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With growing global demands for palm oil, there is mounting pressure on limited natural resources to
support the dual services of agricultural productivity and maintenance of biodiversity. Balancing these
two services requires detailed research on four themes: i) the impacts on biodiversity of forest conversion
and fragmentation, ii) which factors drive these changes in biological communities, iii) what impacts
changes have on ecosystem functioning and, iv) the management and design of multifunctional landscapes.
Such questions are often difficult to answer as data must be collected at the landscape scale and over long
time periods.

The Stability of Altered Forest Ecosystems (SAFE) Project (see www.safeproject.net for more details)
is a ground-breaking scientific study based in Sabah, Malaysia which investigates the impacts of forest
conversion to oil palm on biodiversity, ecosystem functioning and productivity. Funded by the Sime Darby
Foundation with support from Benta Wawasan and the Sabah Forestry Department, the project is a
collaboration between research institutions and the oil palm industry. The project takes advantage of a
7900 ha area of forest which was scheduled for conversion to oil palm in 2012, allowing the consequences
of habitat conversion to be directly measured.

Now at the beginning of its third year, the SAFE Project is already yielding results of direct relevance
to tropical conservation and plantation management. As well as a core team of nearly thirty researchers
and research assistants working full-time on the project, SAFE has also provided a platform for collaborative
scientists studying a wide range of taxa and ecosystem functions. To date over 90 researchers from 23
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different institutions have been involved with research projects in the SAFE area. The SAFE Project
provides a good example of the benefits of closer collaboration between stakeholders in the development
of conservation initiatives and a more sustainable palm oil industry.

Keywords: Biodiversity, carbon, deforestation, invertebrate and oil palm.

Agricultural land has expanded dramatically in
the tropics over the last few decades (Foley et
al., 2005; Green et al., 2005), often at the
expense of natural forests (Gibbsetal., 2010).
This expansion has brought economic benefits
but has come at a cost to global biodiversity.
Indeed many of the regions with the highest
levels of habitat change are also those which
house the greatest diversity of species (Turner
etal., 2008). Southeast Asia is one such hotspot
of global biodiversity (Myers et al., 2000; Orme
et al., 2005), which has experienced very high
levels of habitat conversion in recent years
(Sodhi et al., 2010). In Southeast Asia a major
driver of this habitat change has been expansion
in oil palm cultivation (Koh & Wilcove, 2007).
Palm oil is among the most important sources
of vegetable oil worldwide (Corley, 2009). A
wide and expanding range of uses have now
been identified for palm oil (Henderson &
Oshorne, 2000). In particular, it is increasingly
being used as a feedstock for biofuel production
(Koh, 2007), the global demand for which is
set to increase (Koh & Ghazoul, 2008) as fossil
fuel reserves dwindle and policy on climate
change mitigation take effect.

Despite the undoubted economic
importance of palm oil globally, conversion of
forested land to oil palm plantation has had a
severe negative impact on biodiversity
(Fitzherbert et al., 2008; Foster et al., 2011).
Studies comparing forested land and oil palm
have found a dramatically lower diversity of
species in oil palm plantations than in forest
across a wide range of different groups.
However, there are still species to be found in
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oil palm plantations, and particularly in fragments
of natural habitat which may be left on steep
slopes and along riverine margins (e.g. Maddox
et al., 2007). At a smaller scale, remaining
natural vegetation within oil palm plantations
(suchas epiphytes) can also support a significant
level of biodiversity (Fayle et al., 2010). Most
species inhabiting plantations are not those that
were originally found in the forest, but rather
are species more specialised to living in open
habitats, which are often of lower conservation
importance because they are widespread
(tramp species) and not fromthat area originally
(invasive species) (Fayle et al., 2010).

Owing to the suite of important functions
which different species can support (Schmid
etal., 2009), losses of biodiversity may also be
associated with impaired ecosystem functioning
in human-dominated landscapes as well as loss
of resilience and ability for ecosystems to adapt
to future changes (Jacksonet al., 2010). These
functions, which include pollination, pest control,
decomposition, and carbon sequestration, are
sometimes crucial for the productivity of
agricultural areas as well as for the future health
and wellbeing of local communities.

It is clear that research to understand how
landscapes can be managed to maintain
biodiversity value as well as to provide
ecosystem services and sustainable crop
production is a priority. Central to this research
is understanding the optimal arrangement and
size of fragments of natural habitat maintained
within agricultural landscapes (Ewers et al.,
2011). Inthe conservation literature, discussion
over the best arrangement of natural versus
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agricultural areas has led to the formulation of
two alternative conservation strategies: “land
sharing” and “land sparing” (Green et al.,
2005). Either biodiversity is best served by
maintaining larger areas of reserve for wildlife
and maximising productivity in non-reserve
areas (land sparing) or a more inclusive
approach should be taken where wildlife-
friendly farming is encouraged over larger
areas, but potentially with lower per-area
productivity (land sharing). Although the debate
continues, evidence is mounting that to
maximise biodiversity alone, land sparing offers
the best solution (Edwards et al., 2010; Phalan
et al., 2011).

However, these two approaches need not
be viewed as alternatives and the adoption of
land sparing approaches for conservation
should not rule out sustainable agricultural
practices being adopted in the wider landscape
(Phalan et al., 2011). Indeed, extensive areas
in agricultural landscapes are not suitable for
cultivation (for example steep slopes or riverine
margins) and may, therefore, be maintained for
conservation at little loss to productivity. It is
also possible that areas of natural or semi-
natural habitat in agricultural landscapes can
provide additional ecosystem functions to
plantations (such as acting as a source of pest
control agents or pollinators (e.g. Ricketts et
al., 2004)) and that they may therefore benefit
productivity in agricultural areas through the
services they support. Finally, a more bio-
friendly agricultural landscape could also
provide novel resources for forest species and
increase permeability for individuals moving
between forest areas, thereby aiding species
survival in reserves.

It is therefore clear that a research agenda
should be set up which implicitly investigates
the biodiversity, ecosystem functioning and
productivity of such multifunctional landscapes

(Gardner et al., 2009). Although some work
has been carried out on the biodiversity value
of forest fragments in oil palm plantations
(Struebig et al., 2008; Edwards et al., 2010),
research in this area is sparse. Furthermore,
these studies have relied on investigating existing
forest fragments, and it is therefore not clear
what biodiversity areas would have supported
prior to fragmentation. Large-scale fragmenta-
tion projects have been set-up before in other
tropical regions, the largest and best-known of
these being the Biological Dynamics of Forest
Fragments Project (BDFFP) in Brazil (Lovejoy
& Oren, 1981; Lovejoy etal., 1983). This long-
term landscape-scale study has acted as a
platform for ecological study for over three
decades and provided invaluable data on the
impacts of forest fragmentation on biodiversity.

In this paper we introduce a new
fragmentation project based in Sababh,
Malaysia: the Stability of Altered Forest
Ecosystems (SAFE) Project (Ewers et al.,
2011). This ground-breaking research project
relies on a close collaboration between industry
and research partners, which is essential if past
misunderstandings and direct conflicts between
stakeholders in the oil palm industry (Koh et
al., 2010) are to be avoided. Funded by Sime
Darby Foundation with in-kind contributions
from Benta Wawasan, the project is based in
land managed by the Sabah Foundation (a state
government body responsible for the socio-
economic development of Sabah) and is
academically led by Imperial College London
and the Royal Society South East Asia
Rainforest Research Programme (SEARRP).
The project aims to investigate the impacts of
forest conversion to oil palm and forest
fragmentation on biodiversity and ecosystem
functioning at the landscape scale. By working
closely with industry partners, this study goes
well beyond existing projects of its kind by
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allowing measured values of biodiversity and
function to be linked to agricultural productivity
and economics.

OBJECTIVES

In this paper we:

i. Describe the rationale for the design of
the SAFE Project,

ii. Detail key achievements to date and
growth of the project,

iii. Highlight the importance of close
collaboration between the industry and
research in allowing projects of this kind
to take place, and

iv. Briefly introduce future plans and
potential directions for the project.

MATERIALS AND METHODS

In addition to design and sampling, other aspects
of the methods, such as rationale, are also
considered.

Rationale

SAFE was conceived as a multidisciplinary
project that would allow key questions on the
impacts of forest fragmentation and conversion
to be addressed. Central to this rationale was
that results of the project would be applicable
to as wide a range of disciplines as possible
and answer key questions for both
conservationists and agronomists. In particular,
outcomes of the project should provide
information which would inform sustainable
land-management practices, such as those
developed through the Round Table on
Sustainable Palm Oil (RSPO) (RSPO, 2012).
As habitat change can have impacts on
biodiversity and ecosystem functioning over
long time periods, it was also important that
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the project had funding for a suitable period of
time to allow detection of these changes.
Furthermore, the project needed to be designed
on a scale that was appropriate for land-
management of this kind and, therefore, would
rely on the close collaboration and support of
the oil palm industry and plantation managers.
Related to this, it was also important that project
partners were made up of both research and
industry-players as this would ensure a realistic
approach to management issues as well as
effective dissemination of results to the various
stakeholders. Finally, it was clear that such
wide-ranging research could never be carried
out by a single institution or research body. It
was therefore crucial for the project to be set
up in such a way as to provide infrastructure
and a sampling design that would encourage a
range of collaborative researchers to get
involved, maximising the long-termvalue of the
project and facilitating the development of
profitable collaborations and knowledge-
transfer between different organisations and
disciplines (Barlow et al., 2011).

Support

Funding for the SAFE Project from Sime Darby
Foundation has been guaranteed for 10 years,
allowing for long-term monitoring to take place.
The majority of the project is based on land
managed by Benta Wawasan, who have
guaranteed collaboration and in-kind support
over this period. The project includes an area
of forest of approximately 7 900 ha, which was
earmarked for conversion to oil palm before
the start of the project (the experimental area).
Through agreement with Benta Wawasan,
forest fragments of varying sizes will be
maintained in this area in an experimental
design, thereby manipulating forest
fragmentation and enabling a direct test of the
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impact of habitat change and fragmentation on
biodiversity and ecosystem functioning.

Project design

Sampling points for the SAFE Project are
arranged across a landscape gradient from
primary forest (at Maliau Basin Studies Centre),
to logged forest which will remain forested (Ulu
Segama Forest Reserve), logged forest
earmarked for conversion (experimental area,
located on land managed by Benta Wawasan),
and existing oil palm plantation (managed by
Benta Wawasan and Sabah Softwoods,
another subsidiary company of the Sabah
Foundation). Within the experimental area, a
range of different-sized forest fragments will
be maintained following conversion (1 ha,
10 ha, and 100 ha) in six replicate blocks
(42 fragments in total), with sampling points
included in each fragment and in areas that
will be converted to plantation.

An additional experiment has also been set
up to explore the role of riverine margins in
maintaining river water quality and aquatic
biodiversity. In the experimental area, the size
of riverine forest margins left after clearance
will be experimentally manipulated (treatments:
no margin, 5m, 15m, 30 m, 60 mand 120 m),
allowing the effects of forest cover on
river habitats to be directly tested (see
Appendix 1).

Sampling methodology for core data
collection

Several research projects have been
established by the core SAFE research team.
These include the setting up and re-
measurement of a network of 193 vegetation
plots (25 m by 25 m each) across the SAFE
area. The key aim of these is to investigate
changes in carbon sequestration following

clearance and fragmentation. Methods for the
setting up of these plots follow established
RAINFOR protocols (see Malhi et al., 2002
for full details) and include the tagging and
identification to species of all trees over 10 cm
diameter breast height (DBH) within the plot
and measurements of DBH, canopy structure,
phenology, vine cover, microclimate, leaf-litter
fall, deadwood, and soil characteristics.
Decomposition rates are also measured within
these plots, using litter bags filled with freshly
fallen leaves and standard cotton squares.
Avrranged around each vegetation plot are three
insect collection traps (579 in total), specifically
designed for the SAFE Project. These traps,
which combine aspects of Malaise, pitfall and
intercept traps, are engineered to collect a wide
range of taxa and collections are planned to
take place over a three-day period every
6 months. Owing to the wide range of eco-
system functions that insects support (\Weisser
& Siemann, 2004), such data will provide
important information relevant to ecosystem
services. Finally, as part of the initial setup, a
50 mtower will be used to investigate changing
carbon dynamics following habitat conversion.

Core data are collected by a team of over
20 SAFE Research Assistants, who have been
trained in ecological monitoring and taxonomy;,
and who will be sent on relevant training
courses as they become available, building local
expertise. Over time Research Assistants will
specialise in particular projects, as they build
their knowledge base in key areas. In addition
to core data collection, the team of Research
Assistants are also available to assist visiting
collaborative researchers, allowing a wider
range of taxonomic groups and ecological
questions to be investigated and encouraging
collaborative projects.

The study area, collaborative status and
current status are given in Table 1.
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TABLE1

STUDYAREA, TITLE, CORE OR COLLABORATIVE STATUS,AND PRESENT STATUS OF PROJECTS
PRESENTLY ONGOING AT SAFE. THE LIST DEMONSTRATES THE WIDE RANGE OF DIFFERENT
SUBJECTSWHICH SAFE SCIENTISTSARE PRESENTLY INVESTIGATING

Study area and title

Core team/
collaboration

Status

Diversity and composition
Spatial scaling of beetle community diversity
Mosquito community composition

Ants and dung beetles in riparian margins
Ant and termite assemblages

Canopy invertebrate assemblages
Composition of ant communities

Leaf litter ant communities

Ant communities in oil palm of different ages
Composition of butterfly communities

Composition of mammal communities
Small mammal sampling methodology

Composition of primate communities
\ertebrate scavenger communities
Composition of bird communities
Amphibiansin riparian margins
Composition of amphibian communities
Beta diversity of amphibian communities
Composition of bat communities

Fungal litter trapping systems

Fish community composition

Diversity and function of aquatic invertebrates
Species interactions

Food web structure of beetle communities
Antand termite interactions

Tree-liana interactions in fragmented forests
Parasites in tropical birds

Ectoparasites on anurans

Functional diversity of amphibians

Seed dispersal and predation

coreteam
collaboration

collaboration
collaboration

collaboration
core team

collaboration
collaboration
collaboration

collaboration
collaboration

collaboration
collaboration
collaboration
collaboration
collaboration
collaboration
collaboration
core team

collaboration
collaboration

core team

collaboration
core team

collaboration
collaboration
collaboration
collaboration

data collection underway
first round of data
collection completed,
masters projectwritten
data collection underway
data collection completed,
masters project written
data collection underway
data collection underway
data collection underway
data collection underway

data collection to begin in
2012

data collection underway
data collection completed,
masters project written
data collection underway
start date uncertain

data collection underway
data collection underway
data collection underway
data collection underway
data collection underway
data collection underway
data collection underway
data collection underway

data collection underway
data collection underway
data collection underway
data collection underway
data collection underway
data collection underway

data collection to begin
2012
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Study area and title

Core team/
collaboration

Status

Insect pollination

Physiology

Stress levels in tropical birds

Ecosystem processes

Above-ground net primary productivity
Herbivory rates in modified forests
Ant-mediated ecosystem processes
Termite-mediated wood decomposition rates
Dung beetles and their impacts on nutrient
cycling and seed dispersal

Land use change and species invasions
Functional composition of tree communities

Impacts of riparian width on river water quality
Land use change and stream flow rates

Water sediment loads and stream channel
morphology

Microclimate stratification in modified forests
Carbon budgets in modified forests

Changing CO, and water budgets from habitat
modification

Soil nutrient cycling patterns in modified forests
Land use impacts on erosion and sedimentation
Plantation management

Epiphytes in palm plantations: diversityand
pest control

Designing biodiversity-friendly palm plantations

collaboration

collaboration

core team
core team
collaboration
collaboration
collaboration

collaboration
collaboration

collaboration
collaboration
collaboration
coreteam

collaboration

collaboration

coreteam
collaboration

collaboration

collaboration

data collection to begin
2012

data collection underway

data collection underway
data collection underway
data collection underway
data collection underway
data collection underway

data collection underway

data collection to begin
2012

data collection underway
data collection underway
data collection underway

data collection underway
data collection underway

data collection underway

data collection underway
data collection underway

data collection underway

data collection underway

RESULTS

Achievements in the core project over
the first two years

An early key milestone for the project was the

establishment of 897 individual sampling points
spread throughout the SAFE area. To access
these points, it was necessary to survey and
clear over 90 km of trails. Also important were
the provision of extensive labs at Maliau Basin
Studies Centre (the field base for the project)
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and the building of a large campsite in the middle
of the SAFE experimental area.

Having gained access to all of the sites,
the team involved in the SAFE project then
concentrated on collecting baseline
environmental data for each collection point.
These basic data included measurements of
slope, aspect, forest quality and canopy cover
and were important in allowing sites to be
graded in terms of quality, so decisions over
future sampling priorities could be made. These
data demonstrated how variable forest quality
is across SAFE plots, indicating that results
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from this project may be applicable to a range
of forest types across Sabah and globally
(Figure 1).

Over the first year and a half, the SAFE
team also marked and set up the network of
193 vegetation plots. These were also found
to be highly variable in forest quality, again
indicating that results will be of relevance to a
wide range of forest areas (Figure 2). We are
now in the process of re-measuring vegetation
plots, allowing estimates of tree growth and
mortality to be calculated - key variables in
calculating carbon flux. Associated with this

OG1 0OG2 OG3 VIR LF1 LF2 LF3 LFE A B C D E F

SAFEarea

Figure 1 Range of forest scores displayed across different survey areas in the SAFE
Project. An average forest score was taken for the range of vegetation plot
sampling locations in each area (Standard Error bars shown)

Note:
Forest score:

1- very poor, no trees - open canopy with ginger/vines or low scrub,
2 - poor, open with occasional small trees over ginger/vine layer,
3 - ok, small trees fairly abundant/canopy at least partially closed,

4 - good, lots of trees, some large, canopy closed,

5 - very good, no evidence of logging, closed canopy with large trees.

OG1-3 - areas within primary forest area,

VJR - primary forest control area close to the experimental sites,
LF 1-3 - logged forest control area, LFE — logged forest area near to experimental sites,
A-F - replicate areas within experimental logged forest area.
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Figure 2 Number of stems over 10 cm diameter breast height (DBH) plotted against
forest score for 193 individual 25 by 25 m vegetation plots set up across the

SAFE area

Note:
Forest score:
0 - oil palm plantation,

1 -very poor, no trees - open canopy with ginger/vines or low scrub,
2 - poor, open with occasional small trees over ginger/vine layer,
3 - ok, small trees fairly abundant/canopy at least partially closed,

4 - good, lots of trees, some large, canopy closed,

5 - very good, no evidence of logging, closed canopy with large trees.

work, the carbon flux tower (Figure 3) was
also completed in 2011, with direct
measurements of carbon release and
sequestration now underway.

In 2011, two rounds of insect collections
took place across the network of 579 insect
collection points using combination insect traps
(Figure 4). These collections, which represent
one of the most comprehensive across a habitat
disturbance gradient in Southeast Asia, are
presently stored at Maliau Basin Studies Centre
and are in the process of being identified. In

the future, ants and beetles from this collection
will be identified to species, allowing estimates
of species compositional changes to be
measured for these important groups.
Across the insect and vegetation plot
collection points, dataloggers have been installed
to measure temperature and humidity at three-
hourly intervals, with several months of data
already collected. Finally, a pre-clearance litter
decomposition study has also been carried out,
with litterbags placed at the centre of each of
the vegetation plots and collected over set time
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Figure 3 Carbon flux tower in the SAFE experimental area. This 50 m-high tower is situated in
an area of forest that will be converted to oil palm during 2012. By recording detailed
measures of carbon flux over this period, the impact of the establishment of a new
plantation on an area’ carbon balance can be measured
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Figure 4 A combination flight intercept, pitfall and Malaise insect trap being set in the SAFE
Project area.
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periods to allow estimates of the rates of litter
decomposition in different habitat types to be
calculated.

Collaborative research

In addition to the projects set up by the core
SAFE team, numerous other scientists have
also visited the SAFE site and carried out their
own research, dramatically enhancing the range
and volume of data collected. Some of these
were Malaysian and International postdocs,
Ph D students and M Sc students who were
funded directly through the SAFE Project (four
postdoctoral researchers, four Ph D students
and two M Sc students). In total in the first
2 years some 90 external researchers and their
assistants have visited the SAFE site to
establish projects. Together they represent 23
different institutions and 15 countries. This
amounts to over 2 700 additional research days
on the project for 2011 alone (compared to over
10 000 Research Assistant days spent on the
project over the last 2 years).

Together collaborative and core work
already underway can be divided into several
key areas including: biodiversity and
composition studies, species interactions,
physiology, ecosystem processes and plantation
management (see Table 1 for details of
projects). Taxa studied are very wide-ranging
and include: large mammals, small mammals,
bats, birds, amphibians, fish, beetles, dung
beetles, ants, termites, mosquitoes, and trees.
Taken together these data will provide a unique
insight into the impacts of habitat change.

DISCUSSION AND CONCLUSION
It is clear that collaborative projects such as

SAFE can be extremely productive in terms
of the volume of data collected and scope of
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questions that can be answered. Key to the
establishment of the SAFE Project is the close
collaboration of different institutions and
stakeholders in oil palm cultivation. Without
industry involvement in scientific projects of
this kind, it would be extremely difficult to
secure funding over the appropriate time-scale
to study the impacts of habitat change and
fragmentation and near-impossible to establish
experiments in plantation areas at the
appropriate scale and ensure results are used
to inform best management practices.

We hope that in the future the SAFE
Project and other similar schemes will enable
closer collaboration between conservationists
and the oil palm industry with benefits for both
conservation and agriculture alike. Only thus
can we move away from approaches that
polarise conservation and agricultural
productivity, to the development of truly
multifunctional tropical landscapes.
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Editor’snote:

The Planter decided to publish this paper even though no results are available as yet, to inform readers and
concerned groups that the industry is also concerned with the stability of ecosystems and eagerly awaits the
findings to enhance the environment of future developments.
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APPENDIX1
FOCUSON THE HYDROLOGY PROJECT

Introduction

The hydrology component of the SAFE project aims to experimentally vary the widths of riparian zones to
test the effect of this on stream channel morphology, sediment transport and water quality.

Maintaining riparian reserves during logging is thought to be important for intercepting sediment, nutrients,
pesticides and other materials in overland and shallow subsurface flow (Klapproth, 2009). As a result, many
countries retain riparian buffer zones during logging and agricultural activities. In Malaysia, the current legal
requirement is for 30 m riparian width. However, this varies between countries and regions (20 min Victoria,
Awstralia, for example (Bren, 2000)). Several studies have been carried out to determine the optimal width of
riparian zones worldwide. Phillips (1989) suggested a range of widths from 15 - 80 m, depending on the
situation. Clinnick (1985) suggested that 20 m is the average requirement for well-defined streams while 5m
is needed for ephemeral streams. There is currently no consensus on the optimal width of forest margin to
maintain following oil palm plantation establishment.

This project aims to determine the optimal width of riparian buffer zones to maximise sediment filtration
and minimise nutrient loss during logging and conversion of forest into oil palm plantation.

Experimental design and methods

Within the SAFE Project experimental area, six catchments have been identified and marked as study catchments
with plans of retaining riparian buffer zones of 0m, 5m, 15m, 30 m, 60 m, and 120 m. Besides theexperimental
catchments, there are also four control catchments comprising of the Virgin Jungle Reserve (VJR), logged
forest control, established oil palm control and a primary forest catchment in the Danum Valley Conservation
Area, which has been monitored over a longer time period. All catchments are of a similar catchment size and
slope (260 ha + SD 10 with a slope of 16° £ SD 2).

Gauging stations

At each catchment, gauging stations with attached sensors and dataloggers have been established. This
system measures water level, turbidity, conductivity and water temperature every 5 minutes, storing a mean
hourly and daily reading. Water level can be converted to stream discharge while conductivity indicates total
dissolved solids. By collecting water samples on a regular basis, recorded turbidity will be correlated to total
suspended solids over time. Rainfall will also be measured using tipping bucket rain gauges. With this
frequency of data collection, the data logger can store measurements for up to 3 months, allowing a constant
monitoring of all these aspects of a river’s ecology.

Stream cross section

Recording stream cross section characterises the area and shape of a stream at fixed points along its length.
To achieve this, width and cross-sectional profile are measured at approximately 50 m intervals, following
established methodology (Viessman & Lewis, 2003). By re-measuring a stream cross section every 6 months,
changes in the channel as a result of habitat conversion can be quantified.

Nutrient analysis

Water samples for nutrient analysis will be taken on a monthly basis as well as during storm events from each

Contd....
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stream. Samples will be analysed for nitrates, phosphates and potassium, using chemical test kits in the lab
(Radojevic et al., 2007). A subsample of each collection will be stored for future analyses.

Conclusion

This project represents an unparalleled opportunity to test the optimal size of riparian margin to maintain
during conversion of forest to plantation. By experimentally varying riparian margin widths and measuring
the impact of this on a wide range of physical and chemical parameters of the streams, this project will go a
long way to answering questions of optimal riparian width. The results of this work will be of importance in
the development of more-sustainable oil palm cultivation.
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