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Abstract. Pradana DH, Winarni NL, Patria MP, Yasman. 2025. Influence of forest configuration and bird exclusion on insect herbivory 

in Indonesian oil palm smallholdings. Biodiversitas 26: 4640-4646. The insect pest control services provided by birds may help address 

one biological challenge in oil palm plantations. Previous studies suggest that understory birds contribute to this ecosystem service and 

that forest configuration may influence their effectiveness. We investigated whether understory birds reduce insect pests and whether 

forest configuration affects their pest control services in six oil palm smallholdings in Indonesia. Understory birds were surveyed using 

the point count method at 0-200 m from adjacent forests. Herbivory rates, used as a proxy for insect pest activity, were assessed through 

a bird enclosure experiment. The indirect bird effect on herbivory rate was also evaluated using this experiment. We used binomial 

Generalized Linear Mixed Model (GLMM) to analyze the effects of understory bird abundance and forest configuration on herbivory 

rates. Results showed the herbivory rate ranged from 0.01 to 0.84 mm². A weak negative relationship between understory bird 

abundance and herbivory in control treatments (z: -1.65, n: 12, p-value<0.1) was found, suggesting a limited pest control effect. 

However, no significant influence of forest distance or remnant size on herbivory rates was observed. Functional trait analysis revealed 

that the bird community was dominated by gleaners, omnivores, and large-bodied species, which are typically associated with 

insectivores. The absence of strong effects may be linked to small forest remnant sizes, low pest abundance, and the structural 

limitations of smallholder oil palm understory that limit the use of this habitat by forest understory birds. While understory birds show 

some potential for insect pest control, their effectiveness appears constrained under current conditions. It is clear that urgent action is 

needed. Habitat enhancement through reforestation and vegetation management to increase habitat connectivity, and may be necessary 

to support more robust pest control by bird communities in oil palm landscapes. 
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INTRODUCTION 

One of the primary biological challenges in oil palm 

plantations is pest infestation, mainly caused by rodents 

and insects. Rats have been reported to consume male oil 

palm flowers (Murgianto et al. 2022) and prey on the 

larvae of Elaeidobius kamerunicus, a key pollinator that 

inhabits male inflorescences (Siswanto and Soetopo 2020; 

Gintoron et al. 2023). Insect pests also pose a major threat, 

causing significant leaf damage (Desa et al. 2021; Egonyu 

et al. 2022; Ikhsan et al. 2024). Yield losses attributed to 

rats can reach up to 5%, while insect pests—such as 

Oryctes rhinoceros and various leaf-eating insects—can 

result in much higher yield gaps, ranging from 15% to 50% 

(Woittiez et al. 2017). An ecologically sound and 

promising strategy for managing these pests is biological 

control through the support of natural predators. 

Several bird species are capable of dispersing into and 

inhabiting various types of cropland including coffee 

(Tscharntke et al. 2015; Maas et al. 2016), cacao (Maas et 

al. 2016), rubber (Zhang et al. 2017), rice fields (Pradana 

and Mustaqim 2019), coconut (Winarni et al. 2024), and oil 

palm plantations (Prabowo et al. 2016; Nursyamin et al. 

2023; Tohiran et al. 2024). Among these, certain bird 

functional groups have shown potential as natural insect 

pest controllers. In oil palm landscapes, Koh (2008) 

reported that birds helped reduce insect herbivory in one-

year-old seedlings, as plots excluding birds experienced 

greater damage than control plots. In contrast, Denmead et 

al. (2017) found no significant difference in herbivory 

between bird-excluded and control plots in smallholdings 

with 2-3-year-old palms. These differing results suggest 

that younger oil palms may be more susceptible to insect 

herbivory, highlighting the importance of focused research 

on avian pest control services, particularly in the early 

stages of plantation development. 

Various ecological and functional traits shape the 

effectiveness of bird-mediated pest control. Notably, bird 

functional traits are a critical determinant of pest control 

efficiency (Philpott et al. 2009; van Bodegom and Price 

2015). Philpott et al. (2009) highlighted that birds with 

gleaning foraging strategies, omnivorous diets, use of 

multiple vegetation strata, and smaller body sizes were 

more effective in controlling insect pests in coffee and 

cacao systems. In oil palm plantations, birds that forage in 

the understory (hereafter, understory birds) may play a 

similarly vital role. For instance, the Greater Coucal 

(Centropus sinensis) and Lesser Coucal (C. bengalensis) 

feed on leaf-eating pests such as Setothosea asigna (de 

Chenon and Susanto 2006) and are known as understory 
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foragers (Payne 2020a, b). Nevertheless, empirical 

validation of their pest control contributions in oil palm 

systems remains limited. 

Beyond functional traits, spatial landscape features such 

as forest configuration, including remnant size and 

proximity, can influence pest control dynamics. Nurdiansyah 

et al. (2016) found that pest control by insectivorous 

predators declined with increasing distance from the forest 

edge in oil palm smallholdings. Similarly, Gray and Lewis 

(2014) reported a weak negative correlation between forest 

remnant size and pest control efficacy. Both studies used 

dummy caterpillar experiments to assess predation 

pressure. In addition, forest area and isolation affect the 

diversity and abundance of understory insectivorous birds, 

which are particularly sensitive to habitat size and have 

limited dispersal capabilities (Powell et al. 2015). 

A previous study by Pradana et al. (2024b) reported that 

forests supported higher overall abundances of 

insectivorous, omnivorous, and canopy-dwelling birds, 

whereas understory bird species more frequently inhabited 

oil palm smallholdings. This pattern suggests that 

understory birds may potentially play a particularly 

important role in providing pest control services within 

modified agricultural landscapes. Based on these findings, 

Pradana et al. (2024b) recommended that future research 

should explore how the quality and proximity of forest 

remnants influence herbivory rates and clarify the 

functional roles of different bird guilds in ecological pest 

management within oil palm systems. In response to this 

recommendation, the present study focused on evaluating 

the contribution of understory birds to insect pest control in 

oil palm smallholdings. Specifically, we investigated 

whether forest configuration, defined by the size and 

proximity of adjacent forest patches, affects the capacity of 

understory birds to reduce herbivory on oil palm seedlings. 

To address this, we implemented a bird enclosure 

experiment to directly measure avian pest control services 

in relation to landscape structure. 

This study addresses the question of how forest 

configuration, specifically the size and proximity of forest 

patches, influences the role of understory birds in reducing 

insect herbivory in early-stage oil palm smallholdings. The 

research aims to (i) investigate the specific contribution of 

understory birds to insect pest control, (ii) assess the 

relationship between forest configuration and the presence 

and function of this bird group, (iii) provide ecological 

insights to support the development of bird-based 

Integrated Pest Management (IPM) strategies in oil palm 

landscapes. We hypothesize that oil palm smallholdings 

located closer to larger or more connected forest patches 

will support a higher abundance of understory birds, 

resulting in lower levels of insect herbivory compared to 

those farther from forest remnants. 

MATERIALS AND METHODS 

Study period and location 

This study was conducted in six oil palm smallholdings: 

four in Bengkalis District, Riau Province, and two in 

Katingan District, Central Kalimantan Province, Indonesia 

(Figure 1). These two provinces have high oil palm 

smallholdings areas (Badan Pusat Statistik 2024) and have 

been experiencing high forest loss rates since 2005 

(Tsujino et al. 2016). Fieldwork in Bengkalis took place 

from 14 September to 14 October 2022, while in Katingan 

it was conducted from 23 September to 20 October 2023. 

Procedures 

All smallholdings were adjacent (0 km) to relatively 

small forest remnants, ranging in size from approximately 

0.34 to 35.41 ha. The smallholdings themselves were also 

relatively small, ranging from approximately 0.14 to 4.46 

ha. These area estimates were obtained using satellite 

imagery via Google Earth Engine. We only measured the 

area of forest remnants adjacent to the smallholdings 

(within a 0.2 km radius). We used satellite images from 

Landsat. The minimum distance between sampling sites 

was 0.2 km. In Sumatra, smallholders did not apply 

fertilizers or insecticides, and the understory vegetation 

(weeds) was maintained at less than 1 m in height. In 

contrast, smallholders in Kalimantan applied fertilizers and 

insecticides once every six months, with a similar 

understory weed height of less than 1 m.  

We used a bird enclosure experiment to assess the pest 

control service provided by birds. The exclusion treatment 

consisted of a 1-year-old oil palm seedling, approximately 

1 m tall, placed inside a cage constructed from four 1.2 m 

wooden poles and covered with a polyethylene net (25x25 

mm mesh size) (Figure 2). The mesh size was small 

enough to prevent understory birds from entering the cage. 

A seedling of the same age and height, left uncaged, served 

as the control treatment. At each smallholding, one bird 

enclosure and one control seedling were placed at the edge 

of the plantation and adjacent forest remnants (distance to 

forests was 0 m), and another pair at a distance of 200 m 

from the edge (Figure 3). The enclosures were checked for 

structural integrity at least three times a week. 

On each seedling, 20 undamaged leaflets were 

randomly selected and marked at the base using a 

waterproof marker. The treatments lasted for three weeks at 

each site. At the end of this period, the marked leaflets 

were collected and photographed following Koh (2008) 

and Pradana et al. (2024a). The images were analyzed 

using ImageJ software (Rasband 2018) to quantify the area 

of missing lamina. Herbivory rate was calculated as the 

missing lamina area per leaflet per day. Pest control service 

by birds was quantified as the reduction in herbivory in 

control seedlings compared to enclosure treatments. 

To assess the presence and activity of understory birds, 

the first author (who has had experience in bird surveys in 

Sumatra and Kalimantan) conducted point counts within a 

50 m radius around each bird enclosure. Each observation 

lasted 15 minutes and was performed twice per site, in the 

morning (06:00-08:00) and in the afternoon (15:00-17:00), 

so that each bird enclosure was visited four times. All 

understory bird species seen or heard were recorded. 
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Figure 1. The smallholding sampling sites in Sumatra and Kalimantan (solid circles), Indonesia 

 

 

 

 
 

Figure 2. Example of a bird enclosure used in the present study 

 

 

 

 
 

Figure 3. Illustration of bird enclosure (solid squares) and control 

treatment (hollow squares) configuration within each oil palm 

smallholding 

 

 

 

Each recorded bird species was classified into 

functional groups based on foraging maneuver (gleaning or 

sallying), body mass (tiny, small, medium, large, or extra-

large; Philpott et al. 2009), and diet (insectivore, omnivore, 

or carnivore) using data from Birds of the World (2022). 

Data analysis 

We visualized understory bird species and functional 

group data using the circlize package (Gu 2014) in R 

version 4.2.2 (R Core Team 2022). To analyze the effect of 

understory birds on herbivory, we used a Binomial 

Generalized Linear Mixed Model (GLMM) via the GLMM 

package (Knudson 2022). The response variable was the 

herbivory rate of the control treatment (which birds could 

access), with understory bird abundance as the fixed effect 

and sampling site as a random effect. To examine whether 

forest configuration (forest adjacent to the smallholding, 

i.e., 0 m from it) influenced the pest control service, we 

conducted another binomial GLMM with the herbivory rate 

of the control treatment as the response variable. The fixed 

effects included the interaction between understory bird 

abundance and forest configuration, and the sampling site 

was included as a random effect.  

Lastly, we used a third binomial GLMM to test the 

direct effect of forest configuration on herbivory. Here, the 

response variable was the herbivory rate of both the bird 

enclosure and control treatments. Fixed effects included the 

interaction between treatment and forest configuration, 

with sampling sites treated as a random effect.  

RESULTS AND DISCUSSION 

We recorded 29 individual birds from nine understory 

species across the Bengkalis and Katingan Districts oil 
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palm smallholding sites. Ten birds from four species (i.e., 

Halcyon smyrnensis, Todiramphus chloris, Prinia 

flaviventris, and Acridotheres javanicus) were found at 

Bengkalis, while 19 birds from eight species (i.e., 

Phaenicophaeus sumatranus, C. sinensis, H. smyrnensis, 

Mixornis gularis, Macronus ptilosus, P. flaviventris, Lanius 

schach and A. javanicus) were found at Katingan sampling 

sites. We did not observe any insects on the leaflets of the 

enclosure or control seedlings. Only signs of herbivory 

were observed, i.e., chewing on leaflets. Herbivory rates 

ranged from 0.01 to 0.84 mm² or 0 to 1.2% per leaflet per 

day. This rate is lower than previous studies by Koh 

(2008), who reported 0 to 21% herbivory rates, and by 

Denmead et al. (2017), who reported herbivory rates 

ranged from 0 to 4.8%. On average, herbivory in control 

plots was slightly higher (0.23±0.30 mm²) than in bird 

exclusion plots (0.19±0.25 mm²) (supplementary data can 

be accessed upon request from the first author). Although 

this suggests a trend toward reduced herbivory in the 

presence of birds, the difference was not statistically 

significant. A binomial GLMM showed a weak negative 

relationship between understory bird abundance and 

herbivory rate (z: -1.65, p-value: 0.09; Figure 4). While this 

result indicates only marginal support for bird-mediated 

pest suppression, the trend aligns with ecological 

expectations and warrants further investigation, especially 

under higher pest pressure scenarios. Bird predation has 

been shown to be more effective under moderate pest 

densities, but less so when prey availability is minimal 

(Mols and Visser 2002). This may partially explain the 

limited pest control signal detected in our study. It is 

possible that in areas experiencing higher pest pressure, the 

contribution of understory birds would become more 

evident. 

Species richness was notably lower in Bengkalis 

District (4 species) compared to Katingan District (8 

species), suggesting regional differences in habitat 

complexity and forest connectivity. Notably, the Collared 

Kingfisher (T. chloris) was observed exclusively in 

Bengkalis. At the same time, the Chestnut-bellied Malkoha 

(P. sumatranus), Greater Coucal (C. sinensis), Pin-striped 

Tit-Babbler (M. gularis), Fluffy-backed Tit-Babbler (M. 

ptilosus), and Long-tailed Shrike (L. schach) were found 

only in Katingan (Figure 5, Table 1). These contrasting 

species distributions are likely influenced by the 

availability and size of forest remnants in the surrounding 

landscapes, ranging from just 0.34 to 6.50 ha in Bengkalis, 

versus 30.44 to 35.41 ha in Katingan. Understory bird 

species are known to be particularly sensitive to habitat 

area, edge effects, and connectivity (Powell et al. 2015), 

which may explain the higher species richness and 

diversity in Katingan. 

Of particular interest was the Greater Coucal (C. 

sinensis), which has been previously documented as a 

predator of S. asigna, a notable oil palm defoliator (de 

Chenon and Susanto 2006). Although only two individuals 

were recorded, both were observed in proximity to larger 

forest remnants. This is consistent with prior findings 

suggesting that C. sinensis is infrequently encountered in 

plantation areas, likely due to its reliance on denser, semi-

natural vegetation (Payne 2020b). The Lesser Coucal (C. 

bengalensis), another species known to prey on oil palm 

pests, was not detected in this survey or the earlier study by 

Pradana et al. (2024b). Its absence may reflect local 

population constraints or the lack of suitable habitat 

conditions within the surveyed landscape. 
 

 

 

 
 

Figure 4. Relationship between herbivory rate and understory 

bird abundance 

 

 

 

 
 

Figure 5. Chord diagram of understory bird species found at our 

sampling sites. The outer axis is bird abundance. Hal smy: 

Halcyon smyrnensis, Tod chl: Todiramphus chloris, Pri fla: Prinia 

flaviventris, Acr jav: Acridotheres javanicus, Pha sum: 

Phaenicophaeus sumatranus, Cen sin: Centropus sinensis, Mix 

gul: Mixornis gularis, Mac pti: Macronus ptilosus, Lan sch: 

Lanius Schach 
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Functional trait analysis revealed a dominance of 

gleaning omnivorous species with relatively large body 

sizes (Figure 6). This pattern supports the idea that these 

traits are particularly relevant for ecological pest 

suppression services. The Greater Coucal, for example, is 

both a large-bodied omnivore and a ground forager capable 

of preying on a variety of arthropods and small vertebrates, 

further suggesting its potential as a pest control agent 

(Payne 2020b). These functional traits, gleaning and 

omnivores, are recognized as critical for effective 

insectivores in agroecosystems, particularly in structurally 

simplified environments such as oil palm plantations (Karp 

et al. 2013; Maas et al. 2016). 

However, neither forest distance nor remnant forest 

area, alone or in combination with bird abundance, 

significantly influenced herbivory rates (Table 2). This 

finding is consistent with studies by Nurdiansyah et al. 

(2016), who reported limited impacts of forest distance on 

avian pest control services in oil palm landscapes, and Gray 

and Lewis (2014), who found only marginal improvements 

in pest suppression with increasing riparian forest width. 

These outcomes may reflect the limited ecological capacity 

of small and isolated forest patches (<50 ha) to support 

sufficiently abundant and functionally effective bird 

communities. In contrast, Karp et al. (2013) demonstrated 

positive effects of large, contiguous forest areas (570,000 

ha) on bird-mediated pest control in Costa Rican coffee 

systems, emphasizing the importance of landscape context 

and scale. 

 

 
 

Figure 6. Chord diagram of understory bird's functional groups 

on the sampling sites. The outer axis is an individual number 

 

 

 

 

Table 1. Functional group and abundance of understory bird species on the sampling sites 

 

Species Diet Feeding strategy Body size 
Individual number 

Katingan Bengkalis 

Phaenicophaeus sumatranus  Insectivore Gleaning Large 1 0 

Centropus sinensis Omnivore Gleaning Extra Large 2 0 

Halcyon smyrnensis  Carnivore Sallying Large 2 3 

Todiramphus chloris  Carnivore Sallying Large 0 1 

Mixornis gularis  Omnivore Gleaning Small 6 0 

Macronus ptilosus  Insectivore Gleaning Medium 2 0 

Prinia flaviventris Insectivore Gleaning Tiny 1 3 

Lanius schach Carnivore Gleaning Medium 1 0 

Acridotheres javanicus Omnivore Gleaning Large 4 3 

Total individual number 
 

19 10 

Total species number 
 

8 4 

 

 

 

Table 2. Effect of forest configuration interaction with understory bird abundance and treatment on herbivory rate 

 

Response ~ fixed effect: fixed effect z p Random effect z p 

Control herbivory rate ~ Understory: Far -1.16 0.25 Sites 0.50 0.31 

Control herbivory rate ~ Understory: Near -1.07 0.29    

Control herbivory rate ~ Understory: Area -1.12 0.26 Sites 0.81 0.21 

Herbivory rate ~ Bird enclosure: Far -1.56 0.11 Sites 0.55 0.29 

Herbivory rate ~ Control: Far -1.53 0.13    

Herbivory rate ~ Bird enclosure: Near -0.79 0.43    

Herbivory rate ~ Control: Near -0.93 0.36    

Herbivory rate ~ Bird enclosure: Area -1.26 0.21 Sites 0.75 0.23 

Herbivory rate ~ Control: Area -1.23 0.21    
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Another important factor is vegetation structure. In our 

study, forest remnants had understory vegetation exceeding 

1 m in height, while vegetation within oil palm plantations 

was lower and less complex. Such vertical and horizontal 

structural differences may reduce habitat suitability for 

many understory birds, thereby limiting their foraging 

activity and effectiveness in pest suppression (Powell et al. 

2015). However, excessive weed growth in oil palm can 

also foster pest outbreaks by providing alternative hosts 

(Rahutomo et al. 2023). Hence, maintaining a balance, 

promoting low yet diverse ground cover between rows, 

may help support avian activity while minimizing pest 

harboring conditions. 

While this study offers valuable insights into the role of 

understory birds in pest control within oil palm 

smallholdings, several limitations should be acknowledged. 

First, the research was conducted in the same oil palm 

smallholdings as the previous study by Pradana et al. 

(2024b), which may limit the generalizability of the 

findings to other landscapes with different forest 

configurations. This restricted spatial context could partly 

explain the weak, non-significant negative relationship 

observed between understory bird abundance and herbivory 

rates. Second, the study's relatively small sample size and 

short duration may have constrained its ability to detect 

more nuanced ecological patterns. Additionally, bird 

surveys were limited to daytime observations, potentially 

overlooking crepuscular or cryptic species that may also 

contribute to pest suppression. Third, while the bird 

enclosure experiment provided useful data, it only captured 

short-term herbivory on young oil palm seedlings, which 

may not accurately reflect pest pressures over the entire 

crop cycle. The role of other natural enemies, such as 

arthropod predators and parasitoids, was also not assessed, 

making it difficult to isolate the contribution of birds to 

pest control. The enclosure may also exclude other 

vertebrate insect-predators such as bats. Lastly, differences 

in forest remnant quality, vegetation structure, and levels of 

human disturbance were not quantified in detail, which 

could have influenced bird activity and associated 

ecosystem services. Despite these limitations, the study's 

findings could significantly impact pest control strategies 

in oil palm smallholdings. Future research should address 

these limitations by incorporating longer-term studies, 

broader geographic sampling, multi-taxon assessments, and 

more detailed analyses of landscape and habitat complexity 

to better evaluate the full ecological role of birds in pest 

regulation. 

In conclusion, this study provides some evidence that 

understory birds may contribute to insect pest suppression 

in oil palm smallholdings. Forest configuration, specifically 

remnant size and proximity, did not significantly affect 

avian pest control, likely due to small sample sizes, the 

small and possibly degraded nature of the forest remnants, 

low vegetation complexity within plantations, and 

generally low pest abundance at the study sites. Although 

some bird species with potentially relevant functional traits 

were recorded, these environmental constraints may have 

limited their effectiveness as natural enemies. To enhance 

avian-mediated pest control, efforts should focus on 

improving habitat quality, such as preserving larger forest 

remnants, increasing structural vegetation diversity, and 

incorporating non-host understory vegetation. Future 

research should expand to more heterogeneous landscapes, 

include longer-term data, and consider interactions with 

other natural enemies to evaluate better and optimize the 

role of birds in integrated pest management systems. Our 

study indicates that preserving small forests adjacent to oil 

palm smallholdings may not affect insect pest control 

service by understory birds. Retention of large adjacent 

forests may increase this service, and also make the oil 

palm production more sustainable.  
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