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Oil paim is one of the world's most rapidiy increasing
crops. We assess its contribution to tropical deforesta-
tion and review its biodiversity value. Oil palm has
replaced large areas of forest in Southeast Asia, but
land-cover change statistics alone do not allow an
assessment of where it has driven forest clearance
and where it has simply followed it. il palm plantations
support much fewer species than do forests and often
also fewer than other tree crops. Further negative
impacts include habitat fragmentation and poliution,
including greenhouse gas emissions. With rising
demand for vegetable oils and biofuels, and strong
overlap between areas suitable for ofl palm and those
of most importance for biodiversity, substantial biodi-
versity losses will only be averted if future oil paim
expansion is managed to avoid deforestation.

Oil palm: one of the world’s most rapidly expanding
crops 4

Expansion and intensification of agriculture is the greatest
current. threat to biodiversity [1-3]. Vegetable oils are
among the most rapidly expanding agricultural sectors
[4], and more palm oil is produced than any other vegetable
o [54. Glebal palm oil production is increasing by 9% every
year, prompted largely by expanding biofue]l markets in the
European Union [6] (Box 1) and by food demand in
Indonesia, India and China [4].

Oil palm Elaeis guineensis is grown across more than
13.5 million ha of tropical, high-rainfall, low-lying areas, a
zone naturally occupied by moist tropical forest, the most
biologically diverse terrestrial ecosystem on Earth [7,8)
{Figure 1a,b). Malaysia and Indonesia produce more than
80% of all palm oil [9} (Figure 1d). Together, they also held
more than 80% of Southeast Asia’s remaining primary
forests {mainly in Indonesia}, where many endemic species
are threatened with extinction by some of the highest
global rates of deforestation {10~13] (Figure 1a). Environ-
mental groups and industry representatives debate the
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extent to which oil palm has contributed to deforestation
{14,15}

The ecological impact of oil palm depends crucially on
the extent to which its expansion causes deforestation, and
on the extent to which it is able to support biodiversity.
Here we review the contribution of oil palm to deforesta-
tion, with a focus on Malaysia and Indonesia. We compare
the biodiversity value of il palm plantations with that of
forest and alternative land uses to assess whether biodi-
versity loss can best be reduced by making plantations
more wildlife friendly or by linking yield increases with
habitat protection (Box 2). We review emerging opportu-
nities to reduce the biodiversity impact of oil palm, identify
obstacles to success and gaps in current knowledge and
finally ask whether new initiatives are likely to reduce the
ecological cost of vil palm expansion.

Contribution of oil palm expansion to deforestation

As with other crops (16}, it is difficult to quantify the
extent to which oil palm has been a direct cause of
deforestation because of a lack of reliable data on la-
nd-cover change and incomplete understanding of its
complex causes. The usefulness of the most widely cited
land-cover data sets (those of the Food and Agriculture
Organization of the United Nations, FAO [11]) is under-
mined by changing definitions of forest, minimal inde-
pendent monitoring of government statistics and a lack

- of information on the subnational patterns and causes of

land-cover change [17-19].

Oil palm expansion could in principle contribute to
deforestation in four often indistinguishable ways: (i) as
the primary motive for clearance of intact forests; (i) by
replacing forests previously degraded by logging or fire; (iit)
as part of a combined economic enterprise, such as with
timber, plywood or paper pulp profits used to offset the
costs of plantation establishment; or {(iv) indirectly,
through generating improved road sccess to previously
inaccessible forest or displacing other crops into forests.

- Land might also be deforested initially for other reasons

and then subsequently be planted with oil palm. In such
cases, oil palm could easily, but wrongly, be identified as a
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driver of deforestation. However, oil palm is also used as a
pretext by companies to obtain permits to clear land for
other purposes, and cannot easily be excluded as a con-
tributing factor.

Malaysia

(il palm was first planted commercially in Peninsular
Malaysia in 1917, where it replaced rubber plantations
and forest [7,20] (Figure 1d}. As land became scarce,
expansion shifted to Sabah and Sarawak, often in associ-
ation with logging {18,21,22], and was facilitated by the
reclassification of some state forest reserves to allow con-
version to plantations [18,21]. Between 1990 and 2005 the
area of oil palm in Malaysia increased by 1.8 million ha to
4.2 million ha (see hitp./’www.mpob.gov.my), while 1.1
million ha of forest were lost [11] (Figure 1d). It has been
estimated that at least 1.0 million ha of forest were
replaced by oil palm over this period {23}, but this estimate
does not consider forest conversion into unproductive land,
nor whether oil palm caused or simply followed deforesta-
tion.

Indonesia

Commercial oil palm eultivation started in Sumatra in
1911; expansion to ether parts of Indonesia did not occur
until the 1980s {7} (Figure 1d). Today, ambiguities in the
land tenure system and corruption [13], combined with
increased regional autonomy, have made it easier for
timber, plywood and paper pulp eompanies to obtain per-
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mission to clear millions of hectares of forest under the
pretext of plantation establishment, without later planting
them, especially in Kalimantan [22,24,25]. Oil palm plan-
tations often replace forests previously degraded by fire
and logging {17,26}, and illegal ¢l palm development has
been reported inside protected areas [4,15]. Between 1930
and 2005 the area of 01l palm increased by 4.4 million ha to
6.1 million ha (see http//www.deptan.go.id), while total
forest loss was 28.1 million ha {11}, Hence, conversion to oil
palm could account for at most 16% of recent deforestation.
It has been estimated that 1.7-3.0 million ha of forest were
lost to oil palm over this period [23]. The uncertainty
surrounding these estimates is high and, as they exclude
changes in unproductive land area and include only ma-
ture oil palm area, they could be over- or underestimates
(see http:/Haostat.fac.org).

Elsewhere, oil palm has been documented. as replacing
forest in southern Thailand {27], Myanmar [28] and Papua
New Guinea [29].

The future

Although the extent to which oil palm has been a direct
cause of past deforestation is difficult to quantify, its
potential as a future agent of deforestation is enormous.
Demand for palm oil is predicted to continue increasing {51,
and globally, most of the remaining areas suitable for
planting are forested. At present, relatively little ol palm
is grown outside Southeast Asia, but 410-570 million ha of
currently forested land across Southeast Asia, Latin Amer--
iea and Central Africa are potentially suitable for oil palm
cultivation (Figure 1¢) (hitp//www.whre.orgiresources/
published_literature/pdffWHRC REDD crop suitabil-
ity.pdf) and might be increasingly utilised as demand rises
and agronomic advances are made,

Effects of converting forests to ol palm plantations

An understanding of how much biodiversity oil paim plan-
tations can support is essential to direct conservation
action. If plantations are consistently depauperate relative
to forests, the focus should be on stopping deforestation.
Alternatively, if the management of plantations can be
adapted so that they support a substantial proportion of
forest species while maintaining high yields, conservation
effort should focus on ways to enhance biodiversity in
plantations [3]. :

The response of biodiversity to land-cover change
depends upon the extent to which natural habitat features
are replicated and upon variation in the sensitivities of
species to change [30]. Oil palm plantations are structu-
rally less complex than natural forests, with a uniform tree .
age structure, lower canopy, sparse undergrowth,
less stable microclimate and greater human disturbance
[31-33] and are cleared and replanted on a 25-30 year
rotation {7]. :

To assess the effect of palm oil on biediversity, we
conducted a literature survey. Publications on biodiversity
malke up less than 1% of the scientific Hterature on oil palm
since 1970 {34]; we could find no published studies of plants
(but see Ref. {35)) and just 13 of animals {23,31-33,35-43]
that compared biodiversity in oil palm plantations with
that in forest. .
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Figure 1. Global distribution of pil palm and potential conflicts with biodiversity: {a) areas of highest terrestrial vertebrate endemism lecoregions with 26 or more endemics
are shown); (b) global distribution of oil palm cultivation (harvested area as percentage of country areal; {e) agricuiturally suitabie areas for oil palm {with and without
forest); and d) o# palm-harvested ares in Southeast Asia. In {b) and (&}, Brazil, Indonesia, Malaysia, the Philippines and Thailand are subdivided by province, but other
ceuntries are not. Data are for 2006, except for the Philippines and Thailand, where 2004 data are the most recent available. (Sources: {a} World Wildlife Fund (2006}
WildFinder: online database of species distributions, version Jan-08, hipuiwww.weridwildtife orgiwiidfinder; fb,df world: httpiiffacstat fac.ory; Brazdl: hutp/
www ibge.gov.briestadosat; Indonesia:  htp/fwww.deptan.go.id;  Malaysia:  httpr/econ.mpob.gov.myleconemylannual/stat2006/Areat.7 htm;  Philippines: hitp://
www.bas.gov.phidownloads_view.php?id=127; Thailand: hitp/iwww.cae.go.thistatisticlyearhookd?findexe. htmi; fc} forest area: European Commission Joint Research
Centre [2003] Glebal Land Cover 2000 database, http/Awww-gem jre.it/gle2000; oil paim suitability: updated map from G. Fischer, first published in Fischer et &/, [88], htip/
www.Eiasa.ac.aﬁﬂesearqh!LUCJ‘SAEZ}.

Species richness

Oil palm consistently held fewer than half as many
vertebrate species as primary forests, whereas invert-
ebrate taxa showed more variation [35] (Figure 2a). Oil
palo: also had much lewer species richness than disturbed
{logged or secondary) forests, although the differences were

not so great (Figure 2h). One study of bees found more
species in oil palm than in forests, but might have under-
estimated species richness in forests because the canopy
was not sampled {39]. Across all taxa, a mean of only 15% of
species recorded in primary forest was also found in oil
palm plantations. '
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Figure 2. The biodiversity impact of converting forests o plantations is shawn by comparing species richness and forest species richness in (a) oi! palm relative to primary
forests, |b) oil palm relative to degraded {logged and secondary) forests and (¢} rubber relative to primary forests. Species richness is scaled se that forest richness in
primary or degraded forests equals 1. Each vertical column containg a study of one taxon (NA = not applicabla), in most taxa, the highest species richness is found in
prirnary forests. There is a large reduction in species richness in oil palm compared with both primary and degraded forests, iHlustrated by the gap between the bars and the
line of forest equivalence. The reduction in forest species richness is even more marked in most taxa. Rubber piantations show a similar loss of species richness compared
with primary forests, but retain a higher species richness and/or forest species richness of some taxs. In no study does rubber have lower species richness than oil paim.

Species composition and abundance

Most studies found large differences in faunal species
composition.  between o0il palm and forests
[27,32,85,36,39,40]. The species lost were not a random
subset of the original forest fauna, but tended to include
species with the most specialised diets, those reliant on

habitat features not found in plantations (such as large
trees for cavity-dwelling species), those with the smallest
range sizes and those of highest conservation concern
[27,31,33,41]. Plantation assemblages were typically domi-
nated by a few abundant generalists, non-forest species
{including alien invasives} and pests [27,32,41]. Forty
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percent of the ant species found in oil palm plantations in
Malaysia were aliens, including the highly invasive crazy
ant Anoplolepis gracilipes (43). Densities of rats (e.g. Rat-
tus ttomanicus) can reach 600 per ha [44], providing abun-
dant food for predators such as blood pythons Python
brongersmai [451, barn owls Tyto alba [44] and leopard
cats Prionailurus bengalensis [46}.

Caveats

Several methodological shortcomings are likely to reduce
the apparent difference in biodiversity measures between
forest and oil palm, so our estimates of biodiversity loss are
likely to be conservative [35,47,48]. For example, it is more
difficult to detect many taxa in rain forests, because rain
forests have a taller canopy and more structural complex-
ity than plantations [31]. Alse, estimates of species rich-
ness from small areas of il palm [32,36,38,42] or near
forest edges [27,40] will be artificially inflated by the
presence of transient species from nearby forests., Even
standardising results based on effort (which was not done
in most studies) does not fully remove these biages [27 48],
especially when only a small number of species are
sampled {31,37.38]. Finally, a time lag between habitat
loss and extinetion [10] might lead to the recording of some
species in oil palm plantations that cannot ultimately
persist there,

Comparison with other land uses
To understand the relative impacts of converting different
prior land covers (forest and other ¢crops) to oil palm, and of
converting forest to oil palm rather than to other crops, we
examined studies which made such comparisons. Rubber
Hevea brasiliensis supported as many or more species as oil
palm, and more forest species (Figure 2a,c). Cocoa Theo-
broma cacao had similar [38] or higher |36] species rich-
ness, but not always more forest species. Coffee Coffea
canephora supported higher ant species richness and more
forest species [36]. Acacie mangium plantations had
higher beetle species richness than oil palm, and species
composition was closer to that in forest [32]. There was
greater overlap in species composition between oil palm
and other tree crops than there was with forest [27,36,40].
Compared with oil palm, pasture and urban mown grass-
iand had lower species richuess, gardens of mixed crops
‘had similar or higher species richness and abandoned
pasture had more species [33,36,38]. Imperata cylindrica
" grasslands (which cover at least 8.5 million ha in Indonesia
alone [49]) had more species of ants than oil palm, but
fewer forest species {36}

In summary, oil palm is a particularly poor substitute
for either primary or degraded forests, and whereas any
conversion of natural forest is inevitably damaging to
biodiversity, il palm plantations support even fewer forest
species than do most other agricultural options.

Landscape scale effects

Because oil palm and other tree crops are unsuitable
habitats for most forest species, plantations, where they
form part of the landscape matrix, can act as a barrier to
“animal movements [50,511. Thus, forest fragments isolated
within oil palm plantations supported fewer than half as
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many ant species as nearby continuous forests, and a
greater number of invasive ‘tramp’ species were found in
the smallest fragments {52]. Small, isolated forest frag-
ments surrounded by oil palm had lower species richness
and diversity of butterflies than larger, less isolated frag-
ments [53},

As well as decreasing area and connectivity, fragmenta-
tion increases the length of forest edge exposed to harmful
edge effects [80]. Abiotic edge effects include increased
vulnerability to wind, desiccation and fire [30,54], although
mature plantations of oil palm and other tree crops might
provide more protection to forest edges than treeless
habitats. Biotic edge effects include increased tree sapling
mortality in forests where densities of wild pigs Sus scrofa
are elevated by increased food availability in nearby oil
palm plantations [55].

Impacts of plantation development and management

As with other crops, the biodiversity impacts of oil palm
depend on how the crop is developed and managed. Many
of the greatest impacts result from the initial process of
land clearance and preparation. Fire, whether used delib-
erately to clear forest or spreading accidentally from
agricuftural land, kills seeds and sedentary animals
[54]). Many of the larger palm oil producers (Box 3) have



committed to aveid using fire in land preparation and when
mature, oil palm landscapes are probably less susceptible
than Imperuata grasslands to the spread of uncontrolled
fires {17]. Initial land clearance exposes the soil to erosion.
Sediment loads in streams increase dramatically after
land clearance but return to baseline levels after planta-
tion establishment {56}, Establishment of plantations on
peat soils and where they replace forest contributes sub-
stantially to greenhouse gas emissions (Box 1}, and thus to
climate change, a growing global threat to biodiversity
135,57]. Despite these negative impacts, oil palm planta-
tions might be better at providing some ecosysiem services
(such as carbon sequestration and soil protection) than
annual crops or grassland, but not if they replace forest or
peatland (Box 1).

Following plantation establishment, the greatest
environmental impacts are likely to come from pollution.
Water pollution from plantations and onsite mills is likely
to affeet aquatic biodiversity [58], but such impacts have
not been assessed in relation to oil palm. Potential pollu-
tants include palm oil mill effluent (POME), fertilisers,
insecticides, rodenticides and herbicides {7,41,44]. Efforts
to reduce the impacts of some of these pollutants are
already In place in some plantations. POME is usually
purified, so it ean be harmlessly discharged into rivers;
widespread use of integrated pest management and legu-
minous cover crops reduces use of insecticides and herbi-
cides; and oil palm requires less fertiliser per unit of output
than other oil crops [4,71.

There appear to be few biodiversity-friendly manage-
ment practices which could enhance the value of oil palm
plantations for native species. There are fewer animal
species in planted areas because of reductions in habitat
structural complexity and plant species diversity
[27,32,38], and opportunities to increase these while main-
taining agricultural productivity are limited [69]. Species
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richness of birds and butterflies was only marginally
higher in oil palm plantations with more epiphytes or
undergrowth [27,59]. Planting nonnative plants (such as
Euphorbia heterophylla in Malaysia) to attract beneficial
insects might help in pest eontrol, but does not significantly
improve the biodiversity value of plantations [59]. A trade-
off might exist between enhancing the biodiversity value of
plantations and minimising expansion into forested areas:
if biodiversity-friendly management reduces yields, then
more land will be needed to achieve production targets [3].
In this context, the limited available evidence suggests
that the potential of biodiversity-friendly management is
minimal (Box 2).

Of much greater value to biodiversity is the protection of
fragments and corridors of native forest within and around
plantations, including riverside buffers and remnants on
steep slopes [68]. For species able to move through the oil
palm matrix, forest fragments can act as ‘stepping stones’
for dispersal, and can be more beneficial than habitat
‘corriders’ {80}, especially if they are large and not too
isclated from other forests [63]. Although forested areas
of tens of thousands of hectares will be needed to avert the
extinction of many species [61], even small and degraded
fragments can hold eonsiderable biodiversity value and
complement the species in larger reserves [50,51,53].

What can be done to mitigate the impacts?

Although there is value in protecting forest remnants,
there seem to be few other opportunities to improve the
biodiversity value of oil palm plantations, and the future
ecological impact of oil palm will be determined largely by
the extent te which it causes large-scale deforestation.
Governments, environmental and social organisations,
scientists, producers, financial institutions, buyers and
consumers together have the capacity to soften the impact
of palm oil production on biodiversity. Although the
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best strategies for impact mitigation will differ within and
between countries, there are several emerging opportu-
nities.

Governmental and nongovernmental organisations can
work to develop national strategies for land allocation that
integrate maps of conservation priorities and agricultural
suitability. Such strategies give no assurance that impacts
are being minimised unless they are integrated into land-
use allocation and coupled with effective regulatory sys-

tems. Diverting oil palm expansion into areas of low con- .

servation importance (e.g. degraded Imperata grasslands,
not to be confused with degraded forests) would avert much
ecological damage. However, current international policies
are doing nothing to ensure that such areas are being used
in preference to natural forests, and difficult issues such as
governance and land tenure need to be tackled effectively
in producer countries. A challenge for conservation scien-
tists is to understand these issues and identify solutions
{Box 4). Nongovernmental organisations can help increase
transparency by disseminating information to plantation
managers and other stakeholders (Box 3).

- Producers must be given access to information that will
allow them to locate new plantations in areas where they
will cause the least ecological damage. There is consider-
able scope for more widespread use of comprehensive
Environmental Impact Assessments of proposed planta-
tions, including Life-Cycle Analyses, to identify and reduce
impacts [62,63]. There are opportunities for identifying
ways in which palm oil yield can be increased while mini.
mising negative environmental externalities (Box 2).
There might also be wildlife-friendly management prac-

tices that do not reduce vields (but sometimes even-

enhance them [64]), and opportunities for companies to
promote awareness of biodiversity among their staff [34].
Some producers have made significant progress toward
mimimising the adverse impacts of palm oil production, but
challenges remain (Box 3). Strategic alliances between
producer companies, environmental organisations and ot-
her stakeholders will be needed for conservation efforts to
be successfud (Box 2).

Financial institutions, buyers and consumers can assist
by continuing to demand detailed evidence that producers
are doing all they can to minimise the negative impacts of
palm oil production, and by denying finance and markets to
those that are not. Such evidence will be most credible if
independently audited, for instance by local nongovern-
mental organisations (Box 3). It is difficult to predict how
quickly emerging markets (e.g. in India and China) will
start to demand evidence of environmental responsibility;
but this could be critical in determining whether irrespon-
sible and unregulated producers continue to make a profit,
and hence whether oil palm expansion comes at great cost
to forests.

Conclusions

For biodiversity, oil palm plantations are a poor substitute
for native tropical forests. They support few species of
conservation importance, and affect biodiversity in adja-
cent habitats through fragmentation; edge effects and
pollution. There is ensugh non-forested land suitable
for plantation development to allow large increases in
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production without further deforestation, but political
inertia, competing priorities and lack of capacity and un-
derstanding, not to mention high levels of demand for

- timber and palm oil from wealthy consumers, often make

it cheaper and easier to clear forests. The efforts of some
producers to reduce their environmental impacts, especi-
ally by avoiding forest conversion, must be commended.
However, unless governments in producer countries
become better at controlling logging, protecting forests
and ensuring that crops are planted only in appropriate
areas, the impacts of oil palm expansion on biodiversity
will be substantial,
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