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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 plantations, often causing substantial damage. In Indonesia, rat 

control is generally based on field treatment using anticoagulant rodenticides and/or on reinforcement of 

predation by barn owls (Tyto alba), by providing nest boxes within the plantation. Rodenticide use is costly 

for the producer and can indirectly poison non-target species such as rat predators. Thus, biological control 

of rodent pests should be promoted, both from a conservation and a production points of view. Within the 

assemblage of rat predators, small carnivores may contribute to rodent population regulation. However 

persistence of small carnivores within oil palm plantations, their habitat use, their diet and their contribution 

to rodent control have been poorly investigated. 

We conducted a 3-year comparative study (2010-2012) 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 

populations have been maintained at an acceptable level without the use of rodenticide for more than 10 

years, whereas in Bangka intensive rodenticide applications did not prevent high levels of rat damage. 

We compared these two contrasted systems in term of predators community (barn owls and small carnivores) 

abundance and/or diet. Using 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 bengalensis) was the dominant species in Riau and absent from Bangka. We 

investigated the diet at community level and found no significant differences in frequency of occurrence or 

volume of small mammalôs food items in the faeces of small carnivores between Bangka and Riau; however, 

we found that the importance of vegetal food items in the diet of small carnivores was greater in Bangka than 

in Riau, thereby reflecting differences in predator community composition between both areas. 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 less in Bangka than in Riau and prey taken as food were more diverse in 

Bangka, 2) breeding season was limited to one peak in Bangka comparatively to two peaks in Riau, thereby 

probably leading to a lowest food requirement in Bangka. Broadly, our results suggested that rat prey intake 

from the barn owl population and the small carnivore community would be less in Bangka plantations than in 

Riau. To further investigate barn owl selective predation on rat populations, we developed a model to assess 

the relative age of Rattus tiomanicus (the main barn owl prey in Riau plantations) 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 hermaphroditus), which may be encountered deep within the oil palm habitat, whereas the 

Malay civet (Vivera tangalunga) was always observed in the edge of the oil palm habitat. At the community 

level, our analysis of faeces spatial distribution showed an attractive effect of forest and oil palm edge 

habitats. These results support the hypothesis that, although the oil palm habitat may be habitable for some 

wild small carnivores species such as the leopard cat, where they supposedly forage at night, most species 

still need forest habitat for their survival in oil palm landscapes. 

Prey-predators 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 carnivores probably play an 

important role, in the framework of a multi-factor hypothesis. To enhance small carnivores within oil palm 

plantations, the producer should adapt agricultural practices (e.g. rodenticide use and understorey vegetation 

management) and favor appropriate land-use such as retaining forest fragments within and surrounding the 

plantation. 

 

Keywords: oil palm plantation, rodent pest control, Rattus, predators, small carnivores, Prionailurus 

bengalensis, Paradoxurus hermaphroditus, Vivera tangalunga, Arctogalidia trivirgata, Felis catus, barn owl 

(Tyto alba), abundance, diet, spatial distribution.   
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RESUME ETENDU EN FRANÇAIS 

 

La culture du palmier à huile a eu ces dernières décennies une expansion spectaculaire, surtout en 

Malaisie et en Indonésie ; dans ce dernier pays les surfaces en palmiers ont atteint plus de 10 

millions dôhectares en 2014, ce qui repr®sente presque un doublement des surfaces sur les dix 

dernières années (USDA-FAS, 2015). La demande en huile de palme ne devrait pas sôessouffler, 

suite ¨ lôaugmentation de la population conjugu®e ¨ celle du niveau de vie (Corley, 2009). La 

culture du palmier à huile est indéniablement un moteur de développement économique au niveau 

national et local (Susila, 2004; IFC, 2011). Cependant côest aussi lôune des principales menaces 

pour la biodiversité en Asie du Sud Est (Wilcove and Koh, 2010). Son impact écologique dépend en 

majeure partie de sa contribution à la déforestation, mais aussi de sa capacité à maintenir la 

biodiversité associée au cours de son cycle de vie (Fitzherbert et al., 2008). Pour r®duire lôimpact 

des plantations de palmiers à huile sur la biodiversité et favoriser leur intégration dans les équilibres 

®cologiques locaux et r®gionaux, lôadaptation des pratiques culturales et lôam®nagement du 

territoire ¨ lô®chelle de lôexploitation, mais aussi ¨ une ®chelle plus large, sont des leviers essentiels, 

favorisant ainsi la multifonctionnalité de ces paysages (production et conservation). Selon les 

principes de lôagro-écologie, favoriser la biodiversit® au sein de lôagro®cosyst¯me palmeraie peut 

aussi représenter un atout pour le producteur, en fournissant des services écosystémiques tel que la 

lutte contre les rongeurs. Les pullulations de rats peuvent provoquer des dégâts importants dans les 

palmeraies, avec des pertes de production pouvant atteindre 10 % (Wood and Chung, 2003). La 

lutte contre ces pestes agricolees se base en g®n®ral sur lôintroduction de chouettes effraies (Tyto 

alba) dans la plantation (avec mise ¨ disposition de nichoirs) et/ou lôusage de raticides 

(anticoagulant). Les chouettes sont communément perçues par les planteurs comme des éléments 

essentiels de la lutte intégrée contre les rats en palmeraies, et la littérature grise abonde sur le sujet. 

Toutefois, le rôle des chouettes dans le maintien de populations de rats à des niveaux de dégâts 

jugés acceptables demeure incertain ou du moins complexe (Chia et al., 1995; Kan et al., 2014) ; 

ainsi, certaines plantations où les chouettes abondent depuis plusieurs années subissent encore des 

dégâts de rats conséquents. La plantation peut également abriter des petits carnivores, prédateurs 

potentiels de rats, quôil sôagisse dôesp¯ces relativement communes, tel le chat l®opard (Prionailurus 

bengalensis) ou bien dôautres esp¯ces plus rares et/ou en danger (Scott et al., 2004; Maddox et al., 

2007). Lô®cologie de ces petits carnivores est relativement peu connue, quôil sôagisse par exemple 

de leur r®gime alimentaire ou de leur utilisation de lôhabitat ; un grand champ dô®tude reste ainsi ¨ 

explorer portant dôune part sur lôimpact du d®veloppement des palmeraies sur ces esp¯ces 

(déforestation, intoxication indirecte par les raticides, etc.) et par conséquent la persistance de ces 

esp¯ces dans ce type de paysages agricoles, et dôautre part sur leur rôle dans la lutte contre les rats 

en palmeraie. Il apparait ainsi nécessaire de comprendre 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 à huile. 
 

Dans ce cadre, nous avons donc comparé sur trois ans (2010-2012) deux agroecosystèmes 

contrastés, représentés par deux palmeraies agro-industrielles dans la province de Riau (Riau_1 et 

Riau_2), sur lô´le de Sumatra (473,604 kmĮ) et deux autres dans la province de Bangka (Bangka_1 

et Bangka_2), sur lô´le du m°me nom (11,910 kmĮ). Dans tous les sites, les chouettes ont ®t® 

introduites avec succès, et à Riau les dégâts sont maintenus à un niveau acceptable sans usage de 

raticide depuis au moins une dizaine dôann®es, tandis quô¨ Bangka les plantations subissent des 

dégâts de rats plus élevés et les raticides sont utilisés de manière intensive depuis de nombreuses 
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années. La question centrale qui a guidé notre recherche est celle des facteurs pouvant contribuer 

aux différences observées de niveau de dégâts de rats, et donc de niveau de populations de rats, 

entre les deux agroécosystèmes, Riau versus Bangka. La ressource alimentaire ainsi que la 

prédation sont en général les deux facteurs principaux influençant la dynamique des populations de 

rongeurs (Krebs, 2013). Dans le cadre de cette étude, après avoir suggéré que la ressource 

alimentaire nô®tait a priori pas un facteur discriminant dans notre contexte, nous nous sommes donc 

focalis®s sur le facteur pr®dation, gardant en m®moire lôhypoth¯se de ç predation-as-limitation » 

selon laquelle les densités maximum de rongeurs sont observées dans les habitats les plus pauvres 

en prédateurs (Krebs, 2013). Notre premier objectif est ainsi dô®tudier les pr®dateurs des rats, 

chouettes et petits carnivores (Felidae, Viveridae, Herpestidae, etc.), dans ces plantations, 

notamment leur abondance et leur r®gime alimentaire, avec lôhypoth¯se/pr®diction que ces 

prédateurs sont plus abondants (et plus diversifiés en ce qui concerne la communauté de petits 

carnivores) dans les plantations de Riau comparées à celles de Bangka, et quô¨ Riau la part des rats 

dans leur r®gime alimentaire est plus importante quô¨ Bangka. Cela ne nous permet pas dôen d®duire 

lôimpact des pr®dateurs sur la dynamique de population des rats, puisque cet impact d®pend aussi, 

entre autres, de la réponse fonctionnelle et num®rique des pr®dateurs, de lô©ge et du sexe des proies 

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 population de proies 

(Holling, 1959; Dickman et al., 1991; Korpimaki and Krebs, 1996; Gervasi et al., 2012). Toutefois, 

si ces pr®dictions sôav¯rent exactes, cela appuierait plut¹t lôhypoth¯se/pr®diction g®n®rale selon 

laquelle les prédateurs contribueraient de manière plus significative à la lutte intégrée contre les rats 

dans les plantations de Riau comparativemenque dans celles de Bangka. 

Par ailleurs, nous avons ®galement pour objectif dôexplorer la distribution spatiale des petits 

carnivores au sein de la plantation. Notre hypothèse est que les petits carnivores ne sont pas 

distribués uniformément au sein de lôhabitat palmeraie et que lôutilisation de lôhabitat varie en 

fonction des taxons: les petits carnivores sauvages sôobserveraient plut¹t ¨ proximit® des habitats 

forestiers et de la bordure de lôhabitat palmeraie, tandis que les chats domestiques sôobserveraient 

plutôt à proximité des implantations humaines. 

Dans une première partie, nous avons analysé les niveaux de dégâts de rongeurs dans chaque 

plantation afin de sôen servir comme indicateur de niveau des populations de rats, confirmant ainsi 

une plus grande abondance de rats à Bangka par rapport à Riau. Nous avons aussi caractérisé les 

agroecosystèmes (paysages, environnement, pratiques, communautés de micromammifères) afin de 

mettre en évidence leurs différences éventuelles pouvant influencer les relations proies-prédateurs.  

Les pratiques culturales (hormis lôusage des raticides) et les conditions environnementales au sein 

de chaque plantation sont relativement similaires, si ce nôest des palmiers en moyenne plus jeunes 

(et donc une canop®e plus basse), ainsi quôun r®seau de drainage plus important dans certains blocs 

de la plantation de Riau_2. Ces derni¯res caract®ristiques, ainsi quôun trafic routier plus important ¨ 

Riau_1, pourraient influencer la distribution 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 à la fois des rats et des petits carnivores) étant comparables dans les quatre 

plantations, ce ne sont a priori pas des facteurs pouvant expliquer la différence de niveaux de 

populations de rats entre Bangka et Riau. La richesse spécifique des micromammifères (estimée par 

piégeage) au sein des plantations est très pauvre, comparé aux habitats environnants, même en 

p®riph®rie de plantations (cline abrupt dôesp¯ces ¨ lô®cotone). A Riau, lôesp¯ce de rat dominante est 

Rattus tiomanicus, tandis quô¨ Bangka, il sôagit de R. tanezumi, qui est relativement tolérant au 
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coumatretalyl, anticoagulant utilisé à Bangka (Andru 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 à partir de la littérature et des cartes existantes, mais pour 

plus de pr®cision nous avons cartographi® lôhabitat dans et aux alentours des plantations. Il est 

apparu que le contexte paysager régional et intra plantation était différent suivant les régions 

(Bangka versus Riau) et également entre les plantations à Riau. A Riau, dans et autour des 

plantations, le paysage est très homogène, avec une large dominance de plantations de palmiers à 

huile, qui couvrent plus de 80% du territoire cartographié. Cela reflète la situation au niveau 

régional, puisque Riau est la province où 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 faune (Uryu et al., 2008). A Bangka par contre, les environs des deux 

plantations, qui reflètent le contexte régional, représentent un paysage beaucoup plus diversifié 

(cultures vivri¯res mixtes, mines dô®tains, agrofor°ts, etc.), incluant jusquô¨ 15 % dôhabitat 

forestiers ou assimilés, tels les agroforêts complexes à hévéa. Même au sein des deux plantations à 

Bangka, il existe plusieurs petites enclaves dôhabitats forestiers ou assimilés (une vingtaine au total, 

représentant chacune 4 ha en moyenne), alors que sur les plantations de Riau, la seule enclave non 

cultivée est une zone de conservation de 112 ha constituée essentiellement de marécages, au sud-est 

de Riau_1. Comparé à Riau_1, Riau_2 a un paysage environnant plus diversifié, mais aucune 

enclave non cultiv®e ne subsiste en son sein (si ce nôest une petite expansion mar®cageuse dôenviron 

5 ha au nord-est).  

En ce qui concerne les chouettes, nous avons comparé leur abondance entre plantations de manière 

indirecte, via le relev® de la pr®sence/absence des pelotes dans les nichoirs, sur une p®riode dô®tude 

de trois ans. Nos r®sultats sugg¯rent que les chouettes sont au moins aussi abondantes ¨ Riau quô¨ 

Bangka. Nous avons ®galement explor® le r®gime alimentaire des chouettes ¨ travers lôanalyse des 

macrorestes dans les pelotes r®colt®s dans les nichoirs au cours de notre p®riode dô®tude (3196 

pelotes analys®es). M°me si les rats constituent lôessentiel du régime alimentaire de la chouette sur 

chacune des plantations (>90%), il apparait toutefois des différences entre régions : la proportion de 

rats dans les macrorestes est un peu moindre ¨ Bangka quô¨ Riau, et les proies sont plus diversifi®es 

à Bangka (incluant également des reptiles et des batraciens, en sus des insectes et oiseaux comme 

sur les plantations de Riau). Par ailleurs, à partir de données préalablement récoltées par les 

gestionnaires des plantations, nous avons calculé le nombre moyen mensuel de pelotes par nichoirs 

(pour lôensemble des nichoirs), sur deux ann®es cons®cutives pr®alables ¨ notre p®riode dô®tude, ce 

qui nous a apporté des informations sur la saison de reproduction des chouettes, et donc sur leur 

besoins alimentaires puisque en saison de reproduction les chouettes consomment beaucoup plus de 

proies (Lenton, 1984; Small, 1990). Ces analyses ont r®v®l® lôexistence de deux pics de 

reproduction sur les plantations de Riau, ce qui est communément relevé dans la littérature 

(concernant les palmeraies), tandis quô¨ Bangka on ne retrouve quôun seul pic de reproduction ; ce 

r®sultat sugg¯re par ailleurs un impact potentiel n®gatif de lôutilisation des raticides (via intoxication 

indirecte des chouettes). Ces deux types de résultats (différences de régimes alimentaires et de 

besoins alimentaires) vont dans le sens de notre prédiction de départ selon laquelle la prédation sur 

les rats par les chouettes serait moindre ¨ Bangka quô¨ Riau. En outre, comme indiqu® plus haut, 

une ®ventuelle s®lection de pr®dation en fonction de lô©ge (ou taille) des rats pourrait influencer la 

dynamique des populations de ces derniers. Nous avons donc développé un modèle statistique afin 

dôestimer, ¨ partir des macrorestes retrouv®s dans les pelotes des chouettes, lô©ge relatif des rats de 

lôesp¯ce Rattus tiomanicus, majoritairement consommés par les chouettes sur Riau_1. La 

comparaison de la structure dô©ge relatif des proies consomm®es avec la structure dô©ge des proies 
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disponibles sur le site permettra dans le futur dôidentifier une ®ventuelle pr®dation s®lective de la 

chouette sur Rattus tiomanicus à Riau_1. Une démarche similaire pourrait être effectuée sur les 

autres sites. 
 

En ce qui concerne les petits carnivores, nous avons estimé et comparé leur abondance entre 

plantations gr©ce ¨ des indices kilom®triques dôabondance, calcul®s ¨ partir dôobservations faites 

lors de comptages nocturnes ¨ bord dôun v®hicule dôune part, et dôautre part ¨ partir de comptage de 

faeces le long de transects pédestres sur les routes de la plantation. Les observations issues des 

faeces nous ont apport® de lôinformation ¨ lô®chelle de la communaut®, puisque nous nôavons pas pu 

discriminer les diff®rents taxons, tandis que lôidentification des esp¯ces a ®t® possible lors des 

comptages nocturnes, nous apportant ainsi de lôinformation sur la diversit® et la richesse de la 

communaut® petits carnivores dans les plantations. Dôapr¯s nos r®sultats, les petits carnivores sont 

beaucoup moins abondants sur les plantations de Bangka que sur celles de Riau : les indices 

kilométriques issus des comptages nocturnes sont deux fois moins élevés à Bangka, et ceux issus 

des comptages de faeces dix fois moins. De plus, à Riau, la communauté est plus diversifiée et 

comprend une grande abondance de chat l®opard, qui, dôapr¯s la litt®rature, se nourrit 

essentiellement de rats lorsque ces derniers sont disponibles en abondance (Rajaratnam et al., 2007; 

Lorica and Heaney, 2013). Par contre, à Bangka, les chats l®opards et dôune mani¯re g®n®rale les 

Felidae sauvages sont absents, et parmi les petits carnivores sauvages, la civette palmiste commune, 

une espèce essentiellement frugivore, est dominante. Les autres espèces sauvages observées sur les 

plantations, mais beaucoup plus rarement, sont la civette malaise (Vivera tangalunga) et la civette à 

petites dents (Arctogalidia trivirgata) ; ¨ notre connaissance, il sôagit de la premi¯re observation 

r®pertori®e de civette ¨ petites dents dans lôhabitat palmeraie. Outre les espèces sauvages, les chats 

domestiques sont également relativement abondants dans les palmeraies, notamment à Bangka. Nos 

r®sultats montrent une corr®lation n®gative entre le niveau de d®g©ts des rats et lôabondance des 

petits carnivores : dans les plantations où les petits carnivores, et notamment les chats léopards sont 

abondants, les dégâts de rats sont moindres, tandis que dans les plantations où les petits carnivores 

sont moins abondants, et notamment où les chats léopards sont absents, les dégâts de rats sont plus 

élevés.  

Le r®gime alimentaire des petits carnivores ¨ lô®chelle de la communaut® a ®t® ®tudi® via lôanalyse 

des macrorestes dans les faeces r®colt®s lors des comptages. Nos r®sultats montrent lôimportance 

des micromammifères dans le r®gime alimentaire des petits carnivores (fr®quence dôoccurrence 

dans les faeces allant de 41.7% à 81.2%), et nous ne détectons pas de différences significatives 

entre les r®gions ni entre les plantations en terme de fr®quence dôoccurrence ou de volume dans 

lôensemble des faeces. Il est ¨ noter toutefois que ces analyses de r®gime pourraient °tre biais®es par 

le tr¯s faible nombre dô®chantillons analys®s ¨ Bangka comparativement ¨ Riau. Par contre, 

lôimportance dans le r®gime de la cat®gorie alimentaire regroupant les v®g®taux (¨ lôexclusion de 

lôherbe) nôest pas la m°me ¨ Bangka quô¨ Riau : cette catégorie alimentaire arrive en tête à 

Bangka_1 en terme de fr®quence dôoccurrence et de volume dans les faeces, avant les 

micromammifères. Ces résultats relatifs au régime de la communauté de petits carnivores semblent 

refléter la composition de cette même communauté au sein de chaque plantation, et ne contredisent 

pas notre prédiction de départ selon laquelle la prédation sur les rats par les petits carnivores serait 

moindre ¨ Bangka quô¨ Riau. 
 

Les observations réalisées lors des comptages nocturnes ou des comptages de faeces nous ont 

®galement permis dôexplorer la distribution spatiale des petits carnivores au sein de la plantation, 

dans lôhabitat palmeraie. Nous avons dôune part identifi® lôexistence dôagr®gats dôobservations, et 
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dôautre part analys® lôattractivit® de certains habitats focaux types for°ts, bordures de palmeraie et 

implantations humaines (via lôanalyse des distances euclidiennes des observations ¨ lôhabitat focal), 

et ceci ¨ lô®chelle de la communaut® et aussi par esp¯ce lorsque cô®tait possible (observations  

nocturnes). Pour le chat léopard et la civette palmiste, nos analyses ne permettent pas de détecter 

une attractivit® significative de lôhabitat forestier ou de la bordure de palmeraies, et ces deux 

espèces peuvent être observ®es relativement loin ¨ lôint®rieur de la plantation (plus de 2 km de la 

bordure de lôhabitat palmeraie). Pour la civette ¨ petites dents et la civette malaise, le nombre 

dôobservations est trop faible pour des analyses statistiques fiables, toutefois il est à noter que 

lôensemble des observations de civette malaise (quatre au total) ont ®t® r®alis®es en bordure de 

lôhabitat palmeraie. En ce qui concerne les chats domestiques, nous avons observ® une attractivit® 

des implantations humaines, mais uniquement sur les plantations de Riau. Nos résultats indiquent 

donc une utilisation de lôhabitat diff®rente en fonction des esp¯ces, et, dôune mani¯re g®n®rale, ils 

confirment les quelques rares études antérieures sur lôutilisation de lôhabitat par les petits carnivores 

dans les palmeraies (Rajaratnam et al., 2007; Nakashima et al., 2013; Azhar et al., 2014a; Jennings 

et al., 2015). A lô®chelle de la communaut®, nos r®sultats montrent une attractivit® de lôhabitat 

forestier uniquement pour les comptages de faeces. Lôapparente contradiction entre les r®sultats 

issus des comptages de faeces (qui reflètent à la fois les activités diurnes et nocturnes) avec ceux 

issus des comptages nocturnes, semble confirmer dôune part que la palmeraie est un habitat 

largement utilisé la nuit par certains petits carnivores comme le chat léopard et la civette palmiste, 

qui y trouvent une abondante ressource alimentaire, et, dôautre part, que la conservation de 

fragments forestiers dans et autour des palmeraies est un élément essentiel au maintien des petits 

carnivores au sein de ces paysages.  
 

Pour conclure, dôune mani¯re g®n®rale, nos r®sultats sur lôabondance et le régime alimentaire des 

pr®dateurs, chouettes et petits carnivores, vont dans le sens de lôhypoth¯se globale de ç predation-

as-limitation », et suggèrent une contribution potentiellement non négligeable des petits carnivores 

dans la lutte contre les rats en palmeraies, et notamment du chat léopard, qui peut être relativement 

abondant dans ce type dôhabitat. Il semble donc important dans le futur dô®tudier lôimpact de 

prédation de ce petit carnivore sur les rats en palmeraies. Nous estimons toutefois que la régulation 

des rats en palmeraie tient plut¹t dôun cort¯ge de pr®dateurs que de lôeffet dôune seule esp¯ce. Par 

ailleurs, la pr®dation nôest en g®n®ral quôun facteur parmi dôautres de r®gulation du niveau de 

population des proies, et, dans nos cas dô®tude, m°me si côest une condition potentiellement 

n®cessaire, elle nôest sans doute pas suffisante (Krebs, 2013). Ainsi par exemple, lôimpact de 

lôusage des raticides, soit directement sur les rats (mortalit®, r®sistance), soit indirectement 

(intoxication indirecte des prédateurs) devrait être analysé. Pour cela, et afin également de 

confirmer et pr®ciser nos r®sultats, il semble essentiel dô®tudier la dynamique de population des rats 

sur nos sites dô®tudes, ¨ la fois sur le court et le long terme. Par ailleurs, ®tant donn® lôimportance 

suggérée du chat l®opard dans la lutte contre les rats en palmeraie, il sôav¯re important de mieux 

caract®riser lôutilisation de lôhabitat de cette esp¯ce dans les paysages o½ les plantations de palmiers 

à huile dominent : le chat léopard peut-il survivre dans lôhabitat palmeraie ou bien est-il dépendant 

des fragments forestiers ou dôautres types dôhabitats non cultiv®s, et si oui dans quelle mesure ? 

 

Mots clés: plantation de palmier à huile, lutte contre les rongeurs, Rattus, prédateurs, petits 

carnivores, Prionailurus bengalensis, Paradoxurus hermaphroditus, Vivera tangalunga, 

Arctogalidia trivirgata, Felis catus, chouettes (Tyto alba), abondance, régime alimentaire, 

distribution spatiale. 
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I.  GENERAL INTRODUCTION  

 

Oil palm is one of the worldôs most rapidly expanding crops. Though it definitely plays an important 

role in the economic development of some tropical countries, it also represents a big threat to 

biodiversity, especially in Southeast Asia, a hotspot for biodiversity. 

Intensification of production in oil palm plantation could potentially reduce the pressure on land 

from new development. However, wildlife-friendly management practices can and should go hand 

in hand with yield enhancement, notably through the optimization of the functional value of 

biodiversity. For example, enhancing natural enemies of rats, invasive species which cause a lot of 

damage to oil palm plantations, could have benefits for the control of this pest. Rodent population 

regulation and prey-predator interactions in agricultural landscape have been analyzed mostly in 

temperate or polar environments. According to Krebs (2013), in the framework of a multifactor 

hypothesis, the predation-as-limitation hypothesis, which states that small rodent maximum density 

should be lower in predator-rich habitats, is generally accepted for many taxa. 

Barn owls (Tyto alba javanica Gmelina) and small carnivores are two potentially important rat 

predators. There is an abundant grey literature on barn owls in oil palm plantations, and 

enhancement of barn owl populations within oil palm plantation for rat control is widely practiced in 

Southeast Asia. In contrast, small carnivore persistence in oil palm landscape and their potential role 

in rodent pest control are poorly studied. 

 

In this study, we compare two contrasting agroecosystems, one with ñacceptableò rat damage and no 

rodenticide use, and the other with high rat damage (and presumably a higher rat population) and 

intensive use of rodenticide; barn owls being present at similar population levels in both systems. 

We investigated which assumptions could be made to explain such a difference in rat abundance in 

both agroecosystems, with respect to the small mammal community, agricultural practices, 

landscape characteristics, and the predator community. We focused our research on the predator 

hypothesis, and notably on the small carnivore community, by exploring its abundance, diversity 

and diet. In addition, we assessed the food intake of barn owls, given that it may also have an impact 

on rat population dynamics. Our main hypothesis is that the success of rodent control in oil palm 

plantations might be explained not only by barn owl predation on rats, but rather by an assemblage 

of predators of which small carnivores play an important role. 

It is generally assumed that landscape configuration can change predator community composition, 

thus the way the predator community impacts rodent small mammal populations. Therefore, in the 

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 knowledge 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 win-win strategy for both production and conservation. 
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I.1. OIL PALM EXPANSION AND IMPACT ON BIODIVERSITY 

I.1.1.a. Production, consumption and land use 

 

The oil palm (Elaeis guineensis Jacq.) 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 grass (Jacquemard, 2011). 

The oil palm fruit contains two oils of different composition: fruit pulp provides palm oil, and the oil 

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

total yield by about 10% (Rival and Levang, 2014). These oils are widely used in the agri-food 

industry (80%), oleochemicals (19%) and biodiesel (1%)(Omont, 2010). 

 

Oil palm is the worldôs fifth most rapidly expanding crop0F

1
 (Phalan et al., 2013), and within 25 years, 

the total plantation area of oil palm has tripled, reaching a global estimate of over 15 million ha in 

2010 (Gilbert, 2012).  

The main palm oil producing countries are Malaysia and Indonesia (Figure 1). In 2013/2014, 

Indonesia accounted for more than half of supplies, and the area of oil palm plantations reached a 

total of 10.3 million ha, almost doubling within 10 years (Figure 2) (Ministry of Agriculture, 2013; 

USDA-FAS, 2015b, a). Oil palm development in Indonesia is mainly located in two regions: 

Sumatra and Kalimantan1F

2
 (Figure 2) (Gunarso et al., 2013). 

 

 

 
 

Figure 2: Major palm oil producing (tons of palm oil) 

countries in 2013/2014 (Source: USDA-FAS, 2015b) 

 
 

Figure 3: Oil palm plantation expansion in the three major oil 

palm regions of Indonesia (Source : Gunarso et al., 2013) 

 

 

Oil palm accounts for about 4% of the total land area planted for oil-producing crops, but it produces 

more than 30% of all vegetable oils in the world (Meijaard, 2014). Oil palm cultivation is one of the 

most profitable land uses in the humid tropics (Sayer et al., 2012). Palm oil has undeniable 

advantages compared to others vegetable oils: it has the lowest production costs2F

3
 and it has 

                                                 
1
 considering the period from 1999 to 2008. 

2
 Kalimantan is the Indonesian part of Borneo island. 

3
 By the end of 2014, palm oil was valued as the vegetable oil with the lowest production costs by the international 

commodity market (Barcelos et al., 2015). 

I.1.1. Oil palm expansion, ñgood for some, bad for othersò 
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exceptional yield, reaching a global average of 3.8 tonnes per hectare (about 4t/ha if considering 

also palm kernel oil), that is about six to ten times more than other vegetable oils (Figure 3); 

moreover it can replace most other vegetable oils and has a very wide range of uses as mentioned 

previously (Rival and Levang, 2014). 

 

 

 
 

Figure 4: Oil yield (t/ha/year) of the main oil producing crops (Source: Rival and Levang, 2014) 

 

 

Oil palm consumption is mainly driven by the countries in the South (India: 17.9%; Indonesia: 

19.2%; China: 12.3%); European and United States consumption accounts for 14.7% and 2.6% 

respectively (USDA-FAS, 2015b).  

Global demand for oil palm is predicted to double by 2050 (Corley, 2009), due to demographic 

growth and increase in the standard of living in emerging countries. Consequently, the area under oil 

palm cultivation is expected to increase further. Projections of oil palm expansion for Indonesia 

range from 8 to 14 million hectares, depending on scenarios (Harris et al., 2013). 

 

Within the oil palm industry, two broad types of plantations and management systems may be 

distinguished3F

4
 (Colchester et al., 2006; McCarthy et al., 2012): industrial plantations, also called 

industrial estates, and smallholder plantations, also called smallholdings. Industrial plantations are 

large commercial estates owned by either private companies (on state land under long term leases) 

or government. Smallholdings are usually owned by family based enterprises but may be managed 

either in association with an oil palm company private or state owned (supported smallholdings, also 

called scheme smallholdings, or plasma in a nucleus estate scheme4F

5
), or independently by the farmer 

(independent smallholders).  

In Indonesia, industrial plantations cover on average 5000-6000 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, 1999; Lee et al., 2014a). They are intensively managed, and the oil palm is 

generally the only crop cultivated. In contrast, smallholdings are much smaller: on average at 2 ha 

                                                 
4
 In reality, a diversity of systems does exist, from entrepreneurial agriculture to family agriculture. Marzin et al. (2015) 

proposed a typology including the multiplicity of forms of smallholder plantations, as a composite category that includes 

family farms, family business farms and managerial farms.  
5
 Nucleus estate scheme is a system in which part of the fields, called the ñnucleusò estate is managed directly by a state 

owned or private company, while another part is allocated to smallholders as ñplasma (satellite)ò plantations.  
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but they may range up to 505F

6
 ha (Vermeulen and Goad, 2006; Baudoin et al., 2014), and when 

independently managed, they may associate oil palms with other crops, notably when the palms are 

young (Cheyns and Rafflegeau, 2005).  

Approximately 60% of Indonesiaôs oil palm plantations are industrial estates, and within 

smallholdings about half are in schemes (Colchester et al., 2011).  

I.1.1.b. Driver of development or curse?  

 

On one hand, oil palm production plays an important role in the economic development of some 

tropical countries: in Indonesia, it accounts for 46% of agricultural exports and brings in 18,3 billion 

US$ of foreign exchange (FAO, 2015); it may offer a route out of poverty for some small-scale 

farmers, and is seen as a real driver of development, as it generates substantial social benefits, 

including improved infrastructure, wealth and job creation for many people (Susila, 2004; IFC, 

2011; World Growth, 2011; Edwards, 2015). According to Murphy (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 threaten the livelihood of indigenous people, with land conflicts 

and serious human rights abuses being widespread (Colchester et al., 2006; Mingorance, 2006; 

Colchester, 2011). 

It is thus a complex issue, and the oil palm controversy needs to move beyond a simple polarity 

between those two advocacies (Sheil et al., 2009; Feintrenie et al., 2010; McCarthy, 2010; Rist et 

al., 2010; Sayer et al., 2012; Obidzinski et al., 2014; Rival and Levang, 2014), similarly as for 

biodiversity conservation issues (Koh et al., 2010).  

I.1.1.c. One of the main issues: deforestation 

 

Palm oil production also raises many environmental concerns, such as water pollution by mill 

effluent discharge or leaching of nutrients from agrochemicals inputs, green house gas emissions 

from deforestation or peatland conversion, biodiversity losses from deforestation or agricultural 

practices, etc. (Proforest, 2003; Fitzherbert et al., 2008; Comte et al., 2012; Obidzinski et al., 2012; 

Savilaakso et al., 2014). Health consequences of palm oil consumption are also questioned (FFAS, 

2012; Rival and Levang, 2014). But one of the main issues of oil palm expansion in Southeast Asia 

is undeniably deforestation (WWF, 2002, 2003; Boucher et al., 2011; Greenpeace, 2011; Koh et al., 

2011). 

 

Globally, Indonesia exhibits the largest increase in forest cover loss (Hansen et al., 2013b) 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., 2014). 

In Sumatra, the forest cover was reduced from 58% in 1985 to 29 % in 2008/9 (Figure 4), the forest 

was thus cleared at an average annual rate of 542,000 ha (2.1%) (Uryu et al., 2010). In the period 

2000-2010, Miettinen et al. (2012) reported an annual rate of 2.7%. Riau province has lost more 

than 4 million ha of forest (65%) in the period 1982-2007. By comparison, Bangka-Belitung Islands 

lost approximately 294,600 hectares of forest from 2001-2012, representing about 17.5% of its land 

area (Global Forest Watch, 2013). 

 

                                                 
6
 As defined by the Rountable on Sustainable Palm Oil, smallholders are family based enterprises producing palm oil 

from less than 50 ha of land. 
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According to Koh and Wilcove (2008), during the period 1990-2005, at least 55% of plantation 

expansion in Indonesia and Malaysia occurred at the expense of forests. A recent study (Abood et 

al., 2015) found that oil palm plantations accounted for less than 3% (å1Mha) of forest loss in 

Indonesia between 2000 and 2010, and that it was ranked third in terms of deforestation in 

Indonesia, after fiber plantations and logging concessions which accounted for the largest forest loss 

(å1.9 Mha and å1.8 Mha respectively). 

In Riau province, the total forest loss in the period 1982-2007, 29% was cleared for oil palm 

plantation (Uryu et al., 2008). Over a longer period, between 1982 and 2010, oil palm plantation 

accounted for 44% of the total forest loss (Susanti and Burgers, 2012).  

 

   
 

Figure 5: Natural forest cover in Sumatra in 1985 and 2009, based on interpretation of Landsat satellite images, aerial 

photography (only for 1985) and WCS digital data (Source: Laumonier et al., 2010; ) 

 
 

Whatever the scenarios considered (moratorium on peat or on high carbone stock forest, yield 

improvements, preferential expansion on available degraded land, smallholder or agroindustrie 

development model, etc.) (Koh and Ghazoul, 2010; Carlson et al., 2012; Harris et al., 2013; Lee et 

al., 2014b), expansion of oil palm cultivation in Southeast Asia is expected to increase greatly, as 

discussed previously, and will thus continue to raise environmental concerns, notably about 

deforestation and biodiversity conservation.  

 

 

Due to its biological requirements, oil palm is mainly grown in the equatorial tropics (Turner and 

Gillbanks, 2003), where most biodiversity hotspots occurr. Sundaland is considered a top 

biodiversity hotspot because it features an exceptional concentration of endemic species and 

experiences very high loss of habitat (Myers et al., 2000; Brooks et al., 2002; Sodhi et al., 2010; 

Mittermeier et al., 2011; Corlett, 2014). Oil palm thus represents a major threat to biodiversity by 

driving forest clearance in those areas (Koh and Wilcove, 2008; Wilcove and Koh, 2010; Wilcove et 

al., 2013). 

I.1.2. Impact on biodiversity  

1985 2008/2009 
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Figure 6: Global distribution of oil palm and potential conflicts with 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 areas for oil palm (with and without forest); 

and (d) oil palm-harvested area in Southeast Asia (Source: Fitzherbert et al., 2008) 

 

 

In reaction to oil palm expansion, the number of publications related to oil palm and biodiversity has 

increased exponentially in the last decade, though relatively few data existed ten years ago (Donald, 

2004; Fitzherbert et al., 2008; Turner et al., 2008). However, the growth of publications is markedly 

slower compared to research linked to technologies and oil palm processing waste/by-products 

valorization (Hansen et al., 2015), and most research linked to biodiversity focused on insects and 

on birds (Hansen et al., 2015). Among the few publications dealing with the impact of oil palm 

production on mammals, almost all focused on large flagship species such as elephants and 

orangutans (Hansen et al., 2015). Moreover, during a search using Web site literature database (Web 

of Science) and an internet search engine (Google scholar), we found less than 10 published reports 

or articles and short communications published in peer-reviewed journals more specifically 

interested in small carnivores within oil palm landscapes (Scott et al., 2004; Rajaratnam et al., 2007; 

Nakashima et al., 2013; Ross et al., 2013; Silmi et al., 2013b; Gumal et al., 2014; Jennings et al., 

2015), among others dealing on mammals in general (Maddox et al., 2007; Wahyudi and Stuebing, 

2013; Azhar et al., 2014a; Bernard et al., 2014). Basically, very little is known about small 

carnivores within oil palm landscapes (see section I.3.3.). 

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

 

As pointed out by Fitzherbert et al. (2008), the ecological impact of oil palm depends crucially on 

the extent to which its expansion causes deforestation. Conversion to oil palm of other land cover 

types, such as pasture, may have only limited impact on biodiversity (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 forest fragmentation, thereby impacting on 

ecological connectivity which is strategic for conservation (Hilty  et al., 2006; Abdullah and 

Nakagoshi, 2007; Reza and Abdullah, 2010). 

 

In addition, many studies have demonstrated the negative impact of conversion of native forest to oil 

palm plantation for most species or animal assemblages6F

7
 in terms of their diversity and species 

composition, as summarized by Foster et al. (2011) in Figure 6. For a synthesis about effects of oil 

palm cultivation on biodiversity, see Fitzherbert et al. (2008), Turner et al. (2011), Foster et al. 

(2011) and Savilaakso et al. (2014). 

 

 
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 found in Foster et al., 2011 (Source: Foster et al., 2011). 

 

 

Not all species decline following forest conversion to plantation, some species may thrive in the oil 

palm habitat thanks to an increase in food resources and/or loss of predators and competitors. 

However, as reported by Luskin and Potts (2011), though current research does indicate that oil 

palm plantations can sustain high abundances and a diverse array of species, these assemblages are 

distinct from those in natural forests and lack most native species. Moreover, as emphasized by 

(Fitzherbert et al., 2008), plantation assemblages are dominated by a few abundant generalists, non-

forest species and invasive pests such as rats (Wood, 1984) or wild boar (Koh and Gan, 2007). The 

establishment of oil palm plantations has also increased the abundance of snakes such as cobras and 

pythons (Shine et al., 1999b; Shine et al., 1999a). 

 

In response to a change in species diversity and composition following conversion from rainforest to 

oil palm plantations, ecosystems functioning may be significantly altered within oil palm habitats 

                                                 
7
 An assemblage is usually defined as a taxonomically related group that occurs in the same geographic area (Ricklefts 

and Miller, 2000). However, this term may also be used for a group of taxa that are not specifically phylogenetically 

related, but rather geographically or ñecosystemicallyò related; i.e that occurs in oil palm plantations. 
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(Foster et al., 2011; Turner et al., 2011). However, studying trophic interactions between ant 

populations and their prey, Konopik et al. (2014) found that predator-prey 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 novel ecosystems. 

I.1.2.b. About the biodiversity value of existing plantations 

 

Though the greater impact on biodiversity might definitely occur at the planting stage, depending on 

the previous land cover and the scale of the plantation, the ecological impact of oil palm plantation 

also depends on the extent to which it is able to support biodiversity and ecological services 

(Fitzherbert et al., 2008; Foster et al., 2011). 

 

Biodiversity in agricultural landscapes is strongly influenced by compositional and structural 

landscape heterogeneity, i.e. the number and proportion of different cover types and their spatial 

arrangement (Burel and Baudry, 2003; Fahrig et al., 2011). The farming or management system 

itself, and the diversity of agricultural practices should be taken into consideration (Cawsey and 

Freudenberger, 2008; Burel et al., 2013a). In tree plantations, stand structural complexity, including 

understorey and windrow composition, was shown to be of importance for fauna (Lindenmayer and 

Hobbs, 2004; Ramirez and Simonetti, 2011).  

Therefore, we assume that the biodiversity values of oil palm plantations may depend on:  

- stand age: immature versus mature, height and canopy closure; 

- management practices adopted on site: 1) cropping system (e.g. monospecific versus agroforestry), 

2) planting material (which influences notably canopy closure), 3) agricultural practices: windrow 

spatial arrangements and composition (e.g. persistent land clearing or pruning residues), pesticide 

and herbicide usage, drainage, cover crop, etc.; 

- the landscape context of the plantation (e.g. scale of the plantation, remnant of natural or semi-

natural habitat patches within the plantation, presence of nearby forests within or in areas 

surrounding the plantation, etc.). 

A sample of diverse situations is illustrated in Figure 7. 

 

Compared to studies comparing species richness and abundance of various animal taxa between 

forest and oil palm plantations, little is known about the effect of different oil palm production 

systems (e.g. smallholdings versus industrial plantations) and management practices on biodiversity 

and ecosystem functions (Foster et al., 2011; Savilaakso et al., 2014). 

As pointed out by Foster et al., 2011, dramatic losses of species are almost certainly due to the 

simplification of habitat that occurs when a forest is converted to oil palm. Indeed, compared to 

forest habitat, oil palm plantations are characterized by a rather low structural habitat complexity: 

uniform stand age and canopy height, and low ground layer vegetation cover (Luskin and Potts, 

2011; Teuscher et al., 2015). Although oil palm plantations will never reach the complexity of an 

undisturbed or lighlty disturbed rainforest, habitat features change throughout the plantation life 

cycle: when oil palm grows, the habitat increases in complexity, creating a more heterogeneous 

habitat through time (Luskin and Potts, 2011). Indeed, compared to young plantations, older 

plantations possess habitat features such as a more dense and complex understorey (above ground 

structural and species complexity) and closed canopy which may provide cover and support wildlife 

movement, thereby being more hospitable for fauna, notably mammals, than young plantations 
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(Burel and Baudry, 2003; Hilty  et al., 2006; Ramirez and Simonetti, 2011). Agricultural practices 

such as management of ground layer vegetation cover and epiphyte persistence on oil palms will 

also influence habitat complexity and therefore biodiversity. Najera and Simonetti (2010), analyzing 

results in 14 countries, have shown that the removal of the understorey vegetation in oil palm 

plantations reduces bird richness and abundance. Results of Koh (2008b), in Borneo, also suggest 

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

of species richness for butterfly and birds. Azhar et al. (2013b) demonstrated that, for birds, each 

foraging guild exhibited unique responses to different stand-level attributes such as stand age, 

vegetation cover, epiphyte persistence and canopy cover in Malaysian oil palm plantations.  

Habitat and landscape complexity might also differ among management regimes and cropping 

systems. Smallholding management systems are expected to be more compatible with conservation 

interests than large areas of oil palm plantation exploited by the agro-industry. Indeed, complexity at 

habitat and landscape scale has been shown to be more favorable to biodiversity (Benton et al., 

2003; Lindenmayer and Hobbs, 2004; Foster et al., 2011), and smallholdings usually represent a 

more diverse matrix of oil palm interspersed with other habitats, such as forest remnants, while 

industrial plantations may cover several thousand hectares of uniform oil palm habitat with few or 

no patches of other vegetation types. Moreover, smallholders may practice crop association or 

polyculture, while industrial plantations are usually oil palm monoculture. However, the differences 

between industrial plantations and smallholdings systems largely depends on the type/characteristics 

of the smallholdings, which are very diverse and may vary among and within regions. In Riau 

province for example (in the center of Sumatra), where some of our study sites are located, many 

smallhodings are managed by or in association with the agroindustry or the governement, and 

biophysical characteristics (structural habitat complexity) of 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 birds. According to Azhar et al. (2011, 2013b), 

industrial estates and smallholdings supported similar bird assemblages, but the latter support 

significantly more species, notably more forest species, and smallholdings supported a higher 

foraging guild diversity than industrial estates. Comparing the effects of monoculture (i.e. 

monospecific plantation) versus those of polyculture practices in oil palm smallholdings in 

Peninsular Malaysia, Azhar 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 study has focussed on forest mammals, and reported more 

carnivores species in smallholdings than in industrial plantations (Azhar et al., 2014a). 

For industrial plantations, given that oil palm is a long term pluriannual crop, with no crop rotation, 

and that replanting occurs about every 25 years, there is generally no issue such as habitat 

complementation and/or supplementation in space and time due to a crop mosaic, so called the 

ñhidden heterogeneityò by Vasseur et al. (2013). However, landscape heterogeneity may be 

measured considering non-cropped areas versus crop areas (Burel and Baudry, 2003). Indeed, oil 

palm plantations, either smallholding or industrial, may retain forest fragments or semi-natural 

vegetation patches within their boundaries, thereby increasing the biodiversity within the oil palm 

habitat, as demonstrated for birds and some insects (Koh, 2008b; Azhar et al., 2011; Gervais et al., 

2012; Lucey and Hill, 2012; Gray et al., 2014; Lucey et al., 2014). For mammals specifically, Azhar 

et al. (2014a) found that the number of all species, irrespectively of their conservation status, was 

influenced by the amount of natural forest cover within the boundaries of the plantation. 
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Figure 8: Photos of various oil palm plantations more or less favorable to biodiversity (various management systems, 

stand age and landscape context) (Source: A. Verwilghen)  

Old plantation with dense and low understorey Old plantation with no understorey as a result of heavy 

herbicide use 

Young plantation with cover crop Agroforestry practices: young oil palm plantation 

(smallholder) in association with other crops 

An ocean of oil palm trees as far as the eye can see Forest remnants within an oil palm plantation (young palms 

in the foreground, old palms in the background) 
















































































































































































































































































































































































































































































