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A orangutan resting, moving from one forest to another,
in an oil palm plantation in the Kinabatangan areq,
Malaysia. Contrary to common belief, (male) orangutans
make use of oil palm plantations as they move from one
forest to the other.

Photo credits: Marc Ancrenaz
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Restored riparian areas in an oil palm plantation in
West Sumaira, Indonessia. Old oil palms are left
standing to provide shade for replanted seedlings
of native species and prevent soil erosion.

Photo credits: Thijs Pasmans
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A grasshopper living in undergrowth in
an oil palm plantation in Sumatra,
Indonesia. Allowing undergrowth to
grow attracts beneficial arthropods that
prey or lay eggs in pest species.

Photo credits: Jean Pierre Caliman
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Cover photo: ecological corridor through oil palm plantation in West
Kalimantan, Indonesia. Photo credits: Tropenbos Indonesia.

Active replanting of native species improves
biodiversity in the oil palm plantation in Colombia.

Examples of tree species are Tabebuia rosea (Roble),
Bombacopsis quinata (Ceiba Roja), Samanea Saman
(Campano), Ceiba pentadra (Ceiba), Handroanthus
chrysanthus (Caniahuete), Sterculia apetala
(Camajon), Bactris guineensis (Corozo) and
Aspidosperma polyneuron (Carreto).

Photo credits: Gabriel Esteban Enriquez Castillo
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Why oil palm and biodiversity?

In 2023 there were over 30 million hectares of oil palm plantations across the globe:
almost 16 million hectares in Indonesia, over 5 million hectares in Malaysia,
approximately 1 million in Thailand and around half a million in both Colombia and
Nigeria and other tropical countries.

What does this mean for you2 The loss of large areas of primary rainforest? Or the
production of the world’s most efficient vegetable oil on a relatively small portion of
land? Both are true. IUCN (2018) showed us how many species are under threat
because of oil palm expansion, but also the huge efficiency and potential of the crop:
sustainable palm oil production is the best way to go.

Fact is there are 30 million hectares of existing plantations that now can and should
help increase biodiversity to achieve the goals of the agreements in the Global
Biodiversity Framework.

This guide aims to show the potential of these existing plantations for biodiversity in
fragmented landscapes. It should not be read as a blueprint, but as an atlas. Inspiring
you to find new routes in your journey towards more biodiverse oil palm production.

By doing so we want to push the debate on sustainable palm oil to go beyond

‘stopping further loss’ only and move towards actively including biodiversity positive
practices in what is already out there.

More biodiverse oil palm production:
« Does not need to have a negative effect on yields
« Can even improve ecological functions that benefit
oil palm production itself and reduce future risks and
costs

o Is a crucial contribution of the sector to stop and
revert the loss of biodiversity
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What to think about oil palm?

Reality - as ever - is complex. Oil palm plantations have been a driver,
but not the sole driver of biodiversity loss, peatland degradation and
landscape fragmentation, and its impact has been locally specific.

Nevertheless, oil palm plantations do overlap with the world’s most
biodiversity-rich areas and expansion of plantations continues to open
up new frontiers. This is a serious issue to address but not the focus of
this guide.

Instead, we ask ourselves: what can we do to boost biodiversity in
existing areas where the forest is already cut down, the landscape is
already degraded, and species diversity has gone down severely?
With a crop that stands over 25 years and a sector where forerunners
have put efforts to protect biodiversity, oil palm should be in a good
position to create more biodiverse plantations. Let us explore the
options.

What diversity are we talking about?

Biodiveristy refers to the variety of life forms living on earth. It
reflects the total diversity of genes, species, populations and
ecosystems that we are all part of. The debate on biodiversity is
often dominated by large-size species, but small termites,
bacteria or fungi are as important for ecosystems as elephants
or orangutans. Together these forms of biodiversity create the
basis for ecological functioning of the world we live in. And
must therefore be taken into account as a whole for effective
biodiversity protection.

Photo credits: RSPO and Gabriel Esteban Enriquez Castillo




A Koompassia malaccensis tree (centre) standing in
peatland area. Benefits of restoring peatland
hydrology - rewetting - go beyond biodiversity
conservation. Restored peat ecosystems also reduce
carbon emissions, stop soil subsidence, protect against
forest fire expansion and flooding, delay runoff of
water and cool down the environment.

Photo credits: Wim Giesen
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Red howler monkeys (Alouatta seniculus) are commonly found
in oil palm landscapes in Colombia, where they use the
plantations as a biological connection, to rest and feed, taking
advantage of the fruits available in their habitat, including
those of the oil palms. Their presence in these environments
highlights the importance of conserving forests inside and
outside plantations to protect their habitat as red howler
monkeys play a key role in seed dispersal and ecological
balance.
i
i

Photo credits: Gabriel Esteban Enriquez Castillo
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Cassia reticulata on an oil palm plantation in
Guatemala. Nectariferous plant species attract beneficial
insect species or predators of major oil palm pests,
serving as a form of biological control and contributing
to increased biodiversity within plantations.

Photo credits: Adriana Zamora, GREPALMA, Guatemala




Oil palm and biodiversity: what is at stake?

Wallacea
Uriique biodiversity zone between
the Indo Malayan and Australiasian biomes
125 endemic mammal species including .
Sulawesi bear cuscus and babirusa.

Mesoamer
Confluence of biodiversitiy

- between north and sou

America 65 endemic
mammal species.

“
2
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Guinean forest of West Africa (i
30 species of primates of which there
are 6 endemic including the western
chimpanzee and western lowland
gorilla.

Amazon biom
Largest remaining
tropical rainforest.
Home to 10% of

worlds known

biodiversity.

= Sundaland
'15,000 species of plants that are

found nowhere else including the
largest flower Rafflesia arnoldii.
Flagship species include the
orangutan and probiscus monkey.

Congo bassin

Second largest tropical rainforest
home to 3,300 unique plant species.

” ¥
Y & / New Guinea
5 Worlds richest island flora.

L Indonesia
15 million ha oil palm

Mainly on Sumatra and Kalimantan.
§o Estimated 4.3 million ha industrial plantations
RS range from small and medium sized (1000 ha)
up to >10,000 ha plantations.

rid

.....
.ot
.
.
.

West Africa _ . Thailand ¥ o Len— e
6 million ha s AN 1 million ha __ ) South and middle America
Mcinly in Nigeric. i = M(]in|y in southern areas Pap_ua '\f’ew GUInea ].6 mi"ion ha
Smallholder and dominated by Over 200,000 ha both Mainly in Colombia, Ecuador,
dominated. smallhodlers (90%). industrial plantations and Honduras and Guatemala. Farm
smallholders. size differs per country. Industrial
3 t”, plantations are smaller compared
Middle Africa MCIlCI)’SIG W / to Southeast Asia, but smallholder
600.000 ha _ 5.8 million ha : farms in Latin America are often
Estimated 1.6 million ha of smallholder larger.
Mainly in the Democratic e (A0

Republic of Congo.
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What happens after deforestation?

It should be no surprise that biodiversity in oil palm plantation landscapes is lower compared to that in natural forests. Off course impacts depend on
plantation size and other landscape features, but the change from forest, even logged or degraded, to oil palm plantation is significant. Almost all animal
species go down in number when forests are replaced by oil palm. Only a few fern epiphyte species, bees, and pest species such as rats, wild pigs and
snakes, have been found to increase in oil palm plantations. Species that depend on forest only, will be absent from areas planted with oil palm and alien
species are more prevalent in plantations compared to primary forest. Understanding what happens after deforestation is the starting point to restore as much
ecological functions as possible.

Natural forest — Oil palm plantation

Cooling the landscape and From forest to plantation Leading to more dry and

retaining water « Disturbance through removing native hot environments
vegetation and application of herbicides
« More extreme and less stable environmental
FOREST-DEPENDENT SPECIES Seeliels ]
o Loss of species and altered species
composition and communities
High species richness  * Shift towards smaller bodied, lower trophic
\ P infrees hd level, alien and non forest species.
« Isolated animal populations and increase risk

of encroachment and hunting

understorey

P/

427 ofﬁan Bspecies
exclusiv& lying in ﬂigqm.

| |2

&

P >75% of plant species also
occur in other land use systems

» Mfedlum-sued m?n?culture P Small-sized herb species,
oil palm, no or limited

dul — densely covered, but less
i y canopy layers

N B
/o PpLow species a o, .
| “J richness . //‘\ |

’Ta frees @
understore
plants

-

dominated
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Opportunities for biodiversity in the oil palm landscape

Plantations are not forest. However, well-managed oil palm plantations still hold
opportunities for biodiversity. This cross-section introduces a fictious oil palm landscape and
what can already be found there.

The oil palm matrix ‘ is the core plantation area. It consists of rectangular, patch-like
structures of planted rows of oil palms. Qil palms rotation cycles last for 25-30 years,
allowing epiphytes and understory vegetation to provide habitat for arthropods, insects and
other microorganisms, but also bats, small mammals and birds. The older the age of a
palm, the higher its ecologic value. Young plantations have faller undergrowth, but less
buffered microclimates and leaf litter depth. Re-clearing of planted areas will result in limited

vegetation, higher temperatures and a lack of canopy cover.

Matrix areas can also be used to plant beneficial plants or for cattle grazing. Oil mills ‘
process oil palm fruit bunches into palm oil. Sedimentation ponds ‘ or water reservoirs
next to the mill can provide wetland habitat for migratory birds.

Set-aside areas in oil palm plantations are often influenced by landscape
topography: steep slopes ’, riparian areas @@ or peatland 88 are more
expensive or difficult to cultivate. These areas are therefore often avoided
and prohibited for use by national guidelines, although planting up to
riverbanks also occurs‘.

Setaside areas are reservoirs of biodiversity within the fragmented
landscape. Wildlife may also make use of plantation land for foraging or
finding mates. It is not uncommon that palm oil companies to only cultivate
80% of their total area. Sustainability standards like the Roundtable on
Sustainable Palm Oil (RSPO) or No Deforestation, No Peatland, No
Exploitation (NDPE) commitments require companies to identify and
protect high conservation value and high carbon stock areas.

Set-aside areas can also create connectivity with neighbouring forest via

ecological corridors ‘

Within the same landscape smallholders’ plantations
be found adjacent to corporate plantations. Because

, can
of smaller

sizes and individual management these plantations are more
heterogenous and offer potential for more biodiversity, but
could also risk less efficient use of chemicals and illegal hunting
or more deforestation due toa lack off or delayed replanting.
Protected areas but also forests that are in production for
timber logging §i#l) are reservoirs of biodiversity that are
impacted by plantation activities, but may also make use of
plantation land for foraging or finding mates.

Photo credits: Tropenbos Indonesia
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A giant anteater crossing an oil palm
plantation road while carrying youngster
on its back in the Llanos Orientales region
of Colombia. Giant anteaters continue to
make use of landscapes dominated by oil
palm plantations, despite having a
specific diet. However, maintaining
natural forest inside this landscape is
crucial to provide habitat for resting.

Photo credits: Lain E. Pardo Vargas
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Loss of forest-dependent species

Key actions for better biodiversity practices

The practices proposed in this guide are not meant to substitute
effective forest conservation policies. Protecting the remaining
natural forest from (agricultural) deforestation and stopping
drainage of peatlands in the landscape should have our priority:
plantations alone are unable to support viable populations and
most ecological functions.

However, practices such as keeping epiphytes on oil palm trunks
or ecological enrichment through setting aside small patches with
native trees can facilitate animal movement and restore natural
vegetation without having a significant impact on total palm oil
yield. On a more positive note, biodiversity is a central link in
providing ecosystem services that agriculture depends on such as
soil fertility, nutrient and water cycles and reduced pest and
disease invasions. These opportunities are missed out if we focus
on protected areas only.

Drivers of biodiversity loss

Simplified vegetation
Homogenation of the landscape ¢

Extremer environmental conditions‘

Q

Better biodiveristy practices, however, can be in vain, or
even work counterproductive, if we don't consider the role,
perceptions and priorities of the people working and living
in the landscape.

Mainstreaming biodiversity acceptance in oil palm
plantations requires commitment from all levels, from top
company management to harvesters and truck drivers
working in the field. Cooperation with other people living
and working in the landscape is even more important in
topics that cross plantation boundaries such as creating
riparian buffer zones or restoring peatland ecosystems.
Support from (inter)national policies can reward and
incentivize actions to create more biodiverse plantations.

Symbols to help you read actions

Watch out: carefull
implementation required

Stop: consider operational
challenges

Read: check out for
more information

!
O
N

Learn: explore new ideas
and insights

Obstacles against biodiveristy gains

No follow-up on monitoring assessments

Mismatch in definitions, targets and
criteria

, Lack of legal protection
Perceived negative impact on yield




1. Facilitate better animal movement  yiimize and prevent

There is an increasing change of view that wildlife can survive in disturbed and + human-wildlife conflict by training and informing staff what fo do
when encountering certain wildlife;

- road killings by introducing speed bumps, arteficial canopy bridges -
also across rivers - and signs;

mosaic landscapes. Animals such as the orangutan, but also deer, elephants or sun
bears, make use of oil palm plantations. Although oil palm plantations alone are not

sufficient for wildlife survival, allowing animals to cross plantations is crucial for their . feral dogs who use oil palm plantations to enter forest:
continued existence. This means conservation strategies that can protect wildlife - human disturbance such as illegal logging and poaching and
populations need a wider, landscape scale, perspective that includes plantations. promote ‘no hunting” and ‘zero snaring” policies;

« accidental deaths or poisoning by closing abandoned pits, unused
wells and properly store and review use agricultural chemicals;

« invasive leguminous vine Mucuna bracteate or Clidemia hirta to
expand into forest patches to prevent ‘choking’ of natural vegetation.

Enrich or create suitable habitat

e

Plant fore

e

Y]

forest fo the other where no _
" patches exist. *71 ones (20 - 50

tolerating

with flat terrain or drastically
o -
modified water courses or for -

DO NOT:
enrich in places
where you do not
want animals and
avoid species that
humans also want
to harvest.

i : P

Protect small patches (> )

- trees) of forest and isola
s even if



Know animal behaviour

Understand animal movement: male

Moving under mature oil palms
is advantageous because
animals can take cover from
humans more easily.

orangutans can travel up to 10 km through oil
palm plantations and navigate using rivers or
high points while elephants make use of
already establihed migration routes. These

sites must get priority in protecting and setting

up corridors.
Animals may or may not stay
within the boundaries of the
designated corridor.
Successfull use depends on a
clear goal of the corridor:
passageway only or also
additional habitat. It also
depends on whether they feel
safe, can easily enter and exit,
serve movement of both
individuals and herds,
provides terresital and/or
arboreal movement and is
wide enough to prevent
conflict between individuals.

Animals might be very elusive and
difficult to record in mixed landscapes.
This does not mean they are not there.

Oram,_F.,Best Management

Practices for Coexistence

Take animal diets into account: orangutans with Orang_utans in
MixedForest/Qil

Palmlandscapes (2023)
Project Report of the

tolerate some extraction of timber species,
but depend on the presence of vine and

lianes. Grasslands and pioneer species PONGO Alliance —
support grazers, and the presence of Kinabatangan Project, for
elephants is correlated with mineral Yayasan SimeDarby and

The French Alliance for the
Preservation of Forests, and
in association with HUTAN.

deposits. These vegetation types can be
promoted in areas where wildlife make use

of.

Photo credits: Catherine Barton and Lain E. Pardo Vargas
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Counter wildlife misconceptions <.

Male orangutans move through oil palm plantations to visit female
orangutans who live in isolated patches of forest. In the Kinabatangan
region of Sabah, Malaysia, signs of orangutans were found in every
patch of forest surveyed within oil palm estates. This challenges popular
believe that orangutans do not use oil palm plantations at all.

“-.» Take areas outside concession

17

into account

Corridors are in vain if there is no forest to connect them to. This
tiger was caught on camera trap in SIPEF Biodiversity Indonesia
(SBI) project: a 12,672 ha degraded production forest issued by
the Indonesian government as a ‘Ecosystem Restoration
Concession’(ERC) located next to a buffer zone for the Kerinci
Sebelat National Park in Bengkulu Province, Indonesia.

Photo credits: Marc Ancrenaz and Sander Van den Ende



Edge of a ‘tree island’ established in an oil palm
plantation. Tree islands can function as stepping stones
to allow animal movement from one forest to the
other. They also enhance biodiversity and ecosystem
functioning, without decreasing yield at the plantation
landscape scale.

Photo credits: Gustavo Paterno




2. Enhance natural vegetation

Understory vegetation increases soil fertility, water holding capacity and prevents Some undergrowth such as Mucuna Too many epiphtyes
soil erosion. Vegetation also attracts beneficial arthropods that prey or lay eggs can become problematic in can stop loose fruits
in pest species. Practices to plant beneficial plants to attract these predators focus overgrowing others species. to reach the ground.
on creating planted strips along plantation roads or canals. Harvesters spot loose

fruits as an indicator
that the fruit bunch is

However, the potential of beneficial plants can be improved if naturally emerging dv for b f
ready for harvesting.

understory is maintained and enriched throughout the oil palm matrix. This not
only creates a more diverse network of natural enemies of pests, but also brings
them closer to their prey and hosts throughout the oil palm matrix.

Install artificial bird
perches to attract
presence of predatory

birds.

Leaving undergrowth and
epiphytes has a positive effect on
attracting insectivorous birds that
, can deliver natural pest control.

Do mechanical weeding instead of
herbicide application to promote
vegetation regrowth and diversity.

Missing palms create
open spaces that can be
used for planting
beneficial plants.

Full stop of chemicals
is not always feasable
and manual weeding
is labour-intensive
and expansive, but
field workers can be
more selective when
spraying and avoid
spraying drains
holding water.

Proper storage, fraining and health and  Integrate use of ‘atiract and kill’ devices using Establish beneficial plant bed patches inside the oil
safety equipement when using chemical signals and explore the use of palm matrix that offer resources such as shelter,
chemicals is also better for plantation pathogenic microbes. Chemical signals are insect nectar, pollen and alternative prey/hosts for
worker. specific and do not harm the environment. predatory arthropods.

19 Photo credits: RSPO, MVO - The Netherlands Oils and Fats and Gabriel Esteban Enriquez Castillo
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Artificial bird perches attract predatory birds that can enhance VAN .
biological pest control, especially against rodents. Perches are vitalasa = §
heightened vantage punt for hunting, resting, preying, and roosting of
predatory birds. White-throated Kingfisher (left and bottom right) and
Collared Kingfisher (top right) prey on pups an juvenile rodents; ~
potentially controlling rodents at pre-breeding stage. This complements \

presence of introduced barn owls who prey on adults and by night
only.

-

A\ N

Photo credits: Badrul Azhar, Universiti Putra Malaysia (UPM)




Combining oil palm with other land use

Bali cattle, a small, local breed
that is often kept by

~ Catile grazing can complement smallholder oil palm farmers

manual weeding and preserves
weeds root biomass that allows
regrowth and has positive
effects on soil biodiversity.

Cattle grazing must be well-
planned with the soil's carrying
capacity and avoided in young
palms or close to riparian areas
to prevent crop damage and
destruction of river banks.

Vegetable intercropping between
young oil palms in Jambi,
Indonesia provides opportunity
for farmers who are not actively
involved in oil palm.

Photo credits: Maja Slingerland, Verina Ingram,
Gabriel Esteban Enriquez Castillo and Thijs Pasmans

Rotational grazing of
mixed cattle breed on
industrial oil palm
plantation in southern

Kalimantan.

Corn intercropped with
young oil palms in
Colombia can help reduce
weeds and generate
additional income in the
early stagtes of the crop.

An oil palm and cocoa
agroforestry system developed in
Cameroon can achieve
environmental and economic gains

and is recommended by CIRAD
guidelines.

MONITORING PLANT-INSECT
INTERACTIONS IN OIL PALM
AGROECOSYSTEMS - a report
for the Ferrero-SAN program:
Towards a Healthy & Biodiverse
QOil Palm Production System
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The leaf bases of oil palm trunks

remain attached for approximately 20

years and create a ‘flower pot like’ e
base for epiphyte communities that W WY N L=y
can provide habitat for arthropods, NSMO/ALONGN L B - e e
insects and other microorganisms, but ' ' ; = '

also bats and birds.

Photo credit: RSPO
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Allowing more floral diversity and
complexity in undergrowth creates
habitat for insects and other ‘hidden
biodiversity’ in oil palm plantations.
Insects can benefit the oil palm by
controlling pests, reduce herbivory,
improve soil and pollinate palms. As
insects depend on undergrowth,
limiting the frequency of spraying
herbicides or only targetting specific
zones will boost their occurance and

diversity.

Photo credits: Gabriel Esteban Enriquez
Castillo and Jean Pierre Caliman




Use of herbices (front) versus
mechanimcal weeding (back) in
smallholder plantations, Jambi,
Indonesia.

Photo credit Thijs Pasmans
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Restore functioning of peat ecosystems

Peatlands are wetland ecosystems consisting of layers of partially decomposed
plant material. Peat is best understood as a sponge: a selfregulating
hydrological entity that stores and regulates water. Heavy draining and
deforestation in peat has disrupted this sponge mechanism, resulting in the
degradation of peat ecosystems and loss of its specific biodiversity.

Restoring peatlands is simple: peatlands need to be wet. But rewetting is not a
straightforward practice. Draining or blocking water in one area will have
consequences in another. This means that individual actions to rewet can work
counterproductive if they are not well aligned with needs of other
stakeholders.

Oil palm is grown on drained peat to allow better yields and farm access.
Current policies focus on stopping further expansion on peat and maintaining
proper water levels for existing plantations. RSPO also requires companies to
asses phasing out oil palm from peat. In the meantime soil subsidence, risk of
fire and flooding continues. Oil palm is one of the key stakeholders and can
pick up an active role to move from optimal peatland management to
restoring its ecosystem functions in the entire peat landscape.

Model hydraulic
conductivity to select
best locations for dam

construction.

Agree on joint restoration plan
with all stakeholders living in
peat.

Canals may be in use for local logistics.

— Vegetation surveys

Assess the environment to select priority areas
for nature, paludiculture or buffer zones.

Replant to assit
regeneration of peat
forest.

can detect ‘trapped’
natural seedlings
covered by ferns.

Raising water levels show no trade off
with oil palm yield and could be used as
a transition to full restoration.

25

Select plant species
based on their tolerance
to disturbances such a
flooding, low nutrient
availability or high light
levels.

Construct dams to block
water drainage and
rise groundwater level.

Develop paludiculture
to allow productive use
of wet peatlands.

= Large-scale alternatives for
deeply drained plantations
include Sago palm that produce
illipe nut, used as a cocoa butter
substitute; swamp forest native
species for commercial timber
production and Macaranga for
pulp and paper production.

etscapes: Restoring and
maintaining_peatland landscapes
for sustainable futures

Photo credits: Wim Giesen and Suwignya Utama
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In addition to being tolerant to disturbances,
replanting species to restore peat should
take into account usefull plant characteristics
such as economic value, predictable yearly
fruiting and seeds that attract animals.

Photo credits: Wim Giesen

o

Alstonia spatulata: plant able fo live in both ﬁ'ﬂf Pl el / el Dyera Polyphylla: pioneer plant
pioneer and secondary succession stages % i WO i & tolerant to light with predictable
and tolerant to flooding. e Y 8 yearly fruiting.

Melaleuca cajuputi: pioneer
plant tolerant to fires and
flooding that is fast-growing.

Biodiversity practices proposed
in other chapters do not
necessarily apply for peat.
Drying out of peat modifies its
Pl : AL ecosystem and biodiversity in
Combretocarpus rotundatus: fast-growing T T o ) ok : s AETRNE 4 4  remaining peat pockets will
pioneer and secondary plant that is ; S i ' 7 S 2B e AN Y P o "  disappear. Rewetting is key to
tolerant to low nurietns, fire and light. i e A ANy \ R AN WSS\  restore biodiversity in peat.




Restore riparian buffer zones

Riparian reserves are strips of natural vegetation located along
rivers, streams and lakes, surrounded by areas of non-natural
vegetation like oil palm plantations. The presence of natural

cattle and Smothermg
planted trdes by i invasive’
weeds such’as ‘Mimosa pigra:

vegetation next to waterways can provide many benefits within an
oil palm plantation or for downstream water users. Riparian
reserves help to filter out pollutants before they enter rivers. They
can stabilise river banks, reduce downstream flooding and help : _ _ _ W
maintain natural in-stream conditions for aquatic plants and S B ) i Connect bufferzones *
animals. Riparian reserves can sequester carbon dioxide and TS i Pl % Wlfh other forest tareas
provide habitats for a range of plant and animal species. On W T <R ' o
account of such environmental values, properly managed riparian
reserves can generate significant benefits from the conservation of

natural vegetation for oil palm companies. ,
Plant species with variable

Shrubs and trees _ '. ~  heights to create multiple
stabilize river banks. vegetation niches that can be

used by different afiimials-.
Maintaining some minimum Do not block acces of animal Grasses trap and filter B T
activity in riparian restored movement by replanting too nutrients and pollutants in
area is a way to prevent local heavily. ____ river sediment.
communities to come into ) __
these “non-used area” and S Eagle e Vary buffer zones scale

start their own activities,
generally at the expense of
the restore area.

e B depending on river
= width and biodiversity
values in area. Large
animals such as
elephants need wider
corridors.

Keep existing oil palms in
place to prevent soil
erosion and provide shade
to seedlings.

failure and kick off n
RSPO Manual on Best . "seed dlspers

Management Practices
(BMPs)_for the
Management and
Rehabilitation of
Riparian Reserves

Discuss restoration with local
communities and other stakeholders
to make agreements on use and
maintenance along the entire river
stream.

Photo credits: Catherine Barton, Thijs Pasmans and RSPO.



https://rspo.org/wp-content/uploads/riparian-management-guideline-english.pdf
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https://rspo.org/wp-content/uploads/riparian-management-guideline-english.pdf

Riparian buffer zone in an oil palm plantation in Palmas
del Machaquild, Sayaxché, Petén Guatemala. The
establishment and protection of riparian zones provide
several advantages, including biological corridors,
increased local biodiversity and conservation of native
species and the protection of surface water bodies.

Photo credit: Jose Fares, GREPALMA, Guatemala




3. Create more heterogeneity in replanted plantations

Replanting aged oil palms is usually a clear-cut activity: oil palms are pulled down and recycled into organic matter

while the ground is being prepared for new oil palm seedlings. The biodiversity and habitat complexity that has SRS =il it onlland=capes such os
been built up for 25-30 years phases a ‘second wave’ of losses when these palms are being cut down. However, " those farmed by smallholders show lower
when well-planned, replanting can contribute to improved permeability, connectivity and reducing negative impact disturbance because replanting is done on

a smaller scale and not at the same time.

on habitat and microclimates in plantations.

Undoubtly natural forest patches
in plantations are more important
for biodiversity. But their potential
is limited if they are locked within
an oil palm monoculture that lacks
Y heterogeneity.

# Plantations are never replanted

- within a single year, but within 4-
5 years or by approximatly 5 %

ver year. This means there is

N always opportunity for some
osaic distribution that can be

Phased replanting and
underplanting of young oil palms
might risk spreading of diseases
such as Ganoderma as clear-cutting
is also a sanitary practice. It also
challenges plantation logistics and
management practices.

Smaller plantin%“
with different shape

allows animals
escpate clear cuffing.

Promoting landscape

Clear and replant é\'@H N , 8 \ : ' e o 1Y heterogeneity to improve the

20- 25 years, and then years the . - _ Al v R, biodiversity benefits of certified

remaining rows to retaimﬁiadf_v -m o ? s ' = 4 ™ " , palm oil production: Evidence from
AV _ : , y

more easily. B {3 _ Peninsular Malaysia -
- : R o e ScienceDirect

] f
f

Photo credits: Gustavo Paterno and Matthew Luskin 29
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4.Include workers,
communities and management © 6 —— &

In preprint: A novel
citizen science-based

Companies that have good biodiversity management show that a well-communicated and We have thousands of people working b e
supported biodiversity strategy is key to beingsuccessfull. This does not only mean training on in our plantations, and these people wildlife monitoring
better agricultural practices or information about what to do when encountering elephants. It - and management tool
g - : o . see wildlife every day. So why not ask e ol el
also means giving staff a task or performance indicator linked to biodiversity — especially ) for ol pa’m
those outside the sustainability team — to change the way they work and perceive biodiversity. them what they see? plantations.
Nunik Maharani et al
(2025).

https://www.anj-group.com/en/
pendaki

Communicate the importance of biodiversity

throughtout the company Include biodiversity targets

as key performance
indicators for staff

Involve staff in biodiversity monitoring Get top management support

: : : .. High-level support for biodiversity means that conservation
Including truck drivers, estate managers, security staff or , )
horves’regrs in biodiveristy moni’roringgos sart of??l\eir daily Role of communities practices can be push'ed ’r'hrou'gh fr.om. th.e ff)p. This can help
routine work. This can be done based on the principles of Awareness and socialization on biodiversity and Toun'rer feellngs.that blOdéerFSZY Wlllhhm-” y|e|oc|Is cmddcon ensr]re
citizen science and focus on key (endangered) species that conservation with surrounding communities reduces Fong-te.rrr commltfm:n’r oln un mght atls n?’r ependent onht ©
are easy for staff to identify. This will not only generate a external threaths such as illegal logging, forest fire or mGECIG status of t : plon’rfhc.)n. ,T e. fype o monfngemenrt af
lot of ‘free’ biodiversity data, but it will also foster a sense hunting. Such activities can be organized with local works depends on the local biodiveristy opp.or.tumhes and
of biodiveristy ownership among plantation staff. organisations or governments. Hiring local people as threaths and does nof need to be too prescriptive. Management

has to focus on broader objectives such as maintaining forest

rangers or forest guards can also increase : , )
cover or animal movement, which can be monitored remotely.

environmental awareness among locals.
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Participation of non-professional volunteers - also callled citizen science - expands the scale
and scope of ecological monitoring. At oil palm company ANJ in Indonesiaq, citizen science
informs the company how species such as orangutans make use of the landscapes and how
plantation management could be adapted to maximize population viability.

Photo credits: Austindo Nusantara Jaya Thk




5. Try new monitoring techniques o

Monitoring every species th roughou’r the p|ontc1’rion, its remaining po’rches of forest Field conditions such as wind, sun and vegetation —  Focus on data that leads to
and neighbouring forest over a long period of time can be difficult to manage. As a complexity can affect detectability of species. better management
result, initial assessments risk losing their potential as success of conservation efforts Other challenges include the cost of procuring drones, outcomes, instead of pure
of certain species or in certain areas of the plantation are not well-recorded. In sensors and related materials, flighi time, .|imifed biodiv.ersity detection.
addition, new arrivals or occurrence of species outside identified High Conservation payload, and frequentyichenaitaEECRETEE cQol:’T;h;:s Rt help
Value (HCV) areas or the value of a production forest nearby risk remaining out of . Where and which
scope. New monitoring techniques can overcome these issues and create more animals cross roads?

integrated biodiversity monitoring approaches.

Camera traps can

provide valuable

information landscape
use of wildlife.

Drones can be used for
surveying, observations,
tracking and habitat
research and monitoring.

Acoustic monitoring in
ecosystems has
potential to improve
biodiversity monitoring
at the landscape level.

« What animals are
targeted by hunting?

« Are there locations in
the landscape that are
of specific importance
for wildlife?

« Are there invasive
species that could pose
a threath?

efficient, non-invasive and easy-to-standardize

as baseline counting to start !
sampling approach.

restoration projects or following;
high conservation species

Plant health assesments;
Environmental sampling: taking soil
or water samples;

Replanting native species: Seed
dispersal and ferttilisation and pest
management;

Vegetation mapping.

Biodiversity activities aided by new Environmental DNA, or eDNA: genetic material
technologies: taken from environmental samples (soil,
. Animal counting and tracking: such sediment, water, etc.) is being explored as an

Atrtificial intelligence overcomes issues around false
positives and the analysis of the many images
generated which is very time-consuming when done
manually.

Photo credits: Serge Wich
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Common farmland birds such as
the Black-naped Oriole (right
bottom), the Asian Glossy
Starling (left middle), the Zebra
Dove (top right), the Purple
Heron (top left), the Yellow-
vented Bulbul (right middle) or
the Oriental Magpie-robin (right
bottom) in Malaysian oil palm
plantations are relatively easy to
spot and good indicators of
ecosystem health because they
are highly responsive to
environmental degradation such
as pesticides or habitat
simplification.

Photo credits: Badrul Azhar, Universiti

Putra Malaysia (UPM)




A team of Malaysian researchers
from HUTAN flying a drone to
survey orangutan nests. Drones
offer the advantage of quick
surveys of orangutan nests over
relatively large areas and are
much faster than ground surveys.
At present, it takes considerable
manual effort from human image
analysts to go through all the
videos obtained during these
surveys to locate the nests.
However, research is ongoing to
use Al to semi-automate this and
hence make drone surveys more
efficient.

Photo credits: Serge Wich




Live images from a drone patroling ecological corridor on oil
palm plantations in West Kalimantan. Drones are used by
local Tropenbos Indonesia team to check illegal expansion of
bauxiet mining into the corridor. Images taken monthly and
stored to allow comparision and engagement with
companies active in the region.

Photo credit Thijs Pasmans and Tropenbos Indonesia

A camera trap in Sabah. Camera traps can provide valuable information on
the usage of oil-palm plantations by orangutans and other species. Generally
the SD cards in the cameras are emptied out and then manually inspected.
More recently there are options to upload such images to Al models that detect
species automatically. The camera in this photo has a SIM card and uploads
the images directly to an Al model through the mobile network and the user
will get an email a few seconds later with the detection results. This allows for
fast responses in oil-palm plantations to the presence of animals (e.g.
elephants).
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Scale up biodiversity policies and targets

Oil palm is in a good position to boost biodiversity. There is, however, a matter of scale. RSPO has been benchmarked by IUCN NL as the highest standard for biodiversity, but its
share of global production volume has remained constant on 19 to 20% since 2019. Similarly, the European Deforestation Regulation, (EUDR) unless applied by traders for their full
practice, only has a direct impact on the palm oil produced for Europe, about 10%. Governing sustainable oil palm, including the practices in this guide, thus needs to take the
quantitative aspect of scale and potential impact along as well. Nature-positive approaches such as the new targets of the Global Biodiversity Framework that include restoration of
biodiversity alongside its protection are hopeful. As are (mandatory) national sustainability standards in oil palm production countries that can raise the floor for all growers or
support for separate actions that can be implemented prior to or apart from any sustainability certification. The following actions can be taken by policymakers to implement the

above biodiversity practices easier and more efficient.

Give protective status to areas already set
aside on plantation lands.

Integrate organic or agroforestry practices

into regulations and standards for sustainable
palm oil.

Prioritize research on replanting practices that
improve biodiversity - and follow this up in
criteria for sustainability standards.

Ecological corridors in the Ketapang district of West Kalimantan, Indonesia for example have
received the official status of ‘Kawasan Ekosistem Esensial (KEE)' - Essential Ecosystem Area -
giving it legal protection on land that is designated as agriculture.

This area that received the KEE status contains forest areas that have been assessed as HCV areas
as part of RSPO certification. However, a simpler approach to identify and protect, for example by
focussing on the actual presence of forest above a certain threshold - like the FAQ definition -
would also be useful to include companies that do not have sustainability certification or to be taken
up by national standards for sustainable palm oil.

0Oil palm yields are increasingly vulnerable to pest and disease invasions, droughts, fires and
flooding. These extreme circumstances have direct impact on plant physiological properties. Oil
palm yields are also becoming more vulnerable because of its limited geographical area of
production, narrow diversity genetic diversity, low rate of mechanisation and stagnation in oil palm
yield growth.

Including organic, agroforestry or regenerative oil palm practices into other sustainability standards
can stimulate biodiversity in oil palm and help restore ecological functions such as climate
resilience, soil fertility, nutrient and water cycles and reduced pest and disease invasions.

Supply for future demand will increasingly be produced via replanting of existing plantations. However,
research on the replanting management and its impact is not well explored in existing literature.

Better replanting practices offers a chance to redesign plantations: not only to limit biodiversity loss
through clear cutting of existing oil palms, but also to make oil palm better to facilitate animal movement,
climate resilience and biological pest control. This is especially relevant for large scale plantations that
lack heterogeneity. Good practices should be taken up by standards such as RSPO and national standards
for sustainable palm oil.
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Riverbanks are officially protected by national law in Malaysia and Indonesia. However, widths are
limited and encroachment up to river banks is not always implemented. Expansion on peatland is
prohibited by private commitments, voluntary standards or national moratoria, but existing plantations
on peatland are still open for production and replanting.

Target riparian and peatland areas in plantation

landscapes as biodiversity restoration areas under Convention on Biological Diversity (CBD) Target 2 on the restoration of 30% degraded terrestrial

the CBD. ecosystem areas could create policy vehicles to restore these areas. Major oil palm growing countries
Indonesia and Malaysia have ratified the CBD framework.

Other CBD targets relevant for oil palm could be:
 Target 1 on biodiversity inclusive spatial planning - to allow animal movement through plantations;
» Target 10 to ensure that areas under agriculture are managed sustainable - to enhance natural
vegetation in the oil palm matrix;
» Target 14 on the full integration of biodiversity into policies - to stop removing of epiphytes and
reduce use of chemicals.

Rewetting peatlands is urgent, but can be politically complex. Peatlands with oil palm, or other
agricultural or forest commodities, have been drained for production purposes. With a growing demand
. . for food and biomass products, rewetting to create new nature is not always possible. Instead, we need
Support supply chains and markets for paludiculture land use options that move away from the environmentally damaging use of drained peatlands.
products such as reed, illipe nuts or sago palm.

Paludicultures aims to produce on peat while stopping further subsidence and greenhouse gas
emissions. In Southeast Asia, but also in other peat regions, there are plant species that can be usefull
growing wood, medicinal uses, food (such as fruits, nuts, and oils) or other uses such as latex, fuels, and
dyes. This requires abandoing the common practice of draining water as quickly as possible, requires
new legislation and incentives in the form of subsidies and the set up of a new supply chain including

logistics, breeding of plant species and market acceptance.

For many companies, government officials or NGO's, wildlife such as orangutans and elephants are still
an abnormality in plantation landscapes. This assumption has caused policies to focus on removing ‘lost’
A e : animals and locate them to forest areas ‘far away’.

Change policies that focus on wildlife translocation i
to wildlife co-existence. However, finding new adequate habitat for these animals is increasingly difficult. For species such as
orangutans translocation goes against new insight on their ecology and social behaviour and disrupts
orangutan communities. The Sabah Action Plans 2021 - 2029 amended the policy above from one of
routine translocation of orangutans away from human-use areas to one that advocates coexistence.
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Other IUCN and IUCN NL papers on oil palm

IUCN NL promotes sustainable production and consumption of palm
oil to stop further biodiversity loss and restore ecological functions in
the landscape. We believe that policies and practices that offer such
solutions deserve more attention and support.

Elephants crossing between two forest paths in the
Kinabatangan, Malaysia. Elephants can use water,
however, wildlife like orangutans or macaques need
the bridges to cross.

Photo credits: Catherine Barton

IUCN NL is part of a network of global IUCN constituencies. Other
IUCN and IUCN NL related papers you might find interesting are listed
on this page.
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IUCN-NL 2021:_“Sustainable palm oil in practice:
recommendations for improving the assurance of
RSPO”

IUCN 2024: “There is no good or bad oil crop. There
are only good and bad practices.”

IUCN 2018: “Saying_‘no’ to palm oil would likely
displace, not halt biodiversity loss”



https://www.iucn.nl/en/news/iucn-report-saying-no-to-palm-oil-would-likely-displace-not-halt-biodiversity-loss/#:~:text=The%20IUCN%20report%2C%20Palm%20Oil%20and%20Biodiversity%2C%20is,for%20vegetable%20oil%20production%20to%20meet%20global%20demand.
https://www.iucn.nl/en/news/iucn-report-saying-no-to-palm-oil-would-likely-displace-not-halt-biodiversity-loss/#:~:text=The%20IUCN%20report%2C%20Palm%20Oil%20and%20Biodiversity%2C%20is,for%20vegetable%20oil%20production%20to%20meet%20global%20demand.
https://www.iucn.nl/en/news/iucn-report-saying-no-to-palm-oil-would-likely-displace-not-halt-biodiversity-loss/#:~:text=The%20IUCN%20report%2C%20Palm%20Oil%20and%20Biodiversity%2C%20is,for%20vegetable%20oil%20production%20to%20meet%20global%20demand.
https://www.iucn.nl/en/news/iucn-report-saying-no-to-palm-oil-would-likely-displace-not-halt-biodiversity-loss/#:~:text=The%20IUCN%20report%2C%20Palm%20Oil%20and%20Biodiversity%2C%20is,for%20vegetable%20oil%20production%20to%20meet%20global%20demand.
https://www.iucn.nl/en/news/iucn-report-saying-no-to-palm-oil-would-likely-displace-not-halt-biodiversity-loss/#:~:text=The%20IUCN%20report%2C%20Palm%20Oil%20and%20Biodiversity%2C%20is,for%20vegetable%20oil%20production%20to%20meet%20global%20demand.
https://www.iucn.nl/en/news/iucn-report-saying-no-to-palm-oil-would-likely-displace-not-halt-biodiversity-loss/#:~:text=The%20IUCN%20report%2C%20Palm%20Oil%20and%20Biodiversity%2C%20is,for%20vegetable%20oil%20production%20to%20meet%20global%20demand.
https://www.iucn.nl/en/news/iucn-report-saying-no-to-palm-oil-would-likely-displace-not-halt-biodiversity-loss/#:~:text=The%20IUCN%20report%2C%20Palm%20Oil%20and%20Biodiversity%2C%20is,for%20vegetable%20oil%20production%20to%20meet%20global%20demand.

Acknowledgements

We would like to express our gratitude to the following organizations and individuals for
their invaluable support in completing this guide.

Agata Klimkowska, Wetlands International

Aloysius Suratin, Deputy Director Biodiversity & Climate Change, Roundtable on
Sustainable Palm QOil

Badrul Azhar, Associate Professor in Conservation Biology & Wildlife Ecology,
Department of Forest Science & Biodiversity, Faculty of Forestry & Environment,
University Putra Malaysia

Catherin Barton, Policy Lead Chester Zoo

Carina van der Laan, Laan Sustainability Consultancy

Clara Zemp, University of Neuchdtel

Dimas Alfred Prasetia, Wetlands Hydrologist, Wetlands International Indonesia

Edi Purwanta, Director Tropenbos Indonesia

Eleanor Spencer, Sustainable Business Specialist (Asia), ZSL

Erik Meijaard, Director Borneo Futures Initiative and Co-Chair IUCN Oil Crops Task
Force

Gabriel Esteban Enriquez Castillo, CENIPALMA

Gersen Sumardi, Wilmar Europe

Jean-Pierre Caliman, Director Sinar Mas Agro Resources and Technology Research
Institute

Jinke van Dam, Tropenbos International

Kim Williams, Communications Manager Europe, Roundtable on Sustainable Palm Oil
Lain E. Pardo Vargas Panthera Colombia and Grupo de Conservacién y Manejo de
Vida Silvestre, Universidad Nacional de Colombia

Marc Ancrenaz, Scientific Director HUTAN

Marjorie Bosque, Executive Director Grepalma

Maija Slingerland, Associate Professor, Plant Production Systems, Wageningen University
Matthew Luskin, Associate Professor, The School of the Environment, University of
Queensland

Michelle Desilets, Executive Director Orangutan Land Trust

Nardiyono, Head of Conservation PT. Austindo Nusantara Jaya Agri

Petra Meekers, Managing Director SIPEF

Ruben Brunsveld, Deputy Director EMEA, Roundtable on Sustainable Palm Oil
Sander Van den Ende, Group Director Sustainability SIPEF

Serge Wich, Professor in Primate Biology, Liverpool Joh Moores University
Suwignya Utama, Assistant Deputy for Education and Socialisation, BRGM- Indonesian
Agency for Peatland and Mangrove Rehabilitation

Verina Ingram, Associate Professor Forest and Nature Conservation Policy Group
Wageningen University

Wim Giesen, Associate with Naturalis Biodiversity Centre, Leiden, The Netherlands

Two Oriental pided hornbills

in the Kinabatangan, Malaysia.
Photo credits: Catherine Barton




References

Introduction

FAOSTAT

IUCN report: Saying_‘no’ to palm oil would likely displace, not halt biodiversity loss | IUCN NL
Kunming-Montreal Global Biodiversity Framework

Retaining_biodiversity in intensive farmland: epiphyte removal in oil palm plantations does not affect yield - Prescott -

2015 - Ecology and Evolution - Wiley Online Library,

Establishing_the evidence base for maintaining_biodiversity and ecosystem function in the oil palm landscapes of
South East Asia_|_Philosophical Transactions of the Royal Society B: Biological Sciences

(PDF)_Qil palm plantation systems are at a crossroads

Balancing_economic and ecological functions in smallholder and industrial oil palm plantations | PNAS

Qil palm in the 2020s and beyond: challenges and solutions | CABI Agriculture and Bioscience |_Full Text
CIRAD presents its roadmap for sustainable oil palm growing_|_Cirad

Explore the Biodiversity Hotspots | CEPF

FAOSTAT

Palm oil and biodiversity - resource | IUCN

Qil palm and biodiversity - resource | IUCN

Qaim, M., Sibhatu, K. T., Siregar, H., & Grass, |. (2020). Environmental, economic, and social consequences of
the oil palm boom.

Balancing_economic and ecological functions in smallholder and industrial oil palm plantations - PubMed

What happens after deforestation?

Innovative planting designs for oil palm-based agroforestry | Research Square

Effects of land-use change on vascular epiphyte diversity in Sumatra (Indonesia) - ScienceDirect

(PDF)_Palm oil and biodiversity.

Does logging_and forest conversion to oil palm agriculture alter functional diversity in a biodiversity hotspot -
White Rose Research Online

(PDF)_Impact of tropical lowland rainforest conversion into rubber and oil palm plantations on soil microbial
communities

Rainforest transformation reallocates energy from green to brown food webs | Nature
Biodiversity-in-Plantation-Landscapes-Part2. pdf

How Diverse are Epiphyte Assemblages in Plantations and Secondary Forests in Tropical Lowlands? - Helena Julia
Regina Einzmann, Gerhard Zotz, 2016

Plant diversity, forest dependency, and alien plant invasions in tropical agricultural landscapes
Consequences of tropical land use for multitrophic biodiversity and ecosystem functioning_|_Nature
Communications

The Impacts of Qil Palm on Recent Deforestation and Biodiversity Loss | PLOS ONE

Microclimate and land surface temperature in a biodiversity enriched oil palm plantation | Request PDF
Impact of forest conversion to oil palm and rubber plantations on microclimate and the role of the 2015 ENSO
event - ScienceDirect

Surface Temperature and Heat Fluxes: Comparison between Natural Forest and Qil Palm Plantation in Jambi
Province Using_Surface Energy Balance Algorithm for Land (SEBAL)_|_Request PDF

Local surface temperature change due to expansion of oil palm plantation in Indonesia |_Climatic Change
(PDF)_Microclimate and habitat heterogeneity through the oil palm lifecycle

On the palm oil-biodiversity trade-off: Environmental performance of smallholder producers - ScienceDirect

40

Key actions for better biodiveristy practices

Better land-use allocation outperforms land sparing_and land sharing_approaches to conservation in
Central Kalimantan, Indonesia - ScienceDirect

Microsoft Word - Global Goal for Nature CEOs Final.docx

Qil Palm Plantations in the Context of Biodiversity Conservation | _Request PDF

A systematic map of within-plantation oil palm management practices reveals a rapidly growing_but
patchy evidence base | PLOS Sustainability and Transformation

No net loss and net positive impact approaches to biodiversity - resource | IUCN

Establishing_the evidence base for maintaining_biodiversity and ecosystem function in the oil palm
landscapes of South East Asia |_Philosophical Transactions of the Royal Society B: Biological Sciences
Frontiers |_Editorial: Biogeochemical and biodiversity impacts of oil palm land-use in Southeast Asia

Facilitate better animal movement

Land management strategies can increase oil palm plantation use by some terrestrial mammals in
Colombia |_Scientific Reports

Ecological impacts of oil palm agriculture on forest mammals in plantation estates and smallholdings
SUNDA CLOUDED LEOPARD ACTION PLAN FOR SABAH - danaugirang.com.my/wp-
content/uploads/2023/11/2019-2028.Sunda-Clouded-Leopard-Action-Plan-for-Sabah. pdf
Biodiversity Insight Guides

Biodiversity-in-Plantation-Landscapes-Part2. pdf

(PDE)_Can the Qil Palm Industry and Elephant Conservation Be Reconciled. A Case Study in Kalabakan,
Sabah.

Tree islands enhance biodiversity and functioning_in oil palm landscapes | Nature

Frontiers | Mammal Diversity in Qil Palm Plantations and Forest Fragments in a Highly Modified
Landscape in Southern Mexico

BORNEON ELEPHANT ACTION PLAN FOR SABAH - danaugirang.com.my/wp-
content/uploads/2023/11/2020-2029.Bornean-Elephant-Action-Plan-for-Sabah. pdf

Orangutan ACTION PLAN FOR SABAH - danaugirang.com.my/wp-content/uploads/2023/11/2020-
2029.0Orangutan-Action-Plan-for-Sabah. pdf

Enhancing_the ecological value of oil palm agriculture through set-asides | Nature Sustainability
Biodiversity-in-Plantation-landscapes-Part-1.pdf

Biodiversity-in-Plantation-Landscapes-Part2. pdf

(PDF)_Promoting_oil palm-based agroforestry systems: an asset for the sustainability of the sector
Innovative planting_designs for oil palm-based agroforestry_|_Research Square

Oram, F. Best Management Practices for Coexistence with Orang utans in MixedForest/Qil
PalmLlandscapes (2023)_Project Report of the PONGO Alliance — Kinabatangan Project, for Yayasan
SimeDarby and The French Alliance for the Preservation of Forests, and in association with HUTAN.
Plant diversity, forest dependency, and alien plant invasions in tropical agricultural landscapes -
ScienceDirect

Diverse and larger tree islands promote native tree diversity in oil palm landscapes |_Science



https://www.fao.org/faostat/en/#data/QCL
https://www.iucn.nl/en/news/iucn-report-saying-no-to-palm-oil-would-likely-displace-not-halt-biodiversity-loss/#:~:text=The%20IUCN%20report%2C%20Palm%20Oil%20and%20Biodiversity%2C%20is,for%20vegetable%20oil%20production%20to%20meet%20global%20demand.
https://www.cbd.int/gbf
https://onlinelibrary.wiley.com/doi/full/10.1002/ece3.1462#:~:text=Epiphyte%20removal%20did%20not%20affect%20the%20production%20of,the%20diverse%20epiphyte%20flora%20should%20be%20left%20uncut.?msockid=190cc353e6fd67d12a9cd1fbe7106613
https://onlinelibrary.wiley.com/doi/full/10.1002/ece3.1462#:~:text=Epiphyte%20removal%20did%20not%20affect%20the%20production%20of,the%20diverse%20epiphyte%20flora%20should%20be%20left%20uncut.?msockid=190cc353e6fd67d12a9cd1fbe7106613
https://royalsocietypublishing.org/doi/10.1098/rstb.2011.0041
https://royalsocietypublishing.org/doi/10.1098/rstb.2011.0041
https://www.researchgate.net/publication/376614934_Oil_palm_plantation_systems_are_at_a_crossroads
https://www.pnas.org/doi/full/10.1073/pnas.2307220121
https://cabiagbio.biomedcentral.com/articles/10.1186/s43170-021-00058-3
https://www.cirad.fr/en/press-area/press-releases/2024/oil-palm-roadmap-summary
https://www.cepf.net/our-work/biodiversity-hotspots
https://www.fao.org/faostat/en/#data/QCL
https://iucn.org/resources/issues-brief/palm-oil-and-biodiversity#:~:text=Palm%20oil%20production%20increased%2015-fold%20between%201980%20and,oil%20palm%2C%20replacing%20it%20is%20not%20a%20solution.
https://iucn.org/resources/publication/oil-palm-and-biodiversity
https://www.annualreviews.org/content/journals/10.1146/annurev-resource-110119-024922
https://www.annualreviews.org/content/journals/10.1146/annurev-resource-110119-024922
https://pubmed.ncbi.nlm.nih.gov/38621138/
https://www.researchsquare.com/article/rs-3721635/v1
https://www.sciencedirect.com/science/article/abs/pii/S0006320716303111
https://www.researchgate.net/publication/264331189_Palm_oil_and_biodiversity
https://eprints.whiterose.ac.uk/128552/#:~:text=In%20contrast%2C%20conversion%20of%20forest%20to%20oil%20palm,the%20functional%20capacity%20of%20dung%20beetles%20within%20plantations.
https://eprints.whiterose.ac.uk/128552/#:~:text=In%20contrast%2C%20conversion%20of%20forest%20to%20oil%20palm,the%20functional%20capacity%20of%20dung%20beetles%20within%20plantations.
https://www.researchgate.net/publication/276202559_Impact_of_tropical_lowland_rainforest_conversion_into_rubber_and_oil_palm_plantations_on_soil_microbial_communities
https://www.researchgate.net/publication/276202559_Impact_of_tropical_lowland_rainforest_conversion_into_rubber_and_oil_palm_plantations_on_soil_microbial_communities
https://www.nature.com/articles/s41586-024-07083-y
https://oilpalm.wildasia.org/wp-content/uploads/sites/6/2014/03/Biodiversity-in-Plantation-Landscapes-Part2.pdf
https://journals.sagepub.com/doi/10.1177/194008291600900205
https://journals.sagepub.com/doi/10.1177/194008291600900205
https://www.uni-goettingen.de/de/document/download/7d5a0db933247281c011fdea1a7b09dc.pdf/Rembold%20et%20al.%202017-Plant%20diversity.pdf
https://www.nature.com/articles/ncomms6351
https://www.nature.com/articles/ncomms6351
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0159668
https://www.researchgate.net/publication/353136164_Microclimate_and_land_surface_temperature_in_a_biodiversity_enriched_oil_palm_plantation
https://www.sciencedirect.com/science/article/abs/pii/S0168192318300133
https://www.sciencedirect.com/science/article/abs/pii/S0168192318300133
https://www.researchgate.net/publication/338081903_Surface_Temperature_and_Heat_Fluxes_Comparison_between_Natural_Forest_and_Oil_Palm_Plantation_in_Jambi_Province_Using_Surface_Energy_Balance_Algorithm_for_Land_SEBAL
https://www.researchgate.net/publication/338081903_Surface_Temperature_and_Heat_Fluxes_Comparison_between_Natural_Forest_and_Oil_Palm_Plantation_in_Jambi_Province_Using_Surface_Energy_Balance_Algorithm_for_Land_SEBAL
https://link.springer.com/article/10.1007/s10584-013-1045-4
https://www.researchgate.net/publication/236650183_Microclimate_and_habitat_heterogeneity_through_the_oil_palm_lifecycle
https://www.sciencedirect.com/science/article/pii/S0095069624000494
https://www.sciencedirect.com/science/article/pii/S0006320715001081
https://www.sciencedirect.com/science/article/pii/S0006320715001081
https://www.naturepositive.org/app/uploads/2024/03/A-Nature-Positive-World-The-Global-Goal-for-Nature.pdf
https://www.researchgate.net/publication/356453344_Oil_Palm_Plantations_in_the_Context_of_Biodiversity_Conservation
https://journals.plos.org/sustainabilitytransformation/article?id=10.1371/journal.pstr.0000023
https://journals.plos.org/sustainabilitytransformation/article?id=10.1371/journal.pstr.0000023
https://iucn.org/resources/publication/no-net-loss-and-net-positive-impact-approaches-biodiversity
https://royalsocietypublishing.org/doi/10.1098/rstb.2011.0041
https://royalsocietypublishing.org/doi/10.1098/rstb.2011.0041
https://www.frontiersin.org/journals/forests-and-global-change/articles/10.3389/ffgc.2024.1441266/full
https://www.nature.com/articles/s41598-019-44288-y
https://www.nature.com/articles/s41598-019-44288-y
https://www.researchgate.net/publication/261189639_Ecological_impacts_of_oil_palm_agriculture_on_forest_mammals_in_plantation_estates_and_smallholdings?enrichId=rgreq-f39236a495bfad36bd1e3a3703a9961d-XXX&enrichSource=Y292ZXJQYWdlOzI2MTE4OTYzOTtBUzoxMDg3NjEzNjAzNzU4MDhAMTQwMjk0MjEzNzIyNg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.danaugirang.com.my/wp-content/uploads/2023/11/2019-2028.Sunda-Clouded-Leopard-Action-Plan-for-Sabah.pdf
https://www.danaugirang.com.my/wp-content/uploads/2023/11/2019-2028.Sunda-Clouded-Leopard-Action-Plan-for-Sabah.pdf
https://oilpalm.wildasia.org/biodiversity-insight-guides/
https://oilpalm.wildasia.org/wp-content/uploads/sites/6/2014/03/Biodiversity-in-Plantation-Landscapes-Part2.pdf
https://www.researchgate.net/publication/351097240_Can_the_Oil_Palm_Industry_and_Elephant_Conservation_Be_Reconciled_A_Case_Study_in_Kalabakan_Sabah
https://www.researchgate.net/publication/351097240_Can_the_Oil_Palm_Industry_and_Elephant_Conservation_Be_Reconciled_A_Case_Study_in_Kalabakan_Sabah
https://www.nature.com/articles/s41586-023-06086-5
https://www.frontiersin.org/journals/forests-and-global-change/articles/10.3389/ffgc.2019.00067/full
https://www.frontiersin.org/journals/forests-and-global-change/articles/10.3389/ffgc.2019.00067/full
https://www.danaugirang.com.my/wp-content/uploads/2023/11/2020-2029.Bornean-Elephant-Action-Plan-for-Sabah.pdf
https://www.danaugirang.com.my/wp-content/uploads/2023/11/2020-2029.Bornean-Elephant-Action-Plan-for-Sabah.pdf
https://www.danaugirang.com.my/wp-content/uploads/2023/11/2020-2029.Orangutan-Action-Plan-for-Sabah.pdf
https://www.danaugirang.com.my/wp-content/uploads/2023/11/2020-2029.Orangutan-Action-Plan-for-Sabah.pdf
https://www.nature.com/articles/s41893-022-01049-6
https://oilpalm.wildasia.org/wp-content/uploads/sites/6/2014/03/Biodiversity-in-Plantation-Landscapes-Part-1.pdf
https://oilpalm.wildasia.org/wp-content/uploads/sites/6/2014/03/Biodiversity-in-Plantation-Landscapes-Part2.pdf
https://www.researchgate.net/publication/370125331_Promoting_oil_palm-based_agroforestry_systems_an_asset_for_the_sustainability_of_the_sector
https://www.researchsquare.com/article/rs-3721635/v1
https://www.sciencedirect.com/science/article/abs/pii/S0006320717303968
https://www.sciencedirect.com/science/article/abs/pii/S0006320717303968
https://www.science.org/doi/10.1126/science.ado1629

References

Enhance and restore natural vegetation
(PDF)_Tree Diversity Enhance Species Richness of Beneficial Insect in Experimental Biodiversity Enrichment in Qil
Palm Plantation

Scopus preview - Scopus - Document details - Understory Vegetation in Qil Palm Plantations Promotes Leopard Cat
Activity, but Does Not Affect Rats or Rat Damage
Biological aspects of Crematogaster spp. (Hymenoptera: Formicidae)_predator of Leptopharsa gibbicarina

(Hemiptera: Tingidae)_in oil palm Elaeis guineensis |_Revista Colombiana de Entomologia

Microclimate and land surface temperature in a biodiversity enriched oil palm plantation | Request PDF
(PDF)_Global Advances on Insect Pest Management Research in Oil Palm

Frontiers | Effects of Understory Vegetation Management on Plant Communities in Qil Palm Plantations in Sumatra,
Indonesia

Predation of potential insect pests in oil palm plantations, rubber tree plantations, and fruit orchards - Denan - 2020
- Ecology and Evolution - Wiley Online Library

Higher avian biodiversity,_increased shrub cover and proximity to continuous forest may reduce pest insect crop loss
in small-scale oil palm farming - Yahya - 2024 - Journal of Applied Ecology - Wiley Online Library
(PDF)_Promoting_oil palm-based agroforestry systems: an asset for the sustainability of the sector

Can oil palm plantations be made more hospitable for forest butterflies and birds? - Koh - 2008 - Journal of Applied
Ecology - Wiley Online Library,

98f7ca 062ba194e147489789977031d2816683.pdf SAN Ferrero Partnership |_SAN
Combining_planting_trees and natural regeneration promotes long-term structural complexity in oil palm landscapes -
ScienceDirect

BIRDS DEFEND OIL PALMS FROM HERBIVOROUS INSECTS - Koh - 2008 - Ecological Applications - Wiley Online
Library

Aboveground soil supports high levels of biological activity in oil palm plantations - Potapov - 2020 - Frontiers in
Ecology and the Environment - Wiley Online Library

Mechanical weeding_enhances ecosystem multifunctionality and profit in industrial oil palm | Nature Sustainability
Frontiers | Managing Oil Palm Plantations More Sustainably: Large-Scale Experiments Within the Biodiversity and
Ecosystem Function in Tropical Agriculture (BEFTA)_Programme

Biodiversity impact of RSPO certification — an assessment of good practices - Evidensia

Frontiers | Managing_Oil Palm Plantations More Sustainably: Large-Scale Experiments Within the Biodiversity and
Ecosystem Function in Tropical Agriculture (BEFTA) Programme

Biodiversity-in-Plantation-landscapes-Part-1.pdf

Biodiversity Insight Guides

BIRDS DEFEND OIL PALMS FROM HERBIVOROUS INSECTS - Koh - 2008 - Ecological Applications - Wiley Online
Library

Maintaining_understory vegetation in oil palm plantations supports higher assassin bug_numbers - Stone - 2023 -
Ecological Solutions and Evidence - Wiley Online Library,

(Open Access)_Ecological observations on diurnal birds in indonesian oil palm plantations (2006)_|_R Desmier de
Chenon_|_22 Citations

Retaining_biodiversity in intensive farmland: epiphyte removal in oil palm plantations does not affect yield - Prescott -
2015 - Ecology and Evolution - Wiley Online Library,

CONTRIBUTION OF EPIPHYTES ON THE CANOPY INSECT

Frontiers | Reducing Fertilizer and Avoiding Herbicides in Oil Palm Plantations — Ecological and Economic
Valuations

41

Restore functioning of peat ecosystems

Palms of paradox — cultivating_palms to support reforestation and avoid deforestation - IOPscience
Global Peatland Restoration Manual

factsheet wetland restoration peatlands e.pdf

Benefits of tropical peatland rewetting for subsidence reduction and forest regrowth: results from a large-
scale restoration trial |_Scientific Reports

Managing_peatlands in Indonesia: Challenges and opportunities for local and global communities - CIFOR-
ICRAF Knowledge

Planning_hydrological restoration of peatlands in Indonesia to mitigate carbon dioxide emissions |.
Mitigation and Adaptation Strategies for Global Change

Peatland Must Be Wet |_Springerlink

Restore riparian buffer zones

Enhancing_the ecological value of oil palm agriculture through set-asides | Nature Sustainability
Riparian buffers act as microclimatic refugia in oil palm landscapes - Williamson - 2021 - Journal of
Applied Ecology - Wiley Online Library

RSPO Manual on Best Management Practices (BMPs)_for the Management and Rehabilitation of Riparian
Reserves riparian-management-guideline-english. pdf

Biodiversity-in-Plantation-landscapes-Part2.pdf

Riparian reserves help protect forest bird communities in oil palm dominated landscapes
https://besjournals.onlinelibrary.wiley.com/doi/full /10.1111/1365-2664.13233

Microsoft Word - Riparian guideline FINAL DRAFT 271009.doc

Improve habitat heterogeneity by adapting replanting schemes

Effects of farmland heterogeneity on biodiversity are similar to—or even larger than—the effects of farming
practices

Designing_agricultural landscapes for biodiversity-based ecosystem services

(PDE)_Promoting_oil palm-based agroforestry systems: an asset for the sustainability of the sector
Promoting_landscape heterogeneity to improve the biodiversity benefits of certified palm oil production:
Evidence from Peninsular Malaysia - ScienceDirect

(PDF)_Microclimate and habitat heterogeneity through the oil palm lifecycle

Replanting_of first-cycle oil palm results in a second wave of biodiversity loss - Ashton-Butt - 2019 - Ecology,
and Evolution - Wiley Online Library

Replanting_reduces frog_diversity in oil palm - Kurz - 2016 - Biotropica - Wiley Online Library,

(PDF)_Effects of Replanting_and Retention of Mature Qil Palm Riparian Buffers on Ecosystem Functioning_in
Qil Palm Plantations

Oil-palm replanting raises ecology issues | Nature

Large-scale industrial plantations are more likely than smallholdings to threaten biodiversity from oil palm
replanting_spatial disturbances - ScienceDirect

Assessing_the effects of oil palm replanting_on arthropod biodiversity - Pashkevich - 2021 - Journal of
Applied Ecology - Wiley Online Library

Designer landscapes for sustainable biofuels - ScienceDirect



https://www.researchgate.net/publication/361720074_Tree_Diversity_Enhance_Species_Richness_of_Beneficial_Insect_in_Experimental_Biodiversity_Enrichment_in_Oil_Palm_Plantation
https://www.researchgate.net/publication/361720074_Tree_Diversity_Enhance_Species_Richness_of_Beneficial_Insect_in_Experimental_Biodiversity_Enrichment_in_Oil_Palm_Plantation
https://www.scopus.com/record/display.uri?eid=2-s2.0-85079036333&origin=inward&txGid=a3deacabf7c71796d0b579d19b8a89a4
https://www.scopus.com/record/display.uri?eid=2-s2.0-85079036333&origin=inward&txGid=a3deacabf7c71796d0b579d19b8a89a4
https://revistacolombianaentomologia.univalle.edu.co/index.php/SOCOLEN/article/view/9711/
https://revistacolombianaentomologia.univalle.edu.co/index.php/SOCOLEN/article/view/9711/
https://www.researchgate.net/publication/353136164_Microclimate_and_land_surface_temperature_in_a_biodiversity_enriched_oil_palm_plantation
https://www.researchgate.net/publication/366074487_Global_Advances_on_Insect_Pest_Management_Research_in_Oil_Palm
https://www.researchgate.net/publication/366074487_Global_Advances_on_Insect_Pest_Management_Research_in_Oil_Palm
https://www.frontiersin.org/journals/forests-and-global-change/articles/10.3389/ffgc.2019.00033/full
https://www.frontiersin.org/journals/forests-and-global-change/articles/10.3389/ffgc.2019.00033/full
https://onlinelibrary.wiley.com/doi/10.1002/ece3.5856?msockid=190cc353e6fd67d12a9cd1fbe7106613
https://onlinelibrary.wiley.com/doi/10.1002/ece3.5856?msockid=190cc353e6fd67d12a9cd1fbe7106613
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.14632
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.14632
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.14632
https://www.researchgate.net/publication/370125331_Promoting_oil_palm-based_agroforestry_systems_an_asset_for_the_sustainability_of_the_sector
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.2008.01491.x
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.2008.01491.x
https://www.sustainableagriculture.eco/_files/ugd/98f7ca_062ba194e147489789977031d2816683.pdf
https://www.sustainableagriculture.eco/san-ferrero-partnership
https://www.sciencedirect.com/science/article/pii/S0378112724004948
https://www.sciencedirect.com/science/article/pii/S0378112724004948
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1890/07-1650.1#:~:text=Results%20show%20that%20bird%20exclusion%20significantly%20increased%20herbivory,although%20the%20latter%20result%20was%20not%20statistically%20significant.
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1890/07-1650.1#:~:text=Results%20show%20that%20bird%20exclusion%20significantly%20increased%20herbivory,although%20the%20latter%20result%20was%20not%20statistically%20significant.
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/fee.2174
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/fee.2174
https://www.nature.com/articles/s41893-023-01076-x
https://www.frontiersin.org/journals/forests-and-global-change/articles/10.3389/ffgc.2019.00075/full
https://www.frontiersin.org/journals/forests-and-global-change/articles/10.3389/ffgc.2019.00075/full
https://www.evidensia.eco/resources/1223/
https://www.frontiersin.org/journals/forests-and-global-change/articles/10.3389/ffgc.2019.00075/full
https://www.frontiersin.org/journals/forests-and-global-change/articles/10.3389/ffgc.2019.00075/full
https://oilpalm.wildasia.org/wp-content/uploads/sites/6/2014/03/Biodiversity-in-Plantation-Landscapes-Part-1.pdf
https://oilpalm.wildasia.org/biodiversity-insight-guides/
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1890/07-1650.1#:~:text=Results%20show%20that%20bird%20exclusion%20significantly%20increased%20herbivory,although%20the%20latter%20result%20was%20not%20statistically%20significant.
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1890/07-1650.1#:~:text=Results%20show%20that%20bird%20exclusion%20significantly%20increased%20herbivory,although%20the%20latter%20result%20was%20not%20statistically%20significant.
https://besjournals.onlinelibrary.wiley.com/doi/10.1002/2688-8319.12293
https://besjournals.onlinelibrary.wiley.com/doi/10.1002/2688-8319.12293
https://typeset.io/papers/ecological-observations-on-diurnal-birds-in-indonesian-oil-4tk5uu0lx2
https://typeset.io/papers/ecological-observations-on-diurnal-birds-in-indonesian-oil-4tk5uu0lx2
https://onlinelibrary.wiley.com/doi/full/10.1002/ece3.1462#:~:text=Epiphyte%20removal%20did%20not%20affect%20the%20production%20of,the%20diverse%20epiphyte%20flora%20should%20be%20left%20uncut.?msockid=190cc353e6fd67d12a9cd1fbe7106613
https://onlinelibrary.wiley.com/doi/full/10.1002/ece3.1462#:~:text=Epiphyte%20removal%20did%20not%20affect%20the%20production%20of,the%20diverse%20epiphyte%20flora%20should%20be%20left%20uncut.?msockid=190cc353e6fd67d12a9cd1fbe7106613
https://www.arpnjournals.org/jeas/research_papers/rp_2016/jeas_0616_4381.pdf
https://www.arpnjournals.org/jeas/research_papers/rp_2016/jeas_0616_4381.pdf
https://www.frontiersin.org/journals/forests-and-global-change/articles/10.3389/ffgc.2019.00065/full
https://www.frontiersin.org/journals/forests-and-global-change/articles/10.3389/ffgc.2019.00065/full
https://beta.iopscience.iop.org/article/10.1088/1755-1315/1407/1/012020
https://biblioteca.cehum.org/bitstream/CEHUM2018/1358/1/Schumann%2C%20Joosten.%20Global%20Peatland%20Restoration%20Manual.pdf
https://www.ramsar.org/sites/default/files/documents/library/factsheet_wetland_restoration_peatlands_e.pdf
https://www.nature.com/articles/s41598-024-60462-3
https://www.nature.com/articles/s41598-024-60462-3
https://www.cifor-icraf.org/knowledge/publication/6449/#:~:text=Managing%20peatlands%20in%20Indonesia%3A%20Challenges%20and%20opportunities%20for,need%20to%20be%20enabled%20and%20expanded.%20Meer%20items
https://www.cifor-icraf.org/knowledge/publication/6449/#:~:text=Managing%20peatlands%20in%20Indonesia%3A%20Challenges%20and%20opportunities%20for,need%20to%20be%20enabled%20and%20expanded.%20Meer%20items
https://link.springer.com/article/10.1007/s11027-010-9214-5
https://link.springer.com/article/10.1007/s11027-010-9214-5
https://link.springer.com/chapter/10.1007/978-3-031-58144-1_9
https://www.nature.com/articles/s41893-022-01049-6
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/1365-2664.13784
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/1365-2664.13784
https://rspo.org/wp-content/uploads/riparian-management-guideline-english.pdf
https://oilpalm.wildasia.org/wp-content/uploads/sites/6/2014/03/Biodiversity-in-Plantation-Landscapes-Part2.pdf
https://toolsfortransformation.net/wp-content/uploads/2017/03/Managing-biodiversity-in-the-riparian-zone.pdf
https://pdf.sciencedirectassets.com/271239/1-s2.0-S0167880919X0016X/1-s2.0-S0167880919303147/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEDUaCXVzLWVhc3QtMSJHMEUCIQDic%2BU5ztPSOzdHMA5oRsjuGgNxNC1GlQ334snwrflKIgIgWz2YNeAijtt5pL1UktBOCcYoeFxZoW1IbNRmD9FtT6cquwUI3v%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDAvk3Q44tEhd7OS6OSqPBdr2Q3ZmVV2anATeB80w7KmF1BQUAyLFOe9A6SsWVBlNeIzWH9MY19NcZaYnWnNeqtBtNtDNi17kKA3Deg1Pc21G6Ac20nBM%2Fd7rSncmnUIVRDReOoWIj0O%2BElygGf0Is2m%2F36%2B%2Fi0r9bwLcbEwi9Fp0pN38CAyTDajmepVQ1X86RTD1Mi%2FRjN%2BVpO%2ByzVzI3rKObaqExSo6sADdzZ04dWcqrndoOb2IEoKs5FE37hpn6EhO5V%2BKP%2BOwtTlu7quQ6pG3%2Br16ILOVX6d26xF4Uw97QnuKEhBZc83LODsX84S84jleSMEacmSjPkcl2XkrjzvvVwCdWDDeYAXmyDSxvXVkb2mtoKI2GKBBc2%2Fg0cJr9fEOksVpRPxCoWGKUBdZ8%2Bq3dUXLD72OBbU5fM%2BFeNA2PhtKIk%2Btpc8Ukto%2BI43%2F0RU3Ge25w4ZvfyCGi5d%2FQhtvSx8czfbD7t%2FAOC8PvFBetOVfQHVidw7Q8Zq7g1W%2B8xDEBf9wSyUOL8e0JGCPScMUymkRzG0nOX8PZ1kajvsuvzKqGnjaJMoCRzDBPSzeIbTE4AraHhg9lpa9eypnMWpMC7gwuRudYBCXSFk2nt2NkTwsrv14hEGjSxPWmyk8Bb5OquAkRNyWdwazdRd6tDsc%2FyB9BaCFUHNvx2xvr6aArjPA9g3s7jqO89s0xBzkSjVm8Ae%2Bz%2Bi959zM3dhMt5AmRqJCdexnITQCRimUBY%2BXi2BwDLrGsVeBcv9uwjjgy1Q%2FMxkgjUxYqLaIIsmk7nWsT5b6GA1RDn0mm4slXd2f44OZQ7on6znACHOa8pQZZGT%2B4pc%2Bjx2ojIT%2Bs7OqPmlgGPeDwuGsVsXihVSPR9U0KaVfWNLUdbdY0JpfBFQwmdi9ugY6sQGG21RZZK5tkWIcPN1vJen5fZUff7SO9i66hv%2F8ayYIxVWeKIGm9lZTNt26%2FupixNB6IVjfYNmz51VVel%2B%2FtBga8MXiSWlL6qTBJrmyqj7qG4NnrsOrWEkXs%2BLRsaW9UJxtpZhvteog55CAhBQbU8DeQ53EdImMwY7Kuk3dcAigQLxaB7IBk6%2BuY6HXFAUHW%2BJRmCcWLZwu4%2BVyvYKM3Z7fEj%2FzIDKbtQx9vG7o9YOcBI0%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20241203T215653Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYXZWNQC5P%2F20241203%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=42879f3bbe6f7bbc3d19b8c818b8c27c4bf3a1cdc82dfbbc406c8623fc4b1441&hash=28ad04bae130861dd606752bca36e245908e55738edf3bae337b437736239895&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0167880919303147&tid=spdf-fa8f88ad-6d15-4c5d-b842-026f04264bdc&sid=927cdd0f3f79224095284712b54b6c08912agxrqb&type=client&tsoh=d3d3LnNja
https://pdf.sciencedirectassets.com/271239/1-s2.0-S0167880919X0016X/1-s2.0-S0167880919303147/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEDUaCXVzLWVhc3QtMSJHMEUCIQDic%2BU5ztPSOzdHMA5oRsjuGgNxNC1GlQ334snwrflKIgIgWz2YNeAijtt5pL1UktBOCcYoeFxZoW1IbNRmD9FtT6cquwUI3v%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDAvk3Q44tEhd7OS6OSqPBdr2Q3ZmVV2anATeB80w7KmF1BQUAyLFOe9A6SsWVBlNeIzWH9MY19NcZaYnWnNeqtBtNtDNi17kKA3Deg1Pc21G6Ac20nBM%2Fd7rSncmnUIVRDReOoWIj0O%2BElygGf0Is2m%2F36%2B%2Fi0r9bwLcbEwi9Fp0pN38CAyTDajmepVQ1X86RTD1Mi%2FRjN%2BVpO%2ByzVzI3rKObaqExSo6sADdzZ04dWcqrndoOb2IEoKs5FE37hpn6EhO5V%2BKP%2BOwtTlu7quQ6pG3%2Br16ILOVX6d26xF4Uw97QnuKEhBZc83LODsX84S84jleSMEacmSjPkcl2XkrjzvvVwCdWDDeYAXmyDSxvXVkb2mtoKI2GKBBc2%2Fg0cJr9fEOksVpRPxCoWGKUBdZ8%2Bq3dUXLD72OBbU5fM%2BFeNA2PhtKIk%2Btpc8Ukto%2BI43%2F0RU3Ge25w4ZvfyCGi5d%2FQhtvSx8czfbD7t%2FAOC8PvFBetOVfQHVidw7Q8Zq7g1W%2B8xDEBf9wSyUOL8e0JGCPScMUymkRzG0nOX8PZ1kajvsuvzKqGnjaJMoCRzDBPSzeIbTE4AraHhg9lpa9eypnMWpMC7gwuRudYBCXSFk2nt2NkTwsrv14hEGjSxPWmyk8Bb5OquAkRNyWdwazdRd6tDsc%2FyB9BaCFUHNvx2xvr6aArjPA9g3s7jqO89s0xBzkSjVm8Ae%2Bz%2Bi959zM3dhMt5AmRqJCdexnITQCRimUBY%2BXi2BwDLrGsVeBcv9uwjjgy1Q%2FMxkgjUxYqLaIIsmk7nWsT5b6GA1RDn0mm4slXd2f44OZQ7on6znACHOa8pQZZGT%2B4pc%2Bjx2ojIT%2Bs7OqPmlgGPeDwuGsVsXihVSPR9U0KaVfWNLUdbdY0JpfBFQwmdi9ugY6sQGG21RZZK5tkWIcPN1vJen5fZUff7SO9i66hv%2F8ayYIxVWeKIGm9lZTNt26%2FupixNB6IVjfYNmz51VVel%2B%2FtBga8MXiSWlL6qTBJrmyqj7qG4NnrsOrWEkXs%2BLRsaW9UJxtpZhvteog55CAhBQbU8DeQ53EdImMwY7Kuk3dcAigQLxaB7IBk6%2BuY6HXFAUHW%2BJRmCcWLZwu4%2BVyvYKM3Z7fEj%2FzIDKbtQx9vG7o9YOcBI0%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20241203T215653Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYXZWNQC5P%2F20241203%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=42879f3bbe6f7bbc3d19b8c818b8c27c4bf3a1cdc82dfbbc406c8623fc4b1441&hash=28ad04bae130861dd606752bca36e245908e55738edf3bae337b437736239895&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0167880919303147&tid=spdf-fa8f88ad-6d15-4c5d-b842-026f04264bdc&sid=927cdd0f3f79224095284712b54b6c08912agxrqb&type=client&tsoh=d3d3LnNja
https://pdf.sciencedirectassets.com/273167/1-s2.0-S1439179117X00029/1-s2.0-S1439179116300950/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEDUaCXVzLWVhc3QtMSJGMEQCIGfPrFyJOnOjJwdysrUTWCXtT2FKCMrl4rrE5hK8hSCKAiBPWsjZdStyLUAIXrVZGgl%2BtS%2FG0ypqePDkmDxMSwAYFiq8BQje%2F%2F%2F%2F%2F%2F%2F%2F%2F%2F8BEAUaDDA1OTAwMzU0Njg2NSIMkkTV00jc4D02Gao7KpAFUdgHrNofuZ%2Fxd2Wlb1SRM%2FlifHAbhg94bEBFPYjxdunBkHszfDVPOGyQiZRFd%2BqInxLwip4tv6Z58AuDou0DzvRNbFS3bMHlPdyrXBSlqe6YvXseXQLZSFm4IdJ7NLXhN5VPV0s5nUFxIldqAa7l6AacyFaHyKeCaJsoCk%2B5bMFzYkHjGQZAF5VmFkUxLM%2BX1IrRoVv9Jak2ZtsuIRMFb9DQp%2F3aNIHqY1bS04XZlX1NbXKL8paOkn0dfTp7uNiI3WrOyv%2BKtt5%2F1D3%2FeK%2Ffl1pe24j5dVY3LwfTLEWTM3FMqAO%2FDI2FPA5QD5sP%2FKt44xtWyPiJFESPfKzy6ZRaS3kU%2Btn8rF1JS2gzaKsqCi8Oi1%2BuTXiBMqqJULYxiwS%2BSFgUa%2FfmhpkWwIEWyhb94C4XqCVqWu48qSLpHyHWMMRVNT44HsWPn2VvYcFsv8ljngZZbpe2novaXuvhlOXccls5fSr5SDSThCLY7QfIBYOYL6H%2BJfncYpDjnx9Fv2nZ%2FXD%2B%2BDQh6B4SYy80nfYb%2FCeYtc7G2GpWzFoJyoFsucIXWG7HGUo16L%2Bmnhvuu3n5q%2F5EBnza666P%2BZzk%2BGUi%2FWbrrsvRQTJPRLcvuWpbH1U63QzTMcGRJ7ZJsTUKJGNYvrt3DrFjvM%2BOQhiDT%2FGUGgO0RNtNhUHRRSmHFOUsIHGWonK6dXbp3lG1RPI32vKJaEuIoxXdURC4kFz7WHw2IfjFKowrx4dnyZG0F5xtvEWmbpOCZ4roRFFAGj1BT0prZQxRhYAl%2F2N5pMdpZ6JoghATZ1jLdazlIpqkV5%2FdYF6LCj%2F%2BHkkKNq28%2FAvxQjsNUwWKBBi25oJ95nwlvfbX2RfGsguztUTa%2BoZOkvNGQI0wq9W9ugY6sgEswGdZtxNuVsf%2F5LZUX8Zr7vmixnkGG83siFC%2FEBifIfXDOQrxpxbr29J2qunx2Cy4wuDiYbky72%2FkLNBXVybjwhRmTho%2BRRYjVDnhVgXeLxKvdsnnfTTtQkWKkxpsTsvtq%2Fn%2FwnGmdZmtDSDeDK4jr%2FYxhoCFg%2BtuSgmteu1PTL%2BOS5jq6DohOz8Ymi6shldaECEqX5G%2FWc5zclJ9RLyGFS0IC%2Fwt%2BNIYNeyipCSuaCcS&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20241203T215550Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYRF5UE6TF%2F20241203%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=f012354efe939cfba16564eb1c80458f1b9c057790f965d640a7ad0a7f8d6fff&hash=9d4704bfdb3c4cc63baf195358e9a2cc592615ce067f992d34ca55370ebebcd3&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1439179116300950&tid=spdf-ca10dcc5-0c2d-40df-bbe7-9b53853213b7&sid=927cdd0f3f79224095284712b54b6c08912agxrqb&type=cli
https://www.researchgate.net/publication/370125331_Promoting_oil_palm-based_agroforestry_systems_an_asset_for_the_sustainability_of_the_sector
https://www.sciencedirect.com/science/article/pii/S2351989415000232
https://www.sciencedirect.com/science/article/pii/S2351989415000232
https://www.researchgate.net/publication/236650183_Microclimate_and_habitat_heterogeneity_through_the_oil_palm_lifecycle
https://onlinelibrary.wiley.com/doi/10.1002/ece3.5218?msockid=190cc353e6fd67d12a9cd1fbe7106613
https://onlinelibrary.wiley.com/doi/10.1002/ece3.5218?msockid=190cc353e6fd67d12a9cd1fbe7106613
https://onlinelibrary.wiley.com/doi/10.1111/btp.12320
https://www.researchgate.net/publication/341640355_Effects_of_Replanting_and_Retention_of_Mature_Oil_Palm_Riparian_Buffers_on_Ecosystem_Functioning_in_Oil_Palm_Plantations
https://www.researchgate.net/publication/341640355_Effects_of_Replanting_and_Retention_of_Mature_Oil_Palm_Riparian_Buffers_on_Ecosystem_Functioning_in_Oil_Palm_Plantations
https://www.nature.com/articles/502170d
https://www.sciencedirect.com/science/article/pii/S2351989423001488
https://www.sciencedirect.com/science/article/pii/S2351989423001488
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.13749
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.13749
https://www.sciencedirect.com/science/article/abs/pii/S0169534709001529

References

Include workers, communities and management

ANJ Group . Pendaki

Contribution of citizen science towards international biodiversity monitoring - ScienceDirect

Frontiers |_Improve Long-Term Biodiversity Management and Monitoring_on Certified Oil Palm Plantations in
Colombia by Centralizing_Efforts at the Sector Level

Involving_citizens in monitoring_the Kunming—Montreal Global Biodiversity Framework |_Nature Sustainability

Try new monitoring techniques

Existing_and emerging_uses of drones in restoration ecology - Robinson - 2022 - Methods in Ecology and
Evolution - Wiley Online Library

Drone audition for bioacoustic monitoring - Wang - 2023 - Methods in Ecology and Evolution - Wiley Online
Library

Biodiversity impact of RSPO certification — an assessment of good practices - Evidensia

What is soundscape ecology? An introduction and overview of an emerging_new science |_Landscape Ecology
Noninvasive Technologies for Primate Conservation in the 21st Century |_International Journal of Primatology.
Environmental DNA — An emerging tool in conservation for monitoring_past and present biodiversity -
ScienceDirect

Using_passive acoustic monitoring_to examine the impacts of ecological restoration on faunal biodiversity in the
Western Ghats - ScienceDirect

New Frontiers in Sustainability: Bioacoustic monitoring in the Colombian oil palm sector September 26th,
2018 Fedepalma XIX International Palm Oil Conference Paul Furumo, PhD University of Puerto Rico-Rio Piedras
PowerPoint Presentation

Selecting_umbrella species as mammal biodiversity indicators in tropical forest - ScienceDirect
(PDF)_Apgplication and Potential of Drone Technology in Oil Palm Plantation: Potential and Limitations

Meijaard & Sheil 2007 - conservation research.pdf

Ecology and Society: Ecological criteria and indicators for tropical forest landscapes: challenges in the search
for progress

The dilemma of green business in tropical forests: how to protect what it cannot identify

Wildlife research and management methods in the 21st century: Where do unmanned aircraft fit in2
Modelling_ Animal Biodiversity Using_Acoustic Monitoring_and Deep Learning_|_IEEE Conference Publication |.
IEEE Xplore

Removing_ Human Bottlenecks in Bird Classification Using Camera Trap Images and Deep Learning

Evaluating new technology for biodiversity monitoring: Are drone surveys biased? - Corcoran - 2021 - Ecology,
and Evolution - Wiley Online Library,

Video analysis for the detection of animals using_convolutional neural networks and consumer-grade drones
Drones |_Special Issue : Drones for Biodiversity Conservation and Ecological Monitoring

A global community-sourced assessment of the state of conservation technology,

Revolutionising Conventional Qil Palm Practices with Drone Technology — PALM OIL ENGINEERING BULLETIN

42

Scale up biodiversity policies and targets
https://rspo.org/wp-content/uploads/RSPO_ImpactReport_2024.pdf
Kunming-Montreal Global Biodiversity Framework

Frontiers |_Co-producing_a Research Agenda for Sustainable Palm Qil

Provide Incentives for Conservation Outside Protected Areas - Tropenbos Indonesia
The Impacts of Qil Palm on Recent Deforestation and Biodiversity Loss | PLOS ONE



https://www.anj-group.com/en/pendaki
https://www.anj-group.com/en/pendaki
https://www.sciencedirect.com/science/article/pii/S0006320716303639
https://www.frontiersin.org/journals/forests-and-global-change/articles/10.3389/ffgc.2019.00046/full
https://www.frontiersin.org/journals/forests-and-global-change/articles/10.3389/ffgc.2019.00046/full
https://www.nature.com/articles/s41893-024-01447-y
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/2041-210X.13912
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/2041-210X.13912
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/2041-210X.13912
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/2041-210X.14234
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/2041-210X.14234
https://www.evidensia.eco/resources/1223/
https://www.evidensia.eco/resources/1223/
https://link.springer.com/article/10.1007/s10980-011-9600-8
https://link.springer.com/article/10.1007/s10764-021-00245-z
https://link.springer.com/article/10.1007/s10764-021-00245-z
https://www.sciencedirect.com/science/article/pii/S0006320714004443
https://www.sciencedirect.com/science/article/pii/S0006320714004443
https://www.sciencedirect.com/science/article/pii/S0006320723001726
https://www.sciencedirect.com/science/article/pii/S0006320723001726
https://www.sciencedirect.com/science/article/pii/S0006320723001726
https://fedepalma.org/conferenciainternacional/wp-content/uploads/2022/10/new_frontiers_sustainability_PRFv2_compressed.pdf
https://www.sciencedirect.com/science/article/pii/S0006320724000727
https://www.sciencedirect.com/science/article/pii/S0006320724000727
https://www.researchgate.net/publication/363204421_Application_and_Potential_of_Drone_Technology_in_Oil_Palm_Plantation_Potential_and_Limitations
https://www2.cifor.org/mla/download/publication/Meijaard%20&%20Sheil%202007%20-%20conservation%20research.pdf
https://ecologyandsociety.org/vol9/iss1/art7/main.html
https://ecologyandsociety.org/vol9/iss1/art7/main.html
https://www.cifor-icraf.org/publications/pdf_files/articles/ASheil1201.pdf
https://www.cifor-icraf.org/publications/pdf_files/articles/ASheil1201.pdf
https://cdnsciencepub.com/doi/full/10.1139/juvs-2015-0021
https://ieeexplore.ieee.org/document/9534195
https://ieeexplore.ieee.org/document/9534195
https://www.mdpi.com/2072-4292/15/10/2638
https://onlinelibrary.wiley.com/doi/full/10.1002/ece3.7518?msockid=190cc353e6fd67d12a9cd1fbe7106613
https://onlinelibrary.wiley.com/doi/full/10.1002/ece3.7518?msockid=190cc353e6fd67d12a9cd1fbe7106613
https://cdnsciencepub.com/doi/10.1139/juvs-2020-0018
https://www.mdpi.com/journal/drones/special_issues/biodivers
https://conbio.onlinelibrary.wiley.com/doi/epdf/10.1111/cobi.13871
http://poeb.mpob.gov.my/revolutionising-conventional-oil-palm-practices-with-drone-technology/
https://www.cbd.int/gbf
https://www.frontiersin.org/journals/forests-and-global-change/articles/10.3389/ffgc.2019.00013/full
https://www.tropenbos-indonesia.org/news/376/provide+incentives+for+conservation+outside+protected+areas
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0159668

