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Indonesia is known as a country with a very high wealth of biodiversity, both at the
ecosystem scale, however, Indonesia is also noted as a country that has an extraordinary
vulnerability to the decline/loss of potential biodiversity. So far, scientific research on the
impact on biodiversity, especially on avian species in oil palm development in Central
Sulawesi province has never been carried out. This study aims to determine the diversity
of bird species in oil palm plantation land cover, this is done because birds are one
indicator of environmental quality. This research was conducted in oil palm plantations.
Data were taken from 5-year and 15-year old oil palm land covers. The research was
conducted from June to August 2023. Avian species inventory data collection was carried
out using a combination method of strip transect and point observation and the help of
other observation tools such as drones. Data analysis calculations using a laptop
device and Microsoft Excel software. The results of this study found 177 individuals
from 26 avian species belonging to 16 families, 3 avian species are endemic to Sulawesi.
Avian species diversity in both 5-year-old and 15-year-old oil palm land covers was
categorized as moderate (2.669 and 2.609), with high levels of evenness at 0.891 and
0.886, respectively. Avian species composition between the 5-year-old and 15-year-old
oil palm land covers was relatively similar, as indicated by the 50% species similarity
index. The high level of species similarity is due to the fact that both land covers have
similar characteristics, namely both are dominated by oil palm plants. The presence of
land covers close to the research site supports the presence of various avian species. Both
land covers studied are adjacent to rice fields and water canals, which influence the
increase in avian species diversity.

1. INTRODUCTION

less than 16.2 million people and other positive multiplier
effects [11], the assumption or claim that oil palm plantations

Indonesia is known as a country with a very high wealth of
biodiversity, both at the ecosystem, species and genetic scales
that invite the attention and admiration of people around the
world [1, 2]. However, Indonesia is also listed as a country that
has an extraordinary vulnerability to the decline/loss of
biodiversity potential (biodiversity loss). Among the many
factors causing '"biodiversity loss", one of which is the
development of oil palm plantations, making Indonesia the
largest palm oil producer in the world, has been considered as
one of the determinant factors [3-5].

One of the alleged causes of biodiversity decline is the
conversion of forests into oil palm plantations. As the area of
independent oil palm plantations is increasing faster than large
oil palm plantations, the expansion of independent oil palm
plantations plays an important role in land cover change.
Previous research shows that biodiversity is vulnerable to
decline due to the opening of oil palm plantations. This raises
concerns about the sustainability of biodiversity [6-10].

Given the importance of the contribution of oil palm
plantations to the national economy through foreign exchange
earnings that reached 240 trillion in 2016, employment of no
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in Indonesia have resulted in a decrease in biodiversity needs
to be studied quantitatively through accurate and valid
scientific methodology. If left unchecked, it is feared that it
will have a negative systemic impact on the progress of the
Indonesian palm oil industry in the future, including an export
ban on palm oil plantation products.

Buol District, in Central Sulawesi province, Indonesia, is
one of the areas with productive oil palm plantations in Central
Sulawesi (83,191 Ha) with a productivity of 14,015.32
tons/year [12]. So far, scientific research on the impact on
biodiversity, especially on avian species, of oil palm
development in Central Sulawesi province has not been
conducted. These avians may represent some of the
biodiversity affected by forest conversion to oil palm
plantations. Avians also play an important role in the
ecosystem as pollinators, water quality indicators, and
predators. The presence of various avian species with their
various roles can indicate good ecological stability in a
location [13]. Therefore, this study aims to determine the
diversity of avian species in the oil palm plantation land cover
of Buol District, in Central Sulawesi Province, Indonesia.
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2. MATERIAL AND METHODS
2.1 Time and study sites

This study was conducted in oil palm plantations, Buol
District, Central Sulawesi, Indonesia. Data were collected on
5-year-old oil palm land covers and 15-year-old oil palm land
covers (Figure 1). The research was conducted from June to
August 2023.

2.2 Research methods

Avian species inventory data were collected in two land
covers of oil palm plantations, namely 5 years and 15 years old
(Figure 2), using a combination of strip transect and point
observation methods and the help of other observation tools
such as drones. Data analysis calculations using a laptop
device and Microsoft Excel software.

The transect line used was 1 km long with a width of 100 m
to the left and right per line (Figure 3). Observations were
conducted in the morning (06:00-08:00 WITA) and afternoon
(15:30-17:30 WITA) for 3 repetitions on different days (Wang
and Finch 2002). Data recorded included time of encounter,
avian species found, number of individuals of each species
found and avian tracks in the form of sounds. In addition, for
unknown avian species in the field, their morphological
characteristics (feather color, beak shape, foot shape, crest
shape, cockscomb shape, eye iris, wing shape, body size, voice,
etc.) were recorded and identified based on a field guide to
avians in the Wallaceae region, Sulawesi, Maluku and Nusa
Tenggara [14].

2.3 Data analysis
Index of species diversity

Analysis to determine the diversity of avian species, the
Shannon diversity index (H') was used [15] the diversity index
is an index that serves to provide an overview of the
composition of the ecosystem and its constituent communities
and the stability of an ecosystem with the formula with the
formula:

H Yi1(pilnpi)

The value of pi is obtained using the formula:

number of individuals of the species—i

Pi =

total individuals of all species

where,
H’ = Shannon Diversity Index
S = Number of species
pi = Proportion of individuals ke-i (n/N)
Ln = Log natural

Index of equitability or evenness

Analysis to determine the evenness of the species found in
each community used the index of evenness (Index of
Equitability or Evenness), which is the number of individuals
of a species or the abundance of each species in a community,
which serves to determine the evenness of each species in each
community with the formula:
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where,
E = Evenness index
H’ = Shannon Diversity Index
S = Number of species

Species Similarity Index (S)

To analyze the level of community similarity between land
cover types in each oil palm plantation, a similarity index was
used. The similarity index is used to determine the similarity
of bird species found in different land covers. The calculation
of the level of species similarity used is the Sorensen species
similarity index [16]:

2C

A+B

IS

where,
IS: Similarity Index
A: Number of species at location A
B: Number of species at location B
C: Number of species present in both sites A and B

3. RESULTS AND DISCUSSIONS
3.1 Species composition

The total number of avian species found in the 5-year-old
oil palm land cover and the 15-year-old oil palm land cover
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was 177 individuals from 26 avian species. All species
belonged to 16 families. The family Rallidae was the family
with the highest number of species, namely four species. In
addition, the study site also found three Sulawesi endemic
avian species, namely Amaurornis isabellina, Spilornis
rufipectus, and Dicaeum celebicum. Compared to the results
[17], who found 43 species of avians in oil palm plantations in
Riau, the number of avian species found in this study was
lower at only 26 species. Similarly, the results of research by
study [18] found as many as 32 avian species belonging to 18
families in several variations of oil palm plantation land cover
in North Mamuju District, West Sulawesi, Indonesia.

In the 5-year-old oil palm plantation land cover, there were
19 avian species with a total number of individuals of 98. This
location is dominated by three species that have dominant
populations, namely hirundo tahitica, rice kareo, and forest
crow. In the 15-year-old oil palm plantation land cover, there
were 22 avian species with a total of 79 individuals. This land
cover was dominated by two species with dominant
populations, namely Hirundo tahitica and Gallirallus
torquatus.

3.2 Species diversity index and evenness index

Based on the results of data analysis, the species diversity
index (H') and evenness index (E) in both land covers were
relatively similar. In the 5-year-old oil palm land cover, the
species diversity index reached 2.609 with an evenness of
0.886. While in the 15-year-old oil palm land cover, the
diversity index reached 2.669 with an evenness index of 0.891.
The evenness value is classified as a high evenness category
based on the category [19].

The results showed that more avian species were found in
15-year-old oil palm plantations than in 5-year-old sawti
plantations. This is thought to be related to the larger and
denser structure of oil palm trees at 15 years of age. A study
found that structural complexity in monoculture oil palm
plantations increased by 25% after only three years of tree
planting [20]. The structural complexity of oil palm
plantations will impact the distribution and foraging behavior
of avian communities in the context of vertical strata [21]. It
also affects microclimate [22]. Vegetation can alter
microclimate by blocking wind and shading the ground,
resulting in cooler air temperatures. Since air temperature can
significantly affect avian diversity, a higher diversity of avian
species due to their microclimate will be more suitable for
avian reproduction.

Oil palm plantations are a land cover formed by land cover
change from mixed forest to monoculture land cover. Several
previous studies have shown that monoculture habitats tend to
have lower species diversity compared to mixed land covers
or natural forests [23-25]. The results of this study are in line
with these findings. The avian species diversity index in the
two studied oil palm land covers showed that avian species
diversity was in the medium category (Table 1). The number
of species was relatively similar between the land covers of 5-
year-old palms and 15-year-old palms, but the number of
species was low. The low number of avian species inhabiting
the oil palm land cover is thought to be caused by human
intervention in the environment, such as routine harvesting and
land clearing activities. The study [25] stated that in oil palm
plantations, a decrease in avian species diversity occurs due to
human intervention, especially in oil palm plantation
management which involves clearing undergrowth and
spraying weeds.



Table 1. Composition and diversity of avian species in land covers at the study site

Number of Avians H’
Families Species Guild Oil palm plantation
15-Years old 5-Years old 15-Years old 5-Years old
Rallidae Amaurornis isabellina Insektivora 1 5 0.055 0.152
Amaurornis phoenicurus Insektivora 1 13 0.055 0.268
Gallirallus philippensis Insektivora - 2 - 0.079
Gallirallus torquatus Insektivora 9 5 0.247 0.152
Alcedinidae Alcedo meninting Piscivora - 2 - 0.079
Halcyon chloris Piscivora 3 3 0.124 0.107
Halcyon sancta Piscivora 1 - 0.055 -
Ardeidae Ardea purpurea Piscivora 1 5 0.055 0.152
Ardeola speciosa Omnivora 4 - 0.151 -
Bubulcus ibis Omnivora 4 - 0.151 -
Columbidae Chalcophaps indica Frugivora - 6 - 0.171
Streptopelia chinensis Granivora 6 - 0.196 -
Streptopelia tranquebarica Granivora 4 2 0.151 0.079
Accipitridae Haliastur indus Karnivora 1 1 0.055 0.047
Spilornis rufipectus Karnivora 1 1 0.055 0.047
Acanthizidae Gerygone sulphurea Insektivora 2 - 0.093 -
Apodidae Aerodramus vanikorensis Insektivora 4 9 0.151 0.219
Corvidae Corvus enca Omnivora 7 10 0.215 0.233
Cuculidae Eudynamis scolopacea Insektivora - 2 - 0.079
Dicaeidae Dicaeum celebicum Frugivora 2 - 0.093 -
Estrildidae Lonchura malacca Granivora 8 7 0.232 0.189
Hirundinidae Hirundo tahitica Insektivora 15 19 0.315 0.318
Nectariniidae Cinnyris jugularis Nektarivora 2 2 0.093 0.079
Pycnonotidae Pycnonotus aurigaster Frugivora - 2 - 0.079
Sturnidae Acridotheres javanicus Omnivora 3 - 0.124 -
Turnicidae Turnix suscitator Granivora - 2 - 0.079
Total Individuals 79 98 - -
Total Species 20 19 - -
Shannon Diversity Index (H") - - 2.669 2.609
Evenness Index (E) - - 0.891 0.886

The land cover in this study is routinely cleared every two
months; however, during the study, the understory was not
cleared so it retained its function as an avian habitat.
According to study [26], the presence of undergrowth in oil
palm plantations is very important because it can provide
shelter or nesting sites for avians as well as insect habitat. This
understory also acts as a habitat for Turnix suscitator avians.
However, routine clearing of the understory can result in
plants that act as habitat for active avians on the ground
becoming temporary habitats. This condition can affect the
diversity of avian species, as stated in research [27], which
states that high levels of human activity in oil palm plantation
land management, such as maintenance and harvesting
activities, can reduce the diversity of avian species [28].

In addition to human intervention factors, the monoculture
structure of oil palm reduces habitat variation. This habitat is
dominated by oil palm trees and shrubs on the plantation floor,
resulting in less varied food sources for avian species.
Although this study did not specifically examine avian food
sources, the species composition illustrates the composition of
avian guilds. Both land covers had the same number of guilds,
with 7 categories. This guild composition is lower than the
results of study [29] in primary forest, which recorded the
number of guilds in 9 categories. The decrease in guild
categories is one indication of a decrease in habitat quality.
According to study [30], information on guilds can be used to
identify changes in forest ecosystems, especially if the
ecosystem or landscape has changed due to human activities.
The poorer the habitat quality, the fewer the number of guilds.

The insectivorous guild category was the dominant guild
category at the study site. The guild composition of the study
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site, dominated by insectivorous avians, suggests that insects
are a commonly available resource. This guild category
dominated in the 5-year-old oil palm land cover with seven
species, and the population dominated more than half of the
population at the site. In the 15-year-old oil palm land cover,
although it is still the most dominant guild category in terms
of number of species (5 species, and 23 individuals), there is a
decrease in dominance. According to study [31], insects are
abundant food species in nature, making them easily available
to all avian species. In addition, oil palm plantations increase
the number of insect species [32, 33]. Insectivorous avians are
found in every land cover, with the highest number compared
to avian species with other types of food [25]. Some of the
avian species found in the study site are presented in Figure 4.

Halcyon chloris

Spilornis rufipectus

Figure 4. Some examples of avians found in the research site



In both land covers studied, the nectarivores category is the
guild category that has the lowest number of species and the
lowest number of individuals, namely one species and two
individuals each in each land cover. This indicates that nectar
is a limited food source. At the time of the study, plants that
produce nectar were lacking. According to study [34], the
number of individuals in a guild reflects the availability of
resources that support it, while the number of species reflects
the extent to which resources can be shared properly. These
results are in line with research [25] that after habitat changes
into homogeneous vegetation, nectar-eating avian species will
also decrease or even not be found in oil palm plantations.

Homogeneous habitat conditions lead to limited habitat
variation, which in turn leads to limited food resources. This
makes it difficult for some avian species to find nesting, shelter
or feeding grounds. However, the presence of other land
covers adjacent to the study site supports the presence of
various avian species there. Both land covers studied are
adjacent to rice fields and water canals. This condition causes
avians from the Ardeidae family to be found in both land
covers, which are usually active in rice fields. The presence of
various avian species and the relatively open habitat
conditions also create a favorable environment for predatory
avians. In this study, two predatory eagle species were
identified, namely Haliastur indus and Spilornis rufipectus.

Both land covers studied were categorized as medium
diversity, however the evenness of avian species in both land
covers was classified as high evenness. This indicates a lack
of dominating avian species. Factors such as limited food
resources and habitat conditions that favor the presence of
predators are thought to be the cause of the lack of dominant
avian species. Two eagle species were recorded in both land
covers. Eagles often top the food chain as apex predators that
play an important role in controlling populations in
ecosystems. The presence of eagles can be interpreted as an
indication that the ecosystem below is relatively stable. The
study [35] states that the evenness of avian species in a habitat
can be characterized by the absence of dominating species. If
each species has the same number of individuals, then species
evenness in the community reaches a maximum value.
Conversely, if the number of individuals in each species is
significantly different, this may cause species evenness to
reach a minimum value. A high evenness index in a habitat
indicates that the habitat is more stable than a habitat that has
a lower evenness index value [36].

Based on the results of the study, the value of the species
similarity index between the 5-year-old oil palm land cover
and the 15-year-old oil palm land cover reached 50%. The
similarity index can be categorized as high [16]. The high level
of species similarity is due to the fact that the two land covers
have similar characteristics, namely both are dominated by oil
palms, so the environmental conditions in them are similar.
The study [37] explained that areas with similar environmental
conditions tend to have similar communities. In addition, the
high level of species similarity is also influenced by the
proximity of the two land covers studied. This is in accordance
with statement of study [38] that factor such as distance
between adjacent habitats, similar vegetation composition, and
other environmental factors also allow species similarities
between the two habitats. Some factors that should be
considered that affect avian species diversity are mainly
related to the highly complex environmental conditions
surrounding the presence of avian species, such as land use [39,
401, landscape structure [39], and other environmental factors,
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landscape structure [41, 42] habitat gradients [42, 43] roads
[44] and human disturbance [45, 46].

These results are consistent with previous studies which
found that avian species evenness was lowest in cultivated
lands and highest in natural habitats such as national
conservation areas [47]. It was further explained that river
corridors in freshwater wetlands have higher species richness
in valley areas [48]. In study [49], some important
characteristics of avian species abundance include sedge area,
water area, reed area, patch density, and distance to people.
Therefore, landscape structure and disturbance due to human
activities may affect the results of this study and should be
considered and clarified in future research.

4. CONCLUSIONS

The diversity of avian species in 5-year-old oil palm and 15-
year-old oil palm land cover is moderate, meaning that in
general avians can still live in oil palm land cover and use oil
palm plantations as habitat, with a high level of evenness in
both. Avian species composition between the 5-year-old oil
palm and 15-year-old oil palm land covers was relatively
similar, as indicated by the results of the species similarity
index. The high level of species similarity is due to the similar
characteristics of both land covers, which are both dominated
by oil palm. The presence of these land covers close to the
study site supports the presence of various avian species there.
Both land covers studied are adjacent to rice fields and water
canals, which influence the increase in avian species diversity.
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