days with the table class, and the
resulting fluxes were summed together. For CO2, the effect of hummock-hollow
coverage on annual cumulative gas fluxes was studied.
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Results and Discussion
Hummock CO2 flux rates, as emission to the atmosphere, in different peat water table
conditions (484±21 – 610±17 mg m-2 h-1) were relatively unvarying compared with
hollow flux rates (139±46 – 689±62 mg m-2 h-1). At peat water table depths of -20 to -50
cm, CO2 flux rates in hollows were higher than in hummocks. In hollows, CO2 flux
rates were low, especially when the water table was at the peat surface, with the lowest
flux rates being observed in water-inundated peat (Fig. 1).
Hollow CH4 flux rates, as emission to the atmosphere, were highest when the water
table was near or at the peat surface (max. 0.35±0.01 mg m-2 h-1), but in low water table
conditions the rates were lower, and in the driest conditions the flux direction was from
the atmosphere into the peat (Fig. 1).
When comparing cumulative CO2 fluxes at the equal (50%/50%) hummock-hollow
microsite coverage, hummocks appeared to be a stronger CO2 emission source due to
low variation in flux rates at different peat water tables; high water table conditions
clearly led to reduced cumulative emission from hollows (Fig. 2a). Waterlogged
conditions are formed during the wet season and can last for a relatively long period
during the dry season, when the precipitation frequency is smaller. During the period
when the water table was below the peat surface, i.e. from the beginning of July until
the end of December, the applied water table data together with the calculus of
cumulative gas fluxes suggest about the same flux rates on both microsite types at an
equal (50%/50%) surface coverage ratio (Fig. 2a). In the study area, hollows can be
regarded as the primary CO2 source because they are more extensive by area than the
hummocks (Fig. 2b).
The water tables in Figures 2 and 3 show that favourable waterlogged conditions in peat
for methanogenic bacteria prevailed in the hollows for about a 6-month period. With the
applied water table data and a hummock-hollow coverage ratio of 30%/70%, the annual
cumulative CH4 flux from peat to the atmosphere would be 0.96 g m-2 (Fig. 3). Low
water table conditions in October–December 1994 could have caused a modest CH4 flux
into peat (Fig. 3).
Production of CH4 and CO2 in temperate and boreal peatlands is largely controlled by
temperature, peat hydrological conditions, and substrate availability (Mikkelä et al.
1995; Schimel 1995; Komulainen et al. 1998; Kettunen 2002). Here, peat temperature in
the shady forest was high (at -10 cm AVE±SD 26±1.6ºC, n=145) and stable throughout
the year. Although peat temperature can be equable, the amount of rainfall varies
markedly both daily and annually (Takahashi & Yonetani 1997). The duration of high
water table conditions is different in hummocks and hollows. Hollows are more
frequently water-filled, and the duration of waterlogged conditions can last for several
months, whereas hummocks are usually water-saturated only after heavy rain events
during the wet season. The peat water table largely dictates the depth of oxic peat, thus
creating conditions for aerobic and anaerobic decomposition and largely determining
the substrate availability for these processes. Periodicity and duration of oxidationreduction conditions in drying or wetting tropical peat may have important roles in the
initiation of gas production (Ueda et al. 2000; Inubushi et al. 2003), but the dynamics
are still inadequately known.
High input of small roots with poor decomposability is important for tropical peat
accumulation (Brady 1997, 2002). Slightly elevated hummocks that were densely
packed with small tree roots near the tree trunks covered about one-third of the mixed
peat swamp forest floor microtopography at the study sites. Root respiration could not
be analytically separated from the other CO2 sources, including heterotrophic
respiration, aerobic decomposition, and CH4 oxidation. The measured gas emission
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rates on hummocks were high and relatively stable irrespective of the peat water table.
Root respiration has likely produced a large proportion of the wet peat hummock CO2
emissions because peat swamp trees are able to conduct gases and continue root
respiration by using pneumatophores even in water-saturated peat. Peat cores taken
from hollow peat revealed a few criss-crossing tree roots a couple of centimeters in
diameter, but the number of small tree roots was low compared with that in hummock
peat. A notably smaller root surface volume may be the main reason for low CO2
emission rates in wet hollows.
The water table in hollows is always higher than that in hummocks, and CH4 is
produced in waterlogged conditions, so hollows can be expected to offer better
hydrological conditions for methanogenic bacteria. Measured CH4 fluxes in hollows can
therefore be regarded as representing reasonable approximates or slight over-estimates
of forest floor surface fluxes. The ratio between CH4 production in anoxic peat and CH4
consumption by methanotrophic bacteria in oxic peat determines the gas flux rate
(Roulet et al. 1993; Shannon & White 1994). As expected, the highest CH4 emission
rate was detected when the water table was near the peat surface and the recently
deposited, less decomposed litter on the peat surface became available for the anaerobic
decomposers. The amount of CH4 oxidized to CO2 peat cannot be detected by this
method, but CH4 consumption was found to be in balance or to slightly exceed the
respective gas production rate, thus creating the potential for CH4 flux redirection into
peat if the water table remained at -50 cm or deeper. Peat function as a CH4 sink in dry
conditions has been shown earlier in boreal and temperate bogs (Glenn et al. 1993;
Roulet et al. 1993; Komulainen et al. 1998), although there had been drainage on at least
some of the sites (Martikainen et al. 1995; Nykänen et al. 1997; 1998). In some studies,
the majority of the seasonal CH4 production has been noted to be oxidized to CO2
(Roslev & King 1996).
While no reasons for the low cumulative CH4 emissions in tropical peat are revealed by
the applied method, some potential explanations can be considered. Firstly, methane
production may be low because most of the supply and the highest quality of
decomposable matter are largely limited to the surface peat (Brady 1997). Secondly,
CH4 oxidation in oxic peat may be high. Thirdly, produced CH4 can escape to the
atmosphere through vascular plant structures. In temperate and boreal wetlands,
vascular plants have been noted to have an important role in substrate supply for
methanogenesis, in addition to providing a transport route for CH4 emissions (Whiting
& Chanton 1993; Shannon et al. 1996; Frenzel & Rudolph 1998; Saarnio & Silvola
1999; Kettunen 2002). Deep rooting sedges or other plants in substantial populations are
not described in peat swamp forests, but tree pneumatophores conducting air for roots in
waterlogged peat may provide an escape route for CH4 to the atmosphere.
A change in climate is predicted to affect biodiversity and water resources in tropical
Southeast Asia within the next few decades (Lal et al. 2002). In Indonesia, the rainfall
scenarios suggest a precipitation change in the wet season from –5% to +15% and in the
dry season from 0% to +10% before the year 2070 (Whetton & Rutherford 1994).
According to Meehl & Washington (1996), future seasonal precipitation extremes
associated with the El Niño event are likely to affect the eastern Indian Ocean region so
that wet areas could become drier. If evapotranspiration exceeds the amount of water
input, drier conditions will follow, with lower precipitation or increased
evapotranspiration in connection with warmer temperatures in the area. While peat
swamp ecosystem could probably adapt to wetter conditions, extensive droughts are
likely to have a negative effect on the vitality of the system and its function as a carbon
sink. Weather extremes, such as hot and dry El Niño years, have been found to cause
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Amazonian basin tropical forests to become net sources of carbon (Tian et al. 1998).
Although similar studies are not available from Southeast Asian peat swamp forests, the
long-lasting low water table conditions during El Niño years (Takahashi et al. 2002) can
result in carbon emissions that greatly exceed the amount of carbon bound to droughtsuffering peat swamp vegetation.
Conclusions
Irrespective of the surface microtopography, CO2 is clearly more important than CH4
for carbon release in tropical peat swamp forests. High water table conditions, typical of
intact peat swamp forests, are important in keeping carbon emissions from forest floor
to the atmosphere low.
CO2 emissions were clearly higher than CH4 emissions from a peat swamp forest floor
on a molar basis of carbon emitted and from the perspective of radiative absorption
potential. Hummocks could maintain relatively steady CO2 emission rates regardless of
the water table position in peat. Hollow CO2 emission rates were higher in low water
table conditions but became progressively lower as the water table rose towards the peat
surface. Methane fluxes in hollows remained small and were detected only in watersaturated peat. The annual peat swamp forest floor gas balance suggests markedly
higher CO2 and lower CH4 emissions than ombrotrophic peatlands of other climate
regions. Carbon emissions from the peat surface are highest during the dry season, when
the oxic peat layer is thickest due to water table draw-down and both microsite types
form considerable CO2 sources.
This study was the first attempt to assess annual carbon fluxes in forest floor
microtopographical site types in one of the largest terrestrial carbon stores, i.e. tropical
peat swamp forests. Despite the uncertainties, the results strongly suggest that the
carbon balance in the ecosystem is highly dependent on peat hydrology and is therefore
sensitive to human disturbances and the predicted global climate change.
As it is necessary to try to keep the accumulated carbon in tropical peat swamp forests
we are now proceeding already to the next step of actions i.e. restoration and
rehabilitation of damaged areas. This means refilling and damming of canals in some
mismanaged areas in order to raise the water level. This should decrease the fire hazard
on these areas. Another important activity for the future is to try to plant suitable tree
and crop species in these mismanaged areas in order to offer better livelihood for the
local people.
The project may be considered to be a success story for UNHEL as we could measure
and compare different carbon gas emissions from pristine and managed areas as well as
propose ways for future management of these areas. We feel to have been very
privileged to have the opportunity to work in this productive and dynamic consortium.
Besides achieving scientific results and experience the project also has given us a lot of
new experiences and new kind of insight to the ecological and sociological problems in
SE Asia.
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Figure 1. Hummock and hollow CO2 fluxes (on left), and hollow CH4 fluxes (on right)
in peat swamp forest at various peat water table (WT) depth classes. Average flux rates
(mg m-2 h-1) with standard errors of the mean. The dotted vertical line shows when the
water table is at the peat surface, and the horizontal line in the CH4 graph the zero-flux
rate. Note the different scales in the graphs.
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Figure 2. Estimated annual cumulative carbon dioxide emission (g m-2) from mixed peat
swamp forest hummocks and hollows (lines with symbols), and annual emission (line
only). Emissions are presented for 2 hummock-hollow coverages (%). Dates below the
graphs are of the form d.mo.yy.
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Ir Suwido H. Limin
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Principal Role
Co-ordination and management of analytical, field and research facilities in Central
Kalimantan; targeted case studies of peat swamp forest ecology, natural resource
functions, restoration and management.
Specific objectives
• Targeted studies of peat swamp forest biodiversity, function and structure;
• collection, identification, preservation and storage of plant specimens in Darwin
herbarium;
• determination of peat thickness, volume and carbon content in peat covered
catchments;
• impact of the Mega Rice Project;
• field trials of peatland restoration/rehabilitation;
• land use planning
Methods and procedures
• Acquire published and unpublished biological, chemical, physical and socioeconomic information on tropical peatlands;
• Evaluate the status and impact of sector development on tropical peatland;
• Acquire targeted biological, chemical, physical and socio-economic information on
tropical peatlands;
• obtain data on peat thickness and carbon content;
•
Determine socio-economic change (negative and positive) of converting tropical
peatland from pristine forest to different types of land use;
• Organise meetings (training sessions, workshops, seminars, public meetings) with
stakeholders representing the full range of land use options for tropical peatland in
Borneo;
• Organise focus groups and stakeholder workshops to discuss and test the wise use
guidelines;
• Support intensive programmes of staff training, including short courses and
techniques instruction sessions;
• Ensure that the maximum amount of information is distributed or exchanged
between stakeholders;
• Present the project findings to a broad international audience;
• Use the project findings to inform and proactivate Government Agencies;
• Publish results of this project in scientific, technical and popular journals; issue
press releases and hold press conferences.
Training courses and education programmes
During the four years of this STRAPEAT Project UNNOT trained 3 Ph.D. candidates,
three from Indonesia and one from the EU (Germany). In addition, two members of
staff of UNPAR completed masters’ degrees of UNNOT in Environmental
Management. Staff of UNNOT participated in several short courses, including tropical
ecology, peat soils and sustainable management of tropical peatland.
Results
The following is a selection of summaries of masters’ and Ph.D. theses produced by
CIMTROP/UNPAR staff.
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NUTRIENT DYNAMICS IN DIFFERENT SUB-TYPES OF PEAT SWAMP FOREST
IN CENTRAL KALIMANTAN, INDONESIA
Yustinus Sulistiyanto
University of Palangka Raya, Indonesia
Nutrient dynamics of two sub-types of peat swamp forest, mixed swamp forest and low
pole forest, in the upper catchment of the Sebangau River in Central Kalimantan,
Indonesia were studied. The study area lies within the ‘Natural Laboratory for
Management of Peat Swamp Forest’. Three permanent study plots, 50 x 50 m, were
established in each forest sub-type to facilitate collection of throughfall, litterfall, live
biomass (above ground and below ground), peat and water samples.
Rainfall was sampled in four gauges located in the vicinity of the research plots. For the
throughfall, a statistical sampling procedure, involving a combination of one fixed and
two roving gauges (plastic funnels and polyethylene containers) was employed. For the
collection of stemflow, water was obtained from five trees of different diameter by
means of plastic collars placed around their stems. For the litterfall, three sampling
containers 0.3845 m2 (70 cm diameter) in area were established 1 m above the forest
floor, involving a combination of one fixed and two roving gauges (same with
throughfall). The sampling containers were constructed from 1-mm mesh plastic net,
wood and wire. Above ground biomass of trees and shrubs, was measured in 27 subplots in each forest type within 5 x 5 m quadrats. Below ground biomass (living fine
roots) was measured by excavating peat from one 1 x 1 m quadrat to a depth of 0.5 m
from the middle of each study plot and another four 0.5 x 0.5 x 0.5 m samples from
each of the four corners. Surface peat and water were sampled in the same plot as that
used for standing crop (trees diameter < 5 cm).
Rainfall, throughfall, and stemflow samples were collected every two weeks over a 12
month period. Samples were stored in a refrigerator (4oC) after collection. Next day,
water samples were filtered after pH analysis. Chemical analyses were carried out on
the filtered samples for Ca, Mg, K, Na, Fe and Mn using atomic absorption
spectrophotometry (AAS spectra 30). Ammonium was measured by the indophenol
method (Scheiner, 1976), phosphate and nitrite was measured by the method in
Tachibana (2000).
Litterfall samples were air dried for 2 weeks at room temperature, separated into leaves,
branches, reproductive parts and other debris, oven dried for 48 hours at 70 C and dry
weight determined. Chemical analysis was carried out on samples dried for 48 hours at
70o C. The determination of total nitrogen was carried out by persulphate digestion
(Purcell & King, 1996). Ca, Mg, K, Na, P, Fe and Mn were determined following wet
digestion of dried samples by 18% perchloric acid (Tolg, 1974 cit Jones & Case, 1990).
Total phosphorus was determined by the Scheel method (Lambert, 1992). Ca, Mg, K,
Na, Fe and Mn were measured by atomic absorption spectrometry (AAS spectra 30).
Chemical analysis for above ground and below ground biomass, peat, and
decomposition were similar to litterfall. Chemical analysis for surface water was similar
to rainfall and throughfall.
Rainfall is slightly acid (pH between 5.55 and 6.46 with average 5.96±0.35) with a
predominance of Ca and K. Throughfall and stemflow is enriched in most elements
analysed compared to rainfall and its pH values are lower. Throughfall pH ranges from
4.15 to 5.32 (average 4.76±0.33) in mixed swamp forest and from pH 3.56 to 5.36
(average 4.37±0.33) in low pole forest. Stemflow pH ranges from 3.42 to 4.43 (average
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4.03±0.19) in mixed swamp forest and from 2.88 to 4.01 (average 3.57±0.11) in low pole
forest. Nutrient input in rainwater (rainfall), canopy leachate (throughfall), and stemflow
showed temporal variation. The amount of throughfall and stemflow decreases with
decreasing rainfall and in Mixed Swamp Forest throughfall is 1969 mm (71%) of the total
precipitation whereas in Low Pole Forest throughfall it is 2170 mm (79%). Mixed swamp
forest stemflow is 81.9 mm (2.97%) of the total precipitation whereas in Low pole forest
stemflow it is 136 mm (4.9%). The order of magnitude of chemical elements reaching the
forest floor in throughfall is calcium, potassium, ammonium, magnesium and sodium in
Low Pole Forest, and potassium, calcium, ammonium, magnesium and sodium in Mixed
swamp Forest.
Greater litter production was obtained in mixed swamp forest (8,411 kg ha-1 yr-1)
compared to low pole forest (6,534 kg ha-1 yr-1). Dry weight of the different fractions of
litterfall (leaves, branches, reproductive parts and other debris) for MSF and LPF were
6216, 1246, 460 and 489 kg ha-1 and 4864, 1251, 169 and 251 kg ha-1, respectively. The
proportions of each litter component obtained in this study are: (1) mixed swamp forest
- leaf litter 74%, branches 15%, reproductive parts 5% and other debris 6%; (2) low
pole forest - leaf litter 74%, branches 19%, reproductive parts 3% and other debris 4%.
There are differences in nutrient concentration between the litterfall categories and
leaves were high in Ca, Mg, Na, Fe and Mn while reproductive parts were high in N, P,
and K. As far as the seasonal pattern of litterfall is concerned, mixed swamp forest and
low pole forest exhibited the same bimodal peaks of leaf fall at the end of the wet
season (Feb-March) and end of the dry season (August-Sept).
Weight loss (decomposition study) in both sub-type of forest, mixed swamp forest and
low pole forest was fast in the first six months. Potassium was the fastest nutrient loss in
the mixed swamp forest and low pole forest. Decomposition rate (k) in the mixed
swamp forest and low pole forest are 0.396 yr -1 and 0.285 yr -1 respectively.
The live above ground biomass in the mixed swamp forest and low pole forest were
313,899 and 252,548 kg ha-1, respectively. Calcium is the cation present in the greatest
amount in above ground biomass in both sub-type of forest while manganese is the
lowest. The live below ground biomass (roots) 50 cm deep in the mixed swamp- forest
and low pole forest are 26533 and 14382.7 kg ha-1, respectively. Nitrogen is the nutrient
present in the greatest amount in roots biomass in both sub-type of forest while
manganese is the lowest.
Nitrogen is the greatest amount of nutrient in peat 50 cm deep in the mixed swamp
forest and low pole forest that are 21478 and 16426 kg ha–1 respectively, while
manganese was the lowest that are 2.7 and 2.7 kg ha–1 respectively. Calcium is the
greatest amount of calcium in water run off in the mixed swamp forest and low pole
forest that were 8.15 and 7.15 kg ha-1 yr-1 respectively, while manganese was the lowest
with 0.01 and 0.02 kg ha-1 yr-1, respectively.
Comparison methods between Wilm’s method (co variance methods) and Excel
(conventional statistic) for throughfall and litterfall show that Wilm’s method has
advantages. For example, it leads to reductions in the standard errors of the mean values
for each collection period and the total values for the year. Wilm’s method reduced the
variability in the means of 4 weekly period sampling during the 1-year period.
Disadvantages of Wilm’s method, such as, if there is big variation in sample values
between successive time periods high standard errors result and mean differences are
smoothed out. The other Wilm’s method disadvantage is the long time it takes to input
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data and carry out the analyses. These operations have to carried out on every
component separately.
The pH of rainwater in the Sg. Sebangau catchment is slightly acidic (mean 5.96±0.35).
Neutralization of the weak acidity in the rain falling on the Sebangau catchment could
also be caused by atmospheric NH3 originating in the agriculture area, near to the study
plot, where NH4NO3 and (NH4)2 SO4 containing fertilizers are used intensively and
biomass burning produces inorganic N and basic cations such as Ca 2+, Mg 2+ and K+.
Biomass burning in the tropics is an important major source of trace gases and
particulate matter (including nutrient) to the atmosphere. Furthermore, deforestation,
intensification of agricultural practices, fossil fuel combustion and emision of natural
soil ecosystems also affect the fluxes of trace gases and particulates to the atmosphere.
Various reasons have been suggested to explain the changes that occur in the pH of
precipitation as it passes through a vegetation canopy and temporal variations. Throughfall
may contain pollutants leached from the canopy (dry deposit) or organic acids from tree
organs. Temporal variations may result from differences in intensity and duration of
precipitation and variations in the intensity of airborne aerosols and particulates throughout
the year.
Litter production in mixed swamp forest was 8,411 kg ha-1 yr-1 and low pole forest was
6,534 kg ha-1 yr-1. Tropical peat swamp forest is less productive compared to tropical
lowland forests in general. This relatively low productivity of natural vegetation is
believed to reflect the relative poverty of the tropical peat as a result of its an aerobic
condition and acidity. The low oxygen content and low pH are known to inhibit
biological processes involved in organic matter decomposition, thus resulting in mineral
lock up in a form unavailable for plant use.
In this study k (decomposition rate) in mixed swamp forest (MSF) was 0.396 and 0.285
in low pole forest (LPF) and is relatively low compared to other decomposition studies
of tropical forests except for similar results from another peatland area in Central
Kalimantan in similar ecosystem in Central Kalimantan, Indonesia was nearly the same
(k = 0.438). The low k values obtained in this study as a result of an aerobic conditions
for most of the year in this study area, plant species was poor in nutrient, (plant species
from nutrient-poor environments produce litter that is more difficult to decompose than
litter of species from nutrient-rich environments) and the acidity of peat soil (pH 2.82 –
3.80).
The total biomass and amount of nutrients in mixed swamp forest was higher than in
low pole forest as a result of differences in decomposition processes, water table depth
and peat-pore water chemistry. Soil pH and nutrient concentrations in this study area
were low because thick peat ( the nutrient content and pH in thin peat was higher than
thick peat) and the nature of the underlying mineral soil quartz sand (peat developed
over quartz sand is poorer in nutrients compared to that developed on top of loam or
clay). Nutrient inputs were higher than nutrient losses during the 1-year study period for
all nutrients studied.
Based on the results of this study (nutrient input, transfer, output and storage), it is
concluded that nutrient concentrations in peat soils are low and the substrates are acidic.
These factors are likely to be strongly limiting to agricultural development, including
plantations of estate crops and trees. Because of that management and conservation of
the peat swamp forest as natural condition is the best choice. The other alternative is
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that provision of natural ecosystem services (e.g. carbon storage, watershed,
biodiversity maintenance, timber production in certain time period) is likely to be a far
wiser land use from a long-term perspective.
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ECOLOGICAL PLANNING OF TROPICAL PEATLANDS FOR CARBON AND
WATER CONSERVATION
Adi Jaya
University of Palangka Raya
Tropical peatlands and their functions
Lowland tropical peatlands are wetland ecosystems characterised by an accumulation of
organic matter that is produced and deposited at a faster rate than it can be decomposed
(Gore, 1983). Peat formation in the tropics commences under conditions of constant
waterlogging or in wet coastal areas where organic matter is produced in abundance by
an adapted vegetation of mangroves, grasses or swamp forest trees (Driessen, 1977;
Radjagukguk, 2000).
Approximately 12 percent of the global peatland area occurs in humid tropical zones,
mainly in mainland East Asia, Southeast Asia, the Caribbean and Central America,
South and southern Africa (Rieley, et al., 1996). Indonesia is estimated to contain the
largest area of tropical peatland, ranging from 16 to 27 Mha (Radjagukguk, 1992).
Most of the peatland in Indonesia is situated at low altitude in the coastal and subcoastal lowlands of Kalimantan, Sumatra and West Papua, with a small amount in Java,
Halmahera and Sulawesi (Rieley et al., 1997). Some peatland also occurs in
mountainous parts of Java, Sumatra and West Papua.
The characteristics of tropical peatland differ from those of boreal and temperate
peatlands, especially in relation to their formation and chemical and physical properties.
Lowland tropical peat is formed from rain forest trees and other species of the shrub and
herb layers (Urapeepatanapong & Pitayakajornwute, 1996; Notohadiprawiro, 1997),
which results in higher lignin and nitrogen contents and lower amounts of ash,
carbohydrate and water-soluble protein than temperate peat (Notohadiprawiro, 1997).
In temperate and boreal zones peat is derived mainly from sphagnum mosses and sedges
(Andriesse, 1988). Chemically, ombrotrophic tropical peats are characterised by a low
nutrient content and an acid pH that varies between 3 and 4.5. The pH of surface peat
tends to increase as peat thickness increases (Radjagukguk, 2000). The acidity of peat is
caused by the high content of organic acids that are produced from decomposition of
organic matter. The ash content, as well as the degree of organic matter decomposition,
affects the nutrient content in tropical peat. In peat soils, the content of available
nitrogen, phosphorus, potassium, calcium and Cu are low, since these elements occur in
non-extractable forms. At low pH, for example, P will also be chelated by aluminium or
iron and rendered unavailable to plants.
Hydrology is a vital key to peatland ecosystem functioning, by controlling chemical and
biological processes and regulating wetland function and development (Mitsch &
Gosselink, 1993). Peat hydrology influences landform development by regulating
vegetation biomass production and decomposition, nutrient cycling and dynamics, and
carbon fluxes (Waddington & Roulet, 1997). In addition, natural peatland plays a vital
role in the regional water balance through its functions as a water catchment and
reservoir. Peat has a huge capacity for water absorption and retention, which ranges
from 0.8 to 0.9 m3 m-3 of peat (Notohadiprawiro, 1997), representing a considerable
water store (Mailvaganam, 1989). With this ability, water stored during wet periods is
released gradually in dry periods (Prentice, 1990; Rieley et al., 1992; Page, 1997). In
addition, the water in peatland areas is also extremely important in areas where the peat
is underlain with pyrite because waterlogging prevents oxidation of potential acid
sulphate substrate that would lead to extreme acidification (Giesen, 1991; Silvius et al.,
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1984). Severe acidification of pyritic soils gives rise to poor crop productivity even
with high inputs of lime and fertilisers (Klepper et al., 1991).
Globally, peatlands store between 192 and 450 Gt C (Post et al., 1982), representing
between 15 and 35% of the global terrestrial carbon, which gives them a major role in
the carbon cycle. The tropical peatland carbon store could be as high as 191 Gt C
(about one third of the total carbon stored in peatlands globally) (Page, 1997). At the
present time, with the assumption of an average thickness of 5 m, tropical peatlands are
a considerable carbon store, containing up to 2,500 ton C ha-1, compared with an
average of 1200 ton C/ha for peatlands globally (Diemont et al., 1997).
Dealing with problems of tropical peatland
Because peatland development to date has often produced disappointing results, it is
important to institute a better system of land use planning based upon a landscape
modelling approach. In designing a peatlands management model, the characteristics of
the ecosystem components should be understood well since each has specific functions
that contribute to the whole ecosystem. Preparing an inventory of environmental
parameters and understanding their behaviour in relationship to land use change and
natural or human impacts is an important step to this. Modelling should also be carried
out to predict the consequences of proposed actions that are expensive, difficult to
implement or destructive to the natural ecosystem and the environment generally (Hall
& Day, 1997).
The integration of a Geographic Information System (GIS) with ecosystem or
environment models provides the means to analyse ecosystem processes in a
comprehensive way. GIS is a valuable tool for combining data from disparate sources
in an organised fashion (Nemani et al., 1993). The role of GIS as a tool to capture,
manipulate, process and display spatial or geo-referenced data is very important in
establishing a model of peatland management. Studies have been carried out to integrate
environmental modelling and GIS. Aspinall & Pearson (2000), for example, combine an
eco-hydrological model and GIS for the assessment of water catchment conditions for
land management and planning. Bobba, et al. (2000) use a hydrological model to
simulate the movements of pollutants and subsurface water, surface water and lake
sediments.
In the past, the most concern was focused on the temporal effects on ecosystems by
studying changes over a certain time scale and considerable progress has been made in
this direction. In future, however, analysis and understanding of spatial phenomena
using GIS will become more important. The horizontal and vertical variation of
environmental characteristics such as soil type, peat depth, soil fertility, fire risk etc.,
could be stored and analysed in a much more precise manner. The use of GIS to
integrate spatial physical, chemical and hydrological data as well as land use of peatland
is a powerful tool. GIS progressed as a means of put together and analyse various data
relate to specific geographic areas, using the spatial locations of the data as the basis for
the information system. The result of this technique that provides visual output is
meaningful for policy makers and planners.
Objectives of this research
The overall objectives of this research are: (1) to determine the impact of the
development of the Mega Rice Project on the ecological functions of the peatland
ecosystem, and (2) to prepare an integrated land use plan for this peatland area that
sustains its ecological functions in a comprehensive way.
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Based on these general objectives, laboratory and field study of tropical peatland will be
undertaken to:
• evaluate physical and chemical characteristics of developed peatlands as part of the
MRP, especially those related to land suitability assessment.
• compare the ecological characteristics of developed peatlands of the MRP to
adjacent natural peatlands.
• determine, as accurately as possible, the amounts of carbon and water stored in the
tropical peat swamp forest of Central Kalimantan and the impact upon these of land
use change.
• determine the main factors affecting the loss of carbon and water from peatland
ecosystems.
• evaluate the change on hydrological characteristic of peatland under different land
uses.
• establish several land use options based on the biophysical and chemical parameters
as an input to land use planning.

Conclusions
This study provides information on morphological, landscape and physical and
chemical characteristics of a degraded peatland area that is associated with the
construction of large channels as part of the former Mega Rice Project in Central
Kalimantan, Indonesia. Investigation of the peat landscape between the major rivers
confirms the previous hypothesis that this peatland has a convex dome shape with only
a small gradient increase toward the summit. Chemical characteristics of peat in the
study area indicate a low fertility with acid pH and deficient macronutrient content.
Comparison of physical and chemical properties of peat between peatland types (study
areas) and depth partly shows a significant difference.
The main constraints to develop the peatlands in the study area is the thickness of the
peat most of which is >3 metres making it unsuitable for agricultural purposes. Peat
less than 3 metres thick could be considered for agriculture with some high inputs of
fertilisers and soil ameliorants.
There has been change in the ecological characteristics of developed peat compared to
its natural condition. This study confirms that the principal changes are to carbon stock
and carbon cycles, water storage and microclimate. These also affect carbon balance.
Total biomass and total carbon content of natural peat swamp forest are higher than in
other study sites (degraded forest etc…). Most of the biomass is allocated in wood and
roots whilst for carbon, the peat soil stores a much higher proportion of carbon than the
vegetation. Degradation of forest vegetation causes a decrease in biomass and carbon
content compared to the natural condition, with fire clearly causing largest losses of
biomass and carbon, while agriculture also leads to lesser loss of carbon as a result of
the application of peat ash and resultant peat oxidation.
The calculation of aboveground biomass for tropical peat swamp forest can be carried
out using several allometric equations developed for other forest types, while for
calculation of carbon using a coefficient of 0.5 provides a slightly lower results.
The development of peatlands is associated with drainage and the channels excavated
for this purpose affect water storage significantly. The capacity of drained peatland to
store water is low and results in a decline of ground water levels. There is a drastic
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effect on water storage in drained peatland during the dry season, while in the rainy
season the ground water table still remains depending on rainfall.
The results of the study show that inappropriate and unsustainable forms of peatland
management have resulted in degradation of the natural forest vegetation, drawdown of
the peat water table, increase of peat surface and air temperatures and recurrent surface
and ground fires. The last have been responsible for large emissions of carbon to the
atmosphere with consequence for climate change processes.
Based on the biophysical and chemical parameters, thick peat of more than 3 metres
should be considered for restoration to forest. On areas with the peat less than 3 metres
thick there is a possibility they could be developed as production areas and further
detailed study is needed for this purpose.

Implication of this Study for Tropical Peatland Management
This study confirms that for lowland tropical peatland landscapes, although the gradient
from the river edge towards the summit of the dome is relatively small, the peat surface is
definitely not flat. This is the reason why construction of the main channel to regulate
water supply in the Mega Rice Project, with its enormous dimensions, 5-6 metres deep and
25 metres wide, resulted in over drainage. Furthermore, it has and will continue to cause
the degradation of ecosystem functions of peatlands such as carbon sequestration and
storage and water regulation.
The chemical characteristics of peat in the study area, especially within the peat surface
were found in the category of low fertility. Since the fertility of peat soil in the study
area as peat in general is low, to improve this fertility will need a high input of fertilisers
(Limin et al, 1999). Therefore, the plan to utilise tropical peatlands, including the area
of the former MRP, for agriculture and plantations should be re-considered. Additional
negative impacts such as fire and flooding always occurred during the development.
New approaches are now required in order to utilise the environmental services of the
peatland ecosystem and therefore the plan by the Government of Indonesia for new
development of natural peatlands should be changed. It would be much better to restore
abandoned, degraded peatlands back to their former important ecosystem functions.
Therefore, the ex-MRP area should be re-assessed, based upon its carrying capacity and
also its suitability for different land uses. Since, most of the area is unsuitable for
agriculture development, reforestation is probably the best solution. Maintenance of
forest vegetation on the peatland area, especially thick peat (>3 m), is essential to
conserve the carbon stored there.
The large amount of carbon stored in the peatlands of Central Kalimantan is of major
importance to global and regional climate protection. The release of huge amount of
carbon in the fires that occurred in the peatland areas of Indonesia in 1997 and 2002, for
example, has contributed considerably to the increase in carbon dioxide that could
accelerate changes on global temperature. The existence of forest vegetation on these
peatlands is vital to maintain carbon sequestration.
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HUMAN IMPACT ON BENTHIC COMMUNITIES OF TWO LAKES IN CENTRAL
KALIMANTAN, INDONESIA
Yulintine
University of Palangka Raya, Indonesia
There are 2,267,800 ha of wetlands in Central Kalimantan out of a total area of
15,382,800 ha in this Province of Indonesia. Freshwater swamps constitute 1,811,500
ha, rivers 322,500 ha and lakes 132,000 ha (BPS, 2000). These freshwater ecosystems
are characterized by very low pH and low nutrient content (Page and Rieley, 1998).
Little is known about lakes in Kalimantan compared to those in Java and Bali. Most
Kalimantan lakes are seasonal oxbow lakes that are formed in river floodplains. As a
result, they are relatively shallow and fed by the flood water of major rivers
(MacKinnon, et al., 1996). The pH of these lakes is strongly acidic in contrast again to
lakes in Java and Bali, which are mostly alkaline (Fernando, 1984).
The water of lakes in Central Kalimantan has low transparency ranging from several
centimetres to a half metre and low dissolved oxygen concentration ranging from 0.1 to
1 mg/l (Iwakuma et al., 1999). Nevertheless, freshwater lakes in Central Kalimantan
have several important uses for local communities, especially fishing and domestic
water supply. Fish are caught for local consumption in freshwater ecosystems,
including lakes, in the surroundings of villages. Local communities also use water from
these lakes for drinking and other purposes. For example, they support an abundance of
fish with production of some 13,000 tonne per year (BPS, 2000). Additionally, Torang
and Buchar (2000) have recorded a very high fish diversity in some oxbow lakes of
Central Kalimantan of 48 fish species.
Benthos, which lives in bottom sediments and on higher plants of open waters (Wetzel
and Likens, 1991), consists of several categories of bottom-dwelling organisms based
on their size namely, macrobenthos, meiobenthos and microbenthos. Macrobenthic
species are retained by sieves of mesh size 1.0 to 0.0425 mm, meiobenthic forms are
stopped by a mesh size of 0.050 to 0.045 mm while microbenthic species are retained
by 0.050 to 0.045 mm sieves (Cole, 1988). Benthic organisms play important roles in
aquatic ecosystems, for example, decomposers of organic matter, indicators of levels of
pollution and food supply for many fish species and higher trophic level organisms
(Mallory et al., 1994). Futhermore, insects, segmented worms (oligochaetes and
leeches), microcrustacea (ostracods) and macrocrustaceans (mysids, isopods, decapods
and amphipods) are major components of freshwater benthic fauna (Wetzel and Likens,
1991).
In addition, macrobenthos can be considered as an effective indicator to measure the
trend of environmental changes in water ecosystem because of its long life cycle, living
in and on sediments and thereby reflecting the state of the entire ecosystem (Reice and
Wohlenberg, 1993; Rosenberg and Resh, 1993). Macrobenthos are well-suited to
experimental approaches for biomonitoring because simple and inexpensive equipment
are available for sampling, there is well-known and readily available taxonomic
information for many groups and keys to their identification and well-developed
methods of data analyses (Rosenberg and Resh, 1993). The benthic macroinvertebrates
are a very useful group with which to monitor the quality of water bodies.
Human activity has contributed, however, to alteration of many lake ecosystems
through urban and rural run-off such as effluent of domestic sewage, run-off of
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agriculture and forest management. These effluents are especially high in their contents
of nitrogen and phosphorus that result in enrichment of lakes, or eutrophication (Moss,
2000; Mason, 2002). Moreover, many sources of nitrogen and phosphorus are located in
the surroundings of lakes that also contribute to their enrichment, often reducing
diversity of benthic species as well as decreasing water quality. Acceleration of
eutrophication eventually affects natural water bodies and reduces its life span as a
result of accumulation of massive amounts of dead algae and water plants, the presence
of which imposes stress on decomposition processes. Nevertheless, this increased
productivity also leads to an increase in the growth of fish and other higher level
organisms in aquatic food chains (Ryding and Rast, 1989). However, some potential
external sources including effluent discharges from domestic properties, run-off of from
agricultural activity, and diffusion from the atmosphere (Ryding and Rast, 1989; Moss,
2000; Mason, 2002) may be detrimental to lake ecosystems and their fauna and flora.
Other important internal sources of nitrogen and phosphorus include nutrient
regeneration from bottom sediments and subsurface flow (Ryding and Rast, 1989).
In turn, the enrichment of lakes can lead to high organic matter and low dissolved
oxygen contents and eventually induce changes in benthic organisms both in their
seasonal pattern of occurrence, abundance and composition (Mason, 2002). In other
words, nitrogen-and phosphorus-rich effluent entering a lake can result in negative
effects on its biological stability, affecting all the biological communities and their
relationships within this ecosystem (Moss, 2000). For example, the presence of high
organic enrichment in a lake can affect adversely taxonomic groups of
macroinvertebrates. Likewise, high organic matter and low dissolved oxygen increases
the number of tubificids that can survive under these circumstances owing to the
existence of haemoglobin in their blood. High organic matter but more dissolved
oxygen will result in a shift in dominant populations towards domination by
Chironomus spp. (Maitland, 1994; Moss, 2000; Mason, 2002). The overall abundance
and composition of macroinvertebrates, however, is influenced more by substrate
characteristics than their size distribution (Bourassa and Morin, 1995). In addition,
according to Maitland (1994), the benthic community is influenced by substrate as a
shelter. The effects of eutrophication in oxbow lakes in Central Kalimantan are little
known and have yet to undergo serious investigation. Moreover, benthic studies are the
weakest area in tropical freshwater ecosystem knowledge in comparison with studies of
algae and macrophytes. Based on this background knowledge, it is reasonable to
assume there will be differences in the benthic communities of lakes as a result of
different types and intensity of human impacts measured in terms of inputs of nitrogen
and phosphorus to them.
In order to determine effects of human activities on lakes, research on benthic
assemblages is needed because they are effective indicators that can reflect the state of
the entire ecosystem.
The objectives of this research are to:
5. identify and determine the abundance, diversity, composition and distribution of
benthos in two lakes in Central Kalimantan, Indonesia
6. compare the abundance and diversity between the two lakes
7. investigate the relationship between benthic communities and human impacts
8. provide suggestions for sustainable management of these lakes for people’s
livelihoods and environmental protection
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Study sites
The sites used for the field investigation are lakes Tehang and Takapan in Central
Kalimantan, Indonesia. Lake Tehang, of maximum depth around 8 metres, is an oxbow
lake located in Sigi Village of Kapuas District, approximately 17 km north of Palangka
Raya the provincial capital (Figure 1). This lake, of maximum depth around 10 metres,
has two connections to the Kahayan River. Lake Takapan is also an oxbow lake located
approximately 10 km north of Palangka Raya (Figure 2). This lake also has two
connections to the Kahayan River and one to the Rungan River.
Methods
Benthos was collected monthly between July and December 2003 using an Ekman-Grab
sampler. Water samples for analysis of N and P were taken at the same time from all
locations using a Van Dorn water sampler. Four sampling stations were established at
each lake as follows: (1) inflow, (2) centre of lake (3) outflow and (4) lake adjacent;
three replicate samples were taken from every location for each purpose. Temperature,
light transparency, depth, pH and dissolved oxygen were measured in situ on each
sampling event.
Sampling of benthos using Ekman Grab sampler
Benthos samples were collected from the bottom of the lakes using an Ekman Grab
sampler and the material collected placed in plastic bags to which 40% formalin was
added. All benthos sediments were washed through a 45 u mesh size sieve after which
organisms were separated from debris and preserved in 95% alcohol. Macrobenthos
were collected directly and identified by eye, but meiobenthos were separated using a
dissecting microscope and placed in bottles for subsequent screening. Initially, benthic
organism were sorted into orders and thereafter identified to family or genus levels
according to Pennak (1978) and Merrit and Cummin (1996).
Water sampling using Van Dorn sampler
Water samples were collected from the surface and bottom of the lakes using a Van
Dorn in situ sampler. Samples were transferred immediately to bottles and analysed for
total N and total P by spectrophotometer upon return to the laboratory.
Data analysis
Abundance of benthos were determined by counting the number of benthos individuals of
each genus. Abundance of benthos was defined by the formula below :
n
N = ---------------A
Where :
N = abundance of benthos species (ind/m2)
n = number of individuals per sample
A = Ekman Grab sampler area (15 X 15 cm)

Index of species diversity
Index of diversity was analyzed by Shannon-Wiener function. The formula is
(Krebs, 1989) below:
S
H’ = ∑ (pi) (log2pi)
i=1
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where :
H’ = index of species diversity
S = number of species
pi = proportion of total sample belonging to ith species
Comparison of benthic communities between two lakes with different level of human
impacts was determined using statistical tests.
Conclusions
Human impact, in term of contributing phosphorus and nitrogen, on benthic
communities of two lakes in Central Kalimantan Indonesia was studied. Diversity,
composition and distribution of benthic assemblages in two lake were determined. The
present study was also carried out of these lakes to investigate effect of human activities
in terms of phosphorus and nitrogen concentration. The other environmental parameters
were measured such as depth, light transparency, temperature, pH, dissolved oxygen.
Benthos samples were collected monthly using Ekman grab at four stations on lakes
Tehang and Takapan from July to December 2003.
A total of 12,521 benthic individuals, within 29 taxa belonging to 10 orders and 15
families were recorded from Lake Tehang, while from Lake Takapan there was 10,012
individuals collected consisting of 25 taxa. According to the total number of benthos
oligochaetes were predominant, the percentage relative abundance ranging from 72.5 to
92.3% of total number of benthos of Lake Tehang. Although oligochaetes were also
predominant in Lake Takapan, the proportion of oligochaetes in Lake Takapan (65%)
was smaller than in Lake Tehang. Branchiura sp (Tubificidae) and Branchiodrilus sp
(Naididae) were dominant species of Lake Tehang, while the naidid family, such as
Dero sp, Naidium sp, Aulophorus sp and Branchiodrilus sp, dominated benthos in Lake
Takapan. Dominance of oligochaetes in low water level may be owing to high
suspended solid on main river entering the lakes. On the other hand, the percentage
relative abundance of insect larvae in Lake Takapan, dominated by Chironomus sp and
Polypedilum sp, was greater than in Lake Tehang. It could be owing to higher
dissolved oxygen in Lake Takapan than in Lake Tehang. It might not be due to
concentration of phosphorus and nitrogen because its concentration of both the lakes did
not significantly differ, although the presence of human settlement in surrounding lake
Tehang was more than in lake Takapan.
Most lakes in Central Kalimantan are seasonal oxbow lakes located in river floodplains.
This study provides information on the effects of human impact in terms of nitrogen and
phosphorus concentration on benthic communities of two lakes in Central Kalimantan,
Indonesia. This study was to determine abundance, diversity, composition and
distribution of macrozoobenthos and to investigate relationships between benthos and
nitrogen and phosphorus concentration, between benthos and other environmental
variables because macrozoobenthos is a bio-indicator that can reflect the state of the
entire lake ecosystem . Thus, it is hoped that data obtained will be a significant
contribution to better understanding for management of lakes in Central Kalimantan.
The study results highlighted seasonal water qualities such as depth, light transparency,
temperature, pH, dissolved oxygen, nitrogen and phosphorus, in two oxbow lakes in
Central Kalimantan. The results reflect typical condition of tropical oxbow lakes in
Central Kalimantan, with shallow depth, low pH, light transparency and dissolved
oxygen, and high and stable temperature. These unfavour environmental conditions,
including type of substrate, may affect the type of macrozoobenthos, dominated by the
130

oligochaete group and followed by the insect group. Although statistically there are no
significant relationships between macrozoobenthos and environmental factors, it is
assumed that environmental variables affect benthic assemblages.
Future work should be carried out on effects of physico-chemical characteristics of lake
sediment such as organic matter content, nitrogen, phosphorus, and substrate type
directly associated with benthic organisms. Therefore, maintenance of river catchment
area through river basin management considering human and environment aspects
should be conducted. Particularly, monitoring benthos should also be carried out in
order to be able to conserve biodiversity of benthic communities.
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SUSTAINABLE LIVELIHOODS ON PEATLAND AREAS IN
KALIMANTNA, INDONESIA: THE LAND RESOURCES OPTION
Darmae Nasir
University of Palangka Raya, Central Kalimantan, Indonesia

CENTRAL

Indonesia is a country with a very large populations that in 1999 was reported to total
210 million persons with an annual growth of about 2% (BPS Indonesia, 1999). Most
of these people (70%) lives in rural areas and, as a result, their basic needs in term of
development and conservation are immediate and local. Survival is their primary
concern in the short term causing them to depend largely on the land and resources of
the area surrounding their homes, putting the sustainability of these under pressure
(Elliot, 1999) and bringing them into conflict with national economic development
(MacKinnon, et.al, 1996)
According to the FAO (1995) land is a delineable area of the earth’s terrestrial surface,
encompassing all attributes of the biosphere immediately above or below this surface
including those of the near- surface climate the soil and terrain forms, the surface
hydrology (including shallow lakes, rivers, marshes, and swamps), the near-surface
sedimentary layers and associated groundwater reserve, the plant and animal population,
the human settlement pattern and physical results of past and present human activity
(terracing, water storage or drainage structures, roads, etc). Meanwhile, according to
Chapter 10 of Agenda 21(UN, 1999) land defined as physical entity in term of its
topography and spatial nature; a broader integrative view also include natural resources:
the soils, minerals, water and biota that the land comprises. These components are
organized in ecosystems which provide a variety of services essential to the
maintenance of the integrity of life-support systems and the productive capacity of the
environment. Based on both definitions, land resources are the main natural resources
and also the basic sources of livelihood of human beings as well as other living things
on this planet. For developing countries such as Indonesia as pointed out, land resources
therefore are a major factor, directly or indirectly, in people’s economic development
activities (Rostow, 1960).
In my research project I would like to apply the ideas of Reardon and Vosti (1995) and
Ellis (1999,2000) to study the ways in which migrant farmers survives, determining how
they operate their farming activities or abandon their farmland in peatland areas. And
determining their allocation of resources, capital and entitlements. This will be carried out
with an emphasis on the land resources use option in at the household and community
levels during the process of peatland occupation up until the time that transmigration
settlement develop a unity of the local community. In addition, it is important to know,
how are these people use their land resources and what they do with them at different
periods of the settlement process in order to develop a policy peatland utilisation and
conservation. And as a result of this study I intent to formulate ‘wise use’ policies for
implementation that consider both the needs of human beings and the important role of
peatland in the maintenace of local, regional and global environments.
Statement of the Problem
The Indonesian Government target areas for transmigration were the low population
density provinces in Kalimantan (Borneo), Sumatra, and West Papua. Most of the people
that participate in this programme are landless peasants or farm labourers. One of the main
objectives of the transmigration programme is to increase rice production since the cereal
grain of this plant is the staple food of the people of Indonesia. In Kalimantan (Borneo) the
target areas of transmigration settelement projects are both in upland and lowland. In
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Central Kalimantan province, these are mostly on lowland areas that are peatland, which
are covered by primary forest (peat swamp forest). Traditionally, indigenous people did
not live on peatland, but used it as the provider of their ‘common natural resources’. Since
it is ‘marginal land’ with poor soil fertility that lead to low crop yields. As a consequence,
some transmigration projects failed to achieve their main aim because farmers could not
support their families on the meagre produce from the 2.5 hectares of land given to them
by the Government to provide for their basic needs, subsistence and cash income. In their
efforts to survive, most of the migrant farmers diversified their sources of livelihood,
mainly by exploiting the natural resources of the remaining forest, which had been the
traditional sources of livelihood of indigenous people for generations. This fundamental
characteristic of rural livelihoods in developing countries to adapt their livelihood support
activities in order to survive has serious consequences for natural resources the utilisation
and degradation of which increases considerably leading to even greater poverty among
some groups of local people than before (Ellis, 2000).
Research Aim and Questions
Occupation and utilisation of peatland for farming purposes in Central Kalimantan
province, can not be avoided since the rate of population growths is high. Utilisation must
be planned carefully, however, respect given to the importance of the natural ecosystem as
well as its ability to support poverty eradication by strengthening sustainability of
livelihoods.
To date peatland utilisation in Central Kalimantan has not been based on a wise use
planning approach and many migrant farmers have experienced considerable suffering the
fertility of their peat soil fertility is indaquate to sustain rice cultivation, their staple food.
In order to survive other plant have been planted as main crops, replacing rice, which are
more suitable to grow on these poor soils although their yields are less on mineral soils.
Since these substitute crops do not generate sufficient cash income to support the
livelihood of the farming families they turn their attention to exploitation of the natural
resources, mostly forest resources, initially near to their farms but later considerable
distance away. As a result, peat swamp forest, that have been traditionally ‘common
natural resources’ for local indigenous people for generations degraded at a very fast rate
leading to increased poverty.
The remaining peat swamp forest should be kept in its natural condition and if there are
proposals for conversion, wise use principles must be implemented. According to
International peat Society and the Internatinal Mire Conservation Group (2002), peatland
wise use is peatland utilisation that meet with the criteria; first; if the use of peatland
resources ensures the availability of the same quantity and quality of that resource, that is –
except for side effects- no reason to refrain from using the resource; second; even when the
supply is decreasing, a particular peatland use can be continued as long as that resource is
abundant; third; if the peatland resource is not abundance and getting rare, it is wise not to
use the resource to the point of exhaustion, in the event that the resource might be needed
for more urgent purposes in the future; fourth; the use of peatland for specific purpose may
have considerable side effects. All other functions must be taken into account in the full
assessment of the suitability of an intervention; fifth; with respect to side-effects. An
intervention could be considered permissible when: no negative effects occur, or the
affected resources and services remain sufficiently abundant, or the affected resources and
services can be readily substituted, or the impact is easily reversible and the last criteria;
sixth; in all other cases, an integrated cost-benefit analysis should be carried out involving
through consideration of all aspects of the intervention.
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The large areas of degraded peatland should be rehabilitated as a matter of a priority and
then either conserved according to the most appropriate land use. In order to achieve this
objectives, detailed evaluation should be carried out of the existing and potential use of
peatland, degraded or natural, to provide scientific basis to ensure that developers use the
land resources in sustainable ways, therefore provide sustainable livelihood for both
indigenous and migrant people. It is to be hoped that through this approach conflicts of
interest will be minimised but, in order to achieve success, all stakeholders must be
involved not only the provision of valid information but also formulation of policies for
implementation.
In the light of the above information and rationale the objectives of this present study are
to:
1. examine the sustainability of livelihoods following the processes of peatland settlement,
evolution of agricultural practice and utilisation of common natural resources;
2. determine the conservation and conversion aspirations and perceptions of stakeholders
on peatland areas of Central Kalimantan; and
3. demonstrate other use options scenarios such as plantation crops, traditional
conservation project and conservation linked to livelihood security.
Based on three objectives mentioned above, the overall aim of this present research is to
reveal the livelihoods strategies, their aspiration about land use and options that can they
chose to promote sustainable livelihood of people lives on peatland areas in Central
Kalimantan. The question that to be addressed by this research is: What can the
environmental and development communities do to significantly improve sustainability of
livelihoods of people living on and near to degraded peatland and on primary peatland
swamp forest that is proposed for protection? To answer this question, I will ask: What are
the results of different use of peatland resources in economic and ecological terms? To
what extent are communities constrained by availability and access to certain natural
resources, assets and entitlements? What are relative contributions of different sources of
livelihood? How does this vary among households and communities? What are their
responses to the suitability of peat soil? What are community conservation aspiration and
commitment? What does local government wants from conservation, or estate crops and
how would these projects benefit the local community? What prospects do stakeholders
see to improve their livelihoods?
In order to achieve the first objective, concepts of sustainable livelihoods would be
examine through comprehensive analysis based on the output of participatory evaluation of
existing and potential use of peatland resources in relation to their function as lifesupporting systems. The second objective requires information to be obtained by
conducting focus group and semi-structured interviews following the participatory rural
appraisal (PRA) approach involving relevant stakeholders. The third objective involve the
formulation of different scenarios of potential peatland resources utilisation based on wide
range of regional data for comparison especially those available from Sumatera and
Sarawak.
Implementation Plan
• Publication in peer reviewed scientific journals. The highest quality, most
significant findings of the research have been published in international journals and
these are listed below.
• Presentation of findings at scientific meetings. A large number of presentations have
been given at a large number of conferences, seminars, symposia and workshops to
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•

•

•

•

a wide audience in Europe, North America and Southeast Asia. This is continuing.
These are listed below.
Publication of findings in the proceedings of scientific meetings. A selection of the
papers presented at scientific meetings have been published in proceedings are
therefore available to a much wider audience than the project partnership. These are
listed below.
Interface with local and national government authorities in Southeast Asia and
provision of project information. This has been a major activity of the STRAPEAT
Project and numerous meetings have been held with staff of ministries, agencies,
planning bodies, politicians and administrators in Indonesia and Malaysia. Notable
in this respect has been the State Planning Board of Sarawak and the Sarawak
Department of Agriculture, the Ministry of Research and Technology in Indonesia
and the Provincial Government of Central Kalimantan.
Interface with local government and communities. This has been achieved most
successfully in Indonesia through the first stakeholders meeting (Kalteng Forum)
that was held in the British Ambassador’s residence in Jakarta in September 2002.
This was followed by subsequent meetings in the office of the Governor of Central
Kalimantan in August 2003 and at the Aula of the University of Palangka Raya in
November 2004. The consensus of agreement reached at these meetings is now
being transferred into action plans to promote ‘wises use’ of peatland in Central
Kalimantan.
Skills transfer and training. The staff and postgraduate students trained in a variety
of skills related to sustainable development of tropical peatlands and those who have
obtained higher degree qualifications as a result are now a major human resource
that is capable of providing high level, focused training to future colleagues,
students and government officers in Central Kalimantan in order to propel
development in that province in order to alleviate poverty and promote
environmentally sustainable development. Several training courses have been held
and there are firm plans to establish taught postgraduate courses and short career
development courses.
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Sulistiyanto, Y., Rieley, J.O., Page, S.E. & Jaya, A. (2002) Chemistry of rainfall and
throughfall in a peat swamp forest in Central Kalimantan, Indonesia. Tropical
Peatlands, 1, 1-7. ISSN 1412 0613.
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Proceedings of the 12th International Peat Congress: Wise Use of Peatlands, 6-11
June 2004, Tampere, Finland, (Ed. J. Päivänen) Volume 1, pp. 660-667. International
Peat Society, Jyvaskyla, Finland.
Limin, S.H., Jaya, A., Siegert, F., Rieley, J.O., Page, S.E. and Boehm, H-D.V. (2004)
Tropical peat and forest fire in 2002 in Central Kalimantan, its characteristics and the
amount of carbon released. Proceedings of the 12th International Peat Congress: Wise
Use of Peatlands, 6-11 June 2004, Tampere, Finland, (Ed. J. Päivänen) Volume 1,
pp. 679-686. International Peat Society, Jyvaskyla, Finland.
Rieley, J.O., Page, S.E., Wuest, R.A.J., Weiss, D and Limin, S.H. (2004) Tropical
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the 12th International Peat Congress: Wise Use of Peatlands, 6-11 June 2004,
Tampere, Finland, (Ed. J. Päivänen) Volume 1, pp. 713-719. International Peat
Society, Jyvaskyla, Finland.
Siegert, F., Boehm, H-D.V., Rieley, J.O., Page, S.E., Jauhiainen, J., Vasander, H. and
Jaya, A. (2002) Impact of fire and carbon release from tropical peatland in Central
Kalimantan, Indonesia. Proceedings of the International Symposium on Tropical
Peatland: Peatlands for People, Jakarta, Indonesia, 22-24 August 2001. pp. 142-154.
Sulistiyanto, Y., Rieley, J.O. and Limin, S.H. (2002) Litterfall in tropical peat swamp
forest in Central Kalimantan, Indonesia. Proceedings of the International Symposium
on Tropical Peatland: Peatlands for People, Jakarta, Indonesia, 22-24 August 2001.
pp. 29-34.
Sulistiyanto, Y., Rieley, J.O. and Limin, S.H. (2004) Nutrient dynamics in different subtypes of ombrotrophic peat swamp forest in Central Kalimantan, Indonesia.
Proceedings of the 12th International Peat Congress: Wise Use of Peatlands, 6-11
June 2004, Tampere, Finland, (Ed. J. Päivänen) Volume 1, pp. 752-759. International
Peat Society, Jyvaskyla, Finland.
Sulistiyanto, Y., Rieley, J.O., Page, S.E. and Limin, S.H. (2003) Quantity and mineral
nutrient content of throughfall in two types of peat swamp forest in Central
Kalimantan, Indonesia. Proceedings of the International Symposium on Land
Management and Biodiversity in Southeast Asia, Bali, Indonesia, 17-20 September
2002.
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Sulistiyanto, Y., Rieley, J.O., Page, S.E. (2003) Chemical elements in litter in two types
of peat swamp forest in Central Kalimantan, Indonesia. Proceedings of the
International Symposium on Land Management and Biodiversity in Southeast Asia,
Bali, Indonesia, 17-20 September 2002.
Verhagen, Jan Herbert Diemont, Suwido Limin, Jack Rieley, Bambang Setiadi, Marcel
Silvius, Henk Ritzema, Henk Wösten. (2004) Financial mechanisms for wise use of
peatlands in Borneo. Proceedings of the 12th International Peat Congress: Wise Use
of Peatlands, 6-11 June 2004, Tampere, Finland, (Ed. J. Päivänen) Volume 1, pp.
762-767. International Peat Society, Jyvaskyla, Finland.

CONFERENCE PRESENTATIONS UNPUBLISHED OR IN PRESS
Artiningsih, T., Jaya, A., Rieley, J.O. and Osaki, M. (in press) Distribution of microorganisms and its relation to C-N properties of tropical peatland. Proceedings of the
International Symposium on Land Management and Biodiversity in Southeast Asia,
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Boehm, H-D.V., Siegert, F. Limin, S.H. and Jaya, A. (in press) Land use change in
Central Kalimantan over the period 1991 – 2001 including impacts of selective and
illegal logging, MRP establishment and Fires. Proceedings of the International
Symposium on Land Management and Biodiversity in Southeast Asia, Bali,
Indonesia, 17-20 September 2002.
Hatano, R., M. Osaki, and Limin, S.H. (in press) Nitrogen Budgets in different types of
agricultural systems in Central Kalimantan, Indonesia. Proceedings of the
International Symposium on Land Management and Biodiversity in Southeast Asia,
Bali, Indonesia, 17-20 September 2002.
Jaya, A. (2002) Land Use Planning of Tropical Peatlands for Carbon and Water
Conservation. Workshop on Sustainable Management of Tropical Peatlands in
Borneo. University of Nottingham, UK, 19th December 2002.
Jaya, A., Rieley, J.O., Page, S.E. and Inoue, T. (in press) Carbon and water storage in
the peatlands of Central Kalimantan: impact of the mega reclamation project and its
possibility for rehabilitation. Proceedings of the International Symposium on Land
Management and Biodiversity in Southeast Asia, Bali, Indonesia, 17-20 September
2002.
Nasir, D. (2002) Sustainable livelihood on peatland in Central Kalimantan, Indonesia:
the land resources use option – a research proposal. Workshop on Sustainable
Management of Tropical Peatlands in Borneo. University of Nottingham, UK, 19th
December 2002.
Page, S.E., Rieley, J.O., Jaya, A., Boehm, H-D.V. and Siegert, F. (2001) Carbon storage
in the peatlands of Central Kalimantan and the impact of forest fire. Paper presented
at the International Symposium: Changing Wetlands. Sheffield, UK, 11-13
September 2001.
Sulistiyanto, Y., Rieley, J.O., Page, S.E. and Limin, S.H. (in press) Quantity and
mineral nutrient content of throughfall in two types of peat swamp forest in Central
Kalimantan, Indonesia. Proceedings of the International Symposium on Land
Management and Biodiversity in Southeast Asia, Bali, Indonesia, 17-20 September
2002.
Sulistiyanto, Y., Rieley, J.O., Page, S.E. (in press) Chemical elements in litter in two
types of peat swamp forest in Central Kalimantan, Indonesia. Proceedings of the
International Symposium on Land Management and Biodiversity in Southeast Asia,
Bali, Indonesia, 17-20 September 2002.
Takahashi, H., A. Usup, H. Hayasaka, and Limin S.H. (in press) Estimation of ground
water level in a peat swamp forest as an index of peat/forest fire. Proceedings of the
137

International Symposium on Land Management and Biodiversity in Southeast Asia,
Bali, Indonesia, 17-20 September 2002.
Sulistiyanto, Y. (2002) Nutrient Dynamics of Peat Swamp Forest in Central
Kalimantan, Indonesia. Workshop on Sustainable Management of Tropical Peatlands
in Borneo. University of Nottingham, UK, 19th December 2002.
Yulintine (2002) Human Impact On Benthic Communities Of Two Lakes In Central
Kalimantan, Indonesia. Workshop on Sustainable Management of Tropical Peatlands
in Borneo. University of Nottingham, UK, 19th December 2002.

OTHER OUTPUTS : UNPUBLISHED OR IN PRESS
1. STRAPEAT workshop, University of Nottingham, 19th December 2002 Presentations
by UNPAR staff:
Sulistiyanto, Y. : Nutrient dynamics of peat swamp forest in Central Kalimantan,
Indonesia.
Jaya, A.
: Land use planning of tropical peatlands for carbon and water
conservation.
Gumiri, S.
: Carbon sources of aquatic life in blackwater ecosystems of
Kalimantan –importance of the land-water interface.
Yulintine
: Human impact on benthic communities of two lakes in Central
Kalimantan, Indonesia.
Nasir, D.
: Sustainable livelihoods on peatland in Central Kalimantan,
Indonesia: the land resources use option.
2. Fire seminar in Hokkaido University JAPAN, 20th March 2003.
- Suwido H. Limin : Forest Fire Suppression Activities in Kalampangan Zone and
the Natural Laboratory of Peat Swamp Forest (NLPSF) in Central Kalimantan.
3. Attended UNEP Finance Initiative meeting on : Sustaining Biodiversity : Benefits for
Community-Business Opportunities for Financial Institutions, on 20 – 21 October
2003, in Tokyo. (Nahson Taway, Burhanudin Ali, Djudae Anum, Willy M. Yosep,
Suwido H. Limin and Adi Jaya).
4. Attended Expand Course and Research on Biodiversity, September 2002 – February
2003 at Gent University, Belgium (Sulmin Gumiri).
5. Attended the JICA Country Focus Training Course in Administration Management for
Higher Education and Information Technology for the Republic of Indonesia, on 2 –
24 October 2003 at Saga University, Japan (Sulmin Gumiri)
6. Organised student, Attended the World Water Forum, in Kyoto, Japan 16 – 23 March
2003. The effect of deforeststion in Central Kalimantan. (Tampung N. Saman, Vivi
Yunita and Wahyu Ariatie).
7. Attended ASIA LINK meeting in Kuching, Sarawak, Malaysia on 30 Sept – 1 Oct
2003.
8. Attended STRAPEAT partners meeting in Kuching, on 29 September 2003.
9. Informal Meeting between Delegation of Central Kalimantan Government/ CIMTROP
with the JICA in Tokyo – Japan 22 October 2003.
10. Participated in meeting with the EU STRAPEAT liaison officer, Professor Nicole
Reveille in Brussels on 8th April 2003.
11. Attended STRAPEAT partners meetings in Brussels on 7th and 8th April 2003.
12. Attended BAPPENAS Meeting in Jakarta : Integrated Plan for Mega Rice Project
Replanning, 28th April 2003. (Suwido H. Limin)
13. Attended BAPPENAS Meeting in Jakarta on Integrated Plan for MRP Replanis 8 – 10
September 2003. Presented by Suwido H. Limin : Some Important Consideration on
the Restoration of the Ex-Mega Rice Project in Central Kalimantan. (Suwido and
others).
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14. Attended BAPPENAS Meeting in Jakarta : Integrated Plan for Mega Rice Project
Replanning, 18 November 2003.
15. Attended Workshop for Integrated Plan for MRP Replaning in BAPPEDA Central
Kalimantan Province 6 October 2003.
16. Attended Central Kalimantan Prominent Forum meeting : To Give Comments for
Governor of Central Kalimantan. (one time every month).
17. Attended the fourth BIMP – EAGA Orchid Congress, Yogyakarta 24 – 27 October
2003 (Sehat Jaya, Ici P. Kulu, Suwido H. Limin, Andoh Oemar).
18. Attended the Local Government Province Meeting on BOSF and Local Communities
Problems, 5 November 2003. (Suwido H. Limin and Adi Jaya)
19. Workshop on International Monitoring and Evolution in Higher Education, Ujung
Pandang 4 – 6 December 2003.
20. Fire Workshop by Palangka Raya Municipal City, Local Regulation for Fire
Prevention. Palangka Raya 4th February 2003.
21. BOSF Workshop, Palangka Raya 6th February 2003.
- Suwido H. Limin and Adi Jaya : Concept for Conservation in Central Kalimantan.
22. WWF Workshop, Palangka Raya 31st March – 1st April 2003 Presented by UNPAR
staff :
- Suwido H. Limin : Biophysical Characteristics of Sebangau Catchments.
23. Fire Prevention Workshop, Palangka Raya 14th – 15th April 2003 Organized and
Presented by UNPAR staff :
- Suwido H. Limin : Strategies and Integrated Action Plan for Fire Prevention and
Suppression in Central Kalimantan.
24. STRAPEAT Workshop and Training for Technician of Agriculture Department and
Farmens in Kereng Bangkirai, 10th May 2003.
25. Organized and Participated in Bio-Right/Credit Carbon Meeting with Local
Government of Central Kalimantan, Palangka Raya 22nd April 2003.
26. Attended Workshop on “Agriculture Police Analysis”.
University of
Lampung/Bappenas/ USAID/DAI Food Policy Support Activity, Lampung, October
14 – 26, 2003.
(Yuprin A.D).
27. Article : Strategies to Prevention of Fire in Central Kalimantan. Kalteng Post 11st –
12nd April 2003.
28. Article : Five Programmes for Prevention, Suppression, Rehabilitation, Research and
Management Information System of Land Forest Fire in Central Kalimantan. Kalteng
Post 25th April 2003.
29. Article : Just Flying Activities of BOS Foundation in Central Kalimantan November
2003. (Sehat Jaya and Adi Jaya).
30. Pers Release through Palangka Raya Radio Station : Opportunity for Central
Kalimantan to Get Funding Through the Conservation Issue, 12nd May 2003.
31. Pers Release through Palangka Raya Radio Station : CIMTROP one of the Institution
will be Benefit for Central Kalimantan, 27th May 2003.
32. Pers Release : Central Kalimantan will be Attention of the International Concern
(Third country for Bio-Right project). Kalteng Post Newspaper 18-20 November 2003
(Suwido H.Limin and Adi Jaya).
33. Comments through the TVRI of Palangka Raya and Jakarta : Warning for Local
Government for Conservation Issue, 18th April 2003.
34. Comments through the Kalteng Post : Activities and Finding of the Patrol Unit Tim
Sebangau-Katingan (PUTSK), 10 July 2003.
35. Comment through the TVRI Palangka Raya : Conservation Concept for Central
Kalimantan, 10th May 2003.
139

36. Comment through TVRI Palangka Raya, 29 April 2004 : MRP still need re-design
and should use and accurate data in current situation.
37. Member and attended of Central Kalimantan Prominent Forum Meeting : Every
month, Giving input for MRP, Forest Fire and Conservation issues.
38. Governor meeting for Borneo Tropical Rainforest Foundation (BTRF) issues, 5 May
2004. Giving input and warning. Suwido H. Limin.
39. Explanation the PUTSK finding to the Vice Governor Head of Department of
Forestry and Head of Controlling of Environmental Impact Agency, Central
Kalimantan, 10 May 2004. Suwido H. Limin.
40. Meeting with the Ambassador of Indonesian Government for England; 5 March 2004.
Napa J. Awat, Suwido H. Limin, Sehat Jaya, Heriyanto M. Garang, Dadang Lorida,
Tampung N. Saman and Jack Rieley.
41. Meeting with Mayor of Nottingham City : 9 March 2004, Napa J. Awat, Suwido H.
Limin, Sehat Jaya, Heriyanto M. Garang, Dadang Lorida, Tampung N. Saman.
42. Meeting with Vice Chancellor of Nottingham University and Indonesian Ambassador
at Nottingham University; 12 March 2004 : Napa J. Awat, Suwido H. Limin, Sehat
Jaya, Heriyanto M. Garang, Dadang Lorida, Tampung N. Saman.
43. Meeting to follow up UNPAR Delegation Visit to UK, Palangka Raya, 31 March
2004.
44. Fire Fighting Team Meeting in Municipal of Palangka Raya, 5 May 2004.
Presentation by Suwido H. Limin : “Strategy to Establish Fire Fighting Team/TSA in
Palangka Raya Municiple Regency.
45. Landuse Planning Workshop : Municiple of Palangka Raya, 20 January 2004.
Suwido H. Limin.
46. MRP Workshop, BAPPENAS Jakarta 28 January 2004 : Comments and Disagree on
the Draft Final MRP. Suwido H. Limin.
47. MRP Seminar, Kuala Kapuas 14 February 2004 : Restoration of Mega Rice Project.
Suwido H. Limin and Adi Jaya.
48. STRAPEAT workshop, Pontianak 12 April 2004. Attended by UNPAR staff.
(Suwido H. Limin, Adi Jaya and Yulintine).
49. ASIA LINK/PEATWISE Workshop, Pontianak 13 April 2004. Attended by UNPAR
staff (Suwido H. Limin, Adi Jaya and Yulintine).
50. International Peat Workshop, Pontianak West Kalimantan 14 – 15 April 2004.
Presentation by Suwido H. Limin : Current Issues and Invistigation of ex PLG-Mega
Rice Project : Canal, Biodiversity, Fire, Carbon, Transmigration; Next Step and
Ongoing Works Discussing Applicable Best Practice.
51. Planning for Utilisation of Land and Characteristics of the ex Mega Rice Project
(MRP) in Palangka Raya Municiple. Research Report. University of Palangka Raya,
Centre for International Cooperation in Management of Tropical Peat Land
(CIMTROP), collaboration between Planning Board of Region Development
Municiple of Palangka Raya (BAPPEDA)-2003.
52. International Workshop on Human Dimension on the Management of Peatland in
Southeast Asia, Palangka Raya, Central Kalimantan, Indonesia, 1 – 2 December 2003.
Presentation by Tampung N. Saman dan Suwido H. Limin : The Importance of and
Environmental Education in Maintaining the Sustainability of Tropical Peatlands in
Central Kalimantan.
53. International Workshop on Human Dimension on the Management of Peatland in
Southeast Asia, Palangka Raya, Central Kalimantan, Indonesia, 1 – 2 December 2003.
Presentation by Suwido H. Limin, Tampung N. Saman and Sahara Alim : Developing
Public Awareness and Responsibility of Local Community Through Direct
Involvement in Action for Suppressing the Forest Fire.
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54. International Workshop on Human Dimension on the Management of Peatland in
Southeast Asia, Palangka Raya, Central Kalimantan, Indonesia, 1 – 2 December 2003.
Presentation by Yuprin A.D, Suwido H. Limin, and Tampung N. Saman: Local
Community-Based Management in Enhancing Income Generation.
55. International Workshop on Human Dimension on the Management of Peatland in
Southeast Asia, Palangka Raya, Central Kalimantan, Indonesia, 1 – 2 December 2003.
Presentation by Yuprin A.D, Suwido H. Limin, Sehat Jaya Tuah and Tampung N.
Saman: Socio-Economic Activities of Local Communities At Mega Rice Project
(MRP) Area in Palangka Raya District Central Kalimantan.
56. International Workshop on STRAPEAT , Kuching, Sarawak, 24 November 2004.
Suwido H. Limin : Indonesia Experiences in Peatland Utilization : The Mega Rice
Project in Central Kalimantan.
57. International Workshop on STRAPEAT and RESTORPEAT, Palangka Raya, Central
Kalimantan 26 – 27 November 2004. Suwido H. Limin : The Potential for
Stakeholder in Wise Use of Peadland in Central Kalimantan.
58. International Workshop on STRAPEAT and RESTORPEAT, Jakarta, Indonesia 30
November – 1 December 2004. Suwido H. Limin : Environmental Impact of Peatland
Development in Central Kalimantan.

Task 6300: Organise international symposium
♦ Presentation of initial task outputs was made at the International Symposium on
Land Management and Biodiversity in Southeast Asia that was held in Bali,
Indonesia in September 2002.
Task 6400: Organise workshops
♦ Organised the Partner Workshop in Palangka Raya, Central Kalimantan on 30-31
March 2002 to identify knowledge gaps and determine priorities for research.
♦ Attended the partner Workshop in Sibu, Sarawak on 4-5 April 2002 to share and
assess state of knowledge information with other partners.
♦ Organised International Workshop and Short Course in Palangka Raya, Central
Kalimantan on 25-29 August 2003 on Sustainability Use of Renewable Natural
Resources of Tropical Peatland.
♦ Organised The Forum Kalimantan Meeting in Palangka Raya, Central Kalimantan
27 August 2003.
♦ Organised workshop in Palangka Raya, Central Kalimantan on Curriculum/Sylabus
for Master level on 7-9 April 2005 on New Educational Tools for Sustainable
Management of Peatland in The Humid Tropic (PEATWISE).
Task 6500: Publication of project results
♦ Several papers have been published in scientific journals and conference
proceedings. A list is attached.

Benefits arising directly or indirectly from this project
• Human resource development (Masters, Ph.D. and short course training)
• Capacity building (CIMTROP office and administrative structure; Natural
Laboratory for Peat Swamp Forest; Darwin Herbarium)
• Ability of CIMTROP/UNPAR staff to apply for research funding and to administer
and undertake high level, high quality research projects
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•
•

Partner in an International network of scientists, technologists and socio-economists
able to deal with aspects of tropical peatland and impacts upon it
Ability to advise and train local government officials in aspects of ‘Wise use of
tropical peatlands’.

CONCLUSION
There is now a key nucleus of scientists and assistants based at the University of
Palangka Raya with expertise in high level research experimentation, monitoring and
assessment who are able to focus on critical aspects of sustainable development of
tropical peatlands in order to alleviate poverty of local people while maintaining
biodiversity and environmental quality. They are also capable of training others in the
expertise required to continue to promote the objectives of this EU INCO Project in the
future. Some are already doing this through involvement in the successor EU INCODEV Project (Framework 6) on “Restoration of Tropical Peatland to Promote
Sustainable Management of Renewable Natural Resources” (RESTORPEAT) that this
is operating from 2004 to 2007.
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Major findings of Gadjah Mada University Team in the STRAPEAT
Project
Introduction
Tropical peatlands cover an area of about 38 million hectares (9% of global peatland
area) of which around 20 million hectares are found in Indonesia, and about 2.7 million
hectares are found in Malaysia. Borneo, which covers parts of Malaysia (Sarawak and
Sabah), Brunei and part of Indonesia (Kalimantan) has about 10 million hectares of
peatland. As a land resource, tropical peatland can be used for crop cultivation, for
timber harvest, for the establishment of forest plantation and for aquaculture, while as
an extractable material, the peat can be utilized as fuel, as growth substrate in nurseries
and for horticulture, as soil ameliorant, and as pollutant adsorbent. By far, the most
dominant use of tropical peatland resource, however, has been for agriculture and even
at present, agricultural expansion onto peatland in the tropics continues. Reduction in
pristine areas as a result of conversion to agriculture has not been clearly known, but it
is estimated that 20% of total peatland forest in Indonesia have been converted. The fact
that tropical peatland has long been used for cultivation by local inhabitants in
Indonesia and Malaysia strongly indicates that with appropriate and proper
management, it can be used sustainably in the long term. Realizing that agricultural
utilization of peatland in the developing countries of the tropics arises out of necessity,
the challenge faced is how to reconcile the pressure for this sectoral use and the need to
conserve the fragile ecosystem (Radjagukguk, 2004).
Peatland use for agriculture entails an array of complex problems due to its peculiar
characteristics. Therefore, agricultural utilization of the peatland needs to guarantee its
sustainability and the maintenance of its ecological functions. The utilization of tropical
peatland for agriculture involves land reclamation (drainage and clearing), tillage and
soil amelioration. An improper management of the peatland can result in serious
disturbance to sustainable development. As peatland is a fragile resource, it is
imperative that its sectoral use, such as agriculture, fully takes into account the aspects
of sustainability.
The objectives of the present study are to review impacts of agricultural utilization on
the tropical peatland as a resource, and to study the sustainability of agricultural systems
on the tropical peatland as well as possible improvements in their management.
Impacts of agricultural development on tropical peatland
The reclamation, or conversion, of tropical peatland for agriculture involves drainage
and land clearing, which, apart from causing loss of biodiversity, will inevitably
produce changes in the physical, chemical and biological properties of the peat soil,
introducing constraints for cropping. In addition, subsequent cultivation practices will
also have an influence on these properties.
In terms of physical properties, drainage results in rapid peat subsidence in the first 4-10
years, followed by a slowing down to a somewhat constant rate thereafter. With
subsidence and compaction, various changes will occur to soil physical properties,
including increased bulk density, and decreased total porosity, O2 diffusion, air
capacity, available water volume and water infiltration rate. Other problems associated
with subsidence are a truncated land surface and the exposure of decaying tree trunks
which pose tillage problems. After drainage and cultivation, peat decomposition rate
increases, further contributing to increase in bulk density. Excessive drying of the peat
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soil results in hydrophobicity which renders it much more susceptible to surface
waterlogging and erosion (Radjagukguk, 2000). The effects of peatland reclamation on
the physical properties of the peat soil are summarized in Table 1.
Table 1. The effects of land reclamation and cultivation practices on physical properties
of tropical peat soil and its implications.

Inherent property

Effects of reclamation and
cultivation practices

Implication

Raised soil surface

Lowering of soil surface
(subsidence), more pronounced
with burning

Truncated surface,
exposure of tree
trunks

Low bulk density

Increased bulk density

Increased surface
contact between
plant roots and
peat matrix

Low bearing capacity

Increased bearing capacity

Better plant
anchorage

High total porosity (70-90%) Decreased total porosity

Decreased aeration
And moisture
Infiltration rate

High available water content Field capacity available water
at field capacity
content decreased

Less available water
for plants

Vertical moisture conductivityVertical moisture conductivity
relatively high (0.001-0.32 decreased
cm.sec-1)

Increased suscep.
to surface erosion

High moisture content in
natural state (200-800%)

Drying of the upper soil layer
and risk of hydrophobicity

Impeded rewetting
increased suscep.
to erosion,
combustion
and decomposition

Relatively low soil
temperature

Drastic increase in upper soil
temperature, and greater
temperature fluctuation

Impeded root
development

High groundwater table

Lowered groundwater table

Risk of saline water
intrusion and surface
crusting

From Radjagukguk (2000).
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With regard to chemical properties, drainage and tillage increases CO2 release owing to
increased peat decomposition rate which, in turn, results in acidification. This is offset,
however, by the effect of drainage in expelling toxic and non toxic organic substances.
If the peat layer is underlain by pyritic (FeS2) material which may be exposed or
brought to the surface by canal construction, tillage or “surjan” construction, the
resulting pyrite oxidation will cause extreme lowering of the soil pH (to pH 2.0 or
lower) and acid pollution in waterways. On the other hand, if the underlying layer is
quartzitic sand, a complete loss of the peat layer through oxidation and combustion will
render the land unusable (Radjagukguk, 2000). Cultivation practices, in particular
excesive use of lime and ash, results in excessively high pH which severely depresses
micronutrient availability. Liming and ash application also increase microbial activity
which, in turn, further increases the peat decomposition rate. The effects of peatland
reclamation on the chemical properties of the peat soil and their implications are
summarized in Table 2.
Table 2.

The effects of land reclamation and cultivation practices on chemical
properties of tropical peat soil and its implications.

Inherent property

Effects of reclamation and
cultivation practices

Implication

Low pH (3.0-4.5)

Slight pH decrease. Exposure
of FeS2 will drastically decrease
soil pH. Lime or ash application
increases soil pH

Decreased soil pH
hampers root gr.
Increased soil pH
decreases
micronutrient
availability and
increases peat
decomposition

Low exchangeable Al
Decreased exchangeable Al and
-1
(about 0.5 cmol(+).kg )
Al saturation owing to leaching
and Al saturation (about 0.9%)

Probably insignifi.

Low availability of N, P, K, Increased availability, enhanced
Ca, Zn, Cu
by lime and ash application,
except for the micronutrients

Increased nutrient
supply, except
micronutrients

High C/N ratio (20-45)

Probably insignifi.

Decreased C/N ratio

High CEC based on dry
Slight increase in CEC due to
weight (50 to >100 cmol(+). decomposition
kg-1)

Probably insignifi.

High content of organic
acids

Decreased contents of organic
acids owing to leaching

Decreased toxicity

Low ash content

Increased ash content owing to
decomposition and ash application

Increased peat rip.
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Low redox potential

Increased redox potential

Increased formation
NO3- and its
leaching, oxidation
of Fe2+ and Mn

From Radjagukguk (2000).
There is a direct relationship between depth of water table and rate of subsidence and
thus the sustainability of the peat for agriculture. A deep-rooting crop requires a lower
water table than a shallow-rooting crop and, consequently, its cultivation will lead to a
higher rate of subsidence. Thus, in a given area, the choice of specific land-use option
will determine the time it will take before either the peat disappears exposing the
mineral subsoil, or the drainage base approaches the river level and further drainage by
gravity becomes impossible.
Requirements for sustainable agriculture
Sustainable agriculture should be viewed as acomponent of sustainable development in
a wider sense. Sustainable development is defined as “development that meets the needs
of the present without compromising the ability of future generations to meet their own
needs” (WCED). Therefore sustainable agriculture is developed within the context of
sustainable development, and is defined as the use of farming practices and systems
which maintain or enhance (1) the economic viability of the production system; (2) the
natural resource base; and (3) other ecosystems which are influenced by the agricultural
activities (SCA Working Group on Sustainable Agriculture, 1991). With respect to the
management of tropical peatland for agriculture, there is a prominent requirement to
develop specific management strategy and cultivation technologies to ensure
sustainability. The management technology to be developed should put an emphasis on
the maintenance or improvement of crop productivity, on the conservation of the peat
soil and its fertility as substrate for plant growth, and on minimizing the negative
impacts of their utilization on other ecosystems and the environment. In addition, such a
management strategy should be composed of management technologies appropriate to
the socio-economic conditions of the average peatland farmer.
Assessment of the sustainability requirements
The study involved peat sampling and the identification of peatland uses currently
practised by farmers. Sampling sites consisted of pristine peatland forest located in the
Natural Laboratory of Peat Swamp Forest in the upper catchment of Sebangau River,
sago palm plantation and annual croplands (corn and vegetables), all situated in Central
Kalimantan. The pristine forest was classified as mixed swamp peat forest type. In the
sago plantation site, agricultural practices applied were still very simple and not
intensive, and the area cultivated was commonly small in scale. The annual crops site
was an old transmigration area established in the early 1980’s. This area had been
intensively managed by the farmers including the construction of drainage system such
that the decomposition degree of the top peat layer was commonly sapric.
Crop yield on the annual crops site was measured with the standard method (2m x
2.5m), each consisting of 5 subsamples. Soil samples were taken from the plow layer
(top 15 cm) for physical and chemical analysis using standard methods. CO2 emission
was measured using infrared gas analyzer (PP System EGM-2) as used by previous
workers (Jyrki Jauhiainen, personal communication). General observations on crop
performance were also carried out in other sites.
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Maintenance or enhancement of productivity
Results of field observation showed that kinds of crop suitable for cultivation on the
tropical peatland were limited. Most of the annual crops widely grown were
horticultural crops, particularly vegetables. In Central Kalimantan, the dominant crops
grown consisted of Nephelium lappaceum (rambutan), pineapple, longbean, egg plant,
tomato, Ipomoea aquatica, amaranth, radish, chilli, celery, cucumber, okra and sweet
corn. In West Kalimantan, peatland is now commonly cultivated with Aloe vera,
papaya, pineapple and vegetables. The cultivation of Aloe vera is now carried out in a
relatively large scale, and continues to expand, to meet the demands of both domestic
and export markets. In terms of perennial crops, oil palm is now widely grown on the
peatlands in Sumatra and West Kalimantan.
Measurements on the yield of sweet corn in Kalampangan, Central Kalimantan, are
presented in Table 3. The results showed that yields on the peatland which had been
cultivated for 6-10 years were higher than yields on newly cultivated lands (1-5 years).
It could, therefore, be concluded that productivity of suitable crops could be maintained,
and even enhanced, by appropriate management such as the use of fertilizers and ash.
Table 3.

Yield of sweet corn per harvest on peatland in Kalampangan, Central
Kalimantan.

Years of cultivation

Total number of
cobs per ha

Number of standard Total dry wt
sized cobs per ha
of cobs
(kg/ha)

Plots cultivated for 1-5 years

33 200

14 800

3 957

Plots cultivated for 6-10 year

34 000

19 200

4 623

Maintenance of the peat soil as a natural resource base
Since peat soil is made up of organic material, it is very susceptible to loss through
burning and through decomposition, especially after reclamation. To ensure its
sustainability for cultivation, the burning of plant debris and other organic materials
need to be carried out in a small localized area, such as practiced by farmers in the
Sungai Slamet and Sungai Rasau areas of West Kalimantan. After drainage and land
clearing, relatively rapid subsidence occurs in the first few years which gradually
diminishes subsequently. This process can be slowed down by ensuring that the
drainage process does not occur too rapidly. As has been mentioned previously,
drainage also affects the peat soil properties, particularly in relation to water retention
capacity. In order to minimize adverse effects of drainage on the soil physical
properties, the groundwater level needs to be regulated in such a way as to maintain the
most suitable depth for plant growth and for peat conservation. Results of physical and
chemical analysis of peat samples collected from the three study sites in Central
Kalimantan are presented in Table 4 and Table 5. Contents of organic matter, fulvic
acids, and humic acids did not substantially differ among the pristine, plantation (sago)
and annual crops (vegetables) sites. Similarly, total Fe, total Mn, total Zn and total Cu
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contents were also not substantially different among the three sites. However, as would
be expected, bulk density (BD) increased substantially with cultivation, as did the ash
content (from burning). Moisture content substantially decreased in the annual crops site
due to increased surface exposure, and this may pose problem for rewetting. In terms of
soil pH, there was an increase with cultivation of annual crops due to application of ash
and fertilizers. Total N and total K contents of the peat soil decreased with cultivation,
but there were slight increases in total Ca. Increases in total Ca were probably due to
addition from fertilizers and ash. Exchangeable Al increased with cultivation, being
much more pronounced in the plantation site, whereas increase in exchangeable H was
only observed in the plantation site. Therefore, it can be concluded that cultivation
results in beneficial effects with respect to ash content, bulk density and pH, but
detrimental effects on moisture retention and exchangeable Al.
Table 4. Selected physical and chemical properties of the peat soil in relation to land
use.

Land use type

Organic Ash
matter (%)
(%)

Moisture BD
pH
Fulvic acid Humic acid
content (g.cm-3) (H2O)
(%)
(%)
(%)

Pristine

98.5

1.53

60.8

0.13

3.53

12.3

24.2

Plantation

93.2

7.41

69.1

0.19

3.41

13.0

23.9

5.91

45.3

0.21

3.66

12.1

24.5

Annuals

94.1

Table 5. Contents of selected elements in the peat soil in relation to land use.

Land use type Total Total Total Total Total Total Total Exch. Al Exch. H
N(%) K(%) Ca(%) Fe(%) Mn(%) Zn(%) Cu(%)
(cmol(+)kg-1)

Pristine

1.57

0.08

0.36

0.02

0.01

0.02

0.01

0.38

2.84

Plantation

1.34

0.02

0.39

0.02

0.01

0.02

0.02

1.92

3.01

Annuals

1.31

0.04

0.41

0.03

0.01

0.02

0.02

0.72

2.41

Minimization of impacts on other ecosystems and on the environment
The major impacts of land reclamation for agriculture on the surrounding ecosystems
are caused by the low quality of drainage water flowing out of the reclaimed area, by
alteration to local and regional hydrology due to construction of drainage canals, and by
uncontrolled burning. These impacts can be minimized by careful designing of canal
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system, by controlling burning, and by proper management of amendments and
fertilizers in the cultivated area.
Once the natural peatland is developed, its carbon storage function will change, and peat
decomposition by microorganisms is accelerated releasing CO2 as one of the major end
products. Study of Vasander and Jauhiainen (2001) showed that CO2 emission from
pristine peat swamp forests varied from 276 to 682 mg.m-2.h-1 at water levels +20 and 35 cm from the surface. At most of water levels studied, CO2 emission reached >600
mg.m-2.h-1. Study of Barchia and Sabiham (2002) showed that increasing intensity of
soil tillage without amelioration increased CO2 emission by about 80-90 mg.m-2.h-1. In
Malaysia, CO2 emission from maize and oil palm cultivated peatlands varied from 326
to 418 mg.m-2.h-1 (Jauhiainen et al., 2002).
Results of CO2 emission measurements in our study showed that average emission in the
annual crops site ranged from 350 to 400 mg.m-2.h-1 (Figure 1). These were in the same
order of magnitude as those previously reported for cultivated peatlands elsewhere.
Hence, it could be concluded that CO2 emission rate would not increase drastically with
peatland cultivation unless uncontrolled burning is practiced.
Figure 1.

Emission of CO2 from annual crops site in Kalampangan, Central
Kalimantan.
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Tentative recommendations
It is clearly evident that certain crop species are more adapted than others to the inherent
conditions of the tropical peat soil. The cultivation of lowland rice is restricted to
shallow peat (< 1m thickness) presumably due to severe limitations posed by toxic
organic substances in deep peat and by difficulties with water management. Experience
of farmers and the results of studies, so far, clearly indicate that horticultural crops are
the most suitable, and, therefore, could be assumed to be the most sustainable, for
cultivation on the tropical peatland irrespective of peat thickness. Certain perennial
(estate) crops, in particular oil palm, have also been shown to be adaptive to the tropical
peatland. The choice of crops to be grown needs to be primarily based on their
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adaptation or tolerance to existing constraints and on their economic values. Tentative
sustainability of cultivation of the various crops are presented in Table 4.
The main constraints for the growth of crops on the tropical peat soil are the low pH and
low availability of many plant nutrients. In order to ensure sustainability of cultivation,
fertilizers and amendments should be selected in such a way as to provide multiple and
long-term beneficial effects. Even more preferable is the use of renewable materials.
Ash obtained from the burning of plant debris has long been applied by peatland
farmers as a very effective ameliorant with multiple effects. The use of animal manure
is also recommended to supplement plant nutrients applied through common fertilizers.
Deliberate compaction of the peat soil along the planting rows is now practised to
increase its bearing capacity for tree crops. This is achieved by the use of heavy
machineries and is becoming a common practice in the more recently established oil
palm plantations. Apart from facilitating a higher bearing capacity, peat soil compaction
also results in enhanced vegetative growth and increased yields, presumably due to the
facilitation of a more intimate contact between plant roots and the soil matrix enhancing
nutrient uptake.
Table 6. Tentative sustainability classification of the various crops on tropical peat soil
of varying thicknesses.
Crop type
0-100

Peat thickness (cm)
100-200

>200

Wetland rice

S2

S2

NS

Upland food crops (soybean, corn,
cassava, peanut, etc.)

S2

S2

S3

Vegetables (Chinese cabbage, chilli,
tomato, celery, etc.)

S1

S2

S3

Fruits (papaya, pineapple, Nephelium
lappaceum, etc.)

S1

S2

S3

Estate perennial (oil palm, sago,
coconut, cacao, coffee, etc.)

S2

S2

Industrial (Aloe vera, rami, medicinal, S1
etc.)
S1 :
S2 :
S3 :
NS :

S2

sustainable with minimum inputs
sustainable with greater inputs
conditionally sustainable with specific requirements
not sustainable
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S3
S3

Characterization of acidity factors in tropical peat soil
Acidity is believed to be one of the most important limiting factors for plant growth on
the tropical peat soil. Hence, characterization of factors causing the acidity is of
paramount importance for the proper management of the tropical peat soil towards
sustainable agriculture.
A glasshouse experiment was carried out to determine acidity factors and the effect of
ameliorant applications for the growth of plant on an ombrogenous peat soil from
Kalampangan, Central Kalimantan. The ameliorants tested consisted of CaCO3 (at 6.5
and 8.5 ton.ha-1), volcanic ash (at 0 and 40 ton.ha-1), corn plant material (at 10 and 20
ton.ha-1) and legume plant material (at 10 and 20 ton.ha-1). The method for analysis of
total Al in the soil solution (AlT) and monomeric Al (Almono) used were the extraction by
centrifugation (Gillman, 1976) and ultrafiltration according to Menzies et al. (1990).
The results showed that acidity factors in the ombrogenous peat consisted of pH of 3.21,
total acidity of 10.79 cmol(+).kg-1, exchangeable Al of 7.09 cmol(+).kg-1, exchangeable
H of 3.70 cmol(+).kg-1, total Al in the soil solution of 15.21 ug.g-1 and monomeric Al of
3.86 ug.g-1. CaCO3 application increased the pH of the ombrogenous peat soil and
decreased total acidity, exchangeable Al, exchangeable H, AlT and Almono (Table 7). The
application of CaCO3 at 8.5 ton.ha-1 increased soil pH to 4.83, and decreased total
acidity, exchangeable Al, exchangeable H, AlT and Almono to 2.33 cmol(+).kg-1,
undetectable level, 2.33 cmol(+).kg-1, 6.18 ug.g-1 and undetectable level, respectively.
The increases in top and root dry weights of corn were from 0.45 to 37.15 g/pot and
from 0.25 to 15.64 g/pot, respectively, and decreases in Al concentration in the tops and
roots were from 24.73 to 0.97 ug.g-1 and from 7.63 to 0.37 ug.g-1, respectively. It was
concluded that acidity factors in the ombrogenous peat soil which impeded plant growth
were H+ ion, total Al in the soil solution and monomeric Al.
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Table 7. Acidity factors and the effects of ameliorant applications to ombrogenous peat
soil from Kalampangan, Central Kalimantan.

Treatment

Rate
(ton.ha-1)

pH

Acidity factors
Exch. Al
Exch. H
AlT
-1
-1
(cmol(+)kg ) (cmol(+).kg ) (ug.g-1)

-

3.21f

7.09a

3.70f

CaCO3

6.5
8.5

4.41b
4.83a

0.43h
nd

Volcanic ash

20
40

3.64e
3.94c

Corn material

10
20

Legume material 10
20

None

Almono
(ug.g-1)

15.21a

3.86a

2.98h
2.33i

6.78c
6.18c

nd
nd

6.14c
6.68b

3.53c
3.89d

7.99c
7.08c

nd
nd

3.60e
3.60e

5.75d
3.74e

3.21g
5.04c

11.30ab
8.59bc

3.10b
2.79c

3.70d
3.68d

3.32f
1.25g

5.64b
7.53a

10.70ab
8.59bc

2.78c
2.71d

nd: not detectable

Conclusions
• The utilization of tropical peatland for agriculture produces both negative and
positive impacts on the physical, chemical and biological characteristics of the peat
soil.
• The development of sustainable agriculture is considered possible on the tropical
peatlands when emphasis is placed on selection of suitable crops, conservation of
the peat soil and its fertility and minimization of negative impacts on surrounding
ecosystems and the environment.
• Since horticultural crops are clearly the most suitable and the most dominantly
grown by farmers on the tropical peatlands, the facilitation of marketing is of
paramount importance.
• Loss of peat through uncontrolled burning is an important issue to be addressed in
the sustainable utilization of tropical peatland for agriculture.
Implementation plan
• Producing practical guides on sustainable cultivation of the dominant crops
(vegetables, fruits, oil palm) currently cultivated on the tropical peatlands.
• Communicating the results obtained to stakeholders through face-to-face meetings.
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STRAPEAT’S Socio-economic findings & contributions
1. Findings from Demo-Plot Field Work
Through out 3 years agricultural field works at the Kereng-Bengkirai Demplot, there are
several findings that seem to open more optimism towards socio-economically
acceptable and environmentally sustainable peatland ecosystem management. The
findings are:
1.1. Horticultural farming is technically feasible to be developed on peatland with
shallow peat layer. The availability of water (surface water during wet season and
drilling under-ground water during dry season), the use of Effective Microorganism for fast organic composting, and the use of good seeds are the necessary
condition to a technical success. Supporting apparatus such as electric water pump
is certainly needed, and by using clay-liner plastic instead of cement layer then a
fish pond can also be watered.
1.2. Horticultural crops such as corn (Zea mays) and Solanum melongena (terong violet)
and Phaseolus vulgaris (kacang panjang) dan peanut (Arachys hypogea) could grow
as well as vegetables ( Brassica sinensis & Ipomoea aquatica) see photos. Although
the price of each commodity is not always favorable to let a satisfying profit margin
to a small holder farmer, but the prospect may be getting better as market demand
becomes stronger following particularly emergence of agro-industry.
1.3. Agronomic training package as part of extension service to the surrounding
community can be adopted by the participant of three different ethnic groups
(Dayak, Javanese, & Banjarese), however various constraints still inhibit further
development of the agribusiness widespread within and surrounding Kereng
Bengkirai.
1.4. Fishpond agribusiness is less competitive to wild fishing which are common within
swampy peatland that usually support wild life in creeks and rivers. Duck and
chicken poultry are still considered risky business and much less competitive to
large scale poultry business by stronger entrepreneurs.
1.5. Local community interest to grow annual crops such as rubber and coffee crops has
been tempted by some land owners, and therefore a combination of horticultural
crops, annual crops and tree crops has to be designed to become profitable and
sustainable if a peatland forest rehabilitation-development-conservation is to get
social respond and support.
1.6. A package of recommendation called Proposal on Exercising Social Forestry
Management Unit that takes into consideration finding number-1.5 is already
formulated with characteristics as follows: (a) Horticultural crops should include
medicinal crops (i.e. ‘Kumis Kucing’ or Orthosiphon aristatus) that could be
marketable in dry matter; Tomatoes of solanaceae family (Licopersicum
esculentum) that could be processed into Tomato Souse by home agro-industry. (b)
Annual crops should include rubber crop (Hevea brasiliensis). Tree crops should
include Acacia mangium (best clon F&HYV) and Sorea blangiran. Collecting
‘Tumeh’ trunk for charcoal making by simple technique to distill bio-oil is also
proposed.
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2. Some Socio-Economic Problems to Be Anticipated
C &T

Socio-Economic Problems
Encountered

Potential

1

2

1) Physical

Water
availability
for
horticultural (vegetables i.p.)
crops’ daily shower is a must
during (6 months) non-rainy
season,
and
therefore
agricultural activity as such is
technically feasible and readily
practicable at & within one’s
home yards (0.25 hectares)
using existing drilling-well
(about 20 m deep in Sebangau
& Kelampangan) equipped
with electric pump . Surface
water in dry season is not
always good for crop watering
and for bacteria activation in
making
Bokashi (organic
fertilizer), during which peat
burning to get ash ameliorant
becomes more attractive.

If reforestation and peatland
rehabilitation were too late to be
conducted in a business oriented
manner (instead of G-project),
then any effort to develop
agribusiness activities would be
very much constrained by climate
abnormality; namely too dry
during dry season and too wet
(flooding) during rainy season.
Such primary impact could be
followed by various secondary and
tertiary impacts that would be very
detrimental to local and regional
economy.

2) Social

Transmigrant farmers are
generally ready & used to do
intensive farming. Therefore in
a
well-established
transmigration village such as
Kelampangan
/
Bereng
Bengkel, farm laborer is
relatively scarce if not too
expensive relative to crop
prices. The native people that
live nearby a river (c. by
shallower peat layer) are more
used to farm annual crops
(coffee & rubber in Sebangau)
a part from fishing and
harvesting Gimur bark and
Jelutong latex from forest. So
they are less readily responsive
for intensive horticultural
crops except by stronger
extension service.

Impact of Sampit Tragedy is
enormously bad to Kalteng social
economy.
All possible and
potential social gaps among the
remaining ethnic groups (Dayaks,
Javanese, Banjarese, & the rests)
should be bridged socio-economically. Therefore if agricultural
production and agro-industrial
chains were not at all prioritized to
develop so as to make room for
every social entity and ethnic
groups taking part into an
integrative agribusiness system,
then latent social disruption should
be constantly monitored or at least
anticipated.

3) Capital

To a village community that A model of social forestry is a
now is heavily bombarded by potential answer to support a

A. Constraints
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various business advertisement
(that leads one to consumptive
spending), capital is hardly
available
for
farming
reinvestment. Towards an
appropriate agro technology
the
villagers
may
be
technically ready to apply but
not financially. On the other
hand, Banking service is not
available at a village level. An
interface between farmers and
agricultural credit provider
(that is technically and
economically available to
villagers) may be considered
very badly needed.

peatland ecosystem sustainable
management. In such a model,
social engineering is supposed to
be designed to match forest
resource management in a market
oriented agribusiness system.
However, the need for investment
capital is necessarily in the domain
of from private investor to provide
with and so socio- economic
cooperation and collaboration with
members of a community become
a necessity. This type of venture
must be initiated now. Otherwise,
it is going to be too late to get
social acceptance.

1) Structural

Structural poverty can be
triggered and worsened by bad
transportation infra-structure
(road or river), accessibility to
expensive credit from money
lender, and also negative
impact of ‘Togel Lotree’
weekly gambling. Structural
threat also comes from latest
trend, the opportunity to own a
motor cycle by way of
mortgage payment that has
become widely opened to any
family with regular income
source.

Mineral mining by people cannot
be stopped by the localGovernment. This trend would
intensify when forestry based
economy get paralyzed.
The
mining sector would not only
provide
people
with
job
opportunities but also with
negative environmental impact,
including
widening
income
disparity between the agriculture
and mining sectors.

2) Functional

Otonomi-Desa is promoted by
Act no.22/1999 which is
revised into Act no.34/2004.
That substance is often time
misused by village apparatus
and villagers.
Destructive
action that may ruin local
economic activities is tempting
to be exercised by provocateur,
such as once in 2002 happened
to close Sebangau picnic resort
(in front of LAHG).

Moratorium of forest logging and
eradication of illegal logging
should mean lost of jobs and
earnings to many people if that
would be consequently ruled by
the Government.
Clearly any
effort to save and rehabilitate the
peatland forest must be combined
with forest resource based
agribusiness and agro-industrial
development in the region.

3) Cultural

Local tradition among native Premanism
is
cousin
of
people is very tolerant to Provocateur and both of them
alcohol drink and gambling. could grow productively among

B. Threats
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Such a cultural habit is
dangerous when inter-ethnic
income disparity is pervasive,
and so not conducive to
positive competition to make a
living.

community with serious income
inequality. Effort to mend socioeconomic well being must use
traditional and religious values so
that social harassment may get
calmed gradually.

3. Several Photos as Documentation
(a) Photos from Villages

Rubber crops seems to be growing healthier at dry peatland as compared to wet peatland
(b) Photos from Demo-Plot at Kereng Bengkirai

Photos
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4. Concluding Remarks
• Peatland Forest Rehabilitation & Management are Socio-Economically
Prospective.
• The Approach Should Be Put Into Operation as Smaller Business Management
Units (SFMU).
• The Social Forestry Investment Capital is Urgently Needed.
• The Institutional Coordinating Body Should Be An Independent Entity.
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Introduction
It is known that Malaysian freshwater water swamps are rich in biodiversity. It is not
surprising that freshwater swamps especially the black water swamps have been the
center for obtaining and collecting of exotic freshwater fish species which some of them
are highly prized in the aquarium industry. Malaysian freshwater swamps have been an
attraction from aquarium fish collectors, in which most of the species are exported
through Singapore. In addition, freshwater plants particularly from the genus
Cryptocoryne have been very popular among the aquarists. Perhaps these two major
items have been a sole industry for global aquarium trade.
Among the highly prize fish from freshwater swamps is the Arrawona (Scleropages
formosus) which can easily fetch US1000.00 for a reasonable size individual. The fish
is a predator species and only caught at certain rivers and swamps. Currently, the
massive destruction of most of the swamps, the survival of this aquatic plants and fish
species is not guaranteed. In this case, not only the aquarium trades will suffer, but also
the other species that are highly consumed for food will be in the danger of extinction.
Perhaps, habitat destruction is the worst nightmare can be faced by a nation. This is
because several species especially the endemic ones will face extinction first, before
other hardy species.
Objectives
To study the biodiversity and biogeography of plants and animals; inventory of alien,
weed species and disease vectors of pristine and developed peatlands in North Borneo.
Activities
Exchange of data especially on peat swamp forest vegetation and also weedy and alien
species has been carried out between relevant partners and institutions. Meetings and
round table discussions have been participated to discuss the progress and also further
update on information pertaining to the project. Attended meetings and discussions are
as follow:
i.
Palangkaraya, Central Kalimantan, Indonesia (30-31 March 2002)
ii.
Sessang, Sarawak, Malaysia (4-5 April 2002)
iii.
Bali, Indonesia (17-21 September 2002)
Site surveys in Sessang, Sarawak and Palangkaraya, Indonesia have been conducted to
gather more information on disturbed and abandoned peatlands. The weedy and pest
species within the visited areas were recorded and sufficient data were compiled. Since
the studies are mainly on disturbed peat swamps and the same studies were also
conducted in Peninsular Malaysia, Beriah peat swamp, Perak, Malaysia.
Methods
The following methods applied to the studies along the river corridor and within the
swamp areas.
i.
Birds and wildlife – observation and mist-net
ii.
Flora – observation and plotting
iii.
Ichthyofauna – portable electro-shocker and fish net
All specimen collected were identified by using standard taxonomic keys based on
respective references.
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Results
Birds and Wildlife
Migratory birds generally use the freshwater swamps as their feeding grounds and also
breeding sites. Perhaps with the lost of habitats, the species are gradually decreased.
Therefore, to safeguard the species from extinction, the prime target is to conserve the
swamp site.
Based on Bhushan et al., (1993), the survival of waterbirds cannot be viewed in
isolation. No amount of legal protection or hunting prohibition will ensure the survival
of water birds without adequate habitat protection. Waterbirds are generally very
mobile, often moving vast distances each year. Therefore, pocket of swamps in
Malaysia could enhance in providing a conducive site for breeding and feeding. The
role of a swamp is relatively important in this context. Some of common birds recorded
are Little Grebe (Tachybaptus ruficolis), Dalmatian Pelican (Pelecanus onocrotalus),
Pygmy cormorant (Pelecanus pygmeus), Grey Heron (Ardea cinerea), Imperial Heron
(Ardea imperialis), Dusky-grey Heron (Ardea sumatrana), Purple Heron (Ardea
purpurea), Great Egret (Egretta alba), Intermediate Egret (Egretta intermedia), Little
Egret (Egretta garzetta), Swinhoe's Egret (Egretta enlophotes), Reef Heron (Egretta
sacra), Cattle Egret (Bubulcus ibis), Chinese Pond Heron (Ardeola bacchnus), Javanese
Pond Heron (Ardeola speciosa), Malaysian Night Heron (Gorsachius melanolophus),
Milky Stork (Mycteria cinerea), Lesser Adjutant Stork (Leptoptilos javanicus),
Common Teal (Nettapus coromandefianus), European wigeon (Anas penelope),
Moorhen (Gallinula chloropus), Purple Swamphen (Porphyrio porphyrio), Marsh
Sandpiper (Tringa stagnatiffis) and Indian Skimmer (Rynchops albicolis). About 325
species recorded in Asia and 109 species are found in Malaysia. Perhaps for the survival
of these species, swamp habitats need to be totally protected.
Flora
The intrusion of aquatic weeds needs to be highlighted. The worst problems are the
invasion of Hydrilla verticillata, Eichhomia crassipes and Lemna minor to the water
system of a swamp. Recently the encroaching of Mimosa pigra to an open and exposed
site has added to a more serious problem. These species can gradually destruct the
whole ecological balance of a swamp community. In abandoned Mega Rice Project in
Kalimantan, the distribution and the colonization of noxious weedy species such as
Mimosa pigra should be closely monitored. The survey on the site and along the
Kahayan River has proved that this particular species is colonizing in many areas of the
abandoned peat lands. Further studies are needed in order to safeguard swamps from
becoming one of the wastelands. The USM's group has done a thorough survey on
vegetation distribution in Malaysian. Apparently, most of the swamps are either
destroyed or partly destroyed.
The rich Hanguana malayana plant communities are gradually being replaced by
introduced species such as Mimosa pigra and Pennisetum polystachyon. For example, in
a manageable and protected swamp site like Paya Indah, there are colonies of Mimosa
pigra in certain remote corners of the site. Many swamp native species are simply
destroyed and slowly replaced by a Macaranga community. Therefore the rich plant
biodiversity of a swamp is now being replaced by only one species, namely Macaranga
triloba. It is interesting to observe how swamp communities can survive, with the
gradual increase in human population growth and also industrial development.
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A swamp which receive a high input in nutrient particularly phosphate and nitrate from
an adjoining agricultural area, will trigger an algal bloom from either Cyanophyta or
Chlorophyta. This is in addition to massive growth of aquatic weed such as Eichhomia
crassipes and Hydrilla verticillata. The blue green algal bloom from toxic species such
as Oscillatoria Flos aquae or Microcystis Flos aquae will bring about negative effect on
the whole swamp. Perhaps, the bloom can initiate massive fish kill in the swamp
(Mansor, 1996).
Ichthyofauna
Ali et al., (1999) had made an intensive study on Beriah Swamph of Perak. They listed
about 56 freshwater fish collected from the swamp. There were about 9 species from the
genus Rasbora and 4 species from the genus Channa. In recent study, a total of 32
species consisted 13 families and 23 genera were recorded during the study. Out of this
number, only two species (Hemibagrus nemurus and Pristolepis fasciata) were found at
all sampling sites whereas ten species such as Channa lucius, Chela anomulara,
Osteochilus hasselti, O. vittatus, Puntius binototus, P. lineatus, Rasbora sumatrana, R.
trilineata, Notopterus notopterus and Ompok bimaculatus were identified at least at two
sampling sites and the rest were recorded at only one sampling station. Trichogaster
trichopterus (two spotted gouramy) become the dominant species in the recent and the
second study whereas Rasbora einthoveni (Einthoven rasbora) is the dominant species
recorded in the first study. The present result showed that there are changes of water
quality, fish species and composition when compared the previous studies. The
different of species fish number mainly related to the different sampling strategy and the
changes of land-use in the catchments area. The losing of endemic and rare peat swamp
species such as Sphaericthys osphromenoides (chocolate gouramy) and Luciocephalus
pulcher (pikehead) from this area may related to the losing of the riparian zone within
the study sites.
Problems Encountered
Field assessment requires local authorities permission and thus, several plans have to be
rescheduled. Sampling activities are limited due to limited budget.
Implementation Plan
All reports are to be forward to the respective government departments and policy
makers as to aware on the importance of the peatland conservation and its consequences
in improper development.
Publications and Papers
Asyraf M. and Mashhor Mansor, 2002. Mimosa pigra: A Potential Threat to Abandoned
Peatland. Paper presented in the “Tropeat2002: International Symposium on Land
Management and Biodiversity in South East Asia”. September 17-20, 2002, Bali,
Indonesia (Abstract).
Amirrudin A.B., Ali A.B. and Mashhor Mansor, 2002. Conserving a Highly Diverse
Aquatic Ecosystem of Malaysia: A Case Study of Freshwater Fish Diversity in Peat
Swamp Habitat. Paper presented in the “Tropeat2002: International Symposium on
Land Management and Biodiversity in South East Asia”. September 17-20, 2002,
Bali, Indonesia (Abstract).
Muniroh Zakaria, 2005. Water Quality in Beriah Peat Swamps Tributaries. School of
Biological Sciences, University Science of Malaysia. BSc Dissertation.
Syahera Rahmat, 2005. Algal Study in Beriah Peat Swamps Tributaries. School of
Biological Sciences, University Science of Malaysia. BSc Dissertation.
168

Conclusions
Peat swamp forests have unique features which no other type of forests posses. The
waterlogged condition, the high level of acidity and organic materials, the low input of
nutrient and the lack of soil or firm ground within the peat swamp forests have resulted
in the different forest structures. Studies on Malaysian peat swamp forests have been
carried out, however the current information on flora and fauna of this ecosystem is still
inadequate. Perhaps some of the endemic species are yet to be discovered and
identified. However, human intrusions into pristine peat swamp forest have created a
large adverse impact to the natural ecosystem. Endemic species are threatened by
several disturbances particularly due to the colonization of exotic and weedy species.
The timber production in peat swamp forest is low when compare to the lowland or mix
dipterocarp forests. Therefore, the problem faced by peat swamp forest is due to the
reclamation activities for agricultural sectors and other infrastructures should be
checked. The remaining pristine peat swamp forests need to be protected and managed
wisely in order to prevent from further losses of valuable endemic species.
Finally, this project can be considered as a successful project in reference to its main
objectives and functions in sustaining and conserving the peatland ecosystem.
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Peatland in Sarawak: the impacts of sector
Introduction
The cumulative effect of urban migration in Malaysia during the last three to four
decades was that cities expanded at very fast rates and this stretched their infrastructure.
The ensuing real estate developments, together with policy-driven industrial growth
since the late 1960’s, have led to rapid urban expansion over agricultural land in the
outskirts of the cities.
This large scale conversion of land out of plantation agriculture has resulted in the loss
of some of the country's best land to other forms of land use. The scarcity of land for
new plantation development has thus led to peat areas being cultivated, largely with oil
palm and, to a much lesser degree, with pineapples.
The total area of peat land area in Malaysia is estimated at 2,730,500 hectares (Mohd Ali et
al. 1989) (Table 1). Owing to (a) the favourable price and demand for palm oil, (b) the
availability of vast tracts of low cost idle land and (c) very supportive agricultural
development policies of the provincial governments in the east Malaysian States of
Sabah and Sarawak, there has been a “gold rush” by plantation companies since the late
1980s to establish new plantations in these two states. The rapid rate of expansion of oil
palm plantation in these two states is depicted in Table 2.
Table 1: Geographical Distribution of Malaysian Peat lands
Region

Peat land area %
of Agriculture
(ha)
total
(ha)

Forest (ha)

Peninsular Malaysia
Sarawak
Sabah

984,500
1,660,000
86,000

36.0
60.8
3.2

313,600
260,000
-

670,900
1,400,000
86,000

Total

2,730,500

100

573,600

2,156,900

Table 2. Distribution of Oil Palm Plantation Area (%) in Malaysia
Year
P’sular
Malaysia

1980
955,507
(89.3%)

1990
1,698,498
(83.7%)
276,171
Sabah
90,000 (8.4%)
(13.6%)
Sarawak
24,000 (2.3%) 54,795 (2.7%)
Source: PORLA/MPOB

1995
1,903,171
(74.9%)
518,133
(20.4%)
118,783 (4.7%)

2000
2,045,500(60.6
%)
1,000,777
(29.6%)
330,387 (9.8%)

The Characteristics of Peat Soils in Sarawak – A Brief Overview
In Sarawak, the landscape for lowland organic soils ranges from basin swamps to valley
swamps. The morphological characteristics of lowland organic soils are quite similar
throughout the region. The convexity of coastal and deltaic peatswamp surfaces are
increasingly pronounced with distance from the sea (Mutalib et al., 1992). In the
natural state, the water table is always high, often at or near the surface (Tie and Kueh,
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1979; Andriesse, 1988; Mutalib et al., 1992). Typically, the range of parametric values
for the physical and chemical properties of peat soils in Sarawak are as follows: pore
space 80 – 90 % (volume), bulk density 0.1 – 0.2 g/cm3 (dry weight), hydraulic
conductivity 0.01 – 160m/d, pH 3.0 – 4.5, ash content 1.0 – 5.0% (dry weight), total N
0.2 – 1.2% (dry weight), total P 0.1 – 0.2% (dry weight), and total K 0.1 – 0.2% (dry
weight). An empirical correlation between the rate of peat subsidence and water table
for peat in Sarawak has been established by DID and LAWOO (2001) as follows:
Subsidence rate (cm per year) = 0.1* water table level (cm)
A preliminary study on the chemistry of humic substances (HS) in selected samples of
peat soils in Sarawak by Fong (2000) found that these HS have a relatively lower degree
of polymerisation (lower range of molecular weights) compared to those found in peat
of temperate origin. This structural attribute suggests that the local HS may have a
strong complexing capability, as well as greater susceptibility to electrophilic cleavage
by trihalomethanes (THM) forming agents (such as chlorine). In fact a further
investigation by Fong (2000) on the THM formation in four water treatment plants in
the Kuching district showed the presence of chloroform in excess (55 – 80 g/L) of the
USEPA limit of 30 g/L in the treated water from two of the four treatment plants. The
occurrence of this halogenated organic water treatment residue was attributed to the
presence of HS in the raw water intake of these plants.
The following sections highlight the outcomes of STRAPEAT project carried out at
UNIMAS. The study involved inter-alia identification of information gaps, establishment
of the status and impacts of sector development activities, and identification of critical
management issues.
Information Gaps and Discrepancies
At the outset of STRAPEAT project, important information gaps and discrepancies with
respect to the geospatial database and physico-chemical properties of peat soils in
Sarawak were addressed. These are highlighted below.
Area of Organic Soils and Mapping Scales. The soil maps of Sarawak currently in
circulation are the 1:500,000 maps dated 1968; and 1:100,000 and 1:50,000 maps dated
1972. While the consistency of estimates is noted for the more recent works, the
accuracy in terms of areas represented by each soil type, especially for organic soils, is
ambiguous (‘denatured’ peat land developed during the last 20 to 30 years remain as
peat soils). The completeness of records and details in terms of organic soil series is
also poor due to lack of soil series purity in the delineation of map units. Analysis of the
1:100 000 Soils Map of West Sarawak for example gave a discrepancy of nearly 10%
attributable to areas delineated as “undifferentiated soil series” of Anderson-Bijat and
Igan-Anderson (Mei, 2001; Siong, 2001). Investigation into the sampling/observation
density also cast doubt on the accuracy of soil maps. For example, only 499 samples
were taken during the survey for the Detailed Reconnaissance Soil Map of West
Sarawak (Andriesse and Sebli, 1970). This represents only 0.007 % of the optimum
sampling and observation density needed to construct an accurate 1:100,000 map.
Availability and Quality of Data for Soil Parameters. An assessment of the state and
quality of information (including the suitability of the analytical methods used) for
organic soils in Sarawak indicated a serious inadequacy (as well as discrepancy) of the
database. For example, based on 98 records of soil profiles obtained from DOA and
UNIMAS, (a) the conductivity, total base, base saturation and available Fe, Mn, Zn, Cu
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were determined in less than 10% of profile samples, (b) other parameters, namely losson-ignition, organic carbon, total N, N/C ratio, CEC, granulometric analysis, available
P, total N, and total metals (Fe, Zn, Cu, K, Mg, Mn, Ca) were analysed at an average of
25% of the profile samples, and (c) errors such as exclusion of Na in the computation of
base saturation (the sum of Ca, Mg, Na and K) and ambiguous data such as pH (KCl) of
4.9 – 6.6 and organic carbon content of <25% for the Anderson Family were
discovered. The aforementioned shortcomings reflect the inaccuracy of information that
could result in biased or incorrect interpretation of results.
Chronological Influence of Water Table on the Oxidation of Peat. As part of the
STRAPEAT activities, a study was carried out to determine the chronological influence
of water table on the physico-chemical properties organic soils. The study, which was
based on an ex-situ lysimeter observation, indicated that changes due to mineralization
of exposed soil columns were already discernable after a 3-months exposure. These
were reflected in the values of pH, EC, Eh and ash contents. Losses of about 40% of the
organic carbon occurred during the first year of exposure when the water table is
drained to below 60 cm.
Sector Development on Peat land in Sarawak
Agriculture. A survey conducted by PORIM (now known as MPOB) in 1995 indicated
that about 3.38 million ha land area in Sarawak were marginally suitable for agriculture;
these included 1.55 million ha (46%) of peat land. The survey also showed that 89% of
these peat areas were in the deep peat category. According to Melling (1999), 467,097
ha of peat land were being utilised for large-scale agricultural development in Sarawak
(306,042 for oil palm; 111,615 for forest plantation; 40,568 for sago; and the rest for
rubber, paddy, pineapple, tapioca, etc.). In addition, 67,588 ha were used by
smallholders for the cultivation of mainly oil palm, sago and rubber. Thus, some
534,685 ha or about 32% of the total peat land had, by 1999, been converted to
agricultural land (Figure 1).
Besides oil palm, sago is a crop that has been grown very successfully on organic soils
by the smallholder farmers in Sarawak. Tie et al. (1991) reported that out of a total sago
acreage of 19,720 ha, 12,240 ha (or 62%) were found on organic soils . During the
rubber boom years in the 1910s, some 16,440 ha of peat around Sibu were drained and
planted with rubber (Tie, 1988). Most of these rubber gardens have now been
abandoned; although some farmers who remained have diversified into pepper,
vegetable, poultry and pig farming, many of the gardens are now left idle. Small
acreages of "Sarawak" and "Mauritius" pineapples are also grown on organic soils for
the local fresh fruit market.
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Figure 1. Peat land and agriculture area in Sarawak (Ten, 2002)
The farmers around Sibu grow vegetables quite successfully on drained organic soils in
a unique fallow-cropping system with the use of organic and chemical fertilizer. The
varieties of vegetables grown are numerous and they include both leafy and fruit
vegetables. The practice of burning the cleared vegetation on the plot plays important
roles in deacidification, supplying of nutrients and partially sterilising the soils (Tie,
1988).
Being a wetland crop, wet paddy may appear to be promising for the undrained organic
soils. Although some farmers in Sarawak do grow paddy on organic soils, but these are
usually restricted to the shallow peats at the fringes of the peatswamps. Where paddy
has been successfully grown on deep peats, there is usually a high mineral or ash
content in the top 50cm, either in the form of discrete clay lenses or well-mixed mucky
materials. In the majority of cases involving deep peats with low mineral content, the
paddy may grow seemingly well vegetatively but produce no grain.
Industrial, Commercial, Residential and Infrastructural Development.
Apart from commercial agriculture, peat lands in Sarawak have also been subjected to
other development activities such as infrastructure development, real estate
development and public utilities (Mamit and Sawal, 2003). The urban areas in Sarawak,
particularly the Kuching and Sibu Divisions, are developing rapidly, due to rural/urban
migration and intense business development. Some of the ongoing developments of
residential, business and shopping centres and industrial estates are established on
reclaimed peat lands. Avoidance of using peat lands is sometimes possible by changing
the location of the construction. However, in growth centres and fast developing areas,
this approach works for sometime but for peat lands in the vicinity of growth centres
and fast developing areas this approach will ultimately succumb to the pressure for
expansion (Jarrett, 1997). The Batu Kawa New Township for example occupies some
214 hectares of peat land in Kuching City (Lynghus and Larsen, 2004).
The Government have also started the construction of second trunk road in Sarawak to
provide better linkage to settlements and towns scattered along the coast. This coastal
road is to promote socio-economic growth and improve the standards of living of the
coastal communities. The 1,167 km Sarawak Coastal Road is to start from Sematan in
Lundu to Bakam in Miri, crossing many coastal peat swamps especially in Kuching,
175

Samarahan, Sri Aman, Betong, Sarikei, Sibu, Mukah and Miri Divisions. Besides, about
30% of the new access road to the proposed Federal Administrative Centre in Matang
cut through peat overlying soft clay areas (Tsai, 2004).
The inherent groundwater retaining characteristic of peat land is proven extremely
important to the coastal population of Sarawak in terms of their potable water supply.
As of 1999, a total of 45 water catchment areas have been identified as the sources of
raw water to supply the settlements and townships residing around the peat land of the
coastal zone. The daily volume of raw peat water extracted from these catchment areas
was approximately 7.7 million m3 in order to serve the need of about 140,000 coastal
populations all over the State of Sarawak (Mohamad Sabari, 2003).
Logging. In Sarawak, most of the peatswamp forest is gazetted as ‘permanent’
(managed to maintain forest cover for multiple purposes including commercial timber
production), but not ‘totally protected’ (managed to preserve biodiversity and natural
ecosystems in situ with no commercial activity allowed other than ecotourism) forest.
In fact, since the early 1960s, much of the peatswamp forest area has been harvested for
commercial timbers such as Ramin (Gonystylus bancanus), Alan (Shorea albida),
Meranti buaya (Shorea uliginosa), Jongkong (Dactylocludus stenostachys), Nyatoh
(Palaquium spp), Kapur (Dryobalanops rappa), Sepetir (Copaifera falustris), Jelutong
(Dyera lowii) and Geronggang padang (Cratoxylon glaucum) (FAO, 1974; Lee, 1992,
Lee and Chai, 1996). The peatswamp forests of the Samarahan, Sri Aman, Sarikei and
Sibu Administrative Divisions, which represent roughly two-thirds of the total
peatswamps forest acreage in Sarawak, have been heavily exploited. All are licensed
for timber extraction and most have already been selectively logged for the first time
(Bennet and Gombek, 1992).
As documentation of the flora and fauna of the tropical lowlands peatswamp forest
ecosystem remains limited (Browne, 1955; Anderson, 1972), a degree of urgency exists
to complete a biological survey as soon as possible while pristine peatswamp forest
parcels still persist. Two notable impacts of logging peatswamp forest ecosystems are
loss of biodiversity and reduction in climate stabilization and freshwater supply
(Phillips, 1997).
Social and Economic Appraisals of Commercial Agriculture on Peat land
Early attempts to farm the peat lands, especially those undertaken by smallholders, have
been disappointing, often ending in abandonment of the farms. The multitude of
problems encountered was far too enormous and complicated to be overcome by
individual efforts of the smallholders (Lim et al., n.d.). Nevertheless, as a result of
government and private sector involvement by way of providing financial and technical
support, there have been successes in the cultivation of a number of crops. Major
agricultural development projects can thus be found in areas such as the Kalaka Saribas
and Samarahan IADPs. The Kalaka Saribas project covers an area of 161,000 hectares,
of which 53 percent or 85,330 hectares are peat lands. The Project is expected to
benefit 9,600 farm families living within the area. The in-situ development project
deals with areas where farmers are already practicing a permanent system of cultivation.
Hence, the villagers were not relocated to other areas.
Oil Palm Plantations on Peat land. One of the private sector organizations that have
been actively involved in commercial plantation is Austral Enterprises Berhad. Its land
bank for oil palm cultivation has reached a total of 4,0891 hectares in 1996, comprising
of 3 major complex/group of estates (Mohd Tahir et al., 1996). Approximately 40
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percent of the peat lands in the Pekaka Complex belonging to Austral are between 50150 cm deep (Mukah) and 60 percent of them are more than 150 cm in depth
(Anderson). The palm growth of the peat plantings is generally better than on other
mineral soil areas, and all the fields come into harvesting at about the 28th month from
field planting. The early yield that exceeded 20 mt ffb/ha in the 2nd year of harvesting
was encouraging, indicative of the high oil palm yield potential of medium to deep peat
under Sarawak condition. Thus, the disadvantage of the estimated 20-25 percent higher
development cost on peat is compensated by the better yield performance.
Farmers Living Within Peat land – A Case Study. An exploratory socioeconomic study
was carried out in Kpg Reban, Samarahan; Kpg Sessang and Kpg Manggut, KalakaSaribas; and Rh Chili and Rh Meringai, Mukah. The main objective of this study was to
determine the socioeconomic status of the communities living on peat land areas, and
the impact of peat land cultivation on these communities. The major concerns
highlighted by the respondents during the survey generally revolved around the issues
of the lack of employment opportunities in the villages, low income generating
activities, low production in subsistence and cash crops, shortage of labour due to
migration of youths, and inefficient infrastructure facilities. The youths are less keen to
work on the land because the potential income generated from agriculture is low and
there are increasing off-farm employment opportunities especially in the urban areas.
The effects of peat lands cultivation on hunting and gathering of jungle produce have
been economically insignificant. The respondents conceded that their social and
economic status have generally improved (though not to their satisfaction) ever since
they embark on commercial agricultural projects. The development of new roads has
also enhanced the accessibility of these villages. The respondents did not perceive any
health-related problems associated with the cultivation of the peat lands (Songan and
Egay 2003).
Environmental Impact Assessment
A study was also carried out to examine the potential environmental impacts of peat
land development in Sarawak. The study involved examination of 68 EIA reports and
numerous literature and other documents related to peat land development; field visits to
selected plantations; and interviewing of developers, environmental consultants and
plantation personnel. Among the major issues identified for large scale plantations were
land disputes, the complexity of drainage management, peat subsidence, alteration of
water supply catchment area, difficulties associated with the disposal of cleared
biomass, the loss of biodiversity, increased susceptibility of peat land to fire, noncompliances with respect to buffer, riparian and common boundary requirements, poor
bearing capacity for mechanized farming and rapid leaching of agrochemicals.
Literature review and interviews with the main government agencies dealing with peat
land development revealed that the properties and behaviours of peat in Sarawak were
inadequately understood. Also, the piece meal basis EIA as currently being practised
was found to have serious limitations. Many EIA reports were not able to quantify
environmental impacts as the history of large-scale development on peat land in
Sarawak was very recent and published data on the impacts of similar development
elsewhere were not readily available. Thus the EIA reports were generally descriptive in
nature and the cumulative and indirect impacts of peat land development could not be
assessed. Field observations and review of post-EIA monitoring reports revealed the
lack of compliance of the developers in observing the mitigation measures as stipulated
in the EIA report or approval documents. The management knowledge of peat land
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amongst the plantation managers was limited, thus "trial and error" approaches were
invariably applied in the peat land plantation management (Murtedza and Ten, 2004).
Key EIA Issues. The study indicated that the compliance with proposed mitigating
measures (as stipulated in the EIA report or approval conditions) were generally poor
especially with respect to retention of riparian buffer, drainability of land, conservation
of water supply source, use of agrochemicals, and monitoring of peat subsidence and
ground water level. For EIA studies of major projects on peat land, the two most
important issues requiring detailed consideration are the potential land
dispute/compensation matters and the drainability of peat land to be developed. It is
recommended that the following two reports be closely referred to in selecting and
designing the development sites:
• DID and LAWOO. 2001. Water Management Guidelines for Agricultural
Development in Lowland Peat Swamps of Sarawak – A Manual. Kuching, Sarawak.
• UPNS (Unit Perancang Negeri Sarawak) and Sime Darby. 1998. Integrated
Development Plan Study for Coastal Peat Land, Sarawak. Economic Planning Unit,
Kuching, Sarawak.
In view of the absence of and strategic need for specific and detailed guidebook for the
preparation of EIA for development projects on peat land, UNIMAS (through the
STRAPEAT project), has now published a draft handbook entitled GUIDELINES FOR
THE PREPARATION OF ENVIRONMENTAL IMPACT ASSESSMENT (EIA) FOR
DEVELOPMENTS ON PEAT LAND IN SARAWAK.
Management Issues
There are numerous independent and institutional reports as well as publications
relevant to the management of peat land in Sarawak. A review of these documents
revealed, among others, an urgent need to verify, update and consolidate the
information therein in order to make them useful references for planning and decision
making purposes. These include the following:
a) The need for a definitive inventory of developable peat land. The various available
publications appear to indicate that that there is not much more of peat land in
Sarawak suitable for development. A policy statement in 1999 said “By 2020, a
total of 2 mil. ha of coastal lowlands will be developed for oil palm, forest
plantation, sago, aquaculture, paddy and miscellaneous crops; about 535,000 ha of
this will be on peat land” (Drahman, 1999). But, according to Melling (1999), as of
1999 there are already 534,685 ha or about 32% of the total peat land that have
been converted to agricultural land. Another report by the Soil Division of the
Sarawak Department of Agriculture estimated the total “drainable and fairly
drainable” peat area in Sarawak as ca. 500,000 ha and the drainability status of the
remaining 1.2 mil. ha is completely unknown (Teng, 2002). A crude interpretation
of these reports/publications is that the ‘quota’ of developable peat land is already
used up 20 years before time, and further exploitation would mean venturing into
deeper and possibly undrainable peat areas.
b) Consolidation of Guidelines. Over the years, numerous policy statements,
regulations and guidelines pertaining to peat land utilisation have been developed
or formulated, either in-house or through consultancy services. Nevertheless, these
management tools and instruments (which have been sanctioned by the State
government) are not readily available to planners, managers and proponents of
development projects as they are ‘scattered’ in agencies such as the State Planning
Unit, Department of Drainage and Irrigation, Natural Resource and Environment
Board, Department of Agriculture, Department of Forestry, Public Works
Department and Land and Survey Department. It is recommended that effort be
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made to collate, consolidate and placed these information in public domain. Equally
pertinent is the fact that some of these regulations are not enforceable as supporting
legislative provisions are yet to be put in place.
Conclusion
The UNIMAS output of the STRAPEAT project has highlighted some important
information gaps and discrepancies with respect to the physico-chemical and geospatial
databases on peat and peat land in Sarawak. Depending on the accuracy of the published
acreage of peat land that has already been developed, future utilisation of peat land in
Sarawak appears to lead to further encroachment into deeper and less drainable peat
areas (an unsustainable option). In this context, it is pertinent that the numerous existing
regulations and guidelines on peat land development be consolidated and made readily
accessible to planners, decision makers and project proponents in order to promote a
wise use of the peat land in the State. Noting that EIA is a mandatory requisite (a checkpoint) prior to project approval, UNIMAS-STRAPEAT, jointly with the relevant State
agency, have developed a guide book for the preparation of EIA report specific for
development projects on peat land. Pending endorsement by the relevant authorities,
this output will be published as an official government document for use by project
proponents in preparing EIA reports that will accurately address the specific issues and
needs of new projects on peat land.
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Least impact strategy for peatland development and utilisation
Introduction
Of the major groups of problem soils in Malaysia, peat is by far the most widespread.
Early attempts to farm the peat land, especially those undertaken by smallholders, had
been disappointing, often ending in abandonment of the farms. The multitudes of
problems encountered were far too enormous and complicated to be overcome by
individual efforts of the smallholders. However, as a result of government involvement
by way of providing financial and technical support, this scenario has changed to one of
optimism as evidenced by successes in the cultivation of a number of crops and the
management of the problems posed by the peat soils. Nevertheless, extensive
exploitation of the peat land is not encouraged and where such land is being developed
for agriculture, a high level of management is emphasized to minimize the occurrence
of undesirable consequences that can lead to the drastic subsidence and rapid
disappearance of the peat.
The MARDI Tropical Peat Research Station in Sessang, Sarawak, Malaysia was
established in November 2000 to undertake research activities on peat land areas
towards the development of agriculture. The station will dedicate itself to the ultimate
goal of formulating research and development strategies to generate technologies that
are applicable to the exploitation of peat at different phases of development, from the
time the peat land is opened until its eventual depletion, giving special attention to
prolonging its economic life as much as possible. Research findings emerging from this
station will set the ground rules for peat utilization in Malaysia. The land area, covering
a total of 387 hectares, consisted of secondary peat forest and was thus required for
clearing and drainage before any agriculture activities could be conducted. This
provided an opportunity for research activities whereby basic information can be
collected on the various fauna and flora available in the earmarked area prior to forest
clearing up to active agricultural activities. Hence work was undertaken by MARDI
researchers at the station covering forest clearing, fauna and flora diversity, water, soil
and the environment.
Objectives
In line with the STRAPEAT overall scope and objective, MARDI’s team focused its
studies on different land clearing techniques. The project entitled “Development of ecofriendly land clearing technology of virgin peat lands for food crop production”.
The objective is to develop land clearing technology of virgin tropical peat lands, that is
eco-friendly, has minimal damage to the land and ecology and that is cost effective. The
project aims to deliver the following outputs (which will contribute and compliments
STRAPEAT Project objectives as a whole):
1. Land clearing impact on soil and water quality
2. Peat subsidence control measures during land clearing
3. Biomass disposal recommendations
4. Guidelines for no burning land clearing on peat lands.
Activities and results achieved
A total of 70 hectares of the secondary forest at the MARDI Tropical Peat Research
Station in Sessang was cleared for infrastructure development and to undertake initial
research activities. The studies conducted emphasized on the management and
conservation of peat land with the objectives of determining the effects of land clearing
and early development of tropical peat land on biodiversity, biomass decomposition,
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environment, and soil and water characteristics. The methods of land clearing employed
were felling-burning, felling-stacking, felling-chipping-stacking, felling-burying and
selective felling. Biological diversity studies encompass vegetation diversity and its
population dynamics, arthropod diversity and population patterns, beneficial
microorganism population in peat soil, and fish diversity and population in peat
environment. Studies on biomass decomposition, by natural or introduced bio-agents,
were targeted to evaluate and select potential bio-degradation agents, test and assess the
selected bio-degradation agents, and recommend usage of the bio-degradation agents to
enhance biomass decomposition on peat soil and other potential applications. Studies on
peat land physical and chemical characteristics involve monitoring of surface
subsidence, water table fluctuations, soil and water physical and chemical
characteristics, and quantification of underground woody biomass. The effects of
different land clearing methods on peat environment required regular sampling and
analysis of drainage water, and regular monitoring of gaseous flux from the peat soil.
Subsequently all data collected would be collated in a database system for research and
management information, design and GIS digitization, and to model the interactions
among the bio-physical elements from the other studies.
1. Land Clearing
Land clearing was done in a six months period where hydraulic excavators were mainly
involved in felling of trees following strategies of clearing namely; Felling and burning
(FB), Felling and stacking (FS), Felling, chipping and stacking (FCS), Selective
clearing (SC) and Felling and burying (FBy). A total of 71.2 hectares forest land
underwent the five methods of clearing; FB – 9.8 ha., FS – 36.4 ha., FCS – 17.0 ha., SC
– 4.0 ha. and FBy – 4.0 ha. (Jamaludin1, 2003). Prior to start of clearing work, the
perimeter and tertiary drains around and within the targeted areas were deepened in
order to lower down the water table, which will increase the bearing capacity within the
work area.
In FB operations, the trees were felled with the use of a hydraulic excavator following
which the vegetation was left to dry for 2-4 months. Burning was done, with permission
of Sarawak authorities, after the plant materials were sufficiently dry with water level
table maintained at less than 30 cm. below the surface soil to minimize burning of peat.
After the first burning stage, the water table was lowered to 100cm. below the soil
surface and the incompletely burnt wood collected for follow up burning. Trees were
similarly felled in FS clearing work. The felled trees were then moved and stacked
inside designated stacking areas for the wood to rot and decompose naturally. Hydraulic
excavators and bulldozer were used in this stacking operation. To facilitate stacking and
reduce stacking space, the trees were also manually cut with chain saws.
For FCS operations, the procedures were similar to those of FS clearing method except
with the additional use of chipping machine to chip all the vegetation and wood (below
20 cm in diameter). In SC, the trees were felled and undergrowth was slashed
selectively using chain saws, axes and machetes. Specially marked trees and other
plants were left untouched. Special care and precaution were taken to ensure that as
little damage was done to these remaining trees and vegetation during the tree felling
and undergrowth slashing. The felled trees were cut into manageable sizes and were
then manually disposed. The FBy method incorporate the felling of trees, cutting into
appropriate sizes, stacked orderly in pits and buried at a minimum depth of 2 meters.
This procedure required no surface stacking and no burning, thus allowing the land to
be utilized immediately.
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2. Biodiversity Studies
Transformation of a natural ecosystem to an agro ecosystem is generally believed to be
detrimental to the interactions amongst plant and animal species living within the
natural ecosystem. The manner in which natural assemblages process resources, affect
the physical environment, and interact with other species suggests that biodiversity is
essential for the functioning and sustainability of an ecosystem. Studies on plants,
insects, soil microbes and fish were conducted on the premise of gathering data on the
effects of development of peat forest land before clearing, during clearing and after
clearing with concurrent agricultural development at the MARDI Tropical Peat
Research Station, Sessang, Sarawak. In view of the different types of clearing being
implemented, work was adjusted to accommodate these procedures.
2.1 Floral Diversity
Flora in Malaysian peat swamp forests have been studied and reported by many (WyattSmith, 1959; Anderson, 1963; Ibrahim and Chong, 1992; Corner, 1994) but little
information on the vegetation dynamics of peat swamps has been documented (Suzuki
et al., 1991). Hence floral studies at Sessang were targeted towards the assessment of
floristic composition of the peat swamp forest before land clearing and the species
regeneration after the land has been cleared (Salma et al., 2003).
Before land clearing, the plant diversity of the area was high with a recorded 148
species representing 66 families and 91 genera, the most diverse families in species
number being Annonaceae, Euphobiaceae, Lauraceae, Moraceae, Litsea and Ficus.
Dipterocarp timber trees consisted of Hopea and Shorea species whilst there were 45
species of non-Dipterocarp timber trees prominently Litsea sp., Diospyros sp.,
Blumeodendron tokbrai, Alstonia sp., and Macaranga sp. Eight species of fruit trees
Dialium sp., Scaphium macropodum, Garcinia sp., Nephelium maingayi, Pometia
pinnata, Mangifera griffithii, Dacryodes sp. and Xanthophyllum amoenum were also
recorded. Ferns, occupying more open places with high amount of sunlight, were
mainly Nephrolepis biserrata, Asplenium batuense and Asplenium nidus. A total of 22
medicinal plant species were also recorded.
Ten months after felling, the total number of plant species regenerated was 92 belonging
to 72 genera and 47 families. Almost 31% of the species recorded before felling was
found to regenerate in the area. Of the 92 regenerated species, about 34% of the species
could be found in three areas of clearing techniques namely FB (least), FS (more) and
FCS (most). Melicope accendens and Macaranga triloba appeared to be the most
dominant tree species whilst Stenochlaena palustris and Nephrolepis biserrata were the
most significant ferns (Salma, 2003).
2.2 Arthropod Diversity
Although humans tend to perceive that arthropods are pests, these organisms often
provide invaluable services to the ecosystem such as sources of food, recycle agents,
biological control agents, pollinators, seed dispersal agents, soil improvers and indicator
species (Andersen, 1997; Daily et al., 1997). The quantification on the immediate
impact of peatland development on arthropod diversity over three types of peatland
ecosystem; natural, cleared and selective cleared areas was carried out targeted towards
making arthropod diversity as an indicator guide for promoting sustainable development
of peatland (Mohd. Norowi, 2003).
Results showed Diptera, Hemiptera and Coleoptera groups contributed more to total
arthropod counts. Diptera groups were abundant in developed areas whilst Hemiptera
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and Coleoptera were higher in traps located in natural peatland areas. The reduction of
Hemiptera and Coleoptera in developed areas might be due to reduction of their habitat
since the former inhabit aquatic systems, while most of Coleopterans live on dead
wood. When peatland was cleared, dead wood and aquatic systems were eliminated
(Mohammad and Ooi, 2001).
It was also found that arthropod diversity and evenness in the undisturbed habitat
(natural peatland) were much higher than from the disturbed habitat (developed
peatland). This was possibly due to displacement of arthropods when peatland was
cleared or disturbed. Hence when peatland was cleared, the arthropods composition
became variable compared to the composition of those in the natural peatland area. As
new vegetation progressed in developed areas, resulting in recovery some lost habitats,
arthropods diversity increased.
The results indicated that the arthropod community was affected by the development of
the peatland since the development of the peatland reduced or eliminated some habitat
for certain group or species of arthropods. Simultaneously, the change of peatland
ecosystem brought new groups of species into the community. Generally, the arthropod
community structure became relatively simple when peatland was cleared.
Ecologically, it indicated that the arthropod community within developed peatland
ecosystem was less stable compared to the natural peatland area. The simple
community would always be related to the ease of insect pest outbreaks that always
occur in agricultural land (Burel and Baudry, 1995). The results also indicated that the
degree of change in arthropod diversity seemed to be related to the level of disturbance
(clearing). Hence, proper development plans may help reduce impacts on arthropod
diversity.
2.3 Microbial Diversity
The management of peat soil for crop production has to be carried out judiciously with
sustainability maintained through viable systems to monitor changes in the soil quality
and its fragile ecosystem. Indicators sensitive enough to detect these changes have to be
determined so that agricultural activities can be executed favorably to protect the fragile
environment. Microorganisms have been used as biological quality indicators for soil
(Nielsen & Winding, 2002) using various techniques such as the determination of soil
microbial biomass (Vance et. al., 1987), soil enzyme activities (Tabatabai & Bremner,
1969; Halsall & Gibson, 1989), using molecular tools (Smit et. al., 2001; Poly et. al.,
2001) as well as fatty acid profiles (Bossio et. al. 1998). The dynamics of microbial
population changes and activities in peat soil environment was conducted by profiling
the population of major microbial groups to elucidate the changes in the soil as it was
gradually utilized for agricultural development (Suhaimi et al., 2003). Isolates of
bacteria, fungi and actinomycete were enumerated from soils sampled from four major
designated plots based on the clearing techniques of the crop cover of the peat land.
Results showed that profiling the microbiological population from before felling till the
study period revealed ecological variations from an initially stable population balance to
slightly disturbed biotic conditions. The changes did not reflect a disturbed soil
ecosystem; rather they indicated growth responses as a result of the presence of a
sudden increase of organic matter (Zhou et. al., 2002).
The selective land clearing technique, which was aimed to minimize the negative
impact to the natural habitat, initially did not affect the microbial population. Some
changes were subsequently observed and it was prevalent in the fungal population. The
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trend was almost similar for plot felling and stacking. Where the felled trees were burnt,
an initial decrease in the bacterial activity was observed followed by a stable slow
growth, which was subsequently followed by a more vigorous activity. In the plot where
the felled trees were stacked and the chipped debris being distributed randomly in the
plot, the bacterial population declined gradually over the subsequent observed period.
The growth of the fungal population on the other hand approached a steady increase
reflecting the availability of food source suited for fungi.
Under a more or less natural peat conditions, bacteria were dominant as reflected during
the initial study phase. The bacterial population comprised more than 70% of the total.
The composition remained until after about 200 days of the study when drastic changes
appeared in plots where burning did not take place. It was observed that when the fungal
population increased, the presence of bacteria was affected negatively. The interaction
was obvious only between these two microbial groups. Actinomycete whose numbers
remained low throughout, responded very slightly to changes.
2.4 Fish Diversity
The study undertaken was to obtain information on the population dynamics of aquatic
species, namely fish, in the waterways of the areas allocated for farm development at
the MARDI Peat Research Station Sessang. Specimens of fish were collected on
fortnightly basis at 40 sampling sites based on areas of jungle, cleared areas and semicleared areas. Fish collected were identified, measured, weighed and analysed.
Results showed that several species of fish were available in the water channels
available around the mentioned areas. The species collected were the same as
commonly found in most tropical peat water systems in Malaysia. Since none of the
areas under study was undergoing agriculture activities, the situation was not surprising
due to the absence of interference from leachates of fertilizers and pesticides. Effects of
the application of chemical compounds in modern agriculture would however disturb
the aquatic population both physically and biochemically. These effects would need to
be studied as fish provide protein food for the locals.
Fish species collected were sepat (Trichogaster pectoralis), keli (Clarias batrachus),
haruan (Ophicephalus striatus), toman (Ophicephalus micropeltes), puyu (Anabas
testudineus), and emplasik (Betta splendens) (Mohamad Hanif et al., 2003). The most
abundant caught was the sepat with weight ranging from 4.0g to 14.0g. The haruan or
snakehead weighed from 7.7g to 54.7g, emplasik 3.0g to 9.8g, puyu 12.0g to 90.0g,
toman 35.0g to 215.0g and keli 6.4g to 170.9g.
It was observed that fishes caught were of different sizes according to sampling locales.
Open water areas yielded the least amount of fish and the fish size was small. Areas
with tree canopies yielded more fish of bigger sizes and heavier. During less rainy
seasons, the amount of fish collected was much less. This could be due to less water in
the streams and less food available to the fish.

3. Wood Biomass and Degradation Studies
Some of the more common tree species found in the forest are: Koompasia malaccensis
(Kempas, Menggeris); Macaranga triloba (Mahang, Benuak); Palaquim sp. (Nyatoh);
Pometia pinnata (Kasai); Eugenia sp. (Kelat); Alstonia angustiloba (Pulai); Nephelium
maingayi (Redan); Litsea sp. (Medang); Sterculia sp. (Kelumpang) and Lithocarpus sp.
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(Mempening). The felling of the forest trees would result in woody biomass in the
cleared areas. Information on their degradation was thus obtained through relevant
studies undertaken.
3.1 Wood Biomass
A study on the quantification of woody biomass or wood debris was conducted to
measure the quantity of woody biomass above and below ground surface after land
clearing for observations on natural decomposition of woody matter.
The felling and stacking method of land clearing resulted in about 2,277 m3/ha of forest
debris and occupying 13-17% of the cleared area. The volume of the woody debris
larger than 1.5 cm was about 169 m3/ha, with an estimated weight of about 123 x 103
kg/ha, and more than half with the sizes of less than 15 cm. Below the surface, the
woody biomass increased with depth, ranging from 7 to 20 % of the soil volume, with
overall volume of about 14% in the top one meter, and the majority was in sizes
between 2.5-15 cm. (Mohammad and Ismail, 2003).
3.2 Wood Decomposition
The major structural elements of wood are celluloses, hemicelluloses and lignin, the last
being the most recalcitrant component of plant cell walls for biological decomposition.
Lowland peat common in Sarawak consist of dark reddish brown to black, loose, partly
decomposed leaves, branches, twigs and tree trunks, and with low mineral content. The
woody nature of the peat is a big hindrance to land preparation for agriculture. With
environmental awareness having prominence worldwide, burning of wood based
materials would be taboo. Hence a study was conducted to evaluate the potential of
using the white rot fungi, Phanerochaete chrysosporium, as a biological agent to
enhance the process of wood decomposition (Umi Kalsom et al., 2003).
Field trial was conducted to study the degradation process of Macaranga triloba wood
stacked on the ground and also under the ground. Six wood logs with the size of about
15 cm (diameter) x 30 cm (length) were stacked in three layers. The experimental wood
logs were inoculated with spores of P. chrysosporium whilst non-inoculated wood logs
were used as control. The study was laid out in a completely randomized design with
four replicates and wood samples were analyzed at the start and after every three
months intervals for a period of two years. The percentage weight loss and relative
decay of the wood samples were then determined.
After 90 days of inoculation, the percentage of weight loss was significantly higher (25
%) in the wood samples placed above the ground and inoculated with the fungus as
compared to the wood without inoculation (20%). The wood samples placed below the
ground all showed a lower percentage of weight loss, 12 % in wood inoculated with
fungus, 11.8 % in wood without inoculation and 12.6 % in wood amended with
ammonium nitrate. The wood relative decay rate was significantly higher in wood
placed above the ground with inoculation of the fungus (4.23 mg g-1d-1) as compared
to wood without inoculation with fungus (3.78 mg g-1 d-1). The relative decay rate in
wood inoculated, non-inoculated, amended with ammonium nitrate, placed below the
ground were lower at 2.98 mg g-1 d-1, 2.92 mg g-1 d-1 and 2.94 mg g-1 d-1,
respectively.
The study showed that factors such as lack of oxygen for submerged wood, very acidic
peat soil, high water saturation and strong bindings of hemicelluloses with cellulose and
lignin would affect the decomposition rate in the wood. Conditions which favor the
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growth of P. chrysosporium including adequate N, moisture and temperature all appear
to be important in encouraging lignin decomposition.
4. Physico-chemical Studies
Physico-chemical parameters were also determined so as to gather information for
interaction with the biological data obtained. Studies were done on soil subsidence,
water chemistry and carbon dioxide flux of the peat soil.
4.1 Peat Soil Subsidence
Studies on the impacts of different land clearing techniques on peat subsidence were
carried out on 70 hectares newly opened peatland forest at MARDI Sessang, Sarawak
(Jamaludin2, 2003). The objective was to quantify on the rate of peat subsidence and the
magnitude of peat subsides by weight per unit area due to different types of land
clearing techniques applied.
A survey was done before land clearing. Reduced levels and peat depth were taken from
82 points spaced at 100-meter grid intervals to determine on the elevation and peat
thickness at each point. Soil samples at 0, 50 and 100 cm depth were taken from
selected points to determine the bulk density. Thirteen sets of subsidence poles were
installed at 200-meter intervals as a permanent device to gauge on subsidence.
Perimeter and tertiary drains network were constructed to facilitate mechanized landclearing operations.
After the completion of land clearing, as described earlier in the text, the area was
resurveyed to determine the new elevations. Samplings were carried out randomly from
each treatment plots to determine the bulk density. New elevation data that were
collected from the second survey determined the magnitude of subsidence at each grid
points within each treatment plots.
First year results from the five land clearing treatments indicated that subsidence was at
35, 18, 28, 12 and 32 centimeter from the original ground surface due to felling and
burning (FB), felling and stacking (FS), felling, chipping and stacking (FCS), selective
clearing (SC) and clean clearing (CC) respectively. These results showed that after land
clearing, the quantity of peat subsided by weight at 326, 170, 255, 111 and 297 tonnes
per hectare from the respective land clearing techniques. Results also showed that
drainage had contributed 1% to subsidence or about 56 tonnes peat subsided by weight
per hectare in the control area.
4.2 Peat Water Chemistry
Clearing of forest affects the chemical composition of soil and water resources, and it
may pose environmental effects such as water and soil pollution. The physico-chemical
properties of peat soil have been widely studied (Vijarnsorn, 1989; Okazaki and
Yonebayashi, 1989) but there were lack of studies on the changes of peat water
characteristics subsequent to land clearing operations. The presence of macro and
micronutrients as well as heavy metals needs to be quantified, as these may be relevant
for agriculture and environment measures. Hence a study on peat water quality, before
and after land clearing, was carried out to produce baseline data on peat water chemistry
and to evaluate impacts of land clearing practices on it (Asing et al., 2003).
Peat water samples were collected at different sampling points in peat-augured holes (24
points; 6 per land clearing method) and existing drains (2 secondary – 4 plots/drain; 3
tertiary - 3 plots/drain). The samples were collected for two months before land clearing
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and seven months after land clearing. The samples were stored in 250 ml acid-cleaned
polyethylene plastic bottles as grab samples to represent the samples at that particular
time and place (APHA, 1989). The pH, EC and Eh measurements were analysed with
pH meter, conductivity meter and redox potential meter respectively, and a Flame
Atomic Absorption Spectrophotometer (AAS) was utilized for the quantification of
Aluminium (Al), Cadmium (Cd), Cobalt (Co), Chromium (Cr), Copper (Cu), Iron (Fe),
Magnesium (Mg), Manganese (Mn), Nickel (Ni), Zinc (Zn), Calcium (Ca), Sodium (Na)
and Potassium (K).
Before land clearing, the mean pH of peat water samples from peat-augured holes
ranged from 3.56 to 3.58, the EC between 124.8 to 133.1 µS/cm, metals (Co, Cd, Cr,
Ni, Pb, Cu, Mn) at trace levels and Zn at 0.1571 to 0.1909 mg/l. The amounts of Na
(0.7738 to 0.8481 mg/l), Ca (1.250 to 1.445 mg/l), Mg (0.8946 to 1.1068 mg/l) and K
(1.2896 to 1.6072 mg/l) in all plots were almost similar. There were significant
differences between the values before and after land clearing with values before land
clearing being lower than those obtained after land clearing. The amounts of Mg, K, Fe
and Zn were the highest in land clearing treatment of felling and burning.
In the case of existing drains, before land clearing, the mean pH was from 3.74 to 3.81
indicating values higher than those obtained in the peat-augured holes. Mean range of
EC in these sampling plots were from 71.5 to 113.2 µS/cm. Heavy metals content in the
drains were also at trace amounts, while Cu and Mn also showed the same results. The
amounts of Zn were from 0.0221 to 0.0297 mg/L. The amounts of Na, Ca, Mg and K in
the drains were higher than those in the peat-augured holes ranging at values of 2.23112.5978 mg/L for Na, 0.766-1.189 mg/L for Ca, 0.3207-1.1888 mg/L for Mg and 2.97563.1883 mg/L for K. It was also observed that the secondary drains water yielded slightly
higher macronutrients than the tertiary drains. There were significant changes of the
chemical properties of peat water in the existing drains, before and after land clearing.
Generally the study indicated that peat water quality changed due to land clearing
activities. The overall study showed that no heavy metals were detected in water from
peat augured holes and drains, before and after land clearing. The trace amounts of
heavy metals were far below the threshold level set by DOE Interim National Water
Quality Standard for Malaysia, under the class IV, for irrigation uses (DOE, 1992).
4.3 Carbon Dioxide Flux
The carbon dioxide (CO2) flux from peatland is an important part of the global carbon
cycle. A study on the CO2 flux under the different land clearing techniques was carried
out at the MARDI TPRS in Sessang, Sarawak (Zulkefli et al., 2003). The CO2 flux from
these areas as well as under peat forest was monitored using the static chamber method
connected to a portable infrared gas analyser. Flux measurements were done four times
daily (0900, 1200, 1500 and 1800 hours) for two days in June and October. Soil CO2
flux exhibited diurnal variations with peak rates as high as 500.4 mg CO2 m-2 h-1
occurring during mid afternoon. Mean CO2 flux from the peat soil surface varied
significantly among land clearing techniques ranging from 57 to 290.8 mg CO2 m-2 h-1.
Emission of CO2 was highly correlated with water table depth. The highest estimated
annual carbon loss via CO2 emission was 694.8 g C m-2 under the felling and burning
area.
The study indicated that conventional methods of land clearing for peat land by burning
contributed to the highest emission of CO2 to the atmosphere. From the study, the best
land clearing technique that gave the lowest carbon loss through CO2 emission was the
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Selective Clearing Technique where the annual carbon loss was 250.8 8 g C m-2 y-1;
comparable with the loss from the peat forest area (136.2 g C m-2 y-1). The vegetation
left using this specific land clearing would perform as carbon sinks and stores.

IMPLEMENTATION PLAN
The work conducted at MARDI Sessang research station would proceed according to
plan while the data obtained would be useful basic information in the development of
peatland forest. Guidelines would thus be detailed for such development in discussions,
publications, lectures, seminars and workshops among others. Continuing studies on
peatland sustainability management would be conducted at the research station and also
in other new and mature peatland areas in the country. The current team of researchers
would play a major role in the studies.
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Conclusions
Many scientists and organizations have spelled out the challenges to tropical peatland
on many occasions. Tropical peatland is a seriously endangered ecosystem in the world,
facing serious consequences of climate and development attacks. For better
management and sustainable development, many aspects of the ecosystem in relation to
peatland need to be known. Knowledge and correct information will make it easier for
control and management of peatland areas earmarked for economic activities and other
development to ensure sustainability for the good of the environment. Hence every
national government has drawn up policies with regards to environment management
and protection. The goals for these moves are obvious: human protection from waste
disposal hazards; conservation of energy and natural resources; useful byproducts
recycling and recovery; reduction or elimination of wastes; and waste remediation and
clean up.
Agriculture is a strategic and critical component in the livelihood of mankind due to its
importance in the production of food. In the move towards sufficiency in food and to
alleviate starvation, many countries turn to their land based resources for agriculture
development. This move and technology advances in agriculture may result in possible
deleterious impacts to the natural ecosystem. Many quarters question the wisdom of
conversion of peatlands and forests for economic development at the expense of the
environment. However, it can also not be denied that agriculture has become entrenched
in the life of humans since the beginning of time and plays a very strategic role in
everyone’s life. The simple fact is that without agriculture there is no food for humans
to live on.
Although new agriculture systems result in positive farming outputs, setbacks have also
been significant. It would be imperative to address topsoil depletion, groundwater
contamination, production cost increases and the disintegration of economic and social
conditions in rural communities. These issues result in the emergence of moves for
sustainable agriculture to address many environmental and social concerns and also to
offer innovative and economically viable opportunities for farm operators, workers,
consumers, policymakers and others in the food production system. The goals are
194

mainly profitable incomes, healthy environment, and social and economic stability, and
meeting the needs of current and future generations.
The establishment of the MARDI Tropical Peat Research Station at Sessang Sarawak
addresses all these issues. Research and Development activities at the station would
therefore offer the opportunity to provide crucial information for conservation and
sustainable development of these fragile and sensitive habitats. The benefits would be
worthwhile for national and international communities.
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PRINCIPAL ROLE
Remote sensing and GIS;
land use and sustainable
development of peatland in
Kalimantan

SPECIFIC ACTIVITIES AND RESEARCH
Provision of project regional office; provision of
remote sensing and GIS facilities; preparation of land
use and impact maps for case study sites in
Kalimantan; co-ordination of Indonesian Government
Agencies and Ministries with responsibilities for
peatland management

Role
The principal role of BPPT was to act as liaison between the project partners and
Indonesian Government Agencies and Ministries, especially at national level but also,
where appropriate, at provincial level in Central Kalimantan Province. In addition,
integration was provided between the project remote sensing and GIS efforts and those
of BPPT in Jakarta. This was expressed largely by the outputs of the Indonesian
Government ‘Ad Hoc’ team that was established by the President to re-evaluate the
Mega Rice Project and make recommendations for sustainable development of the
peatland area.
This role was facilitated through the STRAPEAT Project office established in BPPT
Building I, Floor 20, Jalan M.H. Thamrin 8, Jakarta.
Objectives
The main objective was to involve Indonesian Government officials and politicians,
national and provincial, in the progress and outputs of the STRAPEAT project. This
was achieved through direct involvement and interaction in a number of symposium
workshops and stakeholder forums.
Activities
BPPT prepared several maps of peatland in the former Mega Rice Project area of
Central Kalimantan based upon satellite imagery and using GIS techniques. These were
used for planning restoration and after use of this area and advising national and local
governments. This was carried out in association with BAPPENAS, the national
government planning agency. Liaison was also maintained with the Ministry of Forestry
and Ministry of Environment, both of which have responsibilities for this peatland area
(the former for biodiversity and conservation of species and peat; the latter for carbon
and climate change).
Results achieved
Data acquisition and evaluation
Data have been acquired to evaluate sector development on peatland in Central
Kalimantan (Mega Rice Project) and strategies formulated to implement sustainable
development of this important resource. Data were obtained on the distribution of peat
soil in Pontianak, West Kalimantan and a distribution map prepared of this resource.
A framework has also been prepared for ‘Natural Resource Accounting of Tropical
Peatland’ to advise national and local government authorities of the best way to achieve
its ‘wise use’.
Advisory, Communications and information dissemination networks
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These have been established with Indonesian Government Agencies and Ministries at
national and provincial levels in order to establish dialogue on sustainable development
of Indonesia’s peatland resources. The STRAPEAT Project has been socialized to the
Local Government and Parliament of Pontianak, West Kalimantan
State of knowledge and strategy implementation meetings
Several meetings have been attended by the BPPT partner during the 3 years of this
project. The most important and effective were:
1. Palangka Raya March 2002; Sibu, Sarawak, April 2002; Bali, September 2002;
Palangka Raya August 2003; Kuching, Sarawak, September 2003;
2. BPPT organised a keynote meeting on tropical peatland in Pontianak, West
Kalimantan on 10-16 April 2004. This was attended by over 200 scientists from
Indonesia and internationally. The objectives were as follows:
INTERNATIONAL WORKSHOP ON ASSESSMENT, CONSERVATION
RESTORATION AND SUSTAINABLE USE OF TROPICAL PEATLAND AND
PEAT SWAMP FOREST BIODIVERSITY
1 Title, date and venue of the international workshop:
“International workshop on assessment, conservation, restoration and sustainable use of
tropical peatland and peat swamp forest biodiversity”, 14-16 April 2004, Pontianak,
West Kalimantan, Indonesia
2 Participants:
International peatland experts from universities, government and NGOs; local and
national government politicians and officers; local community leaders;
environmentalists, planners; wildlife conservationists, land developers, financial
institutions and other interested parties.
3 Workshop objectives:
1) Discussion of development and environmental issues affecting tropical peatland and
peat swamp forest; presentations on current status of and future prospects for the
former Mega Rice Project and similar experiences in different countries;
2) Presentation of research achievements


Introduction to technologies for assessing environmental values of tropical
peatland and peat swamp forest developed by various projects;



Introduction to achievements from studies of sustainability policies;



Introduction to the approach of integrating environmental value of tropical
peat land and peat swamp forest into national, local and international
economic systems with case studies from Malaysia, Central Kalimantan and
West Kalimantan

3) Discussion of institutional systems to maintain and protect the environment as part
of sustainable development of tropical peatland and peat swamp forest.
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A statement was agreed at the end of this meeting as follows:
Development prospect of ex MRP in the future by principal changing of the approach
development of the area as parallel with some recommendations of Pontianak
Workshop on Tropical Peat ( 2004) :
1. Restoration of hydrological function on peat area need more attention.
2. Development of tropical peat area must be in parallel with wise use of experiment
of indigenous people.
3. Development of tropical peat it must be based on data availability, no planning any
development if there is no support data.
4. Development of peat land parallel with learning for any purposes is wrong
approach.
5. No more transmigration program on ex MRP area, while existing transmigrant are
not sufficient life.
6. Illegal logging not only deforestation of the forest, it cause the tropical peat
destroyed permanently.
Stakeholder meetings
BPPT has played a key role in organizing stakeholder meetings in Jakarta and Palangka
Raya in order to promote the concepts of ‘Wise Use of Tropical Peatland’ as a means to
implement sustainable development of this resource.
1. In the residence of the British Ambassador to Indonesia on 26 September 2002
which was attended by 46 stakeholders from local and national Government,
diplomatic missions, aid agencies and funding organizations and the local and
scientific communities.
2. In the office of the Governor of Central Kalimantan in August 2003 which was
attended by 75 stakeholders drawn mostly from government, higher education and
training and local communities in Central Kalimantan.
3. Accounting for Depletion Natural Resources System, Case : Tropical Peatland and
Peat Forest. ITTO International Workshop on Environment Economics of Tropical
Forest and Green Policy. 2-5 March 2004, Beijing-China
4. Natural Resources, Environment and Development 2003, (NARED 2003),
University Malaysia, Kuching, Sarawak. Hilton Hotel, September 26, 2003.
These activities have been vital in the transfer of scientific knowledge acquired by the
STRAPEAT Partnership to government authorities and local and international people.
This was essential to the implementation of the ‘Wise Use’ approach developed in this
project.
Implementation Plan
The outputs of the STRAPEAT Project are essential to achieving sustainable
development of peatland in Indonesia, especially for the restoration of the former Mega
Rice Project area of Central Kalimantan. BPPT will advise the Indonesian Government
at both national and local level on how this information can be transferred and
integrated into spatial planning and structure plans so that the resource can provide
benefits to people and the economy now and in the future.
Publications and papers
1. With W.H. Diemont and others (2003): Poverty alleviation and wise use of
peatlands in Indonesia. International Peat Journal, 11: 79-88.
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2. With J.O. Rieley & S.E. Page (2002): Peatlands for People: Natural Resource
Functions and Sustainable Management. Proceedings of the International
Symposium on Tropical Peatland, Jakarta 22/23 August 2001. BPPT and
Indonesian Peat Association, 271 pp.
3. (2004): Accounting for natural resources depletion in tropical peatland. Proceedings
of the 12th International Peat Congress, Tampere, Finland, 6-11 June 2004,
International Peat Society, Jyväskylä, Finland, pp. 726-730.
4. With Jan Verhagen and others (2004): Financial mechanisms for wise use of
peatlands in Borneo. Proceedings of the 12th International Peat Congress, Tampere,
Finland, 6-11 June 2004, International Peat Society, Jyväskylä, Finland, pp. 762767.
5. With Marcel Silvius and others (2003): Financial Mechanisms for PovertyEnvironment Issues: The Biorights System. Alterra and Wetlands International,
Wageningen, The Netherlands, 20 pp.
6. “Illegal Logging” (Juga) Biang Kebakaran”, KOMPAS, July 9, 2004
7. ”Adakah cara selain Reboisasi”, KOMPAS, December 22, 2003
8. ”Gambut Bisa Jadi Bencana”, SINAR HARAPAN, June 7, 2004
Conclusion
The STRAPEAT Project has been a success story as far as BPPT and the Government
of Indonesia is concerned. It is the first integrated, multidisciplinary and independent
scientific approach to the problem of sustainability of peatland in Indonesia. As a result
of past development that was not based upon adequate information and assessment there
are many problems facing Indonesia’s peatland resource.
In the future (and now being implemented) there is a pressing need for restoration and
rehabilitation of Indonesia peatlands using the wise use guidelines that have been
formulated in this EU funded project.
Appendix
1. MEGA RICE PROJECT
In 1995, former President Soeharto initiated the MRP Project by President Decree no.
85 of 1995. The objective was to open one million ha of peat soil in Central Kalimantan
for intensification of food production by agriculture annual crops. The project went
wrong because of knowledge gaps on peat hydrology, water management and
subsidence, long term drainage impact, mechanization on peatland, long term drainage
impact, ecosystem function and social impact.
The impacts of the project were: problems of ecology (idle land, decreasing food
production, over drainage, forest fire and flooding); problems of infrastructure
(irrigation network not optimal, insufficiency of settlement and infrastructure was not
functioning); problems of socio-culture (claim of risk cost, market & after harvest
industry, increasing insecurity, reorientation of transmigration jobs, capability of
people on peat soil management.)
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To solve the problems raised by MRP, President Decree no. 80 of 1999 specifies that
should describe the means of management of the Ex MRP area based on development
of a production area, handling of a conserved area with peat > 3 metres depth, handling
of peat area <3 metres depth and spatial arrangement of the ex MRP area.
To operate the guidelines, an Ad Hoc team and Core Team of Mitigation of Ex MRP
(The Core of Ad Hoc Team - TCAHT) were designed by the Minister of Acceleration &
Development of KTI in 2002. Members of the team are government officials, scientists,
university and professional associations. The task of the Ad Hoc team was: Evaluation
and mitigation of ex MRP; formulate a concept of MRP rehabilitation; prepare a
concept of mechanisms for mitigation and prepare recommendations of the alternatives.
Towards integrated plan for ex MRP area, the steps of TCAHT were study, collecting,
compiling all of previous studies of the MRP (including STRAPEAT reports);
constructed approaches and strategies, combining the available data in an integrated
framework, constructing a matrix model for mitigation and developing of “grading”
approach to the ex MRP area.
Five approaches were designed by the ad hoc team: legal aspect, spatial arrangement
aspect, development of river area aspect, institutional aspect, production aspect and
conservation aspect. The core of the Ad Hoc team recommendations consist of five
mitigation plans of ex MRP area: development of production, handling conserved area
with peat >3 metres depth, handling peat area <3 metres depth, spatial arrangement,
handling hydrology and fire control, revitalization of transmigration program and
handling of socio-economy and health.
As a tool for planning the rehabilitation program, a grading of the Ex MRP area and
matrix were developed by TCAHT. Advantages of the grading of the area ex MRP area
and the matrix are: integrated, data coordination, monitoring and evaluation purposes,
understanding of complete ex MRP area as a single entity.

2. CONCLUSION OF MEETING ON BRITISH AMBASSADOR TO INDONESIA,
ON 26 SEPTEMBER 2002
1.There is a need for new regional development plan of tropical peatland
2.Restoration of hydrological functioning is essential to support
3. Coordinating body to promote wise use approach
4. The need of local people in decision making
5. Future action must be based upon the best

scientific information vailable

6. Introduction of bio right, carbon credits, green energy micro finance initiative
must be considered
7. Sustainable development of former mega rice project
largest peat land restoration program
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area will involve the

PALANGKARAYA
AND
JAKARTA
STATEMENT,
PALANGKARAYA AND JAKARTA, 27-30 NOVEMBER 2005.

MEETING

ON

1. Wise use of the peatlands of Central Kalimantan necessitates economic development
to improve the livelihood of the local people through rehabilitation of peat swamp
forest and peatland resources.
2. Forest and peatland fires in Central Kalimantan make a substantial contribution to
the accelerating increase of carbon gases in the atmosphere, which is related to
climate change. In addition, fires have increased poverty while depleting
biodiversity of global importance.
3. In order to mitigate these problems there is a urgent need for a economic approach.
This should include carbon and biodiversity conservation through a Bio-right
approach and other land uses, such as oil palm plantations on degraded peatlands.
4. The new economic approach should be delivered through a Strategic
Implementation Plan for conserving peat swamp forest, illegal logging , and other
unauthorized activities, restoration degraded peatland and promoting its wise use.
The Plan should be based upon the best available scientific, technical and socioeconomic information.
5. The preparation and implementation of the plan should be managed by an
independent coordinating bogy (Badan Otorita), supported by a Committee
composed of national and international advisors.
6. The Strategic Implementation Plan focuses on restoration of the former MRP and the
Sebangau National Park, incorporating three key elements to ensure income
generation by local people:
• Fire prevention
• Water management
• Profitable land use.
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ANNEX I:

STRATEGY FOR IMPLEMENTING WISE USE OF TROPICAL
PEATLAND

1. Introduction
1.1 Three quarters of the world’s tropical peatland is located in Southeast Asia,
principally Indonesia, but with considerable deposits in Malaysia, especially
Sarawak.
1.2 In Southeast Asia, peatland development accelerated in the 1970s because of the
need to increase domestic food production to feed rising populations. In Indonesia
large land development projects were undertaken on peatland that involved
agriculture, plantation crops and human settlement. These have had only limited
success and, as a result, money has been wasted and large areas of peatland (and its
forest cover and natural resources) have been destroyed.
1.3 The underlying reasons for this failure have been inadequate knowledge of the
tropical peatland ecosystem, especially the nature and properties of peat, the lack of
monitoring of impacts, and mismanagement. Over large areas of tropical peatland
landscape ecological functions have been impaired and natural resources
diminished.
1.4 Strategic planning has not been based upon sound knowledge of the peatland
landscapes or the properties of peat and most developments have commenced
without independent, reliable environmental impact assessments.
1.5 Wise use of tropical peatlands is essential to ensure that sufficient area of this
resource remains to carry out vital natural resource functions while satisfying
essential requirements of people now and in the future.
1.6 Wise use of tropical peatlands necessitates integrated planning and management and
the challenge is to develop mechanisms that can balance the conflicting demands on
the tropical peatland resource.

2. International approaches to the Wise Use of peatlands
2.1 The third meeting of the Ramsar Conference of the Contracting parties in 1987
adopted the definition: “The wise use of wetlands [including peatlands] is their
sustainable utilization for the benefit of humankind in a way compatible with the
maintenance of the natural properties of the ecosystem”2.
2.2 Major global issues influencing the conservation and wise use of wetlands,
including peatlands, are:
2.2.1 increasing demands for water for agriculture, industry and human consumption
and the need for water allocation and management to maintain ecological
functions;
2

Sustainable utilization is defined as “human use of a wetland so that it may yield the greatest continuous benefit to
present generations while maintaining its potential to meet the needs and aspirations of future generations”. Natural
properties of the ecosystem are defined as “those physical, biological or chemical components, such as soil, water,
plants, animals and nutrients, and the interactions between them”.
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2.2.2 climate change and its predicted impacts;
2.2.3 increasing globalization of economic development, affecting agriculture,
fisheries and other natural resources products;
2.2.4 international co-operation in the delivery of wetland conservation and wise
use, through the management of transboundary water resources and wetlands,
including peatlands, and shared wetland species.
2.3 The Ramsar Convention adopted Guidelines for Global Action on Peatlands at the
Convention of Parties held in November 2002 with the following implications for
tropical peatlands.
2.3.1 The development of the Ramsar Guidelines for Global Action on Peatlands is
particularly important to developing tropical countries with peatland resources
because they are in urgent need of information, advice and management
guidelines for this vulnerable resource. Developed nations with peat and
peatland expertise must share this with developing countries. Since 1993
international efforts have focused on research and capacity building for local
communities in the importance and use of tropical peatlands for their
ecological and natural resource functions and the consequences of
inappropriate development and disasters, especially fire.

3. Functions and values of tropical peatlands
3.1 Tropical lowland peatlands support a natural and important vegetation cover of peat
swamp forest (a type of lowland rain forest) that contains a large diversity of
animals, plants and microorganisms, which provide many current and future
benefits.
3.2 Undisturbed tropical peatlands contribute significantly to human well-being. They
provide clean water, regulate water flow, recycle elements and affect local and
global climate. They are a source of renewable resources upon which economies
depend.
3.3 In common with boreal and temperate peatlands, tropical peatlands are reservoirs of
chronological, climatic, cultural, geochemical, palynological and stratigraphical
information.
3.4 Tropical peatlands store large amounts of carbon which, if released, contributes to
the greenhouse effect
3.5 Tropical peatlands have a limited potential for appropriate leisure and recreation
activities.

4. Impact of development on functions and values of tropical peatland
4.1 The values of tropical peatland ecosystems can be maintained only if they are
identified, their importance and susceptibility to change is understood, and steps
are taken to maintain them.
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4.2 The economic techniques and methods for valuing wetlands, including peatlands,
rely on ecological and hydrological as well as socio-economic data. It is important
to:
4.2.1 assess functions, products and attributes and rank them;
4.2.2 consult with peatland stakeholders to document and evaluate peatland uses;
4.2.3 carry out Strategic Environmental Impact Assessment (SEIA) and
Environmental Impact Assessment (EIA);
4.2.4 carry out Functional Assessment;
4.2.5 carry out Cost-Benefit Analysis (CBA), which should include the length of
time that peat swamp forest resources take to renew, and discounting for
natural resources depletion.

5. Necessity for Wise Use of tropical peatlands
5.1 The need for action to support the wise use and integrated management of lowland
tropical peatlands arises from several key factors:
5.1.1 recognition of the magnitude and extent of the tropical peatland resource;
5.1.2 rapid rate of loss and degradation of tropical peatlands;
5.1.3 increasing pressure from the development and conservation communities for
resource management guidelines.
5.1.4 drainage and overall site hydrology of tropical peatlands are very difficult to
manage.
5.1.5 economic agriculture on developed peatland requires, water management,
regular application of agrochemicals and soil ameliorants, which local
farmers cannot afford without government assistance.
5.2 In the case of future developments on tropical peatland it is essential to have
available a guide to their wise use and strategies for their implementation in order to
ensure sustainable management at minimal environmental stress.

6. Constraints to wise use of tropical peatland
6.1 Logging
6.1.1. Four decades of timber extraction in Indonesia through the Government
promoted ‘concession’ system (“HPH”) has not improved the livelihoods
of local communities surrounding peat swamp forest.
6.1.2. Local people have resorted to illegal logging, linked to large companies
and supported by government officials and law enforcers. In Central
Kalimantan about 80% of illegal loggers come from outside of the
province.
6.2. Inappropriate development
6.2.1 The intrinsic biophysical and chemical properties of tropical peat make it
unsuitable for large-scale conversion projects that require, or result in,
lowering of the water table. This is particularly the case for intensive
agricultural development involving dry land crops and rice.
6.2.2 There are numerous examples, of poorly planned, badly implemented and
mismanaged development projects on tropical peatland but the most
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disastrous was the Mega Rice Project carried out in Central Kalimantan
between 1996 and 1999.
6.2.3 Land conversion by draining peat for human settlement and irrigating for
rice cultivation makes peatlands unusually dry.
6.2.4 Once water is drained from a peatland ecosystem, the system itself
becomes unstable.
6.2.5 Excessive water removal will contribute to extended droughts and lowered
water tables with impacts beyond the boundaries of the peatland.
6.3. Fire
6.3.1 Forest and peatland fires have been a recurring problem since the early
1980s when conversion of peat swamp forest to agricultural use in
Indonesia increased to a large scale, promoted by the Indonesian
Government’s transmigration programme.
6.3.2 The main tool used to facilitate land clearance is fire and, for example,
474,000 ha (55%) of the Mega Rice Project peatland area burned in 1997.
Other peatland development areas in Kalimantan, Sumatra and West
Papua were affected similarly.
6.3.3 The fires returned in 2002 when once again they ran out of control and
devastated large areas of forest and peatland in Indonesia.

7. Socio-economic implications
7.1 Peatland ecosystems play an important socio-economic role in some tropical
developing countries.
7.1.1 Evidence shows that tropical peatland ecosystems provide greater
intangible benefits or indirect use values compared to tangible economic
benefits associated with direct use values.
7.1.2 Strategic sustainable management of tropical peatland should promote
social as well as official responsibilities in providing local, provincial,
and national capacity to balance every formal and informal economic
endeavour against the ecological dynamics of the ecosystem.
7.2 Peat swamp forest in Central Kalimantan (Indonesian Borneo) has been used by
indigenous peoples for generations for satisfying some of their subsistence
requirements.
7.2.1 Increased and continuous utilisation through development projects is
threatening the very existence of the natural resources and the peat swamp
forests; it is also causing racial disharmony.
7.2.2 Change in land use of tropical peatland from peat swamp forest to
agriculture, and the loss of bio-natural resource commodities, has led to
significant changes in the contribution of non-timber and timber products
to both subsistence and cash incomes.
7.3 The socio-economic dimension is of fundamental importance in promoting
environmentally sustainable wise use of tropical peatland and this should be
positioned as the main gateway for policy implementation.
7.4 Partial utilisation of tropical peatland natural resources is possible within a predetermined strategy of multiple wise use.
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8

Single sector development

8.1 Single sector development is proposed frequently on tropical peatlands and the
problems and consequences should be borne in mind.
8.2 Using tropical peatland for agriculture involves removal of the natural peat swamp
forest and its complement of biodiversity.
8.3 Peat extraction for use as fuel is rarely economic.
8.4 Peat is not a renewable resource over human time scales, because deposits take
millennia to accumulate.
8.5 The wisdom of further, intensive development of tropical peatlands for agriculture,
forestry and peat extraction needs to be questioned seriously.
8.6 If single sector development is proposed, steps must be taken to maintain ecosystem
functioning as far as possible by conserving peatland biological, chemical and
physical properties, biodiversity, and environmental services.

9

Wise use of tropical peatland

9.1 Wise use of tropical peatlands aims to optimise the economic, social and ecological
value of peatlands by harvesting renewable resources at an economically and
environmentally sustainable level, whilst conserving non-renewable resources and
maintaining attributes and functions.
9.2 If the functions of a tropical peatland are not protected, its carrying capacity will
collapse, together with the sustainable harvests and the economies it supports.
9.3 Wise use of tropical peatlands is very different from the sector development
approach and it requires:
9.3.1 increased support for agencies that traditionally have been weak in
safeguarding tropical peatlands (e.g. forestry and environmental protection);
9.3.2 consideration of the economies, societies and cultures of people occupying
areas affected by or supporting peatland.
9.4 The level of extraction of resources (forest products, peat, water) from tropical peat
swamp forest must be determined by its potential to provide a sustainable yield,
rather than by the demand for the resource.
9.5 Selective forestry is probably the most directly valuable use of peat swamp forest
resources at the present time and, if managed appropriately, should cause minimal
damage to the hydrology of the peatland.
9.6 Wise use projects on tropical lowland peatlands should involve participatory
management that includes stakeholders and co-management.
9.7 In a wise use approach, limited areas of the peatland are likely to be converted to
support small-scale agriculture; areas selected should have minimal impact on
ecosystem functioning.
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10 Balancing conservation and development of tropical peatland
10.1 Peatland resources can provide long-term support to the economy of local
communities and to the economic growth of developing tropical countries. The
planning for wise use of tropical peatland, however, requires an understanding of
the necessity for both development and conservation of tropical peatland, and the
ability to choose management methods to balance the two optimally.
10.2 Development of peatland in tropical countries has been promoted mostly without
adequate knowledge of the ecological and natural resource functions of the peat
swamp ecosystem or an understanding of its environmental and socio-economic
importance.
10.3 The long term value of tropical peatlands can be optimised through sustainable
wise use that involves an assessment of the economic and social as well as
ecological and natural resource function values, together with a cost-benefit
analysis of alternative development options.

11 Implementing wise use of tropical peatland
11.1The key to implementing wise use of tropical peatland is the adoption of an
integrated approach to planning and management that involves stakeholders and
sectors working together to formulate and operate an integrated ecosystem or
landscape scale management plan.

12 Guidelines to planning and management of tropical peatlands
12.1 Promote the formulation and implementation of national policies and strategies for
tropical peatlands;
12.2 Ensure that peatland conservation and wise use are incorporated into sectoral
policies, programmes and projects;
12.3 Increase knowledge and awareness of peatlands and their values through education
and the media;
12.4 Apply an internationally agreed classification system for peatland types;
12.5 Identify actions to address problems affecting nationally and regionally important
peatlands;
12.7 Review the status and identify priorities for peatland management locally and
nationally;
12.8 Protect, use and expand traditional knowledge of peatland management; and
12.9 Establish or strengthen peatland-related institutions.
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13 Integrating tropical peatland conservation and wise use into the planning
process
13.1 Integrating peatland conservation and wise use into planning requires:
13.1.1 identification of existing policies and plans that impact upon peatlands
and their updating to take account of peatland functions and values and
obligations of sustainable wise use;
13.1.2 cross-sectoral planning, especially of water resources, forestry,
agriculture and peat extraction;
13.1.3 land use planning using catchment (river basin) area boundaries and
integrated resource management using an ecosystem management
approach); and
13.1.4 site-specific project planning, considering off-site effects and involving
local communities and other stakeholders.
13.1.5 knowledge of the impact of upstream land use changes;
13.2 Since much of the funding for land use change activities on tropical peatland is
derived from development agencies these have a responsibility to produce
internally consistent policies specific to tropical peatland that include:
13.2.1 developing mechanisms for long term financing of sustainable wise use
projects for peatlands;
13.2.2 promotion of peatland issues, threats and sustainable wise use among
agency staff; and
13.2.3 ensuring that peatland issues identified during Environmental and Public
Health Impact Assessments are addressed during project planning and
implementation.

14 Strategies for wise use of tropical peatlands
14.1 Wise use of tropical lowland peatland must be based on recognition and inventory
of societal benefits (products and services) derived from peatlands in their natural
state.
14.2 Environmental and conservation objectives should be incorporated into the socioeconomic decision making process and existing development plans should be
reassessed and modified to take account of peatland functions and values.
14.3 Management must take into account the inter-relationships between tropical
lowland peatlands and other hydrological, ecological, social and economic systems
within the catchment (e.g. Dipterocarp forest, mangrove, urban and rural
communities).
14.4 Large peatland landscapes should not be developed piecemeal because this results
invariably in problems of water management and maintenance of the peat soil. It is
virtually impossible to conserve only part of a peatland landscape since differences
in water table requirements and water management practices will make different
land uses incompatible.
14.5 Hydrological integrity should be maintained as an utmost priority for management
since water fluxes and water levels determine peatland functioning; activities that
maintain natural hydrology and conserve peat soils should be favoured.
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14.6 Local people must be willing to cooperate and become involved in all stages of
planning and management, and mechanisms should be established to involve
stakeholders in sustainable wise use of peatlands affected by planned development
projects; compensation should be provided if peatland benefits are lost
(environmental, ecological, economic, social).
14.7 The environmental and economic costs of peatland management, and the benefits
arising from environmentally sound strategies, should be apportioned fairly; effects
may be experienced far from the management area.
14.8 Unauthorised settlement of tropical peatland should be prevented.

15 Important components of wise use of tropical peatland
15.1 There are several key activities, measures and operations that are necessary to
ensure successful implementation of wise use of tropical peatland, namely:
15.1.1 climatological, ecological, hydrological and socio-economic studies;
15.1.2 management direction and implementation carried out jointly with
developers and users, stakeholders and local communities;
15.1.3 formulation and implementation of specific peatland management plans and
targeted actions.
15.2 Maintaining ecological and hydrological functions
15.2.1 Hydrology (water fluxes and water levels) is vital to the ecological
functioning of tropical peatlands but is vulnerable to a wide range of human
activities and impacts.
15.2.2 All development activities on tropical peatland involve a lowering of water
levels through drainage, canalization, ground and surface water abstraction,
logging, road building, which lead to ecosystem degradation, irregular water
runoff and peat surface subsidence.
15.2.3 Natural water levels in tropical peatland should be maintained as far as
possible by:
15.2.3.1 applying principles of Integrated Catchment Management;
15.2.3.2 basing management decisions on the best available scientific and socioeconomic information;
15.2.3.3 recognising that every peatland has its own unique ecological and
hydrological characteristics that should be reflected in a management
plan;
15.2.3.4 understanding that the effects of peatland drainage may extend far
beyond the limits of the activity causing the drainage;
15.2.3.5 separating conservation areas from drained ones by effective buffer
zones.
15.3 Maintaining biodiversity
15.3.1 Lowland tropical peatlands harbour a rich biodiversity that is of global
importance and wise use should involve formulating comprehensive
strategies to conserve and maintain as much as possible, and these should
be incorporated into specific peatland management projects.
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15.3.2 The impact of project management on biologically diverse peatlands should
be assessed;
15.3.3 Consider alternatives or redesign projects that will have significant negative
impacts on tropical peatland biodiversity;
15.3.4 Plan for gradual withdrawal (‘managed retreat’) of inappropriate land uses
from sensitive peatlands.

16 Implementing strategies for wise use of tropical peatland
Several strategies should be applied when formulating and implementing a management
plan for the wise use of tropical peatland using an integrated approach.
16.1 Collaborative or co-management
16.1.1 The degree of stakeholder participation can range from consultation to the
devolution of management authority, resulting in collaborative or comanagement of the peatland resources.
16.1.2 All stakeholders must appreciate the trade-off between conservation and
development of peatland resources, and jointly ensure that management
plans balance the two.
16.1.3 Indigenous communities tend to utilise peatland resources effectively and
sustainably while new settlers and developers believe that new
technologies can overcome the lack of productivity of peat soil.
16.2 Restoration and rehabilitation of degraded peatland
16.2.1 Virtually nothing is known about restoration of impacted, damaged or
utilized tropical peatland. The main reasons to justify the rehabilitation of
tropical peatland are to reduce pressure on undeveloped land (e.g. primary
peat swamp forest) by enabling more effective use of degraded land.
16.2.2 Previous inappropriate management may have resulted in peatland
degradation in which case strategies for restoration and rehabilitation
should be included in the management plan.
16.2.3 Integrated catchment management is a useful tool in this process aided by
Strategic Environmental Assessment (SEA) and Environmental Impact
Assessment (EIA).
16.3 Peatland inventory and information
16.3.1 Peatland inventories provide information required for SEA and EIA
procedures relating to conservation and/or development policies.
Institutions responsible for planning and management of tropical
peatlands are often unaware of, or lack information on and knowledge of,
the values of peatlands.
16.4 Integrated Catchment Management (ICM)
16.4.1 ICM is the management of rivers and their catchments as integrated
wholes. Planning management at a catchment scale facilitates
understanding of how even remote ecosystems can be affected by the
demands from distant urban areas in the region and from countries of the
developed world (e.g. trade).
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16.5 Predicting the impact of and monitoring management plans
16.5.1 In Sarawak, for example, draft guidelines for the preparation of
environmental impact assessment (EIA) for developments on tropical
peatland have been prepared by the Natural Resources and Environment
Board (NREB) in conjunction with the EU STRAPEAT Project.
16.6 Action plans and monitoring progress
16.6.1 Action plans are being used increasingly for environmental management
in developed countries and could be used to great effect in the
implementation of wise use of peatland in tropical developing countries.
16.6.2 Classify and map peat resources.
16.6.3 Evaluate the local, regional, national and international significance of
peatland ecosystems in relation to ecosystem, community or
hydromorphological type; ecological, chemical, biophysical, hydrological
processes; production and natural resource functions support
16.6.4 Define terms for non-sustainable use of peatland before development
begins.
16.6.5 Advise on strategies necessary for the sound management of peatland
resources.
16.6.6 Identify and refine indicators of wise use and sustainable management of
tropical peatland.
16.6.7 Incorporate a Management Support System to underpin and verify all
actions taken.
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