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Highlights 

 We conducted a literature review to understand the strength of the 

evidence base in determining links between habitat heterogeneity, 

biodiversity and beneficial ecosystem service provision in smallholder oil 

palm production. 

 On-farm habitat heterogeneity (defined as vegetation structural 

complexity) was found to be higher in smallholdings compared to large-

scale plantations. This was usually due to polyculture agricultural practices 

in smallholdings rather than natural vegetation which was not often 

compared between smallholdings and commercial plantations. 

 Polyculture practices are not ubiquitous among smallholders, however, 

and RSPO certified smallholders appear more likely to practice monoculture 

oil palm.  

 Smallholder-dominated landscapes appear to have higher habitat 

heterogeneity than commercial plantation landscapes, but it is not clear 

whether this is due to more natural vegetation or a wider variety of crops.  

 There does appear to be a relationship between smallholder habitat 

heterogeneity and biodiversity, though the precise characteristics of 

vegetation structural complexity (e.g. the types of plant species present 

and spatial scale) are essential in determining biodiversity levels.  

 The literature did not establish clear links between higher habitat 

heterogeneity and biodiversity in smallholdings with the provision of 

ecosystem services which promote the improved yields. 

 Research is needed to fill substantial gaps in the knowledge base on how 

natural ecosystem service provision can be harnessed effectively for 

smallholder production, in a way that benefits the environment and 

livelihoods. 
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1. INTRODUCTION  

Oil palm smallholdings fall under numerous management regimes which influence their 

productivity, profitability and environmental impact. The importance of improving 

management practices, increasing productivity and retaining ecosystem services in oil 

palm smallholdings has been highlighted by Roundtable on Sustainable Palm Oil (RSPO) in 

the new Independent Smallholder Standard (RSPO 2019). It is therefore vital to understand 

the status of ecosystem services in oil palm smallholdings, how they are impacted by 

management practices, and the extent to which they meaningfully bolster smallholder 

productivity. This review will focus on three ecosystem services which are thought to have 

a direct impact on oil palm yields; namely pollination, soil fertility, and natural pest control. 

The oil palm industry in Indonesia is one of the most important contributors to the national 

economy. The total area under oil palm production in Indonesia is approximately 14.6 

million hectares with an estimated annual production average of 18 tons per hectare (BPS 

Statistics Indonesia 2020). The total area cultivated by smallholders in Indonesia is 

approximately 6.04 million hectares in 26 provinces, or about 42% of the total area of oil 

palm (BPS Statistics Indonesia 2020). Lee et al. (2014) performed a spatial land cover 

change analysis (LUCA) of oil palm conversion by smallholders in Sumatra from 2000-2010, 

and found that smallholders account for 17% of total oil palm land coverage and 10% of 

deforestation for oil palm over this period (presumably because many replanted existing 

agricultural lands with oil palm); though they noted that annual rates of smallholder 

expansion were steadily increasing. 

In Malaysia, analyses of remotely-sensed imagery by Danylo et al. (2021) indicate that the 

2017 planted area of oil palm totalled 4.13 million hectares, or 12.5% of total land area. This 

differs somewhat from the Malaysian Palm Oil Board's statistics, which give a 2019 figure 

of 5.87 million hectares (MPOB 2020), or 17.7% of the total land area (though this is highly 

variable by state, reaching 38.8% in Johor and 33.7% in Kedah – Din 2017). Independent 

smallholders in Malaysia are estimated to account for approximately 0.98 million hectares, 

or 16.7% of the MPOB estimated total (Rahman 2020). 

Low productivity and negative environmental impacts are considered the most challenging 

issues for smallholder production of sustainable palm oil. Farmers tend to increase their 

land productivity by applying more fertilizer and increasing their use of herbicides and 

pesticides (Caudwell 2000; Razak et al. 2020). Overuse of chemical fertilizers may cause 

negative environmental impacts such as greenhouse gas emissions and nutrient losses 

through leaching (Hassler et al. 2017; Kurniawan et al. 2018), and the intensive use of 

herbicides and pesticides has a negative impact on understory plant cover and many 

species that may contribute to pest control and pollination (Clough et al. 2007; Hood et al. 

2019; Kamarudin et al. 2019).  

In 2019 the RSPO launched the Independent Smallholder Standard which seeks to provide 

a framework for smallholder certification whilst ameliorating the issues of productivity and 
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environmental risks in smallholdings. This standard incorporates a set of Principles and 

Criteria which focus on both increasing productivity and reducing environmental risks such 

as the conversion of High Conservation Value habitats and the leakage of agrichemicals 

into the soil and groundwater (RSPO 2019). As of January 2022 the RSPO has certified 21,319 

independent smallholders and 141,577 scheme smallholders (RSPO 2022). 

Smallholder oil palm production is often viewed as having far more potential than 

largescale monoculture for operating sustainably in terms of balancing yields with 

minimising environmental degradation. This is based on a number of assumptions, firstly, 

that local habitat heterogeneity within agricultural landscapes is associated with increased 

biodiversity, and that this in turn is correlated with increases in the provisioning of 

biodiversity-mediated ecosystem services. Secondly, that oil palm smallholdings have 

higher habitat heterogeneity in comparison to larger scale plantations. And thirdly, that 

comparatively higher levels of biodiversity-mediated ecosystem services mean that 

smallholders are able to achieve higher yields with less dependence on chemical pesticides 

and fertilisers; and thus smallholders are able to produce oil palm at a lower environmental 

cost. These assumptions are highly significant in both understanding the differential 

environmental impacts of oil palm under varying management regimes, and to the 

development of safeguards and certification incentives which genuinely support 

smallholder livelihoods whilst mitigating impacts on biodiversity. The principal focus of this 

report will be to review the scientific literature and evaluate the nature of the evidence 

base in support (or otherwise) of these assumptions, to identify current knowledge gaps 

and to recommend future avenues of enquiry.  

The expansion of oil palm has significant deleterious impacts on biodiversity through direct 

extirpation and displacement of species, with subsequent limitations on the composition 

of biological communities through habitat simplification and microclimatic effects (Foster 

et al. 2011; Savilaakso et al. 2014). Nonetheless, agricultural landscapes may retain 

remnants of biodiversity which facilitate the continued (albeit modified) provisioning of 

ecosystem services, some of which have direct implications for the productivity of 

agricultural systems – indeed, it has long been argued that ecosystem services provide 

considerable benefits in various agroecosystems globally. Garbach et al. (2014) provide a 

typology for these services, including biodiversity-mediated benefits such as pollination, 

pest control and the enhancement of soil fertility. Much of this, however, rests on 

theoretical assumptions and real-world examples may be largely contingent on local 

ecological assemblages of species and their trophic networks, rendering generalisations 

difficult. The extent to which ecosystem services genuinely contribute towards 

productivity in the context of South East Asian oil palm is important to the region's 

smallholders and for the successful implementation of the Independent Smallholder 

Standard, and this review will seek to evaluate the current scientific evidence base on this 

subject. 

This report will focus on a review primary data studies with three principal areas of 

investigation: 

1. Habitat heterogeneity in smallholdings compared to large scale oil palm 

plantations. 
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2. The extent to which habitat heterogeneity enhances biodiversity in smallholdings. 

3. The extent to which habitat heterogeneity and biodiversity enhance three key 

ecosystem services (pollination, pest control and soil health) and yields in oil palm 

smallholdings. 

 

2. METHODS 

2.1 SELECTION OF LITERATURE FOR INCLUSION IN REVIEW 

This review adopted a simplified version of the Systematic Review methodology pioneered 

by the Collaboration for Environmental Evidence (CEE 2018) and exemplified by Rodriguez 

et al. (2016). Literature searches were conducted independently for each of the three 

questions outlined above using several pre-determined search strings (combinations of 

search terms and Boolean operators) in the Google Scholar database (see Appendix 1 for 

a list of the search strings used). The search focused initially on peer-reviewed publications, 

and the suitability of papers was assessed initially on the basis of title (to dismiss entirely 

irrelevant results), then abstract, then full paper as necessary. Literature searches for each 

search string were terminated once 20 consecutive irrelevant results were returned. 

Separate searches were also conducted for unpublished materials and grey literature in 

order to reduce publication bias (CEE 2018), although the principal focus was on peer-

reviewed publications. During the review process, some additional relevant publications 

were identified through citations in reviewed articles. 

As an initial step to screen search results, publications which were clearly irrelevant based 

on the title or abstract were discarded, along with any duplicates which occurred in 

separate searches pertaining to the same question. Publications which were clearly or 

potentially relevant on the basis of the abstract then proceeded to a reading of the full 

text, together with linked or subsidiary information as necessary. Upon reading the full 

text, each article was screened against a set of eligibility criteria to assess their relevance 

in addressing the questions with which the review is concerned. The principal eligibility 

criteria included the following: 

i. Study design: the methodological approach of the study permits robust inferences 

pertinent to the review questions. 

ii. Location: the study is conducted in a geographical location relevant to the specific 

question. 

iii. Populations: the study focuses on oil palm smallholders (or other tropical crops as 

appropriate). 

iv. Comparators:  a comparison between monoculture and polyculture smallholdings, 

or smallholdings with a natural forest baseline, or smallholdings with commercial 

oil palm operations. 

v. Outcomes: findings are pertinent to the specific question with which the search is 

concerned. 
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Review papers and meta-analyses were included where these provided relevant 

background contextual information to inform the discussion and interpretation, but were 

not included in the semi-quantitative assessment of the strength of the evidence base (i.e. 

studies could not be counted twice as a piece of primary literature as well as in a review). 

The literature search and screening process yielded approximately 70 publications which 

were subsequently considered in this review.  

 

2.2 QUANTIFYING THE STRENGTH OF THE EVIDENCE IN SUPPORT 

OF ASSUMPTIONS ABOUT ECOSYSTEM SERVICES IN OIL PALM 

SMALLHOLDINGS 

A number of propositions were developed which represent the primary assumptions that 

this review seeks to evaluate concerning habitat heterogeneity, levels of biodiversity, 

naturally-occurring ecosystem services related to productivity, and yields in oil palm 

smallholdings (see table 1). The scientific evidence base was then scrutinised to determine 

the level of support (or otherwise) for each proposition. Only studies which involved the 

collection of primary field data by the authors were incorporated in the analysis, and does 

not include review papers or other background literature considered elsewhere in this 

report. 

Each proposition was assigned to a confidence category derived from a semi-quantitative 

weighting of how well the studies cumulatively supported the proposition. This method 

has been further developed by author A.M. based on an original approach used in Lucey et 

al. (2014; 2015). Each supporting study was given a weighting of 1, neutral studies 0.5 

(since neutral findings should have the effect of lessening confidence that a given 

proposition is true), and negative studies 1. These weightings were then summed and 

divided by the total number of studies to produce an overall weighting ranging from 1 to 

1. Weightings ranging from 1 to 0.3 were assigned to the "low" confidence category, 

0.31 to 0.7 to the "moderate" category, and 0.71 to 1 to the "high" confidence category.   

Additional weightings were performed to estimate the validity of studies, comprising an 

assessment of the robustness of each study (internal validity- determined by whether a 

study was published in  a peer-reviewed journal), their applicability to oil palm (external 

validity), and the total number of studies pertinent to each proposition. All studies 

considered in the weightings were published in peer-reviewed journals, so the internal 

validity weightings were discarded and only external validity was considered. A 

"moderate" validity categorisation was applied where 50% or less of the relevant studies 

were conducted in oil palm, or where less than three relevant studies were found. If both 

of these conditions were met a "low" validity categorisation would be applied (though this 

did not occur), and a "high" validity categorisation was applied where neither condition 

was met. Propositions with high validity weightings had no effect on the confidence 

categorisations. Where validity was moderate, a penalty of 0.3 was applied to the 

confidence weighting to mitigate the possibility that a proposition could have a high 

number of supporting studies which were conducted in largely non-oil palm tropical 
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agricultural settings. A more detailed version of the table with additional notes and the 

study references is presented in the separate Annex. 

 

3. RESULTS 

3.1 QUANTIFYING THE STRENGTH OF THE EVIDENCE BASE 

Overall, there was high confidence that smallholder oil palm production systems have 

higher habitat heterogeneity (defined as increased complexity of vegetation structure) 

than larger scale oil palm production, often due to polyculture and intercropping practices 

adopted by many smallholders. However, this condition was not ubiquitous among 

smallholders and one study found that RSPO certified smallholders tended to operate 

monoculture production (table 1, Appendix 2). 

An equal number of studies found higher levels of biodiversity in polyculture oil palm 

systems, compared with no difference in biodiversity between monoculture and 

polyculture systems. No studies found a decline in biodiversity in polyculture systems 

(table 1, Appendix 2). 

There was low confidence in the strength of the evidence that that increased habitat 

heterogeneity (usually from polyculture rather than natural vegetation) in smallholdings, 

led to positive effects on ecosystem services, or that higher levels of habitat heterogeneity 

or biodiversity conferred benefits in terms of yield, or that ecosystem service provision was 

high enough to compensate for any reduction in chemical applications without reducing 

yield (table 1, Appendix 2). 

In the next sections the literature is reviewed qualitatively to determine some of the 

reasons behind these findings. 

 

Table 1. Summary table of studies involving the collection of primary field data. "Validity" 

is a qualitative appraisal of the evidence base according to its internal validity (robustness 

of study design) and external validity (comparability across studies and total number of 

studies). "Confidence" is a qualitative assessment of how well the evidence base supports 

each proposition. An expanded table with additional details is available in Appendix 2. 

  

 

Proposition 

 

 

Supporting 

studies 

Studies with 

neutral 

findings 

Studies with 

negative 

findings 

 

Study validity 

 

Confidence 

Oil palm smallholdings 

exhibit greater habitat 

heterogeneity than 

commercial 

plantations 

 

 

8 

 

 

1 

 

 

0 

 

 

High 

 

 

High 
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Polyculture systems 

support greater 

biodiversity than 

monocultures 

 

4 

 

4 

 

0 

High (all high 

quality and all in 

oil palm) 

Moderate 

Greater habitat 

heterogeneity in oil 

palm smallholdings 

leads to improved 

natural pollination 

services  

0 3 0 Moderate Low 

Greater habitat 

heterogeneity in oil 

palm smallholdings 

leads to improved 

natural pest control 

services 

 

3 

 

5 

 

0 

Moderate (study 

designs robust, 

but only 4 

studies in oil 

palm; 1 of these 

in smallholdings) 

Low 

Greater habitat 

heterogeneity in oil 

palm smallholdings 

leads to improved soil 

fertility 

2 1 1 
High (all studies 

in oil palm) 
Low 

Greater habitat 

heterogeneity & 

biodiversity in oil palm 

smallholdings leads to 

improved yields 

3 

 

5 

 

2 

High (study 

designs robust 

and >50% of 

studies in oil 

palm) 

Low 

Smallholders are able 

to achieve comparable 

yields to commercial 

plantations with lower 

chemical inputs 

0 1 1 

Moderate 

(designs robust 

but paucity of 

studies) 

Low 

 

 

3.2 HABITAT HETEROGENEITY & BIODIVERSITY IN OIL PALM 

PLANTATIONS & SMALLHOLDINGS 

There is significant evidence that proximity to natural forests is strongly correlated with 

increased biodiversity in tropical agricultural systems, providing much impetus to debates 

over the suitability of "land sharing" versus "land sparing" approaches to harmonizing 

biodiversity conservation and agricultural development (Grass et al. 2019). Whilst it seems 

intuitive that intact forest ecosystems may function as sources for the surrounding 

landscape, an important consideration is how biodiversity is influenced by the habitat 

complexity of agricultural systems, and whether the general assertion that greater 
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structural complexity correlates with increased biodiversity holds true in oil palm settings. 

This section will explore the evidence base on the relationship between habitat complexity 

and biodiversity in oil palm, along with the common assumption that oil palm smallholdings 

are generally more heterogeneous in habitat structure than plantations.  

Numerous authors have compared the species richness, abundance and/or functional 

diversity of various vertebrate and invertebrate groups between oil palm plantations and 

smallholdings; particularly in Malaysia. Smallholders are often found to practice 

polyculture planting systems, intercropping oil palm with a variety of other cash and 

subsistence crops such as bananas, sugar cane, cassava, maize, coconut palms and native 

fruit trees (Asmah et al. 2017; Azhar et al. 2014a) which results in a greater degree of 

vegetation structural complexity in comparison to monoculture systems. Polyculture 

planting is not ubiquitous among smallholders, however. Azhar et al. (2014b) sampled 100 

oil palm smallholdings in Peninsular Malaysia and found them to practice a broad range of 

monoculture and polyculture planting systems, and similar variability has been found by 

Asmah et al. (2017), Syafiq et al. (2016), and Yahya et al. (2016 and 2017). Asmah et al. (2017) 

observe that monoculture smallholdings are structurally similar to plantations, albeit 

generally smaller in area. In a broad comparison between oil palm plantations and 

smallholders, Azhar et al. (2015) conducted a spatial analysis of remotely-sensed imagery 

and found that uncertified smallholdings were in general more complex than plantations, 

and that there was no significant difference in habitat complexity between RSPO-certified 

and uncertified plantations. These studies together indicate that the issue of habitat 

complexity may be principally one of scale; smallholdings may exhibit greater habitat 

heterogeneity than plantations taken as a broad average, but there is high variability 

between individual smallholdings and they cannot be assumed to have complex habitat 

structures in every case. A further note from these studies is that habitat complexity in 

smallholdings is generally ascribed to the practice of polyculture rather than the retention 

of patches of remnant forest on agricultural lands, suggesting that while smallholdings 

may be more structurally complex than plantations in many cases, they are not necessarily 

more similar to unmodified ecosystems. With respect to RSPO certification among 

smallholders, it may be that certified smallholders typically practice monoculture planting 

rather than intercropping – a recent study among smallholders in Kalimantan, Indonesian 

Borneo, for example found that 95% of certified smallholders planted monocultures, as 

opposed to only 44% of their non-certified counterparts (De Vos et al. 2021).  

The relationships between habitat heterogeneity and biodiversity also do not appear to be 

unidirectional, and vary between taxa and the component of diversity being measured. 

Many biodiversity studies in oil palm focus on birds, and case studies on this taxon 

exemplify the difficulty in identifying linkages between smallholdings, habitat 

heterogeneity and biodiversity. Azhar et al. (2011) compared bird species richness and 

assemblages in oil palm between large monoculture plantations, polyculture 

smallholdings, and logged peat swamp forests in Peninsular Malaysia. They found that 

smallholdings had significantly higher species richness than plantations, but that both 

were relatively depauperate with up to 60% fewer bird species than logged peat swamp 

forest. Conversely, Jambari et al. (2012) found reasonably high species richness of birds (72 

species) in Peninsular Malaysia oil palm compared to a natural forest baseline, but did not 
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find any significant differences in ground vegetation cover or undergrowth height 

between plantations and smallholdings, or any differences in bird biodiversity between the 

two. Azhar et al. (2014b) compared monoculture and polyculture oil palm smallholdings 

and found that bird species richness was significantly higher in monocultures, but the 

opposite was true for abundance. A similar study in oil palm smallholder monocultures and 

polycultures (Yahya et al. 2017) found that bird species richness was significantly higher in 

polycultures than monocultures. However, they also found that species richness was 

positively correlated with standing and fallen biomass of dead oil palm trees, and that 

abundance was similarly correlated with dead oil palm and negatively correlated with oil 

palm stand height. These findings suggest that management practices associated with 

removal or retention of dead oil palms and the age of oil palm stands may be important 

factors in bird diversity, in addition to habitat complexity resulting from polyculture 

practices. The dispersal ability of birds also means that they are likely to be influenced by 

conditions in the wider landscape, which may explain the contradictory findings of studies 

that focused primarily on vegetation complexity in the local habitat. 

Studies on other taxa similarly do not produce clear-cut evidence of linkages between 

habitat heterogeneity and biodiversity in the oil palm context. Asmah et al. (2017) used 

butterflies as a proxy to compare biodiversity between monoculture and polyculture oil 

palm smallholdings, and contrary to their expectations found no significant differences in 

the diversity, abundance and composition of butterfly assemblages between the two. 

Conversely, Syafiq et al. (2016) studied bats in 120 oil palm smallholdings in Peninsular 

Malaysia to compare the effects of habitat heterogeneity between monoculture and 

polyculture systems, finding higher species richness and abundance in polycultures. In an 

assessment of mammal diversity in plantations and smallholdings in Peninsular Malaysia, 

Azhar et al. (2014a) found no difference in species richness between them; though 

smallholdings appeared to host more carnivores and herbivores and there was a general 

relationship in both systems between mammal diversity and increases in natural forest 

cover within 5 kilometres of sampling sites. Spill-over of species from forest fragments into 

oil palm plantations has been well documented (e.g. Lucey et al. 2014), but biodiversity 

studies in oil palm often do not draw the distinction between farm-scale heterogeneity and 

habitat heterogeneity in the wider landscape; thus complicating interpretations of 

observed oil palm biodiversity. 

 

3.3 BIODIVERSITY & ECOSYSTEM SERVICES IN TROPICAL 

AGRICULTURE 

There is broad general agreement that biodiversity plays pivotal functional roles in 

regulating ecosystem services which influence agricultural productivity (Altieri, 1999), but 

the precise mechanisms by which this occurs are likely to be highly context-dependent and 

variable. This section presents a general overview of relationships between biodiversity 

and ecosystem services by first examining a number of review papers and meta-analyses 

on the topic, followed by an examination of individual case studies on pollination, 

biological control and soil fertility. This will focus on studies in South East Asian oil palm 
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where possible, but will also draw on the literature from other tropical agricultural systems 

such as coffee and cacao where these are instructive. 

3.3.1 Review Studies on Biodiversity & Ecosystem Services 

Beillouin et al. (2021) compiled the results of 95 global meta-analyses to examine the role 

of crop diversification on biodiversity and the provision of ecosystem services, 

hypothesizing that impacts on ecosystem services may be largely contingent on the type 

of diversification strategies employed. Their synthesis shows that crop diversification 

enhances both biodiversity and ecosystem services including biological control and soil 

quality, but that this effect varied between strategies and was more pronounced in 

agroforestry systems than intercropping. Beenhouwer et al. (2013) reached similar 

conclusions in a global meta-analysis on biodiversity and ecosystem services in coffee and 

cacao agricultural systems, finding increasingly detrimental impacts on species richness 

and ecosystem services along a continuum of management intensity from agroforestry to 

monoculture plantations. They offer the caveat, however, that reporting on ecosystem 

services was deficient in the sampled studies and that many did not differentiate between 

different services. 

Kremen and Miles (2012) conducted a review of ecosystem services in monoculture and 

"biologically-diversified" agricultural systems (polyculture and agriculture mixed with 

semi-natural areas) and found organic management (i.e. management practices which do 

not involve the use of agrichemicals) to be generally beneficial for soil microorganisms and 

nutrient cycling. They note that there are encouraging results for the effects of 

intercropping on the mitigation of pest-borne diseases, but point out that work on this is 

limited and no general conclusions can be drawn. They further find that landscape-level 

habitat variables overshadow the effects of local-scale management in the provision of 

pollination services, although this area is somewhat under-studied. Harrison et al. (2014) 

performed a meta-analysis investigating the relationship between biodiversity and the 

provisioning of ecosystem services by focussing on functional biodiversity traits, finding 

that species richness and population abundance was strongly correlated with pollination 

services and increased habitat complexity was correlated with enhanced pest regulation.  

The above studies offer some support to the contention that increased habitat 

heterogeneity created from crop diversification and biodiversity in agricultural systems is 

associated with ecosystem services beneficial for productivity, but there is little focus on 

potential detrimental impacts. Zhang et al. (2007) emphasize that while biodiversity can 

confer beneficial ecosystem services on agroecosystems, there are often concomitant dis-

services such as pest damage and competition for resources. 

Review studies on the relationship between biodiversity and ecosystem services specific 

to oil palm are somewhat limited. Foster et al. (2011) contend that there is considerable 

support for the idea that increased biodiversity has significant positive effects on 

ecosystem functioning in oil palm, but acknowledge that this evidence is chiefly theoretical 

and there is a paucity of empirical support. They note that whilst management practices 

such as Integrated Pest Management are well-documented, examples of natural biological 

control are lacking, as is reliable data on soil nutrient cycling and the role of native 

pollinators such as Thrips hawaiensis. In a general review of ecosystem services in oil palm, 
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Dislich et al. (2017) note that most ecosystem services are severely delimited in comparison 

to natural forest – including services such as pollination, natural pest control and soil health 

which are directly related to oil palm productivity. They find little evidence of pollination 

by native species in oil palm, and observe that the reliance on introduced Elaeidobius 

weevils in South East Asia carries risks as its susceptibility to disease and fluctuating 

predator populations is poorly understood. Like Foster et al. (2011), they point to the 

limited knowledge on the contribution of native biodiversity to biological control. 

The following sections will move from general reviews to specific empirical studies on   

pollination, pest control and soil fertility services provided by the ecosystem. 

3.3.2 Pollination 

A principal determinant of pollination success in many tropical agroecosystems is 

proximity to natural forests (DeMarco and Coelho 2004; Hipolito et al. 2018; Klein et al. 

2003; Ricketts 2004). DeMarco and Coelho (2004) found that this is true independent of 

management intensity (monoculture versus agroforestry), suggesting that proximity to 

forests overrides on-farm habitat complexity in mediating pollination. Hipolito et al. (2018) 

found that lower-impact management (correlated with higher habitat heterogeneity) was 

associated with higher biodiversity on coffee farms, but not with increased pollination by 

honeybees. Classen et al. (2014) established a full-factorial pollinator and vertebrate 

exclosure experiment in east African coffee agricultural systems ranging from traditional 

home gardens to unshaded plantations, and found no significant effect of the intensity of 

land use on either pollination or pest predation services. These studies suggest that on-

farm habitat complexity has a minimal influence on natural pollination services, compared 

with availability of nearby natural habitat, at least for coffee. 

Oil palm in SE Asia is, by contrast, pollinated by an introduced species which is not 

dependent on natural habitat. The oil palm pollinating weevil Elaeidobius kamerunicus was 

introduced to South East Asia in the 1980s, and has subsequently largely displaced the 

previous native pollinator, Thrips hawaiiensis. The introduction of this species has led to 

routinely higher fruit sets and has obviated the need for hand pollination (Li et al. 2019). 

However, the general reliance on a single species of pollinator carries inherent risks (Dislich 

et al. 2017), and little is known conclusively about predation of E. kamerunicus (Li et al. 

2019). Siswanto and Soetopo (2020) suggest that the presence of rats may lead to declines 

in E. kamerunicus populations through direct predation and predation of the flowers in 

which they reproduce. Exclosure experiments by Denmead et al. (2017) in Sumatran oil 

palm smallholdings found no disruption of pollination services by E. kamerunicus, though 

their methodology targeted the exclusion of birds, bats and ants rather than rats. These 

findings suggest that pollinators may be limited by flower availability rather than that 

productivity is limited by the availability of pollinators in this system. Nonetheless, given 

the critical importance of this single pollinator species in South East Asian oil palm it would 

be prudent to upscale research efforts on E. kamerunicus with respect to its population 

dynamics, the magnitude of predation impacts and its susceptibility to longer-term 

environmental fluctuations such as climate change. However, current literature suggests 

oil palm pollination is likely to be minimally affected by habitat heterogeneity or associated 
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changes in natural biodiversity, and research and management may be better focused on 

harnessing the potential benefits from other natural ecosystem services. 

3.3.3 Pest Control 

Several studies in tropical coffee and cacao plantations have found a significant correlation 

between natural biological control and proximity to forest fragments (e.g. Karp et al. 2013; 

Milligan et al. 2016). Railsback and Johnson (2014) used computer simulations to assess 

habitat requirements for predatory birds to suppress borer beetles in Jamaican coffee 

farms, and their models indicate that a few relatively-large patches of forest fragments in 

cropland can support predatory bird populations sufficient to supress pests. There is some 

empirical support for these models; for example Karp et al. (2013) found that forest 

fragments as small as one hectare supported bird populations which had a significant 

impact on coffee berry borer beetles (Hyopthenemus hampeii) in both plantations and 

smallholdings, and suggest that these forest fragments are more consequential for 

biological control than larger protected areas in the landscape. Conversely, Bisseleua et al. 

(2013) examined the links between shade tree diversity and pest damage in Cameroonian 

cacao plantations and did not find statistically significant relationships between habitat 

heterogeneity and natural biological control. This underscores the importance of 

considering which components actually constitute habitat complexity, since even small 

forest fragments may have a profoundly different influence on ecosystem services than 

the structural complexity arising from diverse polyculture systems. 

The role that biodiversity plays in biological control in oil palm also appears to be 

ambiguous, since areas high in species diversity may still be low in functionally important 

species, and functionally important species may in some cases have multiple impacts which 

cancel one another out. Gray and Lewis (2014) investigated whether riparian forest 

fragments adjacent to oil palm in Sabah confer biological control services or dis-services 

via increased incidence of pests. They found an overall increase in foraging arthropods near 

riparian reserves, but not in either pest predators or defoliators, concluding that riparian 

fragments were essentially functionally neutral with respect to biological control. 

Denmead et al. (2017) used exclosure experiments to experimentally manipulate the 

access of ants, birds and bats to oil palm smallholdings in Sumatra to investigate their 

impacts on multiple ecosystem functions (including pest control), and found their 

manipulations had no net effect. Ants and birds both had a strong negative influence on 

arthropod predators, but also had similar effects on other feeding guilds (including 

herbivores) since they are typically generalist feeders. They suggest that arthropod 

predator populations are bottom-up controlled by other arthropod guilds, rather than top-

down controlled by the predators manipulated in the study. They note that this finding is 

at odds with Koh (2008) who performed a similar exclosure experiment in Sabah on 

commercial plantations and found that damage via herbivory significantly increased with 

bird exclusion, and suggest that this may be due to differences in stand ages and the 

proximity of their study sites to jungle rubber and forest. 

Forests may be sources of pests as well as pest predators, including mammals such as wild 

pigs (Ickes 2001) and primates (Ruppert et al. 2018). Chapman et al. (2019) used trapping 

and tracking to investigate spill-over of pest rodent species from protected forests to oil 
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palm in Sabah. They found minimal spill-over of most species into oil palm and concluded 

that forest edges may provide an adequate boundary to prevent rodent pest spill-over; 

although they acknowledged that their methods did not account for arborial species such 

as the plantain squirrel (Callosciurus notatus). 

Beneficial plants are often planted in oil palm plantations to encourage natural predators 

of herbivore pest, particularly bagworm, and a review by Sulaiman and Talip (2021) 

indicates that there is evidence within the industry literature that high nectar flowering 

plants are attractive to beneficial parasitoid wasps and that low vegetation cover reduces 

the abundance of these pest-predators. This implies that on-farm vegetation complexity 

could have benefits in reducing herbivore outbreaks, but that specific plant species that 

are attractive to beneficial pest predators may maximise this benefit and that this benefit 

might not be apparent from all types of increased vegetation complexity, for example from 

intercropping. 

The issue of natural pest control in oil palm smallholdings is complicated by both the 

complexity of species interactions among different taxa (which are likely to vary widely 

among different geographical assemblages) and the paucity of studies which explicitly 

examine both biodiversity in oil palm and the precise functional impacts of this biodiversity. 

It would be highly beneficial to conduct longitudinal studies, which identify those species 

which are functionally important in natural pest control, monitor their abundance, and 

correlate this with impacts on pest species populations; using comparator sites in oil palm 

monocultures and polycultures.  

3.3.4 Soil Health 

Efficient cycling of nutrients between plants and soil is disrupted by conversion of natural 

forests to agricultural land-use systems, leading to subsequent nutrient losses through 

leaching (Dislich et al. 2017; Kurniawan et al. 2018). Like commercial producers, oil palm 

smallholders must usually compensate for low nutrient availability by using agrichemicals 

(Azhar et al. 2014b), though the lack of training in best management practices frequently 

results in sub-optimal application of fertilizer – particularly among uncertified smallholders 

(De Vos et al. 2021). Clough et al. (2016) assessed agricultural inputs and outputs for 464 

smallholder households in Jambi province, Sumatra, and linked this to empirical 

assessments of biodiversity and ecosystem functioning at 32 study sites across forest, 

jungle rubber, rubber plantation and oil palm landscapes. They found levels of biodiversity 

and ecological functioning (including soil microbial biomass and rates of decomposition) 

to be lowest in smallholder oil palm, which also had the highest nutrient-leaching fluxes 

(thought to be associated with extensive nitrogen fertilization).  

A small number of studies have focussed on the maintenance of soil health as a natural 

ecosystem service, usually associated with the activities of arthropod decomposers. Ashraf 

et al. (2018) found arthropod diversity to be significantly higher in oil palm polycultures 

than monocultures, though they did not directly measure the impacts of this diversity on 

soil nutrient content or yields. Ashton-Butt et al. (2018) used experimental treatments to 

investigate the impacts of understory vegetation and herbicide use on soil biodiversity and 

nutrient cycling with three treatments – understory present and no herbicide use, 

moderate herbicide use and some manual weeding, and heavy herbicide use with no 
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understory. After two years they found that soil macrofauna and decomposition rates 

were highest the in the treatment without herbicide application, and recommend limiting 

management of understory vegetation. These studies suggest that limiting management 

interventions such as use of agrichemicals and removal of vegetation may facilitate the 

maintenance of soil fauna and decomposition, but offer little insight into whether this 

offsets nutrient poverty and how this influences overall yields. Only one study was found 

which explicitly investigated the link between biodiversity, soil decomposition and yields 

in oil palm smallholdings (Denmead et al. 2017), which found no influence of the exclosure 

of ants, birds and bats on either decomposition rates or yields.   

 

3.4 TRADE-OFFS BETWEEN HABITAT HETEROGENEITY, 

BIODIVERSITY & YIELDS  

Despite the commonly held contention that natural ecosystem services provide a range of 

benefits in agroecosystems globally (e.g. Altieri 1999; Garbach et al. 2014) there is very little 

unequivocal empirical support for this claim in oil palm since very few studies measure the 

impacts of ecosystem services on actual productivity (one exception is the Denmead et al. 

2017 study discussed above, which had neutral results). Habitat heterogeneity and 

biodiversity are commonly used as proxies, on the assumption that higher values of either 

will facilitate the maintenance of ecosystem services and consequently of yields. Reviewed 

studies investigating the relationship between habitat heterogeneity and yields in coffee 

(Deheuvels et al. 2011; Jezeer et al. 2019) failed to find any correlation. Clough et al. (2011) 

found that increased shade had some positive effect on yields in Sulawesi cacao 

smallholdings, but differences in biodiversity were at best benign. Prescott et al. (2015) 

explored the links between habitat vegetation complexity, biodiversity and yields in oil 

palm by experimentally removing epiphytes and testing yields and biodiversity after two 

and 16 months. No significant differences were found in ant or bird abundance, diversity 

or composition at either time interval; nor was there any effect on yield.  

There have been some experimental attempts to investigate how the manipulation of 

habitat heterogeneity could positively affect oil palm yield. Gerard et al. (2017) established 

tree islands of up to 6 native species (each with some economic value) within an oil palm 

plantation and monitored their effects on yields over two years (they retained oil palm 

within each island but thinned their numbers). They found that oil palms within tree islands 

showed increased yields (possibly due to increased light, nutrient and water availability 

due to thinning) and speculated that this could offset the cost of having reduced numbers 

of palms. They also acknowledge that the study took place only two years after planting, 

and productivity may decline as tree islands mature and competition for resources 

becomes more intense. Teuscher et al. (2015) performed plot and survey studies in 120 

smallholdings in Sumatra to investigate trade-offs between biodiversity, habitat 

heterogeneity and yields, finding that yields and revenue were negatively affected by the 

presence of non-oil palm trees and understory vegetation exceeding 1.5 metres in height. 

They further found that increases in biodiversity result in minimal losses of revenue in 

monocultures, but substantial losses in polycultures where yields are already 

comparatively low.  
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Biodiversity is commonly assumed to confer positive impacts on ecosystem service 

provision, but can also present a substantial trade-off in the form of dis-services. Hamer et 

al. (2020) investigated trade-offs between avian biodiversity and yields in Ghanaian oil palm 

smallholdings and found that the areas with the highest yields had the lowest bird diversity 

and abundance, and that the retention of large trees in smallholdings boosted bird 

diversity and abundance but reduced per hectare production. Conversely, Razak et al. 

(2020) found that high-yield oil palm smallholdings had high bird species richness and 

feeding guild diversity, though they also note that overall bird abundance was low and that 

the three dominant species found in the study may not be of functional importance for the 

delivery of ecosystem services related to production. Edwards et al. (2014) investigated the 

effects of biodiversity from dipterocarp forests on yields in adjacent oil palm plantations in 

Sabah, and found no correlation between yield and distance to dipterocarp forests. They 

conclude that ecosystem services and dis-services from adjacent natural forests which are 

impactful on yield either do not occur or cancel one another out.  

Oil palm smallholders are understandably interested in optimising and maintaining 

productivity. In an assessment of the economic values of ecosystem services in oil palm 

smallholdings in Riau, Aulia et al. (2020) conducted interview-based surveys to identify 

ecosystem services of importance to smallholders. Most respondents identified food and 

water provisioning services, climate regulation, and soil erosion (as a dis-service). None 

mentioned soil fertility, pollination or natural pest control among the ecosystem services 

of importance to them, but may not recognise the link between these services and food 

provisioning. Moreover, the incentives for smallholders to engage in sustainable and 

"biodiversity-friendly" management practices may be undermined if these practices 

compromise productivity and profitability. Polycultures are generally less profitable than 

monocultures (Syafiq et al. 2016), and the maintenance of forest fragments on agricultural 

land comes at the opportunity cost of converting those areas to production (Ricketts 

2004). Furumo et al. (2020) conducted extensive surveys of RSPO certified and uncertified 

smallholder and plantation-scale oil palm producers in Colombia and found that whilst 

certified smallholders and plantations had uniformly lower usage of agrichemicals and 

greater incidence of conservation set-asides and riparian buffers, they also had 

significantly lower yields and were dependent on the price premiums from certification. 

The authors also suggested that additional financial incentives may be necessary to 

maintain the viability of this form of sustainable agriculture over the long term. 

There is scant evidence that non-certified smallholders in polyculture settings are able to 

achieve viable yields with low chemical inputs due to the provisioning of ecosystem 

services. Soliman et al. (2016) studied the productivity of oil palm smallholders in Sumatra, 

modelling efficiency on the basis of yields, land area, chemical inputs and details of 

management practices. Their modelling indicated that smallholder practices were largely 

inefficient, not achieving potential yields and overusing chemical fertilizers and herbicides. 

They estimated that the smallholders in their sample only achieved about 50% of potential 

yields, whereas government and private estates reached 85-90%. In their study of avian 

diversity in Malaysian smallholdings, Azhar et al. (2014b) noted that polyculture 

smallholdings tend to favour intensive use of agrichemicals – herbicides were sprayed 

twice a year in monocultures smallholdings but three or more times in polycultures.  
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The retention of heterogeneous farmlands and adoption of low-input agricultural practices 

clearly incurs significant trade-offs for smallholders, and several authors conclude that 

considerable and long-term external support will be necessary to reconcile biodiversity-

friendly farming with losses in productivity. In their study of oil palm smallholders in 

Sumatra, Clough et al. (2015) find that maintaining an economic-ecological balance would 

require substantial financial incentives from external mechanisms such as REDD+, and 

Syafiq et al. (2016) similarly note that the promotion of crop diversification to support 

biodiversity in Malaysian smallholdings would require significant monetary inputs. A great 

deal of future research is needed to better understand the mechanisms by which 

ecosystem services and dis-services impact smallholder productivity in heterogeneous 

settings, and to develop management practices which strengthen ecosystem services in 

ways which both safeguard viable smallholder yields and minimise adverse environmental 

impacts. In the immediate term however, external investment in and support of low-

impact smallholder agriculture may be the best way to "reconcile the biodiversity-

production trade-off" (Hipolito et al. 2018). 

 

4. DISCUSSION 

4.1 HABITAT HETEROGENEITY IN SMALLHOLDINGS COMPARED TO 

LARGE SCALE OIL PALM PLANTATIONS 

There is considerable support in the literature (primarily in studies from Malaysia) for the 

contention that oil palm smallholders frequently practice polyculture planting systems 

which result in a greater degree of on-farm habitat heterogeneity than plantations, which 

are generally monocultures. However, these same studies also indicate that polyculture 

systems are far from ubiquitous among smallholders. Since these studies generally aim to 

evaluate levels of biodiversity across different agricultural habitats, they typically 

incorporate study designs which sample equal numbers of plots in each habitat type (i.e. 

smallholder polyculture and smallholder monoculture), and therefore do not provide much 

illumination on the prevalence of polyculture versus monoculture systems among 

smallholders in general. Polyculture is generally assumed to generate more complex 

vegetation structure than monoculture practices in the literature, however, if 

monocultures retain higher levels of natural understory this may not necessarily be the 

case, nor may the additional structural complexity provided by other crops be as beneficial 

for biodiversity as that provided by native understory species. Therefore differences in the 

management of the understory and groundcover are also important to consider. 

There is also very little information on the degree to which heterogeneous smallholdings, 

or smallholder landscapes, may include patches of remnant natural vegetation, which may 

have rather different implications for biodiversity and ecosystem services than the inter-

planting of cash crops typical of polycultures. Azhar et al. (2015) conducted a spatial 

analysis in West Malaysia which confirms that smallholdings typically include many more 

heterogeneous habitat "patches" than plantations, but they did not distinguish whether 

these patches were constituted of other non-oil palm crops or natural vegetation. 

Moreover, the smallholders in their study were all non-RSPO certified, and De Vos et al. 
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(2021) found that 95% of certified smallholdings in their Kalimantan study site were 

monocultures. Clearly more work is required to identify the actual nature and distribution 

of habitat heterogeneity among oil palm smallholders – in particular those who have 

attained or are preparing for RSPO certification.  

 

4.2 THE EXTENT TO WHICH HABITAT HETEROGENEITY ENHANCES 

BIODIVERSITY IN SMALLHOLDINGS 

There is some evidence that polycultures support more biodiversity than monocultures, 

but several studies found no differences between the two. There are several further 

caveats worthy of note. Two studies found that faunal richness was largely controlled by 

distance to natural forest rather than on-farm habitat heterogeneity, which is in alignment 

with other work on the spill-over of biodiversity from forest fragments into surrounding oil 

palm (e.g. Lucey et al. 2014). This underlines the importance of scale in considering habitat 

heterogeneity; in particular of disambiguating the effects of localized heterogeneity at the 

smallholding scale from heterogeneity in the wider landscape, as the latter may be exerting 

considerable control on the former. An additional caveat is that smallholder management 

practices, which result in minor habitat modification, may influence biodiversity 

independently from habitat heterogeneity per se. Yahya et al. (2017) found that avian 

diversity higher in oil palm polycultures but was significantly influenced by the availability 

of dead biomass and the age of oil palm stands – neither of which are variables unique to 

smallholders or polycultures. The assumption that oil palm, smallholdings are more 

"biodiversity friendly" than plantations is thus a rather nuanced topic, and whilst there are 

some supporting case studies it is in practice probably too variable and context-specific to 

be generalisable. 

 

4.3 THE EXTENT TO WHICH HABITAT HETEROGENEITY AND 

BIODIVERSITY ENHANCE ECOSYSTEM SERVICES AND YIELDS IN 

OIL PALM SMALLHOLDINGS. 

The links between biodiversity and productivity-enhancing ecosystem services in oil palm 

smallholdings are difficult to evaluate, as their relationships are frequently implied rather 

than measured in the literature – frequently conforming to the assumption that increased 

biodiversity will inevitably result in increased provision of beneficial ecosystem services. 

Clearly however, not all elements of biodiversity are functionally beneficial; many are 

benign and some constitute ecosystem dis-services and are thus undesirable. Pollination in 

oil palm is almost entirely mediated by the introduced weevil discuss Elaeidobius 

kamerunicus which is not contingent on habitat heterogeneity at either the farm-level or 

the wider landscape (Li et al. 2019). Pollination in other crops such as coffee is not 

necessarily more efficient with increased habitat heterogeneity (e.g. Zhang et al. 2007) or 

naturally-occurring pollinators (Roubik 2002). Habitat heterogeneity may lead to an 

increase in species which are neither pests nor pest predators and are thus functionally 

neutral in this respect (e.g. Gray and Lewis 2014), or which prey on both pests and pest 



 21 

predators since they are generalist feeders (e.g. Denmead et al. 2017), complicating their 

precise impact with respect to ecosystem service provision. Soil fertility and 

decomposition rates in oil palm appear largely dependent on the presence of beneficial 

arthropods, and research indicates that these are primarily influenced by the retention of 

understorey vegetation and minimal application of chemical inputs (Ashraf et al. 2018; 

Ashton-Butt et al. 2018) – but not from habitat heterogeneity created through multi-

cropping systems common in smallholdings. The provision of beneficial ecosystem services 

in oil palm smallholdings is thus complex, and likely to be reliant on an interplay between 

natural processes and management practices. Moreover, ecosystem services such as pest 

regulation are contingent on the ecological interactions between members of local species 

assemblages – they are therefore likely to be highly context-dependent and will vary with 

geographical area and habitat heterogeneity at both local and broader landscape scales.  

The relationship between ecosystem services and yields is likewise not convincingly 

demonstrated in the literature – indeed several studies indicate that habitat heterogeneity 

and biodiversity (generally used as proxies for ecosystem services) have a neutral or even 

negative impact on yields. This raises an important concern about trade-offs which 

smallholders may have to make in retaining habitat heterogeneity. Polyculture systems are 

less profitable than oil palm (Syafiq et al. 2016), and the retention of any areas of natural 

vegetation in smallholdings comes at the opportunity cost of converting those areas to 

production (Ricketts 2004). Smallholder yields are often lower than those of plantations 

(Soliman et al. 2016; Teuscher et al. 2015), in some cases rendering them dependent on 

external financial inducements (Furumo et al. 2020) or the increased use of agrichemicals 

(Azhar et al. 2014b; Soliman et al. 2016) to render agricultural production profitable.  

 

5. CONCLUSIONS  

 

 Smallholdings tend to have higher habitat heterogeneity than large-scale 

commercial plantations. The studies reviewed suggest that on-farm habitat 

heterogeneity is usually due to polyculture agricultural practices in smallholdings 

compared with monoculture practices in commercial plantations, rather than 

derived from increased natural vegetation. Polyculture practices are not 

ubiquitous among smallholders, however, and RSPO certified smallholders appear 

more likely to practice monoculture. Additionally, the literature usually assumes 

that polyculture generates more complexity than monoculture practices but does 

not often measure levels of natural understory or ground cover across smallholder 

and large scale plantations which could create similar or higher vegetation 

complexity. At the landscape scale, smallholder landscapes appear to have higher 

habitat heterogeneity but it is not clear whether this is due to inclusion of more 

natural vegetation or simply a wider variety of crops.  

 There does appear to be a relationship between smallholder habitat heterogeneity 

and biodiversity, though its precise nature is complex and likely to be contingent 
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on many of the context-specific factors discussed above. The type and scale of 

habitat heterogeneity is important for determining biodiversity levels. 

 The contention that this habitat heterogeneity and biodiversity reliably translates 

into the provision of ecosystem services which promote the attainment of yields 

comparable to plantations is certainly not clear, and is not particularly well 

supported by the literature reviewed herein. This is in part because the current 

evidence base is far from comprehensive, and there remain many avenues of 

inquiry which will require much more thorough investigation if the environmental 

best practices prescribed for oil palm smallholders are to have a robust empirical 

foundation. Section 6 highlights some of the principal areas of uncertainty which 

would benefit from extensive additional research.  

 

 

6. KEY KNOWLEDGE GAPS FOR FURTHER 

RESEARCH 

Further research is needed to understand:  

1. Which specific features of habitat heterogeneity promote biodiversity and 

ecosystem service provision, while avoiding adverse effects on oil palm crop 

yields.  

2. Which components of biodiversity contribute to enhanced ecosystem services 

and how complex trophic interactions may support or inhibit those services, as 

well as the relative importance of beneficial versus deleterious species. 

3. The effects of on-farm habitat heterogeneity as opposed to on-farm 

management practices with relation to the provision of ecosystem services. 

4. The effects of spatial scale on the provision of ecosystem services (i.e. on-farm 

habitat heterogeneity vs. heterogeneity at the wider landscape level) 

5. The natural population fluctuations, and influence of habitat heterogeneity, 

climate and management practices on predation rates of the pollinator E. 

kamerunicus. 

6. The effectiveness of various management strategies to enhance natural 

ecosystem service provision (such as polyculture practices, reduced chemical 

application or increased natural understory vegetation) 

7. The costs and benefits incurred by smallholders in the short, medium and long 

term, from management strategies aimed at enhancing ecosystem services, 

especially the influence on yields. 

 

 

 

 

 

 



 23 

 

 

 

 

7. REFERENCES  
Altieri, M.A. (1999). The ecological role of biodiversity in agroecosystems. Agriculture, Ecosystems and 

Environment 74, 19-31.  

Ashraf, M., Zulkifli, R., Sanusi, R., Tohiran, K. A., Terhem, R., Moslim, R., Norhisham, A.R., Ashton-Butt, A. and 

Azhar, B. (2018). Alley-cropping system can boost arthropod biodiversity and ecosystem functions in oil palm 

plantations. Agriculture, Ecosystems and Environment 260, 19–26. 

Ashton-Butt, A., Aryawan, A.A.K., Hood, A.S.C., Naim, M., Purnomo, D., Suhardi, Wahyuningsih, R., Wilcock, S., 

Poppy, G.M., Caliman, J.P., Turner, E.C., Foster, W.A., Peh, K.S.H. and Snaddon, J.L. (2018). Understory Vegetation 

in Oil Palm Plantations Benefits Soil Biodiversity and Decomposition Rates. Frontiers in Forests and Global Change 

1, 10. 

Asmah, S., Ghazali, A., Syafiq, M., Yahya, M.S., Peng, T.L., Norhisham, A.R., Puan, C.L., Azhar, B. and 

Lindenmayer, D.B. (2017). Effects of polyculture and monoculture farming in oil palm smallholdings on tropical 

fruit-feeding butterfly diversity. Agricultural and Forest Entomology 19, 70-80. 

Aulia, A.F., Sandhu, H. and Millington, A.C. (2020). Quantifying the Economic Value of Ecosystem Services in Oil 

Palm Dominated Landscapes in Riau Province in Sumatra, Indonesia. Land 9, 1-22. 

Azhar, B., Lindenmayer, D.B., Wood, J., Fischer, J., Manning, A., McElhinny, C. and Zakaria, M. (2011). The 

conservation value of oil palm plantation estates, smallholdings and logged peat swamp forest for birds. Forest 

Ecology and Management 262, 2306-2315. 

Azhar, B., Lindenmayer, D.B., Wood, J., Fischer, J., Manning, A. and Zakaria, M. (2014a). Ecological impacts of oil 

palm agriculture on forest mammals in plantation estates and smallholdings. Biodiversity Conservation 23, 1175-

1191. 

Azhar, B., Puan, C.L., Zakaria, M., Hassan, N. and Arif, M. (2014b). Effects of monoculture and polyculture 

practices in oil palm smallholdings on tropical farmland birds. Basic and Applied Ecology 15, 336-346. 

Azhar, B., Saadun, N., Puan, C.L., Kamarudin, N., Aziz, N., Nurhidayu, S. and Fischer, J. (2015). Promoting 

landscape heterogeneity to improve the biodiversity benefits of certified palm oil production: Evidence from 

Peninsular Malaysia. Global Ecology and Conservation 3, 553-561. 

Beenhouwer, M., Aerts, R. and Honnay, O. (2013). A global meta-analysis of the biodiversity and ecosystem 

service benefits of coffee and cacao agroforestry. Agriculture, Ecosystems and Environment 175, 1-7. 

Beillouin, D., Ben-Ari, T., Malezieux, E., Seufert, V. and Makowski, D. (2021). Positive but variable effects of crop 

diversification on biodiversity and ecosystem services. Global Change Biology 27, 4697-4710. 

Bisseleua, H.B.D., Fotio, D., Yede, Missoup, A.D. and Vidal, S. (2013). Shade Tree Diversity, Cocoa Pest Damage, 

Yield Compensating Inputs and Farmers' Net Returns in West Africa. PLOS One 8(3), e56115. 

BPS Statistics Indonesia. (2020). Indonesian Oil Palm Statistics 2009. 

Caudwell, R. W. (2000). The successful development and implementation of an integrated pest management 

system for oil palm in Papua New Guinea. Integrated Pest Management Reviews, 5(4), 297–301.  

Chapman, P.M., Loveridge, R., Rowcliffe, J.M., Carbone, C., Bernard, H., Davison, C.W. and Ewers, R. (2019). 

Minimal Spillover of Native Small Mammals From Bornean Tropical Forests Into Adjacent Oil Palm Plantations. 

Frontiers in Forests and Global Change (2), 2. 



 24 

Collaboration for Environmental Evidence. (2018). Guidelines and Standards for Evidence synthesis in 

Environmental Management. Version 5.0 (A.S. Pullin, G.K. Frampton, B. Livoreil & G. Petrokofsky, Eds.). 

www.environmentalevidence.org/information-for-authors. 

Classen, A., Peters, M.K., Ferger, S.W., Helbig-Bonitz, M., Schmack, J.M., Maassen, G., Schleuning, M., Kalko, 

M.K.V., Bohning-Gaese, K. and Steffan-Dewenter, I. (2014). Complementary ecosystem services provided by pest 

predator and pollinators increase quantity and quality of coffee yields. Proceedings of the Royal Society B 281, 

20133148.  

Clough, Y., Barkmann, J., Juhrbandt, J., Kessler, M., Wanger, T.C., Anshary, A., Buchori, D., Cicuzza, D., Darras, K., 

Putra, D.D., Erasmi, S., Pitopang, R., Schmidt, C., Schulze, C.H., Seidel, D., Steffan-Dewenter, I., Stenchly, K., Vidal, 

S., Weist, M., Wielgoss, A.C. and Tscharntke, T. (2011). Combining high biodiversity with high yields in tropical 

agroforests. PNAS 108(20), 8311-8316.   

Clough, Y., Krishna, V., Corre, M.D., Darras, K., Denmead, L., Meijide, A., Moser, S., Mussoff, O., Steinebach, S., 

Veldkamp, E., Allen, K., Barnes, A.D., Breidenbach, N., Brose, U., Buchori, D., Daniel, R., Finkelday, R., Harahap, 

I., Hertel, D., Holtkamp, A.M., Horandi, E., Irawan, B., Jaya, N.S., Jochum, M., Klarner, B., Knohl, A., Kotowska, 

M.M., Krashevska, V., Kreft, H., Kurniawan, S., Leuschner, C., Maraun, M., Melati, D.N., Opfermann, N., Perez-

Cruzado, C., Prabowo, W.E., Rembold, K., Rizali, A., Rubiana, R., Schneider, D., Tjitrosoedirdjo, S.S., Tjoa, A., 

Tscharntke, T. and Scheu, S. (2016). Land-use choices follow profitability at the expense of ecological functions in 

Indonesian smallholder landscapes. Nature Communications 7, 13137. 

Clough, Y., Kruess, A., & Tscharntke, T. (2007). Local and landscape factors in differently managed arable fields 

affect the insect herbivore community of a non-crop plant species. Journal of Applied Ecology 44(1), 22–28.  

Danylo, O., Pirker, J., Lemoine, G., Ceccherini, G., See, L., McCallum, I., Hadi, Kraxner, F., Achard, F. and Fritz, S. 

(2021). A map of the extent and year of detection of oil palm plantations in Indonesia, Malaysia and Thailand. 

Scientific Data 8(6), 1-8.  

Deheuvels, O., Avelino, J., Somarriba, E. and Malezieux, E. (2011). Vegetation structure and productivity in cocoa-

based agroforestry systems in Talamanca, Costa Rica. Agriculture, Ecosystems and Environment 149, 181-188. 

DeMarco, P. and Coelho, F.M. (2004). Services performed by the ecosystem: forest remnants influence agricultural 

cultures' pollination and production. Biodiversity and Conservation 13, 1245-1255.  

Denmead, L., Darras, K., Clough, Y., Diaz, P., Grass, I., Hoffmann, M.P., Nurdiansyah, F., Fardianshah, R. and 

Tscharntke, T. (2017). The role of ants, birds and bats for ecosystem functions and yield in oil palm plantations. 

Ecology 98(7), 1945-1956. 

De Vos, R.E., Suwarno, A., Slingerland, M., Van Der Meer, P.J. and Lucey, J.M. (2021). Independent oil palm 

smallholder management practices and yields: can RSPO certification make a difference? Environmental Research 

Letters 16, 065015. 

Din, A.K. (2017). Malaysian Palm Oil Industry Performance 2016 and Prospects for 2017. Presentation delivered at 

the Palm Oil Economic Review and Outlook Seminar, 17th January 2017, Kuala Lumpur, Malaysia.  

Dislich, C., Keyel, A. C., Salecker, J., Kisel, Y., Meyer, K. M., Auliya, M., Barnes, A.D., Corre, M.D., Darras, K., Faust, 

H., Hess, B., Klasen, S., Knohl, A., Kreft, H., Meijide, A., Nurdiansyah, F., Otten, F., P'er, G., Steinebach, S., Tarigan, 

S., Tolle, M.H., Tscharntke, T. and Wiegand, K. (2017). A review of the ecosystem functions in oil palm plantations, 

using forests as a reference system. Biological Reviews 92(3), 1539–1569. 

Foster, W.A., Snaddon, J.L., Turner, E.C., Fayle, T.M., Cockerill, T.D., Ellwood, M.D.F., Broad, G.R., Chung, A.Y.C., 

Eggleton, P., Khen, C.V. and Yusah, K.M. (2011). Establishing the evidence base for maintaining biodiversity and 

ecosystem function in the oil palm landscapes of South East Asia. Philosophical Transactions of the Royal Society B 

366, 3277-3291.  

Furumo, P.R., Rueda, X., Rodriguez, J.S. and Ramos, I.K.P. (2020). Field evidence for positive certification 

outcomes on oil palm smallholder management practices in Columbia. Journal of Cleaner Production 245, 118891.  

Garbach, K., Milder, J.C., Montenegro, M., Karp, D.S. and DeClerck, F.A.J. (2014). Biodiversity and Ecosystem 

Services in Agroecosystems. Encyclopedia of Agriculture and Food Systems 2, 21-40. 



 25 

Gerard, A., Wollni, M., Holscher, D., Irawan, B., Sundawati, L., Teuscher, M. and Kreft, H. (2017). Oil-palm yields 

in diversified plantations: Initial results from a biodiversity enrichment experiment in Sumatra, Indonesia. 

Agriculture, Ecosystems and Environment 240, 253-260. 

Grass, I., Loos, J., Baensch, S., Batary, P., Libran-Embid, F., Ficiciyan, A., Klaus, F., Riechers, M., Rosa, J., Tiede, J., 

Udy, K., Westphal, C., Wurz, A. and Tscharntke, T. (2019). Land-sharing/-sparing connectivity landscapes for 

ecosystem services and biodiversity conservation. People and Nature 1, 262-272. 

Gray, C.L. and Lewis, O.T. (2014). Do riparian forest fragments provide ecosystem services or disservices in 

surrounding oil palm plantations? Basic and Applied Ecology 15, 693-700. 

Hamer, K.C., Sasu, M.A., Ofosuhene, L., Asare, R., Ossom, B., Parr, C.L., Scriven, S.A., Asante, W., Addico, R. and 

Hill, J.K. (2021). Proximity to forest mediates trade-offs between yields and biodiversity of birds in oil palm 

smallholdings. Biotropica 53(6), 1498-1509. 

Harrison, P.A., Berry, P.M., Simpson, G., Haslett, J.R., Blicharska, M., Bucur, M., Dunford, R., Egoh, B., Garcia-

Llorente, M., Geamana, N., Geertsema, W., Lommelen, E., Meiresonne, L. and Turkelbloom, F. (2014). Linkages 

between biodiversity attributes and ecosystem services: A systematic review. Ecosystem Services 9, 191-203. 

Hassler, E., Corre, M. D., Kurniawan, S., & Veldkamp, E. (2017). Soil nitrogen oxide fluxes from lowland forests 

converted to smallholder rubber and oil palm plantations in Sumatra, Indonesia. Biogeosciences 14(11), 2781–

2798.  

Hipolito, J., Boscolo, D. and Viana, B.F. (2018). Landscape and crop management strategies to conserve pollination 

services and increase yields in tropical coffee farms. Agriculture, Ecosystems and Environment 256, 218-225. 

Hood, A. S. C., Aryawan, A. A. K., Advento, A. D., Purnomo, D., Wahyuningsih, R., Luke, S. H., Naim, M. (2019). 

Understory Vegetation in Oil Palm Plantations Promotes Leopard Cat Activity, but Does Not Affect Rats or Rat 

Damage. Frontiers in Forests and Global Change 2, 1–12.  

Ickes, K. (2001). Hyper-Abundance of Native Wild Pigs (Sus scrofa) in a Lowland Dipterocarp Rainforest of 

Peninsular Malaysia. Biotropica 33(4), 682-690. 

Jambari, A., Badrul, A., Ibrahim, N.L., Jamian, S., Hussin, A., Puan, C.L., Noor, H.M., Yusof, E. and Zakaria, M. 

(2012). Avian biodiversity and conservation in Malaysian oil palm production areas. Journal of Oil Palm Research 

24, 1277-1286. 

Jezeer, R.E., Santos, M.J., Verweij, P.A., Boot, R.G.A. and Clough, Y. (2019). Benefits for multiple ecosystem 

services in Peruvian coffee agroforestry systems without reducing yield. Ecosystem Services 40, 101033. 

Kamarudin, N., Seman, I. A. and Masri, M. M. M. (2019). Prospects in Sustainable Control of Oil Palm Pest and 

Disease Through the Enhancement of Ecosystem Services - The Way Forward. Journal of Oil Palm Research 31, 

381–393.  

Karp, D.S., Mendenhall, C.D., Sandi, R.F., Chaumont, N., Ehrlich, P.R., Hadley, E.A. and Daily, G.C. (2013). Forest 

bolsters bird abundance, pest control and coffee yield. Ecology Letters 16, 1339-1347. 

Koh, L.P. (2008). Birds defend oil palms from herbivorous insects. Ecological Applications 18(4), 821-825. 

Kremen, C. and Miles, A. (2012). Ecosystem Services in Biologically Diversified versus Conventional Farming 

Systems: Benefits, Externalities, and Trade-Offs. Ecology and Society 17(4), 40. 

Kurniawan, S., Corre, M. D., Matson, A. L., Schulte-Bisping, H., Utami, S. R., Van Straaten, O. and Veldkamp, E. 

(2018). Conversion of tropical forests to smallholder rubber and oil palm plantations impacts nutrient leaching 

losses and nutrient retention efficiency in highly weathered soils. Biogeosciences 15(16), 5131–5154.  

Lee, J.S.H., Abood, S., Ghazoul, J., Barus, B., Obidzinski, K. and Koh, L.P. (2014). Environmental Impacts of Large-

Scale Oil Palm Enterprises Exceed that of Smallholdings in Indonesia. Conservation Letters 7(1), 25-33.  

Li, K., Tscharntke, T., Saintes, B., Buchori, D. and Grass, I. (2019). Critical factors limiting pollination success in oil 

palm: A systematic review. Agriculture, Ecosystems and Environment 280, 152-160. 



 26 

Lucey, J.M., Tawatao, N., Senior, M.J.M., Khen, C.V., Benedick, S., Hamer, K.C., Woodcock, P., Newton, R.J., 

Bottrell, S.H. and Hill, J.K. (2014). Tropical forest fragments contribute to species richness in adjacent oil palm 

plantations. Biological Conservation 169, 268-276.  

Lucey, J.M., Hill, J.K., van der Meer, P.M., Agus, F. and Reynolds, G. (2014) Change in carbon stocks arising from 

land-use conversion to oil palm plantations: A science-for-policy paper for the Oil palm Research-Policy Partnership 

Network. www.sensorproject.net/reports/   Accessed 04.04.2022 

Lucey, J.M., Hill, J.K., and Reynolds, G. (2015) Co-benefits for biodiversity and carbon in land planning decisions 

within oil palm landscapes: A science-for-policy paper for the Oil palm Research-Policy Partnership Network. 

www.sensorproject.net/reports/  Accessed 04.04.2022 

Malaysia Palm Oil Board (MPOB) (2020). Malaysian Oil Palm Statistics 2019 (39th Edition). MPOB, Bangi.  

Milligan, M.C., Johnson, M.D., Garfinkel, M., Smith, C.J. and Njoroge, P. (2016). Quantifying pest control services 

by birds and ants in Kenyan coffee farms. Biological Conservation 194, 58-65. 

Prescott, G.W., Edwards, D.P. and Foster W.A. (2015). Retaining biodiversity in intensive farmland: epiphyte 

removal in oil palm plantations does not affect yield. Ecology and Evolution 5(10), 1944-1954. 

Rahman, S. (2020). Malaysian Independent Oil Palm Smallholders and their Struggle to Survive 2020. ISEAS 

Perspective 144, 1-16. 

Railsback, S.F. and Johnson, M.D. (2014). Effects of land use on bird populations and pest control services on 

coffee farms. PNAS 111(16), 6109-6114. 

Razak, S., Saadun, N., Azhar, B., & Lindenmayer, D. (2020). Smallholdings with high oil palm yield also support 

high bird species richness and diverse feeding guilds. Environmental Research Letters 15(9), 094031.  

Ricketts, T. (2004). Tropical Forest Fragments Enhance Pollinator Activity in Nearby Coffee Crops. Conservation 

Biology 18(5), 1262-1271. 

Rodriguez, L.G., Hogarth, N.J., Zhou, W., Xie, C., Zhang, K. and Putzel, L. (2016). China's conversion of cropland to 

forest programme: A systematic review of the environmental and socioeconomic effects. Environmental Evidence 

5(21), 1-22. 

Roubik, D.W. (2002). The value of bees to the coffee harvest. Nature 417, 708. 

RSPO. (2019). RSPO Independent Smallholder Standard Document for Public Consultation 10 April 2019. RSPO. 

(2021). https://rspo.org/resources/smallholders-documents/smallholders-key-documents/rspo-ish-standard-

2019 

RSPO. (2022). https://rspo.org/smallholders 

Ruppert, N., Holzner, A., See, K.W., Gisbrecht, A. and Beck, A. (2018). Activity Budgets and Habitat Use of Wild 

Southern Pig-Tailed Macaques (Macaca nemestrina) in Oil Palm Plantations and Forest. International Journal of 

Primatology 39, 237-251. 

Sulaiman, M.N. and Talip, M.S.A., (2021). Sustainable control of bagworm (Lepidoptera: Psychidae) in oil palm 

plantation: a review paper. International Journal of Agriculture, 11(1988), pp.47-55. 

Savilaakso, S., Garcia, C., Garcia-Ulloa, J., Ghazoul, J., Groom, M., Guariguata, M.R., Laumonier, Y., Nasi, R., 

Petrokofsky, G., Snaddon, J. and Zrust, M. (2014). Systematic review of effects on biodiversity from oil palm 

production. Environmental Evidence 3(4), 1-20. 

Siswanto & Soetopo, D. (2020). Population of oil palm pollinator insect (Elaeidobius kamerunicus faust.) at PTP 

Nusantara VIII Cisalak Baru, Rangkasbitung-Banten. IOP Conference Series: Earth and Environmental Science, 

418(1). 

Soliman, T., Lim, F.K.S., Lee, J.S.H. and Carrasco, L.R. (2016). Closing oil palm yield gaps among Indonesian 

smallholders through industry schemes, pruning, weeding and improved seeds. Royal Society Open Science 3, 

160292. 

http://www.sensorproject.net/reports/
http://www.sensorproject.net/reports/
https://rspo.org/resources/smallholders-documents/smallholders-key-documents/rspo-ish-standard-2019
https://rspo.org/resources/smallholders-documents/smallholders-key-documents/rspo-ish-standard-2019
https://rspo.org/smallholders


 27 

Syafiq, M., Nur Atiqah, A.R., Ghazali, A., Asmah, S., Yahya, M.S., Aziz, N., Puan, C.L. and Azhar, B. (2016). 

Responses of tropical fruit bats to monoculture and polyculture farming in oil palm smallholdings. Acta Oecologia 

74, 11-18. 

Teuscher, M., Vorlaufer, M., Wollni, M., Brose, U., Mulyani, Y. and  Clough, Y. (2015). Trade-offs between bird 

diversity and abundance, yields and revenue in smallholder oil palm plantations in Sumatra, Indonesia. Biological 

Conservation 186, 306–318. 

Yahya, M.S., Puan, C.L., Azhar, B., Nur Atikah, S. and Ghazali, A. (2016). Nocturnal bird composition in relation to 

habitat heterogeneity in small scale oil palm agriculture in Malaysia. Agriculture, Ecosystems and Environments 

233, 140-146. 

Yahya, M.S., Syafiq, M., Ashton-Butt, A., Ghazali, A., Asmah, S. and Azhar, B. (2017). Switching from monoculture 

to polyculture farming benefits birds in oil palm production landscapes: Evidence from mist netting data. Ecology 

and Evolution 7, 6314-6325. 

Zhang, W., Ricketts, T.H., Kremen, C., Carney, K. and Swinton, S.M. (2007). Ecosystem services and dis-services 

to agriculture. Ecological Economics 64, 253-260. 

 

APPENDIX 1: Search strings used in literature searches 

Several literature searches were conducted in the Google Scholar database, using the following 

search terms and Boolean operators:  

 

i. "oil palm" AND smallholder AND plantation AND habitat (Search for papers focusing on 

habitat heterogeneity in oil palm) 

ii. "oil palm" OR cocoa OR cacao OR coffee OR "tropical agriculture" AND "ecosystem 

services" AND biodiversity AND habitat AND yield (broad search for all principal areas of 

interest, including non-oil palm tropical crops) 

iii. "oil palm" AND "ecosystem services" AND biodiversity AND habitat AND yield (as search ii 

but excluding non-oil palm crops) 

iv. "oil palm" AND "ecosystem services" AND yield (oil palm-specific search seeking to 

exclude papers with biodiversity or habitat as their main focus) 
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 APPENDIX 2: Expanded table of studies involving the collection of primary field data. Studies are grouped according to their applicability to a number of propositions related to habitat 

heterogeneity, biodiversity, ecosystem services and yields in oil palm smallholdings. "Validity" is a qualitative appraisal of the evidence base according to its internal validity (robustness of 

study design) and external validity (comparability across studies and total number of studies). "Confidence" is a qualitative assessment of how well the evidence base supports the 

proposition in light of the supporting evidence, neutral & negative findings, validity and other caveats as outlined in the preceding columns. 

 

Proposition Supporting evidence Neutral findings Negative findings Study Validity Notes & caveats Confidence 

 

 

 

 

 

Oil palm smallholdings exhibit 

greater habitat heterogeneity 

than plantations 

8 studies found that smallholders 

in Malaysia and Indonesia often 

practice polycultural planting 

systems with high structural 

heterogeneity 

 

Asmah et al. 2017 (Oil palm) 

Azhar et al. 2011 (Oil Palm) 

Azhar et al. 2014a (Oil palm) 

Azhar et al. 2014b (Oil palm) 

Azhar et al. 2015 (Oil palm) 

Syafiq et al. 2016 (Oil palm) 

Yahya et al. 2016 (Oil palm) 

Yahya et al. 2017 (Oil palm) 

1 study 

Jambari et al. 2012 (Oil palm) 

 

 

 

 

 

 

High (all robust 

design and all in 

oil palm) 

 

 

 

 

 

Several studies indicate high variability between 

smallholders, and there are many smallholders 

who practice monoculture planting (absolute 

figures are not reported as studies use equal-

sized samples). 

 

 

 

 

 

High 
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RSPO-certified smallholdings 

exhibit greater habitat 

heterogeneity than certified 

plantations 

None – but only 1 study was found 

which explicitly addresses RSPO 

certification and habitat 

heterogeneity in smallholdings 

1 study found that 95% of 

RSPO certified smallholders 

practice monoculture 

planting 

 

De Vos et al. 2021 (Oil palm) 

 

Moderate (high 

quality but only 

1 study) 

Paucity of studies which consider certification 

status of smallholdings. 

Low 

 

 

 

Polyculture systems support 

greater biodiversity than 

monocultures 

 

4 studies in support (2 bird species 

richness, 1 bird abundance, 1 bat 

species richness and abundance) 

 

Azhar et al. 2011 (Oil palm) 

Yahya et al. 2016 (Oil palm) 

Yahya et al. 2017 (Oil palm) 

Syafiq et al. 2016 (Oil palm) 

 

4 studies with neutral findings 

(2 birds, 1 butterflies, 1 

mammals) 

 

Jambari et al. 2012 (Oil palm) 

Azhar et al. 2014a (Oil palm) 

Azhar et al. 2014b (Oil palm) 

Asmah et al. 2011 (Oil palm) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

High (all high 

quality and all 

in oil palm) 

 

2 supporting studies found that bird species 

richness was higher in polycultures, but not 

abundance. 1 supporting study found that bird 

species richness was correlated with the 

amount of dead biomass in polycultures, rather 

than habitat heterogeneity per se. 4 studies 

found no differences between polycultures and 

monocultures, and 2 of these found that 

distance to natural forest was the overriding 

control. 

 

 

 

 

 

Moderate 

 

 

 

 

 

 

 

 

3 studies found that habitat 

heterogeneity exerts minimal 
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Greater habitat heterogeneity 

in oil palm smallholdings leads 

to improved natural 

pollination services  

 

None – 5 papers discuss 

Elaeidobius kamerunicus but none 

link habitat heterogeneity with 

pollination rates 

influence on pollination services 

in coffee – proximity to natural 

forests is the principal control 

 

DeMarco & Coelho 2004 

(Coffee) 

Hipolito et al. 2018 (Coffee) 

Classen et al. 2014 (Coffee) 

 

Moderate 

(studies high 

quality but not 

in oil palm) 

Available literature suggests that pollination in 

oil palm is limited by predation on E. 

kamerunicus pollinators and inflorescences, so 

the influence of natural pest control on 

pollination services is likely of greater 

importance than smallholder habitat 

heterogeneity. 

 

 

 

 

Low 

 

 

 

 

 

 

Greater habitat heterogeneity 

in oil palm smallholdings leads 

to improved natural pest 

control services 

 

 

 

 

1 study in oil palm and 2 studies in 

coffee found increased habitat 

heterogeneity led to increased 

occurrence of beneficial pest 

predators. 

 

Koh 2008 (Oil palm) 

Railsback & Johnson 2014 (Coffee) 

Karp et al. 2013 (Coffee) 

 

5 studies (3 in oil palm, 1 in 

cacao and 1 in coffee) found 

neutral relationships between 

habitat heterogeneity and 

natural pest control. Only 1 

study focussed on natural pest 

control in oil palm smallholdings  

 

Bissleua et al. 2013 (Cacao) 

Gray and Lewis 2014 (Oil palm) 

Denmead et al. 2017 (Oil palm) 

Classen et al. 2014 (Coffee) 

Chapman et al. 2019 (Oil palm) 

 

  

 

 

 

Moderate 

(study designs 

robust, but only 

4 studies in oil 

palm; 1 of these 

in 

smallholdings) 

 

 

 

 

 

Studies suggest that habitat heterogeneity may 

lead to ecologically complex outcomes (e.g. 

generalist birds which feed on both pests and 

beneficial species) sometimes with functionally 

ambiguous outcomes.  

 

 

 

 

 

 

 

 

 

Low 
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Greater habitat heterogeneity 

in oil palm smallholdings leads 

to improved soil fertility 

 

2 studies found a positive 

correlation between increased 

habitat heterogeneity in oil palm 

and soil macrofauna and 

decomposition  

 

Ashraf et al. 2014 (Oil palm) 

Ashton-Butt et al. 2018 (Oil palm) 

 

 

1 neutral study found no 

influence of increased 

biodiversity associated with 

habitat heterogeneity and 

improved soil nutrient cycling & 

decomposition 

 

Denmead et al. 2017 (Oil palm) 

 

1 negative study showing oil 

palm smallholders had 

poorer soil fertility 

compared to other local 

agriculture 

 

 

Clough et al. 2016 (Oil palm) 

 

 

 

 

 

 

High (all studies 

in oil palm) 

 

The two supporting studies focus on 

understorey vegetation and alley-cropping 

within smallholder oil palm. Most studies on oil 

palm soil fertility focus on active management 

practices and rates of pesticide/fertilizer 

application, rather than the influence of habitat 

heterogeneity per se.  

 

 

 

 

 

 

 

Low 

 

 

 

 

 

 

 

Greater habitat heterogeneity 

& biodiversity in oil palm 

smallholdings leads to 

improved yields 

 

 

 

 

1 study shows correlation 

between habitat heterogeneity 

and yields but only in young (<2yr) 

plantings 

1 study shows correlation 

between improved yields and 

high bird diversity in 

smallholdings, but not with high 

bird abundance  

 

1 study shows neutral 

relationship between habitat 

heterogeneity and oil palm 

yields 

2 studies show neutral 

relationship between 

biodiversity and oil palm yields 

2 studies in coffee smallholdings 

found habitat heterogeneity 

and biodiversity had neutral 

relationship with yields 

 

 

 

 

 

1 study found smallholder 

yields were highest where 

bird diversity is lowest and 

negative impact of 

heterogeneity on yields 

1 study found negative 

relationship between 

smallholder yields, habitat 

 

 

 

 

 

 

 

High (study 

designs robust 

and >50% of 

studies in oil 

palm) 

 

 

 

 

 

 

Numerous studies investigating the relationship 

between habitat heterogeneity, biodiversity 

and yields, but very few which found 

unambiguous positive correlations and several 

with either neutral or negative results. Levels of 
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1 study shows correlation 

between high yields and habitat 

heterogeneity in cacao, but not 

yields and biodiversity 

 

Gerard et al. 2017 (Oil palm) 

Razak et al. 2020 (Oil palm) 

Clough et al. 2011 (Cacao) 

 

 

 

Denmead et al. 2017 (Oil palm) 

Deheuvels et al. 2011 (Coffee) 

Jezeer et al. 2019 (Coffee) 

Prescott et al. 2015 (Oil palm) 

Edwards et al. 2014 (Oil palm) 

 

heterogeneity and bird 

abundance 

 

Hamer et al. 2020 (Oil palm) 

Teuscher et al. 2015 (Oil 

palm) 

biodiversity are generally used as a proxy for 

ecosystem services.  

Low 

 

 

Smallholders are able to 

achieve comparable yields to 

commercial plantations with 

lower chemical inputs 

 

 

No studies demonstrating both 

lower chemical inputs and 

comparable/higher yields among 

smallholders 

 

1 study showing lower chemical 

inputs and higher habitat 

heterogeneity in smallholdings 

but also lower yields 

 

Furumo et al. 2020 (Oil palm) 

 

 

1 study showing high inputs 

but still lower yields than 

plantations 

 

 

Soliman et al. 2016 (Oil 

palm) 

 

Moderate 

(designs robust 

but paucity of 

studies) 

 

No evidence that smallholders achieve 

comparable yields to plantations with lower 

inputs due to ecosystem service provision. 

Some evidence that agrichemical inputs are 

higher in polyculture smallholdings than 

monocultures, and that where inputs are low 

smallholders will be reliant on financial 

incentives to compensate for lower yields. 

 

 

 

 

Low 

 

 

 


