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1. Introduction
Agricultural expansion is one of the major drivers of tropical biodiversity loss worldwide
(Foley et al., 2005; Green et al., 2005). Oil palm cultivation is among the main culprits, owing
to its huge increase in cultivation in recent years (Food and Agriculture Organisation of the
United Nations [FAO], 2011) and its centre of production being within the most biodiverse
regions and habitats on the planet (Sodhi et al., 2010; Turner et al., 2008). Increasing demand
for palm oil in food products and as a biofuel is likely to result in accelerating
environmental change in the future (Koh & Ghazoul, 2008). Despite the importance of this
crop and increasing global concern for environmental change, surprisingly little research
has focussed on the actual impacts of conversion of forest to oil palm on biodiversity
(Fitzherbert et al., 2008; Foster et al., 2011; Turner et al., 2008). In particular much still needs
to be studied if we are to understand how human-modified landscapes can be managed to
allow continued sustainable production of this globally important crop as well as
maintenance of biodiversity. The development of more sustainable oil palm landscapes
containing higher levels of biodiversity is not an alternative to conserving large areas of
intact primary forest, as only these forested areas can provide a habitat for many rare and
threatened species (Edwards et al., 2010). Rather it will allow preservation of a higher level
of biodiversity within plantations, a greater connectivity and permeability for species to
travel between reserve areas, and crucially the maintenance of important ecosystem
functions within the agricultural landscape such as pollination, biological control,
decomposition, maintenance of water quality, and environmental enrichment for people
living in the vicinity of plantations. Central to the development of landscapes which support
biodiversity and oil palm cultivation is increasing the dialogue between the oil palm
industry, scientists and conservationists, as only this will allow new research findings to be
applied to oil palm cultivation practices effectively.
In this chapter we will
•
Describe in detail the change in palm oil production that has taken place over the last 30
years, the key regions where cultivation has taken place, and options for future
conservation in the tropics
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Present an up-to-date review of the literature relating to the impacts on biodiversity of
forest conversion to oil palm
Assess how the focus of research relating to oil palm has changed in recent years
Highlight gaps in existing knowledge and priorities for future research effort
Assess the relationship between the oil palm industry, academic researchers and
conservationists
Highlight the importance of forging links between industry, science and conservation to
understand and maintain functional tropical landscapes
Introduce a new long-term large-scale collaborative research project between industry
and science, the Stability of Altered Forest Ecosystems [SAFE] Project (Ewers et al.,
2011; SAFE Project, 2010), which experimentally investigates landscape-scale
biodiversity changes associated with the establishment of a new oil palm plantation in
Sabah, Malaysia.

2. Global patterns of palm oil production
Agricultural ecosystems are now among the dominant habitat types on the planet (Foley et
al., 2005). An expanding global population and a burgeoning demand for food have resulted
in agricultural areas increasing dramatically in the tropics (Green et al., 2005), with 80% of
the world’s new agricultural land coming from the conversion of tropical forest (Gibbs et al.,
2010). Conversion of natural ecosystems to agricultural landscapes has had a severe
negative impact on global biodiversity (Sodhi et al., 2004, 2010), with losses of species
already occurring and further regional and global extinctions predicted to occur. At the
same time, global concerns for climate change have resulted in an accelerating demand for
biofuel (Koh & Ghazoul, 2008), placing more pressure on remaining natural habitats.
Among the most important agricultural crops in the tropics is oil palm. Palm oil is used in a
wide range of products, is a particularly important source of vegetable oil (Corley, 2009) and
is increasingly used as a feedstock for biofuel production (Basiron, 2007; Henderson &
Osborne, 2000; Koh, 2007). Globally, oil palm cultivation is centred in the tropics with the
highest levels of production in Indonesia and Malaysia (Basiron, 2007). Both Indonesia and
Malaysia are located in global biodiversity hotspots (Myers et al., 2000), so expansion in
these areas is likely to have a large negative impact on biodiversity at the global scale (Sodhi
et al., 2004).
Based on data from the Food and Agriculture Organisation of the United Nations [FAO]
(FAO, 2011), we present trends in the global production of oil palm fruit over a 48-year
period from 1961 to 2008 (Figure 1), as well as individual per country production for the top
two palm oil producing nations in Southeast Asia, Africa and South America (Figure 2). In
terms of quantity, these six nations are among the top ten oil palm producing countries
worldwide (Figure 3). We present information on oil palm land area and yield per hectare.
Where available, we also present trends in the producer prices for palm oil in each country.
Global palm oil prices were estimated as the mean producer price from the 14 countries
listed on the price domain of the FAOSTAT database (FAO, 2011).
Between 1961 and 2008 production of oil palm fruit has increased from 13 million tonnes to
around 207 million tonnes worldwide (FAO, 2011). This rise has corresponded with
substantial increases in land area under oil palm cultivation, with centres of oil palm
production located throughout the tropics. Concerns for species losses as a result of palm oil
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expansion should therefore not be restricted to Southeast Asia, but rather to all tropical
regions where forest is being converted (Wilcove & Koh, 2010). Although there have been
increases in yield per unit area in most countries, this is not consistent and is very variable
between nations and regions, with the well-developed oil palm industry in Malaysia and
Indonesia showing the most marked increases in yield (Figures 2 & 3). Prices commanded
for palm oil, although very variable, also continue to rise.
Between the 1960s and 1980s increases in global palm oil production were probably
primarily obtained by increased yield per area. However since the 1980s this trend has
shifted, with increased global production being driven instead by further conversion of
land to oil palm cultivation (Murphy, 2009), threatening remaining forest habitats. The
large difference in yield per area between different countries raises the possibility that, if
yield can be increased in those regions at the lower end of the range, pressure on
remaining forest habitats may be reduced. The recent development of higher-yielding
seedling stock and more efficient processing technology (Donough et al., 2009; Mathews &
Foong, 2010; Murphy, 2009) could enhance yield and productivity further, thereby also
relaxing pressure to convert further natural habitats to oil palm cultivation. However, the
rise in crop prices, which are closely linked to demand (Rudel et al., 2009), indicate that
the market for palm oil is still expanding. This is probably owing to the continued high
demand of palm oil as a source of edible oil and a biofuel feedstock (Corley, 2009; Koh,
2007), and diversification of its uses (Basiron, 2007; Henderson & Osborne, 2000). If
further expansion of the area under oil palm cultivation is to be reduced, any rise in yield
per area must therefore meet not only today’s demand for palm oil, but also increased
demand in the future.
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Fig. 1. Global oil palm land area under harvested cultivation, yield per unit area, and producer
price of palm oil (in US Dollars per tonne produced). Land area under production has more
than quadrupled since 1961, while yield and price have also increased substantially. Data from
Food and Agriculture Organisation of the United Nations [FAO] (FAO, 2011)
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Fig. 2. Oil palm production, area under harvested cultivation, yield per unit area, and price
of palm oil in US Dollars per tonne produced for the top two palm oil producing countries
in each of the main tropical regions of production (SouthEast Asia, Africa and South
America). Although production of palm oil has expanded in all countries, the level of
productivity between regions varies widely, as does the price commanded by palm oil
produced. Data from Food and Agriculture Organisation of the United Nations [FAO]
(FAO, 2011). Note differing scales on the y-axes for different regions

The Impact of Oil Palm Expansion on Environmental Change:
Putting Conservation Research in Context

23

25000

Cameroon
Thailand
Colombia

Yield (kg/ha)

20000

Malaysia

Indonesia

Honduras
Ecuador
Papua New
Guinea

15000

10000

Ghana

5000

Nigeria
0
0

10

20

30

40

50

60

70

80

90

Production quantity (millions of tonnes)

Fig. 3. Oil palm fruit production (in millions of tonnes) in relation to oil palm fruit yield per
area (2008) for the top ten oil palm producing countries worldwide (FAO, 2011)

3. Oil palm impacts on biodiversity
Studies investigating the impacts of forest conversion to oil palm on biodiversity are
surprisingly sparse (Foster et al., 2011; Turner et al., 2008). Despite this, there is now
overwhelming evidence that conversion of natural or semi-natural habitats to oil palm has
severe negative impacts on biodiversity (Fitzherbert et al., 2008; Foster et al., 2011)(Table 1).
This is particularly the case if the land being converted is natural forest, but is also generally
true if the land is under timber or another forest crop, which house higher levels of
biodiversity than oil palm (Aratrakorn et al., 2006; Chung et al., 2000a, 2000b; Danielsen &
Heegaard, 1995; Davis & Philips, 2005; Glor et al., 2001; Hassall et al., 2006; Peh et al., 2006;
Room, 1975; Sheldon et al., 2010; Taylor, 1977). Studies have now been carried out on a
diverse range of taxa including insects (ants, beetles, bees, butterflies and moths), other
arthropods (woodlice), mammals (primates, tree shrews, squirrels and bats), birds, and
lizards (Table 1). All of these taxa, with the exception of bees, show a decline in species
richness from other habitats to oil palm, signalling a very high level of biodiversity loss as a
result of oil palm expansion globally.
The majority of taxa also show a reduction in overall abundance in plantations compared to
forest habitats, although this effect is more variable (Table 1). For example, in one study
comparing arthropod abundance and biomass between forest habitats and oil palm
plantations, some arthropod taxa showed the same levels of abundance and biomass in
plantations, and others actually increased (despite arthropod numbers being reduced
overall)(Turner & Foster, 2009). Similarly, in other studies, the total number of bats
(Danielsen & Heegaard, 1995), dung beetles (Davis & Philips, 2005), woodlice (Hassall et al.,
2006), and lizards (Glor et al., 2001) all increased in abundance as a result of habitat
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conversion. However, such increases are likely to be driven by an expansion in the
populations of a few disturbance-tolerant species. These tend to be more wide-ranging
“tramp” and invasive species and therefore have limited conservation value (e.g. Fayle et al.,
2010). Despite this, disturbance-tolerant species may still be important in mediating ecosystem
functioning in plantations and merit management to ensure their continued survival.
Group

Habitats compared to oil Diversity Abundance
palm

Study
location

Source

Sabah,
Malaysia
Sabah,
Malaysia
Sabah,
Malaysia
Peninsula
Malaysia
Papua New
Guinea

Turner and
Foster 2009
Brühl and
Eltz 2010
Fayle et al.
2010
Hashim et al.
2010
Room 1975

-

Nigeria

Taylor 1977

↓

Peninsula
Malaysia
and
Singapore
Sabah,
Malaysia
Sabah,
Malaysia

Liow et al.
2001

Davis and
Philips 2005
Danielsen et
al. 2008
Koh and
Wilcove 2008

Arthropods
All
arthropods
Ants

Primary and secondary
forest
Primary forest

-

↓

↓

-

Ants

Primary forest

↓↔

↓

Ants

Mangrove

↔

-

Ants

Primary forest, rubber and ↓
oil plantations, grassland,
savanna, urban areas
Primary/secondary forest ↓
and kola, cashew, coffee
and plantain plantations
Primary and secondary
↑
forest

Ants

Bees

Beetles

↓

Primary and secondary
forest and acacia
Rove beetles Primary and secondary
forest and acacia
plantation
Dung beetles Primary and secondary
forest and cacao plantation
Butterflies
Forest

↓

↓

↓

-

↓

↑

Ghana

↓

-

Butterflies

Primary and secondary
forest

↓

-

Moths

Primary and secondary
forest
Primary forest

↓

↓

↔

↓

Primary and secondary
forest and fruit orchard

↓

↑

Sabah,
Malaysia
Peninsula
Malaysia
and Borneo
Sabah,
Malaysia
Sarawak,
Malaysia
Sabah,
Malaysia

Mosquitoes
Woodlice

Chung et al.
2000a
Chung et al.
2000b

Chey VK
2006
Chang et al.
1997
Hassall et al.
2006
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Mammals
Primates

Habitats compared to oil Diversity Abundance
palm
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Study
location

Primary forest and rubber ↓
plantation

↓

Sumatra,
Indonesia

Squirrels

Primary forest and rubber ↓
plantation

↓

Sumatra,
Indonesia

Tree shrews

Primary forest and rubber ↓
plantation

↓

Sumatra,
Indonesia

Bats

Primary forest and rubber ↓
plantation

↑

Sumatra,
Indonesia

Large
mammals
Small
mammals
Small
mammals
Birds
Birds

Secondary forest and scrub ↓

-

Primary forest and
secondary forest
Forest

↓

↓

↓

-

Sumatra,
Indonesia
Sabah,
Malaysia
Indonesia

Primary forest and rubber ↓
plantation
Primary forest and rubber ↓
plantation

-

Thailand

-

Sumatra,
Indonesia

Primary forest and rubber ↓
plantation
Secondary forest and
↓
acacia plantation

↓

Peninsula
Malaysia
Sabah,
Malaysia

Secondary forest, cacao
↓
plantation, pasture, home
gardens, undisturbed
hilltops

↑

Birds

Birds
Birds
Reptiles
Lizards

-

Source

Danielsen
and
Heegaard
1995
Danielsen
and
Heegaard
1995
Danielsen
and
Heegaard
1995
Danielsen
and
Heegaard
1995
Maddox et
al. 2007
Bernard et
al. 2009
Danielsen et
al. 2008
Aratrakorn
et al. 2006
Danielsen
and
Heegaard
1995
Peh et al.
2006
Sheldon et
al. 2010

Dominican Glor et al.
Republic
2001

Table 1. Species richness and abundance of various animal taxa compared between forest or
plantation habitats and oil palm. – response not recorded; ↓ richness or abundance declines,
↔ richness or abundance is unchanged, ↑ richness or abundance increases
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Biodiversity in most components of the forest ecosystem is likely to be negatively affected
by habitat change. However, owing to varying levels of disturbance across the plantation
landscape and differences in the environmental tolerances of species from different
components of the forest ecosystem, some habitat components are more adversely affected
than others. For example, one study comparing arthropods between forest and oil palm
habitats, collected from the canopy, epiphytic bird’s nest ferns and the forest floor, found
that different sub-habitats exhibited differing levels of decline, with the forest floor
arthropod community being the most severely affected and the epiphyte community the
least affected (Turner & Foster, 2009). This was probably due to the high levels of
disturbance that occur on the plantation floor and regular applications of herbicides at the
base of individual palms. It is also likely that canopy species are comparatively less
impacted by conversion of forest to plantation, as microclimatic conditions in the forest
canopy are generally more similar to an oil palm plantation than the forest floor (Foster et
al., 2011), and therefore canopy species may be better adapted to cope with habitat
conversion. Epiphytes can also establish easily in oil palm plantations (Piggott, 1988),
probably due to high light conditions and because the frond stumps, which are left on the
trunks of the oil palms, trap organic matter and provide an attachment point for the plants.
In fact some epiphytes, such as bird’s nest ferns, can reach higher densities in plantations
than in forests (Turner & Foster, 2009), although it is likely that only a subset of the forest
species persist (Fayle et al., 2009). Epiphytes have also been found to modify the
microclimatic conditions around them and therefore provide a more equitable temperature
and humidity regime (Turner & Foster, 2006). It is therefore not surprising that epiphytes
can house considerable densities of arthropods and act as an important habitat for species in
plantations (Turner & Foster, 2009). The number of arthropod species living in plantation
epiphytes can also be high. For example, the number of ant species in bird’s nest ferns is the
same in forest and oil palm plantation habitats (Fayle et al., 2010). However, the species
found in plantation epiphytes are not the same as those in forests (Fayle et al., 2010).
Therefore, although biodiversity as a whole was maintained in epiphytes, plantation
communities were still fundamentally different from forest environments.
3.1 Drivers of biodiversity loss
Reasons for such a dramatic loss of species are almost certainly due to the simplification of
the habitat that occurs when a forest is converted to oil palm (Foster et al., 2011). This
includes the obvious loss of the diverse tree community that forms the basic structure of a
forest (important in maintaining herbivore diversity for example (Novotny et al., 2006)), a
reduction in above ground structural complexity, and a reduced canopy height. Partly due
to this loss of canopy cover, microclimatic conditions are harsher for species in plantations
with temperatures being on average hotter and humidity levels lower. Fluctuation in both
temperature and humidity is also greater over 24 hours in plantations compared to forest
habitats (Koh et al., 2009; Turner & Foster 2006). Direct disturbance effects, such as cutting
and spraying of understory vegetation, and a higher proportion of invasive species probably
also contributes to species’ declines and extinctions.
3.2 Impacts of biodiversity loss on ecosystem functioning
The impact of reduced biodiversity on the healthy functioning of oil palm ecosystems has
been little studied. However, there is considerable support from theoretical models and
experimental systems that reductions in biodiversity can have significant negative impacts
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on ecosystem functioning (Schmid et al., 2009). Reliance on the function carried out by a
single species or a few species is risky as if these species go extinct the function will fail. A
higher diversity of species adds resilience to ecosystem processes and allows systems to
adapt to future changes (Jackson et al., 2010). It is therefore likely that the documented
losses in animal biodiversity associated with oil palm cultivation will have a detrimental
effect, perhaps through a reduction in biological control of pest species or reduced
pollination efficiency. For example, a wide and increasing range of species have been
reported to attack oil palm (Corley, 2003; Mariau, 2001; Turner & Gillbanks, 2003), and it is
clear that predators and parasitoids can have an important role in controlling their
outbreaks. In oil palm management such species have long been included in Integrated Pest
Management strategies (Wood, 2002), with examples including the use of the fungus
Metarhizium anisopliae in the control of rhinoceros beetles, adult assassin bugs (Heteroptera)
in the control of herbivorous insects, and barn owls (Tyto alba) in the control of rats (Turner
& Gillbanks, 2003). The role of naturally occurring suites of predators, termed
“Conservation Biological Control” (Jonsson et al., 2008; Tscharntke et al., 2007), in
controlling pest species has been less studied. However, in one study where birds were
excluded from young palms with netted cages, herbivory levels increased significantly,
indicating that birds had an important effect in controlling herbivores (Koh, 2008b).
Although the majority of oil palm pollination in Malaysia is said to be carried out by a single
species of introduced weevil (Elaiedobius kamerunicus (Coleoptera: Curculionidae);
Greathead, 1983), many other species of insects also visit oil palm flowers (Bulgarelli et al.,
2002; Mariau & Genty, 1988; Mayfield, 2005; Syed et al., 1979) and may have a role in
maintaining pollination (Caudwell et al., 2003). Taxa that show increases in abundance in oil
palm systems might be important in maintaining ecosystem processes and have the
potential to buffer functioning against losses of other species, even if they are of little direct
conservation interest (e.g. are tramp or invasive species).

4. Strategies for conservation of global biodiversity
Since oil palm is widespread and its expansion is accelerating, the choice of tactics to
mitigate the effects of oil palm cultivation on biodiversity is paramount. In recent years two
alternative strategies for conservation in the tropics have emerged (Green et al., 2005).
Generally referred to as “land sparing” and “land sharing”, these competing ideas are that
biodiversity can be best maintained by either setting aside (sparing) large areas of land in
the tropics for reserves and intensifying production as much as possible elsewhere, or by
developing agriculture over much larger areas but in a more wildlife-friendly way (sharing).
A general consensus is now emerging in the conservation sector that the only way to
conserve species of high conservation value in the tropics is by land sparing and the
provision of large forest reserves (e.g. Edwards et al., 2010). However, it is important that
these two approaches are not viewed as alternatives, but rather as opposite ends of a
continuum of strategies that can be employed for different species and with different
conservation outcomes in mind. There is no doubt that many species cannot be conserved in
fragmented habitats and that intact forest reserves must therefore be maintained. However,
the biodiversity still existing within plantation areas can be substantial, and a more
biodiversity friendly environment can help to buffer and provide a foraging resource for
species from forest reserves (e.g. Maddox et al., 2007). Most importantly as far as industry is
concerned, biodiversity within plantation areas can provide important ecosystem functions
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and increase productivity within the crop area itself (Zhang et al., 2007). Finally the oil palm
industry employs millions of workers and plantations are one of the commonest landscapes
that people actually see or spend time in within the tropics (Koh & Wilcove, 2007). If
popular engagement with conservation in oil palm producing countries is to be maintained,
it is therefore vital that plantation diversity is not written off as unimportant. Koh et al.
(2009) suggested that oil palm landscapes should be viewed more inclusively and could
include both large reserves and also smaller forest patches within oil palm plantations. Such
an approach paves the way to “designing” tropical landscapes with both agriculture and
biodiversity in mind. However, these ideas have met with criticism by some
conservationists, as funding and implementation of such research could divert resources
away from land-sparing conservation projects (Struebig et al., 2009).
Decisions on optimal strategies for maintaining crop production while protecting global
biodiversity will also depend on the level of demand for different commodities in the future.
For example, central to the land sparing argument is the condition that if global demands
for palm oil are met by intensified production in existing regions, then no more natural
habitat need be converted. However, the price of oil palm is increasing rather than reaching
an asymptote or declining as global production accelerates (Figures 1 & 2). Therefore
demand is still rising and higher production in intensively farmed areas may not spare land
in unconverted regions (Rudel et al., 2009). Indeed it would make sense economically for
nations to clear more land and farm it intensively, as this yield would continue to command
a high price on global markets.
4.1 Management strategies to reduce biodiversity loss in oil palm plantations
There has been little research effort to date focussing on methods that can be employed to
maintain and enhance biodiversity in and around oil palm plantations. Increasing habitat
complexity at both the local and regional scale can increase biodiversity within managed
landscapes (Tscharntke et al., 2008). For example, leaving forest fragments in plantations (as
is often done on steep slopes and riverine margins) can provide a habitat for non-plantation
species (e.g. Maddox et al., 2007). Such areas may also provide source populations for
species to “spill over” into the crop (e.g. Ricketts et al., 2004). Perhaps as a result of this, the
level of forest cover surrounding oil palm areas has been shown to predict species richness
of butterflies and birds (Koh, 2008a). The age structure of the oil palm could also be
manipulated to increase landscape heterogeneity and therefore biodiversity. Oil palm is a
long-lived crop and stands may exist for up to 30 years. Over its lifespan considerable
biodiversity may therefore develop, with communities of animals and plants altering as a
plantation ages (De Chenon & Susanto, 2006; Koh, 2008a; Mariau, 2001). Therefore
management practices that maintain a diverse age structure (e.g. by clearing and replanting
areas in rotation) could also increase plantation biodiversity.
Heterogeneity at the local scale may also be manipulated in long-lived agricultural
ecosystems such as oil palm. Understory vegetation is usually cleared around individual
palms, but if this is maintained it can be an important habitat for insect communities, as has
been found for beetles (Chung et al., 2000a). This vegetation also produces more leaf litter,
which itself may support a higher diversity and abundance of litter-dwelling arthropods.
Finally, as has been mentioned before, epiphytes are numerous in plantations and can
support diverse insect assemblages (Turner & Foster, 2009). Therefore, maintaining these
plants in plantations rather than clearing them, as is sometimes done as part of management
practices (Piggott, 1988), could also increase local biodiversity.
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5. The changing focus of oil palm research
5.1 Oil palm research until 2007
In 2008 we used the scientific search engine ISI Web of Science (Web of Science [WoS], 2008)
to assess the changing focus of oil palm research since 1970 (Turner et al., 2008). By entering
the search term ““palm oil” or “oil palm”” we accessed over 3000 oil palm research papers
published between 1970 and 2006. For each of these we recorded their main research focus
as interpreted through their title, abstract, key words, journal title and subject classification.
Based on this we classified each publication as belonging to one of the following categories:
1. Biodiversity and conservation
2. Environment
3. Social/human welfare
4. Diet and health
5. Pests, diseases and pollination
6. Industry improvements and oil palm biology
7. Chemistry, engineering and biotechnology
8. Biofuels
9. Alternative uses and by-products
10. Other
Based on analysis of these categories it was therefore possible to visualize how the focus of
oil palm research had changed since 1970.
It was clear that there had been a dramatic increase in publications on oil palm over that
time with a concurrent broadening in the scope of research. Surprisingly we found that less
than 1% of publications related to biodiversity and species conservation, but that this
number was increasing. There was also a marked increase in the number of publications on
the subject of biofuel (Turner et al., 2008).
5.2 Oil palm research since 2007
Since 2007 there have been another 1722 new publications on oil palm featured in ISI Web of
Science (WoS, 2011). Using the same methods as we employed before, we classified these
new papers into the ten different research categories and examined those on the subject of
biodiversity and conservation in greater detail. Since 2007 there has been a significant
number of new publications on biodiversity and conservation (another 71 papers, 4% of the
total), and biofuel (280 papers, 16% of the total) (Figure 4). There has also been a substantial
increase in the number of publications investigating alternative uses of palm oil (153
publications, 9%). If these do indeed lead to more palm oil use in alternative industries, it
will also result in increased demand for palm oil in the future.
The new studies have boosted our understanding of the impacts of oil palm expansion on
biodiversity and have particularly provided information on a more diverse range of taxa,
including arthropods (Turner & Foster, 2009), ants (Brühl & Eltz, 2010; Fayle et al., 2010;
Hashim et al., 2010), butterflies (Danielsen et al., 2008; Koh & Wilcove, 2008), small
mammals (Bernard et al., 2009; Danielsen et al., 2008), and birds (Sheldon et al., 2010).
Results have illustrated unambiguously the severe threat that oil palm cultivation represents
to global biodiversity. There have also been publications on the role of forest fragments in
maintaining biodiversity in plantations, although this important subject is still little studied.
These show that non-plantation species can be maintained in such areas (Struebig et al.,
2008), although communities are markedly different from those in intact forest (Edwards et
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al., 2010) and genetic diversity may be reduced (Benedick et al., 2006; Bickel et al., 2006).
Maintenance of large forest reserves is therefore essential for the conservation of tropical
forest diversity.
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5.3 Gaps in existing knowledge and future research priorities
Despite this increase in knowledge, substantial gaps still exist in our understanding of the
impacts of oil palm expansion and the functioning of oil palm ecosystems. In particular, it is
still not clear how communities and ecosystem functions fare as plantations develop,
although limited research indicates that communities change as oil palm matures (De
Chenon & Susanto, 2006). Indeed only half of the publications directly comparing
biodiversity between oil palm and forest habitats actually report the age of oil palm in
which the study was carried out. There are still no publications linking habitat management
to biodiversity and ecosystem functioning in plantations, although this is a crucial topic for
the continued sustainable production of palm oil. Finally, few studies in oil palm have
investigated the role of non-crop habitats in maintaining biodiversity, although again these
areas can be important in maintaining biodiversity in oil palm plantations, may provide
corridors for species to move between forest reserves, and could act as reservoirs for species
which may spill out into plantations to perform important ecosystem functions (Ricketts et
al., 2004) or indeed act as pests.

6. Links between the oil palm industry, scientists and conservationists
It is clear that much more research must be carried out if we are to move towards the
development of tropical landscapes which sustainably produce palm oil and have minimal
detrimental impacts on tropical biodiversity. Central to this goal is forging more links
between the oil palm industry, conservation and science bodies; an aim which has proved
difficult to achieve in the past, owing to widely diverging philosophies and knowledge
bases (Koh et al., 2009; Struebig, 2010). Only by working closely together, can these different
stakeholders ensure that their respective goals are met. For example, conservation scientists
must be free to work in plantations if they are to understand how these ecosystems function
and this requires industry collaboration and involvement. Similarly, industry stakeholders
must be free to advise conservation researchers on existing management practices and the
economic realities of oil palm cultivation if unrealistic and uneconomic policy advice is to be
avoided. Finally, more links must be made between the conservation and industrygrounded research that is taking place, to ensure a free exchange of ideas and to avoid
duplication of research effort. Indeed many additional studies on oil palm ecosystems
probably exist within the grey literature that are not cited in this chapter owing to
difficulties in locating such material (Anderson, 2008). The impact of such work outside of
the industry on conservation and international policy is therefore limited. Similarly, many
of the publications in academic journals are not readily available to industry workers,
reducing their impact on policy implementation. Such a disparity in the circulation of
literature can increase differences in the knowledge-bases between industry, conservation
and science, exacerbating misunderstandings and direct conflicts between stakeholders
(Koh et al., 2009). Implementation of new policies, informed by novel research also requires
close engagement with the industry as well as with industry regulating bodies. The Round
Table on Sustainable Palm Oil [RSPO] (RSPO, 2011), with a mission statement to promote
the growth of sustainable palm oil, is already actively engaged with major oil palm
producers and consumers, and can provide a platform for the launch of such new policies.
Closer collaboration between industry, research and conservation can also have potential
mutual benefits as far as funding is concerned. The oil palm industry makes considerable
profits each year and it has been suggested that these could be used in part to fund
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conservation practices at the plantation scale (Koh & Wilcove, 2007). Such work, if
properly implemented, could also help plantations achieve sustainability criteria and
therefore command a higher price for their products. Collaboration of this kind can also
provide access to international funding designed to minimize further conversion of forest:
these include identifying and protecting High Conversion Value forest, Reducing
Emissions from Deforestation and Forest Degradation (REDD), and biodiversity banking
(Yaap et al., 2010).
6.1 Analysis of the relationship between conservation and industry research
Despite the potential benefits of closer collaboration, there is still a wide divide between
conservation and industry in the oil palm sector. To determine the level of engagement
between the oil palm industry and conservation science, we examined the top 10 most
cited research papers on the subject of biodiversity and conservation that we found
during a Web of Science search with the search terms ““oil palm” or “palm oil”” and
“biodiversity” and “conservation”. For each publication, we recorded which papers had
cited it and assigned each of these to biodiversity and conservation or industry sectors,
based on the focus of the journal the paper was in and the home institution of the first
author (Figure 5).
We found that a quarter of the citations were from the industry sector, indicating a fairly
high level of engagement of industry with conservation research. This also indicates that
conservation research results are being disseminated successfully to the oil palm industry,
hopefully signalling a greater level of understanding between these sectors in the future.
More now needs to be done to increase collaboration between conservation and industry to
increase the transfer of ideas and results. Central to this is a greater awareness of industry
grey literature by conservation scientists.
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7. The SAFE Project
The Stability of Altered Forest Ecosystems [SAFE] Project (SAFE Project, 2011; Ewers et al.,
2011) has recently been set up in Sabah, Malaysia to investigate the impacts of tropical
habitat change on biodiversity and ecosystem functioning in tropical ecosystems – with a
particular focus on forest fragmentation and conversion to oil palm plantation. The success
of this project relies on a close working relationship between the oil palm industry,
academic research institutions, and the Malaysian Government and provides a template for
collaboration between oil palm stakeholders. Development of such large-scale, long-term
projects is crucial in developing scientific understanding of the impacts of forests to
environmental change (Clark et al., 2001).
The project itself is based within a concession area managed by the Sabah Foundation (a
state government body charged with the socio-economic development of the Malaysian
state of Sabah (Yayasan Sabah, 2011)), and includes areas of logged forest and oil palm
plantation managed by Benta Wawasan and Sabah Softwoods (subsidiary companies of the
Sabah Foundation). Funding for the project has been guaranteed for ten years by the Sime
Darby Foundation (Sime Darby Foundation, 2011), with in kind contributions from Benta
Wawasan. Academically, the project is led by Imperial College London in collaboration with
the Royal Society South East Asia Rainforest Research Programme [SEARRP] (SEARRP,
2011). Finally, the research itself is carried out by an international team of scientists, with the
help of a team of 15 full-time Malaysian research assistants. The majority of these
researchers come from independent institutions: to date more than 150 scientists from over
50 different institutions in 13 countries have worked on or expressed an interest in working
on the project. In addition to these independent researchers, the project funds both
Malaysian and international Ph.D. students and post-doctoral researchers.
Research plots for the project range from pristine primary rainforest around Maliau Basin
Studies Centre (an area of over 58,840 hectares of unlogged forest), logged forest and areas
of established oil palm. In addition to logged forest areas which will remain under forest,
research plots are also located in a 7200 ha area of the Benta Wawasan forestry estate that
has been earmarked for conversion to oil palm plantation in 2011. Working closely with
Benta Wawasan, the SAFE Project has designed a landscape in which 800ha of forest will be
spared clearance, and will be maintained in an arrangement of circular fragments of 100ha,
10ha and 1ha (42 experimental fragments in total). This design allows the comparison of
biodiversity and ecosystem functioning across a range of disturbances, as well as direct
experimental tests of the impacts of tropical forest fragmentation and conversion. Within
this major topic the project has a wide remit, including research on biodiversity, carbon and
nutrient dynamics, ecosystem services within plantations, and disease transfer. The project
also encompasses research on a very wide range of taxa including plants (trees, epiphytes
and vines), insects (particularly beetles, termites and ants), birds, mammals and amphibians.
By setting up an experimentally-designed landscape, which includes forest fragments
within the oil palm matrix, the project will directly investigate the importance of habitat
heterogeneity in maintaining biodiversity and ecosystem functioning in human-managed
landscapes. This will provide answers to key research questions for conservationists and
agronomists alike. As well as representing an important step forward in collaboration
between stakeholders, this project is on a scale that would not be possible without industry
involvement, and will directly facilitate knowledge transfer between science and industry.
We hope that collaborative research projects such as this and others (for example the
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Zoological Society of London’s [ZSL] Biodiversity and Oil Palm Project (ZSL, 2011)) will
become more common in the future, facilitating conservation in the tropics, as well as
spearheading sustainable development projects.

8. Conclusion
The rapid expansion of agriculture in the tropics poses a huge threat to tropical and
therefore to global biodiversity. However, it also presents opportunities for conservation
and research through closer collaboration between industry players and conservationists.
Until now there has been only a limited transfer of ideas and knowledge between different
oil palm stakeholders. It is vital that this situation changes to ensure that landscapes can be
designed to fulfil the functions of production and conservation. This is not only important
for biodiversity conservation within and outside of reserves, but also represents the best
opportunity for palm oil to be produced sustainably.
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