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ABSTRACT

Rapid expansion of oil palm cultivation in Southeast Asia raises concerns about biodiversity conservation.
Moreover, rats are invasive pests in oil palm plantatioften@ausg substantial damagé Indonesia, rat

control is generally baseoh field treatment usingnticoagulant rodenticides and/or on reinforcement of
predation by barn owléTyto albg, by providing nest boxes within the plantation. Rodenticide use is costly

for the producer andan indiredly poisonnornttarget species such as rat predators. Thus, biological control

of rodent pestshould be promoted, both from a conservation and a ptiodugoints of view.Within the
assemblage of rat predators, small carnivores may contribute to rodent population regd@tiener
persistence of small carnivores within oil palm plantatidimsiy habitat use, their diet and their contribution

to roden controlhave been poorly investigated.

We conducted a-gearcomparative study20102012)in well-established oil palm plantations in Riau and
Bangka provinces, in Indonesia: in both areas barn owls have been successfully introduced, but in Riau rat
populatiors have beemaintained at an acceptable levathout the use of rodenticide fonore than 10

years, whereas in Bangka intensive rodenticide applicadiomot prevent high levebf rat damage

We comparedhese two contrasted systems in terrprafdators community (barn owls and small carnivores)
abundance and/or didtlsing a kilometric abundance index yielded from spotlight and faeces counts, we
found that small carnivores were much more abundant in Riau plantations than in Bangka, and that the
leopard cat Prionailurus bengalensjswas the dominant species in Riau and absent from Bangka. We
investigated the diet at community level and found no significant diffesendeequency of occurrence or

vol ume of smal/l ma mm aslofésmall tamivodes hetweemBangkanand Rime; hdweverc e
we found that the importance of vegetal food items in the diet of small carnivores wasigrBategkathan

in Riay thereby reflecting differences in predator commundynposition between both @® Moreover,
analyzing barn owls pellets content and number of eggs laid in nest boxes, we found that 1) the proportion of
rats in barn owls diet was slightly lessBangkathanin Riauand prey taken as food were more divense
Bangka 2) breeding seas was limited to one peak Bangkacomparatively to two peaka Riau thereby
probably leading to a lowest food requiremenBangka Broadly, our results suggested that rat prey intake
from the barn owl population and temallcarnivore community wdd be lessn Bangkaplantations thain

Riau To further investigate barn owl selective predation on rat poputatimndeveloped a model to assess

the relative age oRattus tiomanicugthe main barn owl prey in Riau pi@tions) from barn owl pellet
macroremains.

We also investigated spatial distribution of small carnivores within the oil palm habitat. We found no
attractive effect of forest habitat or oil palm edge for the leopard cat and the common palm civet
(Paradoxurus hermaphrodityswhich may be encountered deep within the oil palm habitat, whereas the
Malay civet(Vivera tangalungpawas always observed in the edge of the oil palm habitahetommunity

level, our analysis of faeces spatial distribution showed an attractivé efféorest and oil palm edge
habitats. Thkse results support the hypothesis that, although the oil palm habitat rhapitablefor some

wild small carnivore speciessuch as the leopard cat, where they supposedly forage at night, most species
still needforest habitat for theinsvival in oil palm landscapes.

Preypredators relationship in agricultural landscape is a complex issue. Broadly, our results suggest that
barn owls cannot regulate rodent population on their own, and that small carnivoreSlyphg an
important role, in the framework of a mudléictor hypothesisTo enhance small carnivores within oil palm
plantations, the producer should adapt agricultural practices (e.g. rodenticide use and understorey vegetation
management) and favor appriate laneuse such as retaining forest fragments within and surrounding the
plantation.

Keywords: oil palm plantation,rodent pest controlRattus predators,small carnivoresPrionailurus
bengalensisParadoxurus hermaphroditu¥ivera tangalungaArctogalidia trivirgata, Felis catusharn owl
(Tyto albg, abundancetdliet, spatial distribution



RESUME ETENDU EN FRANCAIS

La culture du palmier & huile a eu ces dernieres décennies une expansion spectaculaire, surtout en
Malaisie et en Indonésijedans ce dernier payes surfaces en palmiers ont atteint plus de 10

millions dohectares en 2 0daublement des sudaces suetpsr ® s e n
derniéres années (USBRAS, 2 01 5) . La demande en huile de p:
suite ° | 6augment ati on de | a popCotley,t2009.na c o n |
culture du palmier a huile est indéniablement un moteur de développement économique au niveau
national et localSusila, 2004 IFC, 201). Cependant coest aussi | 6u

pour la biodiversité eAsie du Sud Et (Wilcove and Koh, 2010 Son impact écologique dépend en
majeure partie de sa contribution & la déforestation, mais aussi de sa capacité a maintenir la
biodiversité associée au cours de son cycle d€éRiigherbertet al, 2008. Pour r®duire
des plantations de palmiers & huile Isuibiodiversité et favoriser leur intégration dans les équilibres
®col ogi ques | ocaux et r ®gi onaux, | 6adaptati c
territoire © |1 6®chelle de | 6exploitat iedtiéls, mai
favorisant ainsi la multifonctionnalité de ces paysages (production et conservation). Selon les
princip e s d eécologiea faworiset a bi odi versit® au sein de | ¢
aussi représenter un atout pour le producteufaurnissant deservices écosystémiques tel que la

lutte contre lesongeurs Les pullulations de rats peuvent provoquer des dégats importants dans les
palmeraiesavec des pertes deoductionpouvant atteindrd0 % (Wood and Chung, 2003La

lutte contreces pesteagricoleesse base eg ®n ®r a | sur | 6introdlytot i on
alba) dans | a pl antati on (avec mi s e " di spos
(anticoagulant). Les chouettes sont communément percues par les planteurs comme des éléments
essentiels de laitte intégrée contre les rats en palmeraieks ldtérature grise abondgur le sujet
Toutefois, le réle des chouettes dans le maintien de popudatemats a des niveaux de dégats

jugés acceptables demeure incertain ou du moins com(@dxaet al, 1995 Kan et al, 2019 ;

ainsi, certaines plantations ou les chouettes abondent depuis plusieurs années subissent encore de
dégats de rats conséquents. La plantation peut également abriter des petits carnivores, prédateurs
potentielseé r at s, qudi l sbagisse dobébesp c esonaileusat i v
bengalensis ou bien ddautres es pScottetsal, 2004Maddoxetale s et
2007). LO®col ogie de ces petits car gisse parexenple st
de | eur r®gi me ali mentair;e uonu gdea nlde wrh awntpi |didoska
explorerpor t ant dobaempactt ddwrd®vel oppement des
(déforestation, intoxication indirecte par ledicides, etc.) et par conséquent la persistance de ces
esp ces dans ce type de sudeyrsédegans lalatg conte des rats , e
en palmeraie. Il apparait ainsi nécessairecdmprendre dans quelle mesure le paysage et les
pratiques culturales impactent la structure trophique et spatiale des communautés de proies (rats) et
prédateurs (petits carnivores et chouettes) en plantation de palmier a huile.

Dans ce cadre, nous avons donc comparé sur trois ans-ZQ02P deux agroecosystemes
contrastés, représentés par deux palmeraiesidustrielles dans la province de Riau (Riau_1 et
Riau_2), sur | 67 | e etdleux dsitresndansriagpioge deBangké Bdngkk ] )

et Bangka_ 2), sur |l 1l e du m°me nom (11,910
introduites avec succes, et a Riau les dégats sont maintenus a un niveau acceptable sans usage c
raticide depui s amun®meosi,nst aimdei sdiqguad 'neBagk a | ¢

dégats de rats plus élevés et les raticides sont utilisés de maniére intensive depuis de nombreuses

iv



annees. La question centrale qui a guidé notre recherche est celle des facteurs pouvant contribuer
aux différences observées de niveau de dégats de rats, et donc de niveau de populations de rats
entre les deux agroécosystéemes, Riausus Bangka. La ressource alimentaire ainsi que la
prédation sont en général les deux facteurs principaux influencdyndaique des populans de
rongeurs(Krebs, 2013 Dans le cadre de cette étude, aprés avoir suggéré que la ressource
alimentairen 6 ® t paidri pas an facteur discriminadans notre contexte, nous nous sommes donc
focali s®s sur l e facteur pr ®d apredabiangslimgaiion s a n t
selon laquelle les densités maximum de rongeurs sont observées dans leslémpitetpauvres

en prédateurgKrebs, 2013 Notre premier objectif est ain
chouettes et petits carnivores (Felidae, Viveridae, Herpestidae, etc.), dans ces plantations,

nota mme nt l eur abondance et l eur r ®gi me al i m
prédateurs sont plus abondants (et plus diversifiés en ce qui concerne la communauté de petits
carnivores) dans les plantations de Riau congs@r€elles de Bangka, et~ Ri au | a par
dans | eur r®gime alimentaire est plus i mporta
| 6i mpact des pr®dateurs sur | a dynamique de i
entre autres, de laréponse fonccnnel I e et num®ri que des pr ®dat

prélevées (qui peut avoir des répercutions sur la structure de la communauté de proie et donc sa
dynamique de population), ainsi que de la capacité de recrutement de la populationesle proi
(Holling, 1959 Dickmanet al, 1991 Korpimaki and Krebs, 1996ervasiet al, 2019. Toutefois,

S i ces pr®dictions sbav rent exactes, cela a
laguelle les prédateurs contribueraient de maniére plus significative a la lutte intégrée contre les rats
dans les plantations de Riau comparativaynerdans celles dgangka.

Par aill eur s, nous avons ®gal ement pour obj ¢
carnivores au sein de la plantation. Notre hypothése est que les petits carnivores pes son
distribués uniformémenau sei n de | éehgabe tlad u tpiallinseataiicen de
fonction des taxons: |l es petits carnivores sz
forestiers et de | a banduseqde | ébalkihmats palmi
plutdt a proximité des implantations humaines.

Dans um premige partie nous avons analysé les niveaux de dégats de rongeurs dans chaque
pl antation afin de soden ser vionsderatsnooafirmant dinsic at e
une plus grande abondance de rats a Bangka par rapport a Riau. Nous avons aussi caractérisé le
agroecosystéemes (paysages, environnement, pratiques, communautés de micromammiferes) afin de
mettre en évidence leurs différené®ntuellepouvant influencer les relations projesedateurs.

Les pratiques culturales (hormis | b6usage des
de chaque plantation sont relati vemendgjeuses mil a
(et donc une canop®e plus basse), ainsi guodoun
de |l a plantation de Riau_2. Ces derni res car

Riau_1, pourraient influencer la distriboti des petits carnivores au sein de ces deux plantations.

La production de fruits (en tant que ressource alimentaire des rats) et le couvert végétal (en tant que
micro-habitat a la fois des rats et des petits carnivores) étant comparables dans les quatre
plantations, ce ne sormat priori pas des facteurs pouvant expliquerdifférence deniveaux de
populations de rats entBangka et RiauLa richesse spécifique des micromammiféres (estimée par
piégeage) au sein des plantations est trés pauvre, compatélsiteds environnants, méme en
p®r i ph®ri e de plantations (cline abrupt dodesp

Rattus tiomanicys t andi s qud~ B danaggumaqui est relatisedentgtolérant de



coumatretalyl, anticoagaiht utilisé a BangkdAndru et al, 2013. Cette tolérance pourrait, du

moins en partie, expliquer les hauts niveaux de populations de rats sur les plantations de Bangka.

Le contexte paysager régional a été décrit a partir de la littérature et des cartes existantes, mais pour
plus de pr®cision nous avons cartographi ® 120
apparu que le contexte paysager régional et intra pilamtaétait différent suivant les régions
(BangkaversusRiau) et également entre les plantations a Riau. A Riau, dans et autour des
plantations, le paysage est trés homogene, avec une large dominance de plantations de palmiers ¢
huile, qui couvrent plus d80% du territoire cartographié. Cela refléte la situation au niveau
régional, puisque Riau est la province ou les palmeraies couvrent la plus grande partie de la surface
(BPS, 2014 ; toutefois, dans la province de Riau, on retrouve encore de grands massifs forestiers
intacts, potentiels refuges de fauiryu et al, 2009. A Bangka par contre, les environs des deux
plantations, qui refletent le contexte régional, représentent un paysage beplusodpversifié
(cultures vivri res mi Xt es, mi nes ddé®t ai ns,
forestiers ou assimilés, tels les agroforéts complexes a hévéa. Méme au sein des deux plantations &
Bangka, il existe plusieurs petites enclagie8 h ashiorestiars ou assimilgsine vingtaine au total,
représentant chacune 4 ha en moyeraie)s que sur les plantations de Riau, la seule enclave non
cultivée est une zone de conservation de 112 ha constituée essentiellement de marécagest, au sud
de Riau_1. Comparé a Riau_1, Riau_2 a un paysage environnant plus diversifié, mais aucune
enclave non cultiv®e ne subsiste en son sein
5 ha au noreest).

En ce qui concerne les chouettes, nousisxanmparé leur abondance entre plantations de maniere

indirecte, via |l e relev® de | a pr®sence/ absen
de trois ans. Nos r®sultats sugg rent que | es
Bangka. Nous avons ®gal ement explor® | e r®gin
macrorestes dans | es pelotes r®colt®s dans |
pel otes anal ys®es) . M° me uségimel akrentaireade & chouettesur i t u
chacune des plantations (>90%), il apparait toutefois des différences entre régiproportion de

rats dans | es macrorestes est un peu moindre

a Bangka ficluant également des reptiles et des batraciens, en sus des insectes et oiseaux comme
sur les plantations de Riau). Par ailleurs, a partir de données préalablement récoltées par les
gestionnaires des plantations, nous avons calculé le nombre moyen ndengeleites par nichoirs
(pour | 6ensemble des nichoirs), sur deux annge
qgui nous a apporté des informations sur la saison de reproduction des chouettes, et donc sur leur
besoins alimentaires puisque eissn de reproduction les chouettes consomment beaucoup plus de
proies (Lenton, 1984 Small, 1990. Ces anal yses ont r ev el ® | |
reproduction sur les plantations de Riau, ce qui est communément relevé dédtérakare
(concernant | es pal me neaeatrage) wo sew picdde eprogluctiprce Ban g
r®sul tat sugg re par ailleurs un i mpact poten
indirecte des chouettes). Ces deuxetymle résultats (différences de régimes alimentaires et de
besoins alimentaires) vont dans le sens de notre prédiction de départ selon laquelle la prédation sur
|l es rats par |l es chouettes serait moi ndr,e ° |
une ®ventuelle s®l ection de pr®dation en fonc
dynamique des populations de ces derniers. Nous avons donc développé un modele statistique afin
doestimer, ° partir depelnatcasorked esh awedtrtoausy,®s
| 6 e s Rattusetiomanicus,majoritairement consommés par les chouettes sur Riau_1. La
comparaison de | a structure do©ge relatif des

Vi



disponibles surlesie per mettra dans | e futur doéidenti f|
chouette suRattus tiomanicus Riau_1. Une démarche similaire pourrait étre effectuée sur les
autres sites.

En ce qui concerne les petits carnivores, nous avons estimgmgia leur abondance entre

pl antations gr©ce ~ des indices kilom®trique:
lorsdecomptag;noct urnes ° bord déun v®hicule dobéune
faeces le long de transeqigdestres sur les routes de la plantation. Les observations issues des
faeces nous ont apport® de | 6information ~ |0
di scriminer l es diff®rents taxons, bkdomsdéess qu
comptages nocturnes, nous apportant ai nsi de
communaut ® petits carnivores dans | es plantat

beaucoup moins abondants sur les plantatdm$Bangka que sur ceflale Riau: les indices
kilométriques issus des comptages nocturnes sont deux fois moins élevés a Bangka, et ceux issus
des comptages de faeces dix fois moins. De plus, a Riau, la communauté est plus diversifiée et
comprend une graed abondance de chat | ®opar d, qui ,
essentiekment deats lorsque ces derniers sont disponibles en abon@ag@atnanet al, 2007

Lorica and Heaney, 20).3Par contre, a Bangka, leschat | ®opar ds et doéune m
Felidae sauvages sont absents, et parmi les petits carnivores sauvages, la civette palmiste commune
une espece essentiellement frugivore, est dominante. Les autres espéces sauvages observées sur |
plantations, mia beaucoup plus rarement, sont la civette mal&dse a tangalungget la civette a

petites dentsArctogalidia trivirgata) ; " notre connai ssance, i s a
r®pertori ®e de civette 7 perelestegpécestaumayes, led chats |
domestiques sont également relativement abondants dans les palmeraies, notamment a Bangka. Nos
r®sul tats montrent une corr ® ation n®gative ¢
petits carnivoresdans leplantations ou les petits carnivores, et notamment les chats |égpatd
abondants, les dégats de rats sont moindres, tandis que dans les plantations ou les petits carnivore:
sont moins abondants, et notamment ou les chats Iéopards sont absentétdedededs sont plus

éleves.

Le r®gime alimentaire des petits carnivores
des macrorestes dans | es faeces r®colt®s | or:
des micromammiferes danste®gi me al i mentaire des petits c
dans les faeces allant de 41.7% a 81.2%), et nous ne détectons pas de difsigaifmatives
entre | es r®gions ni entre | es plantatiens e
| 6ensembl e des faeces. (! est ° noter toutefo
l e tr s faible nombre doé®chantillons anal ys¢
| 6i mportance dans | e r®grmepdpt | hesatv®g®t aax
| 6herbey haegan® mpa ~ B a cetiekcatégayial dlifnent&re ardve en téte a

Bangka_ 1 en t er me de fr®quence déoccurrence
micromammiferes. Ces résultats relatifs régime de la communauté de petits carnivores semblent
refléter la composition de cette méme communauté au sein de chaque plantation, et ne contredisent
pas notre prédiction de départ selon laquelle la prédation sur les rats par les petits carnaibres ser
moi ndre © Bangka qudéd” Ri au.

Les observations réalisées lorssammptagse nocturnes ou des comptages de faeces nous ont
®gal ement permis doéexplorer | a distribution ¢
dans | 6habitat pal mer ai e. Nous avons dobéune pe:
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doaptare anal ys® | dattractivit® de certains he

i mpl antations humaines (via | 6analyse des di s
et ceci ) | 6®chell e de | a sgammucnta®Ritta® tetp osBI ¢
nocturnes). Pour le chat |éopard et la civette palmiste, nos analyses ne permettent pas de détectel
une attractivit® significative de | O0habitat
espéces peuvent étoeb s er v®es rel ati vement l oin © 1 06int®
bordure de | d6habitat pal mer ai e) . Pour l a civ

débobservations est trop faibl e isdasta mbtersquean al
| 6ensembl e des observations de <civette mal ai
| 6habitat pal merai e. En ce qui concerne | es ¢
des implantations humaines, mais umiouent sur les plantations de Riau. Nos résultats indiquent
donc une wutilisation de | 6habitat diff ®rente
confirment les quelques rares étudagerieures ur | 6ut i | i sat i oncardveresl 6 h at
dans les palmeraig¢Rajaratnanet al, 2007 Nakashimeet al, 2013 Azharet al, 2014a Jennings

etal, 2013.A | 6®chell e de | a communaut ®, nos r ®su
forestier uni quement pour |l es comptages de f
issus des comptages de faeces (qui refletent a la fois les activités @unuesurnes) avec ceux

i ssus des comptages nocturnes, semble confir
largement utilisé la nuit par certains petits carnivores comme le chat |éopard et la civette palmiste,
qui y trouvent une abondante resseurc al i ment ai r e, et , ddébautre
fragments forestiers dans et autour des palmeraies est un élément essentiel au maintien des petit:
carnivores au sein de ces paysages.

Pour concl ur e, d,hwrse rM@anil tdarcesa B néG@medalideanibaoendes
pr®dateur s, chouettes et petits car npredaione s, Y
aslimitation », et suggerent une contribution potentiellement non négligeable des petits carnivores
dans la lutte contrkes rats en palmeraies, et notamment du chat |éopard, qui peut étre relativement
abondant dans ce type dohabitat. 1 sembl e ¢
prédation de ce petit carnivore sur les rats en palmeraies. Nous estimorsstautefla régulation

des rats en pal meraie tient plut®t dobéun cort

aill eur s, |l a pr®dation ndest en g®n®r al guodu
population des proies, et, dans nasx d 6 ®t ud e, m° me S coest un
n®cessaire, el |l e nodetbs, 2a1R s Ad onustie ppaas esxuefnfpil s
| 6usage des ratici des, soit directement sur
(intoxication indirecte des prédateurs) devrait &relysé Pour cela, et afin également de

confirmer et pr®ciser nos r®sultats, iesratse mbl
sur nos s,itesl adofediudesur | e court et |l e |l ong
suggéréede hat | ®opard dans |l a |lutte contre | es r
caract®riser | O6utilisation de | 6habitat de ce
a huile dominent le chat Iéopard pedit | sur vi v atgalnterie su bierbetdépendant

des fragments forestiers ou dbéautres types dbo

Mots clés plantationde palmier a huilelutte contre les rongeurf}attus prédateurs petits

carnivores, Prionailurus bengalensjs Paradoxurus hermaphroditus Vivera tangalunga,
Arctogalidia trivirgata, Felis catus,chouettes(Tyto albg, abondance, régime alimentaire
distributionspatiale
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I. GENERAL INTRODUCTION

Oi | palm is one of the worlddés most rapidly e
role in the economic development of some tropical countrieglsd represents a big threat to
biodiversity, especiéy in Southeast Asia, a hotsgdot biodiversity.

Intensification of production in oil palm plantation could potentially reduce the pressure on land
from new development. However, wildlifeendly maragement practices can and shouldhgod

in hand with yield enhancement, notably through the optimization of the functional value of
biodiversity. For example, enhancing natural enemies of rats, invasive sphaibscause a lot of
damageto oil palm plartations, could have benedifor the control of this pest. Rodent population
regulation and prepredator interactions in agricultural landscape have been anatyasily in
temperateor polar environments. According trebs (2013) in the framework of a multifactor
hypothesis, the predati-aslimitation hypothesis, which states that snraient maximum density
should belower in predatorich habitatsis generally accepted for many taxa.

Barn owls Tyto albajavanica Gmeling and small carnivores are twmotentially important rat
predators. There is an abundant grey literature on barn owls in oil palm plastadith
enhancement of barn owl populatswithin oil palm plantatiorfor rat controlis widely practiced in
Southeast Asidn contrast, small carnivorgersistence in oppalm landscape and their potential role

in rodent pest control are poorly studied.

In this study, we compare two contiagta gr oec osy st ems, otdanageiatdimo i a c
rodenticide useand the othewith high rat damage (and presumalahigher rat population) and
intensive use of rodenticide; barn owls being present at similar populatios ilevmEth systems.

We investigated which assumptions could be made to explainagiitfierencein rat abundanca

both agroecosystemsyith respect tothe small mammalcommunity, agricultural practices,
landscape characteristicand the predatocommunity. We focused our research on the predator
hypothesis, and notably on tlsenall carnivore communifyby exploring its abundance, diversity

and diet. Inaddition, we assessed the food intake of barn owls, given that it may also have an impact
on rat population dynamscOur main hypothesis is that the success of rodent contal palm
plantations might be explained not only by barn owl predation tn batratherby an assemblage

of predatos of which small carnivores play an important role.

It is generally assumed thindscape configuratiocan change predator comnityncomposition,

thus the waythe predator communjtimpacs rodent small mammal populatioriBherefore, inthe

second part of the study, we investigated the spatial distribution of small carnivores within oil palm
plantations and its correlation to habitat.

We hope our results will contribute to increase the kadge about small carnivores in oil palm
landscapes and their potential for rodent pest control, in a view to enhance biodiversity in oil palm
plantations in a wikwin strategy for both production and conservation.



I.1. OIL PALM EXPANSION AND IMPACT ON BIODIVERSITY

.L1.1.Oilpalmexpansi on, Agood f or
[.1.1.a. Production, consumption and land use

The oil palm Elaeis guineensislacq) is a monocotyledon belonging to the Arecacea family.
Although it is considered as a perennial crop and can grow to over 20 m high, it is not a tree but
rather a giant gragdacquemard, 20).1

The oil palm fruit contains two oils of different composition: fruitgoprovides palm oil, and the oll

palm almonds provide kernel oil; the palm oil is the main product, and the kernel oil isdrease

total yield by about 10%Rival and Levang, 2014 These oils are widely used in the afgod
industry (80%), adochemicals (19%) and biodiesel (1@)mont, 201).

Oi | pal m ifith most mpidly expanding srdgPhalaret al, 2013, and within25 years,

the total plantation area of oil palm has legh reaching a global estimaté over 15million ha in
2010(Gilbert, 2012.

The mainpalm oil producing countries are Malaysia amtlonesia (Figurel). In 20132014,
Indonesia accouatl for more than halbf supplies, and the area of oil palm plantations reached a
total of 10.3 million ha, almost doubling within 10 years (Fig2iréMinistry of Agriculture, 2013
USDA-FAS, 2015b a). Oil palm development in Indonesia is mainly located in twgians:
Sumatra and KalimantarFigure2) (Gunare et al, 2013.
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Figure 2: Major palmoil producing(tons of palm oil) - Figyre 3: Oil palm plantation expansidn the three major oil
countries ir20132014(Source: USDAFAS, 201%) palm regions of Indonesia (Sourc&unarscet al, 2013)

Oil palm accourgfor about 4%of the total land area planted for-pitoducingcrops, but it produces
more than 3% of all vegetable oils in the worldMeijaard, 2014 Oil palm cultivation is one of the
most profitable land uses in the humid trop{&ayeret al, 2019. Palm oil has undeniable
advantages copared to others vegetable oils: Hes the lowest production cosfsand it has

! consideringhe period from 1999 to 2008.

2 Kalimantan is the Indonesian part of Borneo island.

3 By theendof 2014, palm oil was valued as the vegetable oil with the lowest production costs by the international
commodity marke(Barceloset al, 2015.



exceptional yieldreaching a global average of 3.8 tonnes per hectare (about 4t/ha if considering
also palm kernel oil), that is about six ten times more than otheregetible oils (Figure3);
moreoverit can replace most other vegetable oils and has a very wide range of usestiased
previously(Rival and Levang, 2034
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Figure 4: QOil yield (t/hayear) of the main oil producing crops (Source: Rival and Levang, 2014)

Oil palm consumption isnainly driven by the countries in the South (Indi&Z.9%; Indonesia:
19.26; China:12.3%); European and United States consumption account$4iG¥% and?2.6%
respectivel(USDA-FAS, 2015h.

Global demand for oil palm is predicted to double by 20G6rley, 2009, due to demographic
growth and increase in the standafdiving in emerging countries. Consequently, the area under oil
palm cultivation is expected to increase further. Projectafnsil palm expansiorfor Indonesa
rangefrom 8 to 14 million hectaresdepending on scenari@darriset al, 2013.

Within the oil palm industry, twdroad types of lantations and management systems may be
distinguished (Colchesteret al, 2008 McCarthy et al, 2012: industrial plantations, also called
industrial estates, and smallheldplantations, also called smallholdings. Industrial plantations are
large commercial estates owned by eithévgte companies (on state landder long term leases)

or government. Smallholdings are usually owned by family based enterprises but mayagedna
either in association with an oil palm company private or state owned (supported smallholdings, also
called scheme smallholdings, or plasma in a nucleus estate Stheniedependently by the farmer
(independent smallholders).

In Indonesia, indstrial plantations cover on average 5@WDO ha in size (a minimum of 4,000 ha

of oil palm being needed to supply a single oil palm mill), but they may be as large as 20,000 or
40,000 ha(Casson, 1999Lee et al, 20143. They are intensively managed, and the oil palm is
generally the only crop cultivated. In contrastafiholdings are muclsmaller on averaget 2 ha

*In reality, a diversity of systems does exist, from entrepreneurial agriculture to family agridviamzén et al. (2015)

proposed a typology including the mplitity of forms of smallholdeplantations, as a composite catagthat includes

family farms, family business farms and managerial farms.

®Nucl eus estate scheme is a system in which part of the
owned or private company, while another partis allatatse o s mal | hol der s as #dApl asma ( s:
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but they may range up to %Ba (Vermeulen and Goad, 200B8audoinet al, 2014, and when
independently managed, they massociate oil palms witbther crops, notablwhen the palms are
young(Cheyns and Rafflegea005.

Approximately 60% of Indonesi@ s oi | palm plantations ar e
smallholdings about half are schems (Colchesteet al, 2011J).

1.1.1.b. Driver of developmentor curse?

On one hand, oil palrproduction plag an important role in the economic development of some
tropical countries: inndonesiait accounts for 46% of agricultural exports and bsiimg18,3 billion

US$ of foreign exchangé~AO, 2015; it may offer a route out of poverty f@omesmaltscale
farmers, and is seen as a real driver of developnasnit generates substantial social benefits,
including improved infrastructure, wealth and job creation for ma@gple (Susila, 2004 IFC,

2011 World Growth, 2011Edwards, 201p According toMurphy (2014) in Indonesia, 25 million
people livelihood depend one way or another on oil palm production. But palm oil may also be an
instrument of impoverishment and threatlealivelihood of indigenougpeople,with land conflicts

and serious human rights abuses being widesp{@atthesteret al, 2006 Mingorance, 2006
Colchester, 2011

It is thusa complex issueand the oil palm controversy needs to move beyond a simple polarity
between those two advocaciheil et al, 2009 Feintrenieet al, 201Q McCarthy, 2010 Rist et

al., 201Q Sayeret al, 2012 Obidzinskiet al, 2014 Rival and Levang, 2034 similarly as for
biodiversity conservation issu@soh et al, 2010.

[.1.1.c.One of the main issue: deforestation

Palm oil production alsoraises many environmentalconceris, such as water pollution hill
effluent discharge or leaching of nutrients from agrochemicals inputs, green haisenigaions

from deforestation or peatland conversion, biodiversity losses from deforestation or agricultural
practices, etq{Proforest, 2003Fitzherbertet al, 2008 Comteet al, 2012 Obidzinskiet al, 2012
Savilaakscet al, 2014. Health consequences of palm oil consumptima also questiong@FFAS,

2012 Rival and Levang, 2034But oneof the main issugof oil palm expansion in Southst Asia

is undeniablydeforestatiofWWF, 2002 2003 Boucheret al, 2011 Greenpeace, 201Koh et al,

2011.

Globally, Indonesia exhilstthe largest increase in forest cover I@dansenret al, 20130 with an

annual loss rate of respectively 1.15 Mha (0.98%) in the 1990s and 0.82 Mha (0.76%) in the 2000s
(Stibig et al, 2019.

In Sumatra, the forest cover was reduced from 58% in 1985 to 29 % ir0AGW0@ired), the forest

was thus cleared at an average annual rate of 542,000 ha (RIdé)et al, 2010. In the period
20002010, Miettinen et al. (2012) reported an annual rate of %7 Riau provincehas lost more

than 4 million ha of forest (65%) in the period 198107. By comparisonBangkaBelitung Island

lost approximately 294,600 hectares of forest from122W012, representing about 17.5% of its land
area(Global Forest Watch, 2013

® As defined by the Rountable on Sustainable Palm Oil, smallholders are family based enterprises producihg palm
from less than 50 ha of land.



Accordingto Koh and Wilcove (2008)during the period 1990005, at least 55% of plantation
expansion in Indonesia and Malaysia occurred at the expense of forests. A rece(Alstadiet

al., 2015 found that oil palm plantations accounted fess than 3% a 1 W bfdorest loss in
Indonesia between 2000 and 2010, and thatas ranked third in terms of deforestation in
Indonesia, after fiber plantatisand logging concessions which accounted for the largest forest loss
(41.9 Mha and a1.8 Mha respectively).

In Riau province the total forest lossn the period 1982007, 29% was cleared for oil palm
plantation(Uryu et al, 2008. Over a longer period, between 1988da2010, oil palm plantation
accounedfor 44% of the total foregbss(Susanti and Burgers, 2012

- Natural forest remaining
B tatural forest loss since 1985
No natural forest in 1985

2008/2009

Figure 5: Natural forest cover in Sumati@ 1985 and 200%ased on interpretation of Landsat satellite imagesal
photography (only for 1985) and WCS digital déBaurce: Laumoniegt al, 201Q)

Whatever the scenarios considered (moratorium on peat or on high carbone stock forest, yield
improvements, preferential expansion on available degraded $amalJholder or agroindustrie
development modektc.) (Koh and Ghazoul, 201@arlsonet al, 2012 Harriset al, 2013 Lee et

al., 2014h, expansion of oil palm cultivation in Southeast Asia is expected to incgeasty, as
discussed previously, and withus continue to raiseenvironmental concernsnotably about
deforestation antdiodiversity conservatian

1.1.2. Impact on biodiversity

Due to its biological requirementsil palm is mainly grown in the equatorial tropiqgurner and
Gillbanks, 2003 where most biodiversity hotspots oocuSundaland is considered tap
biodiversity hotspot because it features an exceptional concentration of endemic species and
experiences very high loss of habifityers et al, 200Q Brookset al, 2002 Sodhiet al, 201Q
Mittermeieret al, 2011 Corlett, 2014. Oil palmthus epresents a major threat to biodiversity by
driving forest clearance those areafKoh and Wilcove, 2008Vilcove and Koh, 201,0Vilcove et

al., 2013.
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Figure 6: Global distribution of oil palm and potential conflietéth biodiversity (a) areas of highest terrestrial
vertebrate endemism (ecoregions with 25 or more endemics are shown): (b) global distribution of oil palm cultivation
(harvested area as percentage of country area); (c) agriculturally suitable ardgsafar @with and without forest);

and (d) oil palmharvested area in Southeast ASaurce Fitzherbertet al.,2008)

In reaction to oil palm expansiotihe number of publications related to oil palm and biodiversity has
increasd exponentially in theéast decade, though relatively few data existed ten yearfagyald,
2004 Fitzherbertet al, 2008 Turneret al, 2009. However, the growth of publications is markedly
slower compared to research linked to technologies a@ingalm processing waste/Aproducts
valorization(Hansenet al, 2019, and most researdimked to biodiversityfocused on insgs aml

on birds(Hansenet al, 2015. Among the fewpublications dealing with the impact of oil palm
production on mammals, almost all focused on large flagship species such as sleplant
orangutars (Hanseret al, 2019. Moreover,during asearchusng Web site literature database (Web
of Science) ananinternet search engine (Google scholar),fatend lesghan 10 published reports
or articles and short communicat®mublished in peereviewed journals more specifically
interested in small carnivores within oil palm landscq@esttet al, 2004 Rajaratnanet al, 2007
Nakashimeet al, 2013 Rosset al, 2013 Silmi et al, 2013h Gumalet al, 2014 Jenning<et al,
2015, among others dealing on mammals in gen@vielddoxet al, 2007 Wahyudi and Stuebing,
2013 Azhar et al, 2014a Bernardet al, 2014. Basically, very little is known about small
carnivores within oil palnlandscapes (see sectio®.3.).

I.1.2.a. About conversion ofnatural or semi-natural habitat to oil palm plantation

As pointed out byFitzherbertet al. (2008) the ecological impact of oil palm depends crucially on
the extent to which its expansion causes deforestation. Convéssminpalm of otherland cover
types such as pasture, may have only limited impact odivéosity (Gilroy et al,, 2015, but a great
impact occurs when the previous land cover was forest.
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Oil palm is often reported as the major contributor to tofeymentation thereby impacting on
ecological connectivity which is strategic for conservat{ghlty et al, 2006 Abdullah and
Nakagoshi, 2007/Reza and Abdullah, 2010

In addition, nany studiehavedemonstrated the negative impact of conversion ot@étirest to oil
palm plantation for most species animal assemblagem terms of their diversity and species
composition as summarized biyosteret al. (2011)in Figure6. For a synthesiabout effects of oil
palm cultivation on biodiversity, seeitzherbertet al. (2008) Turneret al. (2011) Fosteret al.
(2011)andSavilaakseet al.(2014)
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Figure 7: The impacts of converting primary rainforest into an oil palm plantation on the abundance and species
richness of different taxa. Arrow tails denote primary forest communities and arrow head oil palm communities. More
details on data sources may be fouméaoster et al., 2011 (Source: Fosteal, 2011).

Not all species decline following forest conversion to plantation, some species may tlineeiln

palm habitat thanks tan increase in food resourge@nd/or loss of predators and competitors.
However, as reported bjuskin and Potts (2011Yhough curent research does indicate that oil

palm plantations can sustain high abundances and a diverse array of species, these assemblages a
distinct from those in natural forests and lack most native spadieeover, as emphasized by
(Fitzherbertet al,, 2008, plantation assemblagasedominated by a few abundant generalists}n

forest species and invasive pests such ag\Waved, 1984 or wild boar(Koh and Gan, 2097 The
establishment of oil palm plantations has also meed the abundance of snakes such as cabdas
pythons(Shineet al, 1999h Shineet al, 1999a.

In response tachange in species diversity and composition following conversion from rainforest to
oil palm plantationsecosystems functioning may be significantly altered within oil palm habitat

" An assemblage is usually defined as a taxonomicalgted group that occurs in the same geographic(Rieklefts
and Miller, 2000. However, this term may aldze used for a group of taxa that are not specifically phylogenetically
related, but rather geographi cal loypalmplanfatoeso sy st emi cal | vy
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(Fosteret al, 2011 Turner et al, 201). However, sudying trophic interactions between ant
populations and their prelonopik et al.(2014)found that predateprey interactions can be mostly
maintained in oil palm plantations despite significant changes reported in the community
composition of potential prey, and they suggest that predators are capable of exploiting new prey
sources in noal ecosystems.

1.1.2.b. About the biodiversity value of existing plantations

Though the greater impact on biodiversity might definitely occtimeplantingstage, depending on
the previous land cover and the scale of the plantation, the ecologicat imhalcpalm plantation
also depends on the extent to which it is able to support biodiveasitly ecological services
(Fitzherbertet al, 2008 Fosteret al, 201J).

Biodiversity in agricultural landscapes is strongly influenced by compositional and structural
landscape heterogeneitiye. the numbeand proportion of different cover types and their spatial
arrangemen{Burel and Baudry, 20Q3ahrig et al, 201). The farming or management system
itself, and the diersity of agricultural practices should be takemoiconsideration(Cawsey and
Freudenberger, 2008urel et al, 2013a. In tree plantations, stand structural complexity, including
undestorey and windrow composition, was shown to be of importance for faimdenmayer and
Hobbs, 2004Ramirez and Simonetti021).

Therefae, we assume thdte biodiversity values dil palm plantationamaydepend on

- stand ageimmatureversusmature, height and canopy closure

- management practices adopted on dijeropping systenfe.g.monospecifioversusagroforestry,

2) planting materialwhich influence notably canopy closure), &gricultural practiceswindrow
spatial arrangements and composition (e.g. persistent land clearing or pruning repiehtesjle
and herbicide usage, drainage, cover crop; etc

- the landcape context of the plantatiqe.g. scale of the plantatioremnant of natural or semi
natural habitat patches within the plantatiggresence of nearby forestsithin or in areas
surroundinghe plantationetc.)

A sample of diverse situations is iltstedin Figure7.

Compaed to studies comparing species richness and abundance of various animal taxa between
forestand oil palm plantations, little is knowaboutthe effect of differenbil palm production
systemge.g. smallholdingsersusindustrial plantationsand management practices on biodiversity

and ecosystem functioiiosteret al, 2011 Savilaakscet al, 2014.

As poinked out by Foster et al.,, 2011, dramatic losséspecies are almost certainly due to the
simplification of habitat that occurs when a forest is converted to oil gabheed, compared to

forest habitat, oil palm plantations are characterized by a rather low structural habitat complexity:
uniform standage and canopy height, and low ground layer vegetation ¢buskin and Potts,

2011, Teuscheret al, 2015. Althoughoil palm plantationswill never reach the complexity of an
undisturbed ofighlty disturbed rainforesthabitat features change throughout the plantation life
cycle: when oil palm grows, the habitaicreasesn comgexity, creating a more heterogeneous
habitat through timglLuskin and Btts, 201). Indeed compaed to young plantations, older
plantations possess habitat features such as a more dense and complex understorey (above groun
structural and species complexity) and closed canopy which may provide cover and sugjifert
movement thereby being more hospitable for fauna, notably mammals, than young plantations
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(Burel and Baudry, 2003ilty et al, 2006 Ramirez andSimonetti, 201} Agricultural practices

such as management of groulagter vegetation coverand epiphyte persistence on oil palmd

also influence habitat complexity and therefore biodiverslgjera and Simonetti (2013nalyzing

results in 14 countries, have shown that the removal of the understorey vegetation in oil palm
plantationsreduces bird richness and abundance. Resulkobf(2008b) in Borneo, also suggest

that ground cover percentage and composition in oil palm habitat was the most impodiatangre

of species richness for butterfly and birdghar et al. (2013b)demonstratedhat, for birds, each
foraging guild exhibited unique responses to different stewel attributes such as stand age,
vegetation cover, epiphyte persistence and canopy cover in Malaysian oil palm plantations.

Habitat and landscape complexity might aldiffer among management regisnand cropping
systens. Smalholding management systerare expected to be more compatible with conservation
interests than large areas of oil palm plantation exploited by theradwstry. Indeedgomplexity at
habitat and dndscape scalkas beershown to be more favorable to biodivers{Bentonet al,

2003 Lindenmayerand Hobbs, 20Q4Fosteret al, 201]), andsmallholdings usually represent a
more diverse matrix of oil palm interspersed with other habitats, such as forest remnants, while
industrial plantationsmay cover several thousand hectaresraform oil palm habitatwith few or

no patches of othevegetation typge Moreover, smallholders may practioeop association or
polyculture while industrial plantations are usually oil palm monocultbi@vever the differences
betweenindustrial plantatioeand smallholdingsystems largely depends on the type/characteristics
of the smallholdings, whiclare very diverse anthay vay among and within regionsn IRiau
provincefor example(in the centeof Sumatra), where some of our study saes locatedmany
smallhodings are managed by or in association with the agroindustry goveenementand
biophysi@l characteristicgstructural habitat complexityf smallholdings are quite similar to those

of the industrial plantations.

We found only very few studies addressing how different oil palm production systems affect
biodiversity, and they almost all focused on birdccording to Azhar et al (2011 20138,
industrial estates and smallholdings supported similar bird assemblages, but theufgitet s
significantly more species, notably more forest species, saallholdings supported a higher
foraging guild diversity than industrial estates. Comparthg effecs of monoculture (i.e.
monospecific plantation)ersus those of polyculturepracticesin oil palm smallholdings in
Peninsular Malaysiaizhar et al. (2014b) found that bird abundance was significantly greater in
polyculture, but that the opposite was true for species richness as well as for abundance of
insectivores and frugivores. Only one stuas focussedn forest mammls, and reported more
carnivores gecies in smallholdings tham industrial plantatioa(Azharet al, 20144.

For industrial plantatiosy given that ib palm is along term pluriannual cropyith no crop rotation,

and that replaning occurs about every 25 yearghere isgenerally no issue such as habitat
complementation and/or supplementation in space and time daertip mosaicso called the
Ahidden h e byeViassapren a. i(2018)0 However, landscape heterogeneity may be
measured considering n@nopped areasersuscrop areas(Burel and Baudry, 2003Indeed, oil

palm plantations, dier smallholding or indstrial, may retainforest fragments or seriatural
vegetation patches within their boundaries, thereby increasing the biodiversity within the oil palm
habitat, as demonstrated for birds and some ingkots, 2008l Azharet al, 2011 Gervaiset al,

2012 Lucey and Hill, 2012Grayet al, 2014 Luceyet al, 2014. For mammals specificallyAzhar

et al. (2014a)found that the number of all speciesegpectively of their conservation status, was
influenced by the amount of natural forest cover within the boundaries of the plantation.
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Old plantation with dense and laywmderstorey Old plantation with no understoreg a result ofieavy
herbicide use

Youngplantation withcover crop Agroforestry practices: youngjl palmplantation
(smallholder) in association with other crops

Forest remnants within an oil palm plantation (young palr An ocearof oil palm treesas far as the eye can see
in the foreground, old palms in the background)

Figure 8: Photos of arious oil palm plantations more or ldagorable to biodiversity (various management systems,
stand age and landscape contéRturce: A. Verwilghen)
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