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Abstract. Affandi R, Santosa Y, Kwatrina RT. 2025. Diversity of diurnal birds and their ecological role in Papua’s oil palm plantation
landscape, Indonesia. Biodiversitas 26: 799-809. Qil palm plantations significantly impact biodiversity, particularly in Indonesia, where
they play a crucial economic role. However, the ecological consequences remain underexplored in Papua, especially for avian communities.
This study examines bird diversity and ecological roles within Papua’s oil palm agroecosystem. Observations were conducted in various
land cover types in Kaureh Sub-district, Jayapura District, Papua, Indonesia, including oil palm blocks, High Conservation Value (HCV)
areas, secondary forests, and shrubs. Using transect surveys, we recorded 46 bird species from 23 families, with the highest species richness
in HCV areas. Bird communities contribute vital ecosystem services such as seed dispersal, pollination, and pest control. Granivorous and
frugivorous species facilitate habitat regeneration, while insectivorous birds mitigate pest outbreaks, reducing the need for chemical
pesticides. Raptors and carnivorous species regulate small mammal populations, enhancing ecological stability. Statistical analysis revealed
significant correlations between bird abundance and environmental factors, including vegetation diversity and proximity to HCV areas.
Despite their ecological importance, oil palm plantations exhibited lower species richness and evenness than natural habitats. Conservation
strategies should integrate bird-friendly management practices, such as maintaining native vegetation, establishing ecological corridors, and
minimizing chemical inputs. Enhancing biodiversity in oil palm landscapes can support agricultural productivity and environmental
sustainability. This study underscores the need for further research and conservation efforts to balance economic gains with biodiversity

preservation in Papua's oil palm agroecosystems.
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INTRODUCTION

The economic importance and the ecological impact of
oil palm plantations on wildlife biodiversity in Indonesia
have been significant topics of discussion in recent
decades. The palm oil sector plays a crucial role in the
Indonesian economy and is a major source of foreign
currency (Santosa et al. 2020; Tandra and Suroso 2023;
Ditjenbun 2024). However, economic achievements are
clouded by heavy reliance on chemical inputs, such as
fertilizers and pesticides. The use of chemical fertilizers
and pesticides, while necessary for sustaining high
production  levels, poses considerable long-term
environmental risks (Thorat and More 2022) and escalates
production expenses (Brunelle et al. 2015). This complex
situation highlights the urgent need to reconcile economic
benefits and environmental sustainability.

Chemical fertilizers are critical in managing oil palm
plantations in Indonesia, particularly for young oil palms
that require consistent and balanced fertilization to ensure
robust growth and high yield (Adileksana et al. 2020).
Similarly, pesticides are extensively utilized to prevent pest
outbreaks, which can jeopardize the health of plantations.
These pests include caterpillars, Ganoderma fungi, and
invasive weeds, which can significantly affect agricultural
output (Bonning and Chougule 2014). Recent studies have

emphasized the potential of bird populations as natural and
sustainable replacements for chemical inputs in oil palm
plantations (Karp et al. 2013; Maas et al. 2016). Bird
populations have been shown to adapt to oil palm
plantations, creating alternative habitats within the
plantation matrix (Amit et al. 2014). Birds are vital for
maintaining ecological harmony; for instance, their
droppings can naturally enrich the soil, and reducing
dependence on chemical fertilizers (Luneva et al. 2022).
This enhances soil fertility and promotes a more organic
approach to plantation management. Birds serve as natural
pest deterrents by preying on herbivorous insects and small
rodents. Predatory birds, including insectivorous and
carnivorous species, help regulate pest populations and
reduce their dependence on synthetic pesticides (Huffeldt
et al. 2012; Oliveira et al. 2022).

The ecological role of birds in oil palm plantations
extends beyond pest control. Bird communities provide
crucial ecosystem services that are essential for the health
of agricultural landscapes (Bernardo 2017; Mohd-Azlan et
al. 2019). If oil palm plantations can offer alternative
habitats and access to food sources such as insects,
caterpillars (Koh and Wilcove 2008; Azhar et al. 2015),
rats (Murgianto et al. 2022), and understory vegetation
(D'hondt and Hoffmann 2011), they can attract and sustain
bird populations. Avian biodiversity can serve as an
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indicator of environmental health and plays a role in seed
dispersal and pollination, aiding in the regeneration of
native plant species and enhancing ecosystem resilience
(Santosa et al. 2023). Natural pest regulation by birds is a
sustainable method that aligns with eco-friendly plantation
practices and fosters long-term productivity.

Despite these advantages, research focusing on the role
of birds in oil palm plantations in Indonesia has primarily
been conducted in Sumatra and Kalimantan, leaving
regions such as Papua insufficiently studied (Santosa et al.
2023). Although there are fewer oil palm plantation areas
in Papua, they are recognized for their high productivity
(BPS 2021). Nevertheless, it is crucial to gather more
scientific data regarding the influence of bird communities
on the biodiversity and ecological balance in this region.
Given Papua's distinctive biodiversity and promise for
sustainable agricultural practices, it is essential to conduct
thorough research on the significance of birds in these
ecosystems. Such studies could provide valuable
information for maintaining ecological stability, enhancing
plantation productivity, and bolstering conservation efforts
in Papua’s oil palm.

Recognizing the multifaceted roles of bird populations
in oil palm plantations is vital for promoting methods that
safeguard economic and environmental interests (Denmead
et al. 2017; Kwatrina et al. 2018; Chellappan et al. 2023;
Ramlah et al. 2024). Transitioning towards natural
alternatives, such as incorporating bird habitat management
into plantation practices, can help alleviate the
environmental hazards associated with chemical usage.
This sustainable strategy has the potential to revolutionize
the palm oil industry, ensuring its enduring viability while
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protecting the rich biodiversity found in Indonesia’s
landscapes. In-depth research, particularly in less-explored
regions such as Papua, is crucial for developing informed
strategies that harmonize productivity with ecological
protection, benefiting both the industry and the
environment.

MATERIALS AND METHODS

Study area

The study was conducted in an oil palm agroecosystem
located in Kaureh Sub-district, Jayapura District, Papua
Province, Indonesia (2°49°9.509”S, 139°27°43.859”E -
3°19’31.595”S, 140°18°23.083”E) at an elevation of 200-
300 m above sea level (Figure 1). Observations were
carried out from July to August 2024 across six (6) land
types with distinct ecosystem characteristics, namely palm
oil blocks, HCV areas, non-HGU forest areas, and shrub
areas. In each land type, a single transect line was selected
based on its potential to support a diverse range of bird
species, with the characteristics of each land type detailed
in Table 2.

Data collection and analysis

The data collected in this study were obtained from
direct and indirect observations in the field. The data
collection focused on three main objectives: (i) analyzing
bird species diversity; (ii) analyzing the surrounding
environment and plant diversity; (iii) analyzing the
correlation of bird species abundance based on ecological
roles and environmental factors.
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Figure 1. Location of Kaureh Sub-district at Jayapura District, Papua Province, Indonesia
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Table 1. Ecological role categories of birds based on feeding
guilds

Ecological role  Feeding guild

Seed Dispersal ~ Frugivore (FRU), Insectivore (FRU-INS),

(SD) Frugivore-Nectarivore (FRU-NEC),
Granivore-Frugivore (GRA-FRU),
Granviore-Nectarivore (GRA-NEC),
Omnivores' with the criteria of Granivore and
Frugivore feeding guild (OMN).

*Water Carnivore (CAR),

Environment Carnivore-Insectivore (CAR-INS)

Bioindicator

(WEB)

Pollinator (PL)  Nectarivore-Insectivore (NEC-INS),
Granivore-Nectarivore (GRA-NEC),
Omnivores' with criteria of Nectarivore

feeding guild (OMN)

Aerial Sallying Insectivore (ASI), Fly-catching
Insectivore (FCI), Shrub Foliage-gleaning
Insectivore (SFGI), Tree-foliage Gleaning
Insectivore (TFGI), Carnivores-Insectivore
(CAR-INS), Frugivore-Insectivore (FRU-
INS), Nectarivore-Insectivore (NEC-INS),
Omnivores' with the criteria of insectivore
feeding guild (OMN)

Carnivore-Insectivore (CAR-INS), Carnivore
(CAR), Omnivore' with criteria of Carnivore
feeding guild (OMN)

Insect Pest
Control (IPC)

Predator (PR)

Note: *indicates habitat/habit in a wetland environment. ‘more
than 2 feeding guild (Nugroho et al. 2023)

Data collection to achieve the first objective was
conducted through surveys using the line transect method
in the morning and evening (Masy’ud et al. 2020; Putri and
Santosa 2020; Nugroho et al. 2021; Santosa and
Purnamasari 2023) with a time span of morning (06.00-
10.00 WIT) and afternoon (14.00-18.00 WIT) with a path
length of 1 km and five repetitions of data (Santosa et al.
2018; Ramlah et al. 2021). The data collected included bird
species, number of individuals found, and location of
discovery. Bird species observed were then identified
through visual observation, camera shots, and birdsongs.
Furthermore, bird species data that have been identified

Table 2. Environment characteristic of the study area
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were sorted based on feeding guilds using literature
references (Katuwal et al. 2018; Sastranegara et al. 2020;
Panda et al. 2021; Nugroho et al. 2023; Shafie et al. 2023).
The data were then analyzed using index analysis
(Margalef Species Richness Index (Dmg Index), Shannon-
Wiener Species Diversity index (H” Index), Pielou Species
Evenness Index (J Index), Simpson Species Dominance
Index (D Index), and Sorensen Species Similarity Index (S
Index)).

Data collection related to the second objective was
conducted through the direct observation of environmental
factors such as air temperature and humidity measured with
a thermometer. Other environmental factors, including
distance from roads, settlements, waterways, palm oil
blocks, HCV areas, shrub areas, and non-HGU forest areas,
were measured using Google Earth software. Vegetation
data were also collected as a part of the environmental
factors, covering plant species in oil palm and non-oil palm
land (natural vegetation) with variables such as plant
species, number of individuals, and location. Vegetation
data were collected using the plot method with a purposive
sampling technique, using 4x4 m plots in oil palm land
(Wulandari 2024) and 20x20 m maximum vegetation plots
(Kusmana et al. 2022) in non-oil palm land. Data on the
number of vegetation individuals collected were analyzed
using the species density approach and index analysis.

To achieve the third objective, the bird species data
identified in the first objective were grouped based on the
specific ecological roles defined by Santosa et al. (2023) as
presented in Table 1. Further analysis included
comparisons of the number of bird species and individuals
based on specific ecological roles and correlations with the
environmental factors analyzed in the second objective.
Data related to the ecological roles of bird communities
were collected through desk research of bird species found
during the data collection period.

RESULTS AND DISCUSSION

Overview of the environmental characteristic and the
natural vegetation condition

The data from the observations of environmental
characteristic for the six land types are presented in Table
2. The results show differences in the characteristics of the
land types studied.

Land type Temperature  Humidity  Elevation Distance from (m)
(°C) (%) (m asl) Road  Waterway OP SFH HCV SHR  Settlement

HCV-A 25.485 90.15 290 2 0 214 40 0 10 1,300
HCV-B 26.507 87.62 305 2 1,782 2,000 5,532 0 5,450 135
SFH 26.763 88.463 225 200 300 10 5 4,350 0 2,500
SHR 26.763 88.463 227 180 150 10 0 4,150 5 2,000
OP-A 26.201 90.265 230 7 3 0 10 4,100 10 1,021
OP-B 27.663 72.082 220 6 3 0 700 5,000 1,300 2,000

Note: HCV: High Conservation Value area; SFH: Non-right to cultivate secondary forest; SHR: Shrubs; OP-A: Qil Palm-A block; OP-

B: Oil Palm-B block
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This table presents an overview of the environmental
and spatial characteristics of various land types, including
HCV areas (HCV-A and HCV-B), non-right to cultivate
secondary forest habitats (SFH), shrubs (SHR), and oil
palm plantations (OP-A and OP-B). Temperature ranges
from 25°C in HCV-A to 27.7°C in OP-B, while humidity
levels fluctuate between 72.1% in OP-B and 90.3% in OP-
A. The elevation varies from 220-305 m above sea level.
Additionally, the table illustrates the distances to crucial
features such as roads, waterways, oil palm plots, forest
areas, HCV zones, shrubs, and settlements. For instance,
HCV-A was positioned adjacent to a waterway (0 m) and a
road (2 m), whereas HCV-B was further away, with a
considerable distance from the oil palm blocks (5,532 m).
Shrubs and secondary forests are located at intermediate
distances from roads, waterways, and adjacent land types,
highlighting their role in landscape transition. The oil palm
plantations are situated near waterways (3 m) and exhibit
varying proximity to settlements, reflecting their
integration within agricultural and rural landscapes. Based
on the results of the vegetation analysis, there were 101
species found in each land cover type and belonged to 50
different plant families. The HCV-A area has the most
plant species (44 species), whereas the OP-B had the least
number of species, as presented in Table 3.

The results in Table 3 indicate that non-oil palm land
supports vegetation at all growth stages, from seedlings to
mature trees, whereas oil palm plantations are limited to
seedlings and understory plants. Plant density, calculated as
the number of individuals per species in a unit area, reflects
species dominance and ecological dynamics, influencing
plant sustainability (Nahlunnisa et al. 2022). In HCV areas,
SHR, and SFH area, species such as Urochloa mutica,
Mimosa pudica, and Cyrtococcum patens exhibited the
highest densities at the seedling and understory levels. In
non-oil palm areas, Blumea balsamifera, Macaranga spp.,
and Ficus spp. dominated from sapling to mature tree
stages, whereas oil palm plantations only had seedling and
understory stages. Additionally, Imperata cylindrica and
Diplazium esculentum were the most abundant species in
oil palm plantations, indicating their adaptation to disturbed
environments.

Table 3 also highlights significant differences in species
diversity across habitat types. HCV-A has the highest total
species count (44), followed by HCV-B (30), while OP
Blocks have the lowest diversity (17 species in OP-A and 9
in OP-B). Seedling and understory densities are highest in
SFH area (386,250 ind/ha) and HCV-B (340,000 ind/ha),
whereas OP areas have significantly lower densities
(102,500 in OP-A and 36,875 in OP-B). Notably, saplings,
poles, and mature trees are absent in oil palm plantations,
indicating a lack of higher vegetation growth stages.
Diversity indices further emphasize these differences, with
HCV-A having the highest species richness and evenness,
while oil palm plantations exhibit the lowest values. The H'
Index is highest in HCV-A, suggesting a more balanced
species composition, whereas oil palm areas have
extremely low diversity. Similarly, the J Index is higher in
non-oil palm habitats, while the Simpson Species
Dominance D Index reveals that a few species dominate oil
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palm areas. These findings indicate that non-oil palm
habitats, particularly HCV areas and SHR, support greater
species diversity and structural complexity, whereas oil
palm plantations have limited ecological capacity to sustain
diverse plant communities.

Table 4 further supports these findings by showing
species similarity among habitat types. HCV-A has
relatively high species similarity with HCV-B (0.486) but
much lower similarity with SFH area (0.190) and SHR area
(0.197), and almost no similarity with OP Blocks (0.000
with both OP-A and OP-B). This suggests that while both
HCV areas support greater biodiversity, their species
compositions remain distinct. Non-right to cultivate
secondary forests and shrubs area share more species with
each other than with oil palm plantations, indicating a
closer ecological relationship. Conversely, oil palm
plantation areas exhibit minimal species similarity with all
other habitats, with the highest similarity observed between
OP-A and OP-B (0.385). These low similarity values
reinforce the previous findings that oil palm plantations not
only possess significantly lower vegetation diversity but
also host a distinctly different plant community compared
to natural and semi-natural habitats.

Bird species diversity across different habitat types

The results revealed 473 individual bird species from 46
species belonging to 23 families with the distribution
composition as presented in Table 2. Furthermore, data related
to the value of diversity presented in Table 3 shows that the
HCV-A land type has the highest value of richness and
diversity (Dmg: 4.779; H': 2.088; 26 species), while the oil
palm-A block has the lowest value of richness and diversity.

Based on Table 5, we identified a variety of bird species
present in different land cover types. To assess the diversity
of bird communities across these habitats in the study area,
we employed several ecological indicators, including the
total number of species, individual counts, and various
indices of diversity and evenness. These indicators offer
valuable insights into the richness, diversity, and dominance
of bird species in the various land cover types (Table 3).

Table 3 reveals that HCV-A and HCV-B support more
species and greater diversity, highlighting their importance
for bird conservation. In contrast, disturbed habitats like
SHR and OP-B show less diversity and greater dominance.
HCV-A has the highest number of bird species at 26,
followed by HCV-B with 20 species, meanwhile in the OP-
B has the least species with 10 species. HCV-A also
supports the most individual birds at 187, compared to 75
in HCV-B. The Dmg Index shows HCV-A has the highest
richness score of 4.779, while SHR and OP-B score lower
at 2.594 and 2.207. The H’ Index indicates bird diversity is
highest in HCV-B (2.577) and SFH (2.424), while SHR
(1.926) and OP-B (1.502) show lower diversity. This
suggests disturbed habitats have reduced diversity. The J
Index indicates species are more evenly distributed in
shrubs (0.937) and OP-A (0.604) than in HCV-A (0.641)
and HCV-B (0.680). The D Index confirms higher
dominance in OP-B (0.394) and SHR (0.103). Based on the
similarity values as presented in Table 7, the highest
similarity value was between OP-A and OP-B, whereas the
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lowest similarity value was between HCV-A and SHR. The
data in Tables 6 and 7 shows the variety and similarity of
bird populations in different habitats.

Bird’s ecological role across different habitat types
Based on the results of observations, 13 feeding guilds
were found that belong to 5 specific ecological roles that
can provide certain roles for the ecosystem. A comparison
of the number of species and abundance of individual bird
species based on their ecological roles is presented in Figure 2.

Correlation between bird’s ecological role and the
ecosystem characteristic

Based on the Spearman correlation analysis (Table 8),
there was a significant relationship between the abundance
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of bird species based on ecological roles and environmental
variables at several research sites.

The results of the Spearman correlation analysis
presented in Table 8 show a significant relationship
between the abundance of bird species and their ecological
role with respect to various environmental factors in the
study landscape. Spearman correlation is a non-parametric
method used to measure the strength and direction of the
relationship between two ordered variables, particularly
useful when data do not meet the assumptions of normality
or linearity required for Spearman correlation
(Bocianowski et al. 2024). A positive correlation indicates
that an increase in one variable tends to be followed by an
increase in the other, while a negative correlation indicates
the opposite relationship.

Table 3. Diversity of vegetation communities across different habitat types in the study area

Parameter HCV-A HCV-B SFH SHR OP-A OP-B
Species total 44 30 19 27 17 9
Seedlings and Understory Density (ind/ha) 283,750 340,000 100,000 386,250 102,500 36,875
Sapling Density (ind/ha) 3,200 4,800 2,800 4,600 0 0
Pole Density (ind/ha) 1,150 1,550 500 250 0 0
Tree Density (ind/ha) 512.5 500 450 50 0 0
Seedlings and Undestory
Species Richness Index (Dmg) 5.530 4,103 2.967 3.837 1.387 0.761
Species Diversity Index (H”) 2.889 2.528 2.444 2.692 2.322 1.959
Species Evenness Index (J) 0.841 0.795 0.926 0.858 0.819 0.892
Species Dominance Index D 0.091 0.108 0.106 0.087 0.123 0.165
Sapling
Species Richness Index (Dmg) 2.164 1.259 0.758 1.595 0.000 0.000
Species Diversity Index (H”) 1.808 1.547 0.980 1.776 0.000 0.000
Species Evenness Index (J) 0.929 0.961 0.892 0.991 0.000 0.000
Species Dominance Index D 0.180 0.222 0.418 0.172 0.000 0.000
Pole
Species Richness Index (Dmg) 2.551 0.582 0.869 0.621 0.000 0.000
Species Diversity Index (H”) 2.100 0.907 1.030 0.673 0.000 0.000
Species Evenness Index (J) 0.956 0.825 0.937 0.971 0.000 0.000
Species Dominance Index D 0.134 0.451 0.380 0.520 0.000 0.000
Tree
Species Richness Index (Dmg) 1.885 0.813 0.476 1.443 0.000 0.000
Species Diversity Index (H”) 1.763 1.311 1.024 1.040 0.000 0.000
Species Evenness Index (J) 0.848 0.946 0.932 0.946 0.000 0.000
Species Dominance Index D 0.212 0.286 0.578 0.375 0.000 0.000

Note: HCV: High Conservation Value area; SFH: Non-right to cultivate secondary forest; SHR: Shrubs; OP-A: Oil Palm-A block; OP-
B: Oil Palm-B block; Dmg: Margalef species richness index; H’: Shannon-Wiener species diversity index; J: Pielou species evenness

index; D: Simpson species dominance index

Table 4. Vegetation species similarity index value between different habitat types in the study area

Type HCV-A HCV-B SFH SHR OP-A OP-B
High Conservation Value area-A (HCV-A) 1.000 0.486 0.190 0.197 0.000 0.000
High Conservation Value area-B (HCV-B) - 1.000 0.204 0.316 0.043 0.051
Non-right to cultivate secondary forest (SFH) - - 1.000 0.130 0.056 0.071
Shrubs (SHR) - - - 1.000  0.045  0.056
Oil Palm-A Block (OP-A) - - - - 1.000 0.385
Oil Palm-B Block (OP-B) - - - - 1.000

Note: HCV: High Conservation Value Area; SFH: Non-right to cultivate secondary forest; SHR: Shrubs OP-A: Oil Palm-A block; OP-
B: Oil Palm-B block; Dmg: Margalef Species Richness Index; H’: Shannon-Wiener Species Diversity Index; J: Pielou Species Evenness

Index; D: Simpson Species Dominance Index
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Table 5. Bird species recorded during surveys in the study area

Land cover type

. o o . .
Common name Scientific name Feeding guild HCV-A HCV-B SFH SHR OP-A OPB
Megapodiidae

Collared Brush-turkey Talegalla jobiensis OMN? ° - ° - -
Columbidae

Black-billed Cuckoo-dove Macropygia nigrirostris GRA-FRU*? ° - ° - -

Zoe’s Imperial-pigeon Ducula zoeae FRU?? - ° - -

Dwarf Fruit-dove Ptilinopus nainus FRU-NEC'2 ° - - - -

Orange-bellied Fruit-dove Ptilinopus iozonus FRU-NEC? ° ° - - -
Apodidae

Glossy swiftlet Collocalia esculenta ASI? - - - - .
Cuculidae

Ivory-billed Coucal Centropus menbeki CAR-INS!? - - ° - °

Eastern Koel Eudynamys orientalis TFGI? ° - - - -

Long-billed Cuckoo Chalcites megarhynchus TFGI? ° - -

Brush Cuckoo Cacomantis variolosus TFGI? - ° ° ° -

Oriental Cuckoo Cuculus optatus TFGI? - - ° -
Ardeidae

Great White Egret Ardea alba CAR*? - - - - °
Accipitridae

Pacific Baza Aviceda subcristata OMN?!23 - - ° - -

Variable Goshawk Accipiter hiogaster CAR-INS? - ° ° - °

Brahminy Kite Haliastur indus CAR-INS!?23 ° ° ° - °
Bucerotidae

Papuan Hornbill Rhyticeros plicatus OMN?23 ° - ° - -
Meropidae

Rainbow Bee-eater Merops ornatus FCI? - ° ° ° -
Coraciidae

Oriental Dollarbird Eurystomus orientalis ASI? ° ° - - -
Alcedinidae

Sacred Kingfisher Todiramphus sanctus CAR-INS*? - - - ° -

Rufous-bellied Kookaburra Dacelo gaudichaud CAR1?3-INSt3 ° °
Cacatuidae

Sulphur-crested Cockatoo Cacatua galerita GRAZ2-FRU?3 ° ° ° - °

Palm Cockatoo Probosciger aterrimus GRA-FRU?23 ° - - - -
Psittacidae

Brown lory Chalcopsitta duivenbodei FRU-NEC? - ° - - -

Coconut Lorikeet Trichoglossus haematodus ~ OMN?23 ° - - - -

Salvadori’s Fig-parrot Psittaculirostris salvadorii  GRA-NEC? ° - - - -

Double-eyed Fig-parrot Cyclopsitta diophthalma OMN!2 - ° - - -

Papuan Eclectus Eclectus polychloros GRA-FRU!23 ° ° ° - °
Maluridae

Emperor Fairy-wren Malurus cyanocephalus SFGI? ° - - - -

White-shouldered Fairy-wren Malurus alboscapulatus SFGI?3 - - - ° -
Meliphagidae

Helmeted Friarbird Philemon buceroides OMN?23 ° ° ° - -

Mimic Honeyeater Microptilotis analogus NEC-INS*? ° - - - -
Oriolidae

Northern Variable Pitohui Pitohui kirhocephalus FRU-INS? - ° - - -

Brown Oriole Oriolus szalayi FRU-INS? - ° - - -
Campephagidae

Grey-headed Cicadabird Edolisoma schisticeps FRUY2-INS? - ° - - -

New Guinea Cicadabird Edolisoma melas FRU-INS? ° - - - -

Black-browed Triller Lalage atrovirens FRU2-INS* ° ° - - -
Artamidae

Black Butcherbird Melloria quoyi OMN?23 ° ° - - -
Rhipiduridae

Willie Wagtail Rhipidura leucophrys AS|123 - - - ° °
Paradisaeidae

Twelve-wired Bird-of-paradise Seleucidis melanoleucus OMN*# ° - - - -

Pale-billed Sicklebill Drepanornis bruijnii FRU-INS!? ° - - - -

Lesser Bird-of-paradise Paradisaea minor FRU-INS!? ° - - - -
Sturnidae

Yellow-faced Myna Mino dumontii FRUY23-INS%3 ° - - - -

Metallic Starling Aplonis metallica FRU-INS!? ) ° ° ° °
Dicaeidae

Red-capped Flowerpecker Dicaeum geelvinkianum FRU-INS?! ° ° - ° °
Nectariniidae

Rand’s Sunbird Cinnyris idenburgi NEC-INS* - - - ° -
Estrildidae

Streak-headed Mannikin Lonchura tristissima OMN?3 - - - ° -

Note: *: Common Name ordering based on HBW and BirdLife International name order (2024); **: Scientific Names for blrd species
refers to HBW and BirdLife International (2024); HCV: High Conservation Value area; SFH: Non- rlght to cultivate secondary forest;
SHR: Shrubs; OP-A: Oil Palm-A block; OP-B: Oil Palm-B block; 1: Beehler (2001); 2: Pratt and Beehler (2015); 3: van Balen et al. (2005)
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Table 6. Diversity of bird communities across habitat types in the study area

Parameter HCV-A HCV-B SFH SHR OP-A OP-B
Species Total 26 20 15 10 12 10
Individual Total 187 75 55 28 69 59
Species Richness Index (Dmg) 4,779 4.401 3.494 2.701 2.598 2.207
Species Diversity Index (H”) 2.088 2.577 2.424 1.926 1.502 1.983
Species Evenness Index (J) 0.641 0.860 0.895 0.837 0.604 0.861
Species Dominance Index D 0.258 0.116 0.108 0.188 0.394 0.165

Note: HCV: High Conservation Value area; SFH: Non-right to cultivate secondary forest; SHR: Shrubs; OP-A: Oil Palm-A block; OP-
B: Oil Palm-B block; Dmg: Margalef species richness index; H’: Shannon-Wiener species diversity index; J: Pielou species evenness

index

Table 7. Bird species similarity index value between different habitat types in the study area

Type HCV-A HCV-B SFH SHR OP-A OP-B
High Conservation Value area-A (HCV-A) 1.000 0.435 0.390 0.111 0.316 0.278
High Conservation Value area-B (HCV-B) - 1.000 0.514 0.333 0.500 0.400
Non-right to cultivate secondary forest (SFH) - - 1.000 0.320 0.741 0.480
Shrubs (SHR) - - - 1.000 0.455 0.300
Oil Palm-A Block (OP-A) - - - - 1.000 0.636
Oil Palm-B Block (OP-B) - 1.000

Note: HCV: High Conservation Value area; SFH: Non-right to cultivate

B: Oil Palm-B block
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Figure 2. Comparison of the number of bird species and individuals by ecological role

Discussion

Research has shown that bird species richness and
diversity are generally higher in HCV lands, which feature
diverse vegetation, compared to oil palm areas with lower
vegetation complexity (Table 3). This increased diversity in
HCV areas results from heterogeneous vegetation structures
that create suitable habitats for various animal species,
including birds (Santosa and Purnamasari 2023). HCV-A,
which has the highest vegetation diversity among surveyed
sites, also hosts the most bird species (Table 6). Similar
trends have been observed in Sulawesi and Sumatra, where
HCV areas support greater bird richness than oil palm blocks
(Abdillah et al. 2020; Ramlah et al. 2021). However, in
some cases, bird richness and diversity in oil palm areas
surpass those in other non-forest land covers, such as
shrubs (Bennett et al. 2018; Santosa and Purnamasari 2023).

Vegetation heterogeneity is critical for bird species as it
offers diverse food resources and microclimates, with the
latter facilitating light penetration to the understory
vegetation, thus creating favorable habitats (Kwatrina et al.

2018; Slel et al. 2021). Other environmental factors, such
as the availability of water sources (Suri et al. 2017) and
minimal human disturbances (Matuoka et al. 2020), further
contribute to enhancing bird diversity. In contrast, areas
with uniform vegetation often experience reduced bird
species richness due to increased competition for limited
resources (Nugroho et al. 2023). The bird species similarity
analysis presented in Table 7 suggests that the bird
compositions in the OP-A and OP-B blocks are more
similar to each other than to those in other land types,
which can be attributed to both adaptive and non-adaptive
species. Adaptive species, such as Aplonis metallica, have
evolved morphologically and ecologically to thrive in a
variety of environments, allowing them to be widespread
across all land types (Zuccon et al. 2008; Ayujawi et al.
2021). On the other hand, non-adaptive species, like
Cinnyris idenburgi, Todiramphus sanctus, and etc., are
confined to specific habitats, often due to their reliance on
certain resources or sensitivity to disturbances (Ayat and
Tata 2015; Rohman et al. 2023).
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Table 8. Spearman correlation value between the number of bird species found and environmental variables

Parameter SD WEB PL IPC PR

Temperature -0.577 0.539 -0.469 -0.577 -0.161
Sig (2-tailed) 0.231 0.270 0.348 0.231 0.760
Air Humidity 0.406 -0.429 0.358 0.464 0.185
Sig (2-tailed) 0.425 0.396 0.486 0.354 0.726
Elevation 0.657 -0.338 0.677 0.714 -0.152
Sig (2-tailed) 0.156 0.512 0.140 0.111 0.774
Distance from Road -0.580 0.600 -0.478 -0.406 0.339
Sig (2-tailed) 0.228 0.208 0.338 0.425 0.511
Distance from Waterway -0.058 0.514 0.090 0.116 0.092
Sig (2-tailed) 0.913 0.296 0.866 0.827 0.862
Distance from Oil Palm Block 0.677 -0.261 0.939** -0.912* -0.250
Sig (2-tailed) 0.140 0.617 0.005 0.011 0.633
Distance from Secondary Forest non-HGU 0.486 -0.507 0.177 0.143 -0.030
Sig (2-tailed) 0.329 0.305 0.738 0.787 0.954
Distance from HCV -0.696 0.429 -0.716 -0.754 0.154
Sig (2-tailed) 0.125 0.396 0.109 0.084 0.771
Distance from Shrubs 0.232 -0.257 0.045 -0.029 -0.277
Sig (2-tailed) 0.658 0.623 0.933 0.957 0.595
Distance from Settlements -0.406 -0.338 -0.239 -0.261 0.154
Sig (2-tailed) 0.425 0.512 0.649 0.618 0.771
Seedling and Understory Species Total 0.600 -0.338 0.853* 0.829* -0.395
Sig (2-tailed) 0.208 0.512 0.031 0.042 0.439
Seedling and Understory Density Total 0.029 0.338 0.559 0.486 -0.638
Sig (2-tailed) 0.957 0.512 0.249 0.329 0.173
Sapling Species Total 0.406 -0.171 0.896* 0.812* -0.524
Sig (2-tailed) 0.425 0.745 0.016 0.050 0.286
Sapling Density Total 0.290 0.171 0.776 0.696 -0.524
Sig (2-tailed) 0.577 0.745 0.070 0.125 0.286
Pole Species Total 0.794 -0.522 0.955** 0.971** 0.000
Sig (2-tailed) 0.059 0.288 0.003 0.001 1.000
Pole Density 0.754 -0.343 0.925** 0.928** -0.092
Sig (2-tailed) 0.084 0.506 0.008 0.008 0.862
Tree Species Total 0.736 -0.435 1.000** 0.971** -0.250
Sig (2-tailed) 0.096 0.388 <0.001 0.001 0.633
Tree Species Density 0.812* -0.514 0.985** 0.986** -0.092
Sig (2-tailed) 0.050 0.296 <0.001 <0.001 0.862

Note: HCV: High Conservation Value area; SFH: Non-right to cultivate secondary forest; SHR: Shrubs; OP-A: Oil Palm-A block; OP-
B: Oil Palm-B block; SD: Seed Dispersal; WEB: Water Environment Bioindicator; PL: Pollinator IPC: Insect Pest Control; PR: Predator
*significant effect at 95% confidence level; **significant effect at 99% confidence level

The similarity in bird species composition is also
influenced by the comparable vegetation types across
different land covers. As seen in Table 4, the OP blocks
have a relatively higher vegetation similarity compared to
other areas, which likely contributes to the observed
similarity in bird assemblages between OP-A and OP-B.
Additionally, the low vegetation species richness in oil
palm plantations, as shown in Table 3, emphasizes the
limited availability of plant-based food resources. This
restricted vegetation diversity constrains the variety of food
sources available for birds, which could lead to a more
homogeneous bird community within oil palm plantations.
The combination of limited vegetation richness and similar
plant compositions across oil palm areas likely reinforces
the convergence of bird species found in OP-A and OP-B.

Birds play a vital ecological role in oil palm plantations,
particularly as seed dispersers, the most abundant bird
group (Figure 2). Granivorous and frugivorous birds
contribute to ecological succession and forest regeneration

by consuming fruits and dispersing seeds (Neves et al.
2013; Silva 2022). Cacatua galerita is a common seed
disperser’s species observed in the study area (Table 5). It
is frequently seen in groups around oil palm plantations,
where it is attracted to fruits (Beehler et al. 2001; Pratt and
Beehler 2015), including ripe oil palm fruits. In non-
smallholder lands, seed-dispersing birds accelerate habitat
recovery by promoting native vegetation growth (Martinez-
Lépez et al. 2019). However, their presence in plantations
presents challenges, as they can reduce oil palm
productivity by consuming Fresh Fruit Bunches (FFB) and
spreading Volunteer Oil Palm Seedlings (VOPS),
potentially increasing competition and complicating
management (Maizatul and Idris 2008).

Besides seed dispersal, birds play a key role in
pollination, particularly in forests where they support
natural vegetation regrowth (Santosa et al. 2023).
Omnivorous birds with nectar-feeding tendencies are
primary pollinators, with Philemon buceroides commonly
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found across land types due to its adaptability and social
behavior (Beehler et al. 2001; Pratt and Beehler 2015).
This species significantly aids plant reproduction in various
landscapes. However, pollinator birds are rarely found in
oil palm plantations due to the lack of suitable floral
resources. Unlike other crops, oil palm is mainly pollinated
by insects, particularly Elaeidobius kamerunicus
(Meléndez and Ponce 2016; Haran et al. 2020; Riley et al.
2022). While insect pollinators enhance oil palm
productivity, not all are beneficial. Some, particularly from
the Curculionidae family, damage palm trunks, while
Scarabaeidae family, such as Oryctes spp., feed on palm
tissue, causing plant mortality. Other insect species act as
defoliators, reducing oil palm yields (Egonyu et al. 2022).
To counteract these threats, insectivorous birds play a
crucial role in pest control, helping maintain ecosystem
balance and support oil palm productivity.

Insectivorous birds are essential for pest management in
oil palm plantations, which are vulnerable to insect
outbreaks. Studies show that insectivorous and frugivorous
birds help control pests by preying on caterpillars, termites,
and other harmful insects (de Chenon and Susanto 2005;
Koh and Wilcove 2008; Nazaro and Blendinger 2017).
Among these natural pest controllers, A. metallica is the
most abundant, feeding on insect pests and potentially
assisting with pollination (Beehler et al. 2001; Pratt and
Beehler 2015). Raptors also play an essential role in
nutrient cycling and maintaining ecosystem stability by
managing populations of pests such as rodents and reptiles
(Atmoko et al. 2022; Santosa et al. 2023). In oil palm
plantations, key raptor families include Accipitridae (e.g.
Accipiter hiogaster, Haliastur indus, Aviceda subcristata),
Ardeidae (Ardea alba), Alcedinidae (T. sanctus, Dacelo
gaudichaud), and Cuculidae (Centropus menbeki). These
birds depend on prey availability, including snakes, rats,
and lizards, which thrive in oil palm landscapes.

Beyond terrestrial ecosystems, birds serve as
bioindicators in aquatic environments, helping assess land
quality and ecosystem health. Aquatic birds from the
Alcedinidae and Ardeidae families function as apex
predators in water-based ecosystems, where their presence
is linked to water quality and food availability (Santosa et
al. 2023). Species such as T. sanctus and A. alba are
particularly valuable as bioindicators, reflecting aquatic
habitat health (Parsons et al. 2010). Their population trends
provide insights into environmental changes, pollution
levels, and habitat degradation, highlighting the
interconnectedness between avian communities and
ecosystem dynamics in oil palm landscapes.

Correlation analysis (Table 8) indicates that seed-
dispersing birds are more prevalent in areas with trees and
poles, particularly near HCV zones. Tree species such as
Ficus spp. attract frugivores reliant on these primary food
sources (Pradana et al. 2018). The abundance of fruit
resources suggests a healthy ecosystem capable of
supporting diverse seed-dispersing birds (Santosa et al.
2023).

Conserving  bird  populations in  oil palm
agroecosystems is crucial for promoting biodiversity and
ecological balance. In the Kaureh Sub-district, conservation
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measures include, (i) improving vegetation in HCV and
non-HCV areas to enhance bird populations while
complying with RSPO and ISPO guidelines (Teuscher et
al. 2016; Kwatrina et al. 2018; Kissinger et al. 2020); (ii)
managing species like C. galerita and A. metallica that may
affect oil palm production through educational initiatives
on conservation status, following Indonesian Ministerial
regulations, The International Union of Nature (IUCN) Red

List, and the Convention on International Trade in
Endangered Species (CITES) Checklist; and (iii)
conducting regular bird monitoring with community

involvement to track population trends (Neate-Clegg et al.
2020).

In summary, bird diversity in oil palm agroecosystems
is significantly enhanced in HCV areas with varied
vegetation structures. These habitats not only support
adaptive birds but also provide crucial environments for
non-adaptive species. Additionally, trees such as Ficus spp.
in HCV areas play a vital role in frugivore and seed
disperser sustenance, facilitating natural regeneration.
Effective bird conservation in oil palm plantations requires
diverse habitat management, species population control,
regular monitoring, and collaboration with conservation
organizations. These efforts can enhance biodiversity in
Kaureh Sub-district's oil palm landscapes, promoting both
ecological stability and sustainable production.
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