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Abstract. Muhsandi K, Hernowo JB, Setiawan Y. 2025. Characteristics of Maleo (Macrocephalon maleo) roosting trees in North Buton
Wildlife Reserve, Southeast Sulawesi, Indonesia. Biodiversitas 26: 3030-3039. Maleo (Macrocephalon maleo) exhibits a high degree of
selectivity in choosing roosting trees, a behavior influenced by the availability and specific characteristics that ensure safety and comfort.
This study was conducted in the North Buton Wildlife Reserve, Southeast Sulawesi, Indonesia, a conservation area known for its Maleo
population, and focused on examining the attributes of roosting trees. A purposive sampling method was employed to identify Maleo
roosting trees, and a single-plot method was used for vegetation analysis to determine the composition and structure of surrounding tree
species using the Importance Value Index (IVI). The characteristics of roosting trees were analyzed based on several parameters, including
total tree height, Diameter at Breast Height (DBH), crown architecture, branching structure, roost height and position, and proximity to food
sources and nesting grounds. Wilcoxon rank-sum tests compared tree height and DBH between roosted and non-roosted trees. The results
indicated that Maleo roost trees are emergent trees, taller than surrounding vegetation, spatially isolated, and characterized by open crowns
with widely spaced, relatively flat branches. Horizontally, Maleos typically roost at the center of the tree crown; vertically, their roosting
position is far from the main trunk, reducing disturbance. Roosting trees near food sources and nesting grounds reflect efficient habitat

utilization. This efficient spatial utilization of the Maleo bird is a testament to its adaptability and is truly admirable.
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INTRODUCTION

Maleo (Macrocephalon maleo) is an endemic bird
species of Sulawesi, belonging to the Megapodiidae family,
and is distributed across the Sulawesi mainland and
surrounding islands (Summers et al. 2023). This bird
exhibits unique communal nesting behavior by burying its
eggs in geothermally heated soil in forests or on sun-
warmed sandy beaches (Maulany et al. 2021). The natural
habitat of the Maleo consists of lowland tropical forests
that provide essential elements, including nesting grounds,
food sources, and roosting trees, which serve as shelters for
rest (Santrio et al. 2021).

Research on roosting trees used by Maleos is crucial for
understanding the ecological traits and habitat elements
essential for the survival of this species. Roosting trees are
vital habitat components, offering Maleos safe and
comfortable resting places. However, not all trees are
utilized for roosting, as selection is influenced by the birds'
need for comfort and protection from disturbances and
predators (Jones et al. 1995). Despite this importance, most
previous studies have only offered general insights into
Maleo habitats and have not extensively analyzed roosting
tree availability, characteristics, or ecological roles.

The structural characteristics of trees play a central role
in attracting birds for roosting. Morphological attributes

such as crown size, height, and branch density are often
decisive in the selection process, as they support roosting
comfort and visibility (Charbonnier et al. 2016). Roosting
trees provide strategic vantage points, concealment from
predators, and specific structural features that increase their
suitability for roosting (Hernowo et al. 2018). These
structural features influence predation risk and the birds'
sense of safety (Goodenough et al. 2017).

Beyond providing shelter, roosting trees contribute to
other ecological functions, including thermoregulation
(Ellison et al. 2019) and seasonal adaptation (Fei et al.
2019), helping birds cope with climatic variability. Several
hypotheses have been proposed to explain avian roost-site
selection, such as the importance of predator avoidance
(Jara et al. 2020), the need for thermal comfort, and
specific preferences for particular tree species (Mah and
Ramji 2020). Additionally, avian sleep behavior is closely
tied to effective energy management (Siekiera et al. 2022),
highlighting the importance of roosting site quality.

Although prior research has documented Maleo
roosting trees (Karim et al. 2022), it has generally been
limited to species identification, lacking an in-depth
analysis of structural and ecological characteristics that
influence selection. Meanwhile, Maleo roosting trees are
under growing threat due to deforestation, land-use change,
and habitat fragmentation often caused by illegal logging,
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agricultural expansion, and infrastructure development
(Froese and Mustari 2019). These pressures are particularly
evident in the North Buton Wildlife Reserve, one of the
remaining strongholds of the species (Santrio et al. 2021).
As a result of such habitat degradation, the Maleo is
currently listed as Critically Endangered by the
International Union for Conservation of Nature (IUCN)
(Tasirin et al. 2021). The Indonesian Government
designated it as a protected species (Aldiansyah et al.
2024).

Scientifically synthesized knowledge of bird tree
associations has been widely used to develop habitat
indices, assess vegetation quality, and evaluate the
effectiveness of habitat management strategies relevant to
conservation (Khan 2017). In releasing birds back into their
natural habitat, identifying suitable roosting trees is critical
to fulfilling ecological and behavioral requirements
(Hernowo and Haquesta 2021). This practical approach can
directly support the long-term viability of threatened
species such as the Maleo.

The North Buton Wildlife Reserve was selected as the
study site due to its high ecological value and role as one of
the last Maleo habitats in Southeast Sulawesi, Indonesia,
particularly on Buton Island. Although Maleo roosting
trees have been observed in this region, no scientific
publication has comprehensively described  their
characteristics. This study aimed to identify the features of
trees selected by Maleos as roosting trees in the North
Buton Wildlife Reserve. The focus was on tree species,
structural characteristics such as height, diameter, crown
structure, and spatial proximity to nesting and foraging
areas. The research also investigated potential disturbances,
including human activity and predator presence. This study
provides essential insights into Maleo habitat composition
by uncovering the factors influencing the roost site
selection. It supports evidence-based conservation
strategies to maintain the viability of remaining
populations.
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MATERIALS AND METHODS

Study area

The research was conducted in the North Buton
Wildlife Reserve, a conservation area located at 4.643801°
S and 122.876870° E, covering an area of 911.41 km?
(Figure 1). The reserve features diverse topography, with
elevations reaching 1,061 meters above sea level. The
average annual temperature ranges from 23.1°C to 32°C,
and the area receives approximately 2,700 mm of yearly
rainfall. The ecosystem predominantly comprises lowland
tropical rainforests in North Buton District and Muna
District in Southeast Sulawesi Province, Indonesia. The
landscape varies from gently undulating terrain to hilly
regions and includes four major forest types: primary
forest, secondary forest, shrubland, and savanna grassland.
The study was conducted over four months, from January
to April 2024, within the North Buton Wildlife Reserve.

Data collection
Roosting tree data collection

Data were collected using purposive sampling.
Systematic observations were conducted from early
morning until late afternoon (05:00-18:00 Central
Indonesian Time), during which Maleos were observed
roosting on or descending from their roosting trees.
Roosting trees were identified based on the presence of
Maleo droppings beneath them, which served as key
indicators of both the species and the number of trees
utilized as roosting sites. Single vegetation plots measuring
20x20 m? were established, each centered on a roosting
tree, to analyze vegetation characteristics (Figure 2). These
plots were explicitly designed to capture the Importance
Value Index (IVI) of vegetation's structural and
compositional attributes associated with Maleo roosting
preferences.
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Figure 1. The research site was located in North Buton and Muna Districts, Southeast Sulawesi Province, Indonesia, namely in North Buton

Wildlife Reserve
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Figure 2. Design of vegetation plots (20x20 m?)

The plot size followed standard vegetation sampling
protocols for tropical forest ecosystems, allowing for
adequate representation of tree diversity and structure
(Arellano et al. 2016). The number of plots corresponded to
the number of confirmed roosting trees within the study
area during the observation period. Additional data on the
species and locations of roosting trees were obtained from
the North Buton Wildlife Reserve management team based
on prior patrols and monitoring activities. In instances
where direct observation of Maleos was hindered due to
their sensitivity to human presence, the center of the plot
was determined based on the location of droppings,
supplemented by information from the reserve's
management team.

In this study, the parameters selected for measuring tree
height, Diameter at Breast Height (DBH), and crown
architecture were based on ecological considerations
relevant to avian roosting behavior. Total tree height was
measured using a clinometer, as it correlates with the safety
and stability of the roosting site. Taller trees provide better
protection from predators and create more favorable
microclimatic conditions (McGinn et al. 2023). DBH was
measured to indicate tree strength and maturity since trees
with larger diameters generally have stronger branches and
offer more crown space for roosting (Komlos et al. 2024).
The crown architecture was classified following the Hallé
et al. (1978) system to identify branching patterns that may
influence Maleo preferences, such as crown structures that
provide protection or horizontal branches that facilitate
roosting access. These three parameters were chosen to
represent the structural characteristics of trees selected by
Maleos for roosting.

Observation on tree canopy strata

The roosting positions of Maleo were documented
based on horizontal and vertical stratification, which
describes both the horizontal distribution of the tree canopy
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and the vertical height of the roost within the canopy
(Figure 3) (Pearson 1971; Partasasmita et al. 2017). The
height of the roost was measured using a vertical distance
meter from the ground surface to the exact position of the
roost within the canopy. Observers recorded the precise
location of Maleo's within the canopy stratification
horizontally and vertically while minimizing disturbance to
the birds' activities. Observations were primarily conducted
in the afternoon and evening when Maleo rested or slept on
their roosting trees.

Distance measurement of the feeding tree and nesting
ground

Measuring the distance between feeding trees and
nesting grounds is essential for understanding the
behavioral ecology of Maleos, particularly their spatial use
and resource allocation. At the study site, nine types of
feeding trees were identified based on their use by Maleos
for fruit and seed consumption. Twelve nesting grounds
were also recorded, consistent with previous findings
(Santrio et al. 2021), and characterized by open sandy soil,
nesting holes, and direct observations of nesting behavior.
After identifying and marking the roosting trees, we
recorded the precise GPS coordinates of all roosting trees,
feeding trees, and nesting grounds. Euclidean (straight-line)
distances between these points were calculated using
ArcGIS 10.8.
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Figure 3. Stratification of canopy layers in Maleo-roosting trees.
Note: The X-axis delineates the stratification of the canopy by
height, with layer 1 representing the upper canopy, layer 2
denoting the middle canopy, and layer 3 indicating the lower
canopy. The Y-axis illustrates the horizontal Position A within the
canopy, where Position A is centrally located, Position B is
situated at the canopy edge, and Position C is positioned at the
canopy tip
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Figure 4. Tree architecture models: A. Attims, B. Aubréville, C.
Koriba, D. Massart, E. Prévost, F. Rauh, G. Scarrone, H. Troll, 1.
Roux

Data analysis

The collected data were subjected to both qualitative
and quantitative analyses. The qualitative analysis aimed to
characterize the features and disturbances affecting Maleo
roosting trees. These features included crown architecture
models, the position of the roosting space based on
horizontal (A, B, and C) and vertical stratification (1, 2,
and 3) (Figure 4, and roosting height). The quantitative
analysis involved comparing roosting and non-roosting
trees, focusing on tree height and DBH. This comparison
was conducted using the Wilcoxon rank-sum test in R
version 4.3.1, with a significance level of a: 0.05
(Qomariah et al. 2023). Trees with a high IVI tend to have
larger populations, occur more frequently, and dominate
the ecosystem (Shirima et al. 2015). We hypothesized that
Maleos more frequently roost in trees with a high IVI and
that are dominant in the habitat. The vegetation parameters
were used to determine the structure and composition of
each male roosting tree species. IVI values were calculated
by determining the dominance of each tree species based
on density, frequency, and dominance metrics (Mueller and
Ellenberg 1974) using the following formula:

IVI=RD + RF + RDo

Number of individuals of species
Total number of individuals

Relative density (RD) = X% 100%

Frequency of species

Relative frequency (RF) = x 100%

Sum frequency of all species
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Dominance of species

Relative dominance (RDo) = x 100%

Dominance of all species

RESULTS AND DISCUSSION

Roosting tree species

The study of tree vegetation in Maleo habitats,
particularly around roosting sites, documented 168
individual trees representing 44 different species (Table 1).
These trees were distributed across 15 observation plots.
Field observations revealed that Maleos utilized only five
tree species as roosting (sleeping) trees, accounting for
11.36% of the recorded species. The species used for
roosting included Anthocephalus macrophyllus, Artocarpus
elasticus, Guazuma tomentosa, Nauclea orientalis, and
Terminalia sp.. Each of these species was used by only one
or two individuals Maleos, indicating that Maleos
selectively chose specific tree species for roosting. In
contrast, most available tree species were not used for this

purpose.

Characteristics of a roosting tree

The roosting trees used by Maleos exhibited distinct
structural characteristics that differentiated them from non-
roosting trees. The mean height of roosting trees (X:
13.83+1.17-15.12+£2.16 m, n: 21) was significantly greater
than that of non-roosting trees (X: 9.96+1.06 m, n: 286), as
indicated by the Wilcoxon rank-sum test (W: 336.00,
p<0.001). Similarly, the mean DBH of roosting trees (X:
27.48+2.20 cm, n: 21) was significantly larger than that of
non-roosting trees (X: 21.87+2.93 cm, n: 168) (W: 6.17,
p<0.001). Regarding species dominance, A. macrophyllus
exhibited the highest IVI at 21.40%, indicating its
predominance in Maleo roosting habitats. In contrast, G.
tomentosa recorded the lowest IVI at 1.97%, suggesting a
relatively limited role as a roosting tree.

The classification of roosting tree species based on
crown architecture revealed several models associated with
Maleo roosting trees (Table 2). Anthocephalus
macrophyllus and N. orientalis exhibit the Prévost crown
architecture model, characterized by a continuous vertical
axis with rhythmic, horizontal branching. This formation
creates a rounded, layered crown, offering stable and
expansive roosting platforms for Maleos. Artocarpus
elasticus follows the Roux model, which features
monopodial branching with a dominant vertical trunk and
regularly spaced lateral branches. This structure results in a
clear, stratified crown that supports roosting at various
vertical levels. Guazuma tomentosa aligns with the Troll
model, which is also marked by monopodial growth but
with spiral arrangements of leaves and branches. This
produces a relatively open, upward-reaching crown,
potentially aiding vertical access. Terminalia sp.
corresponds to the Aubréville model, which involves
sympodial branching that ceases after a particular growth
phase and is replaced by lateral branches. This pattern
forms a layered and horizontally expansive crown, offering
a broad and accessible canopy suitable for roosting activity.
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Table 1. Tree species in Maleo roosting site, in North Buton
Wildlife Reserve, Southeast Sulawesi, Indonesia

Number of
Family Tree species Description individuals
per tree
Acanthaceae  Dictyoneura acuminata  Not used -
Anacardiaceae Dracontomelon dao Not used -
Annonaceae  Cananga odorata Not used -
Apocynaceae Alstonia macrophylla Not used -
Apocynaceae Cerbera manghas Not used -
Burseraceae  Canarium asperum Not used -
Calophyllaceae Calophyllum inophyllum Not used -
Calophyllaceae Calophyllum soulattri Not used -
Clusiaceae Garcinia dulcis Not used -
Combretaceae Terminalia sp. Used 1
Dilleniaceae  Dillenia serrata Not used -
Ebenaceae Diopyros pilosanthera Not used -
Ebenaceae Diospyros celebica Not used -
Euphorbiaceae Aleurites moluccana Not used -
Euphorbiaceae Macaranga gigantea Not used -
Euphorbiaceae Mallotus oblongifolius ~ Not used -
Fabaceae Erythrina subumbrans Not used -
Fabaceae Leucaena leucocephala  Not used -
Lamiaceae Vitex cofassus Not used -
Lecythidaceae Barringtonia racemosa  Not used -
Magnoliaceae Elmerrillia ovalis Not used -
Malvaceae Colona celebica Not used -
Malvaceae Guazuma tomentosa Used 2
Malvaceae Hibiscus tiliaceus Not used -
Meliaceae Aglaia odoratissima Not used -
Meliaceae Chisocheton ceramicus ~ Not used -
Moraceae Antiaris toxicaria Not used -
Moraceae Artocarpus elasticus Used 2
Moraceae Ficus altissima Not used -
Moraceae Ficus microcarpa Not used -
Moraceae Ficus septica Not used -
Myrtaceae Decaspermum fruticosum Not used -
Myrtaceae Rhodamnia mulleri Not used -
Myrtaceae Syzygium lineatum Not used -
Oleaceae Chionanthus nitens Not used -
Phyllanthaceae Breynia cernua Not used -
Phyllanthaceae Cleistanthus myrianthus  Not used -
Putranjivaceae Drypetes longifolia Not used -
Rubiaceae Anthocephalus chinensis Not used -
Rubiaceae Anthocephalus macrophyllus ~ Used 2
Rubiaceae Morinda citrifolia Not used -
Rubiaceae Nauclea orientalis Used 1
Sapindaceae = Mischocarpus sundaicus Not used -

Stemonuraceae Gomphandra mappioides Not used -

According to the classification of tree crown space in
horizontal and vertical dimensions, Maleo occupies
horizontal crown spaces B and 2 (Table 2). Specifically,
Maleo selects roosting trees characterized by canopy strata
B2 (Figure 3), which have horizontal branches oriented at
approximately 90°. These roosting trees are typically free
from lianas and insect nests, such as ant nests, and their
canopies do not make contact with adjacent trees. The
position of the Maleo within the crown is strategically
located away from the main trunk and centrally situated
within the branching structure, allowing for increased
flexibility and mobility in response to potential threats.
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In contrast, trees not used as roosting sites tend to have
lower heights and smaller trunk diameters. These non-
roosting trees fall under several crown architecture models
Attims, Koriba, Rauh, and Scarrone (Figure 5). The Attims
model features a vertically growing main trunk with limited
lateral branching, resulting in a narrow and dense crown
that offers insufficient horizontal space for roosting. The
Koriba model is characterized by a minimally growing
main trunk replaced by large, spreading branches, often
creating an unstable or asymmetrical crown. The Rauh
model displays a predominantly vertical trunk with
symmetrical horizontal branches; however, the crown it
forms is typically too tall and narrow to support roosting
adequately. Meanwhile, the Scarrone model results in an
asymmetrical and laterally spreading crown with irregular
branching, presenting challenges for Maleo 's stability and
accessibility. These non-roosting trees usually have dense
or irregular crowns that do not align with Maleo 's
preference for relatively open, horizontal, and -easily
accessible crown spaces. Additionally, their crowns often
intermingle with neighboring trees, and their trunks are
frequently overgrown with lianas, further diminishing their
suitability for roosting.

Distance between roosting trees, feeding trees, and
nesting grounds

The findings of this study revealed that the distances
between Maleo roosting trees, feeding trees, and nesting
grounds varied notably among the roosting tree species
(Table 3). In general, roosting trees were closer to feeding
trees than nesting grounds, indicating a spatial preference
that may reflect the birds' foraging needs and energy
conservation strategies. Feeding trees identified as key
sources of fruits and seeds included Dracontomelon dao,
Aleurites  moluccana, Lantana camara, Muntingia
calabura, Macaranga gigantea, Myristica fatua, Ficus
spp., Pangium edule, and Palaquium obtusifolium. The
average distances from roosting trees to feeding trees
ranged from 24.47+26.35 meters to 68.5+41.72 meters,
with G. tomentosa being the closest and A. elasticus the
farthest in proximity to feeding resources. In contrast,
distances to nesting grounds exhibited greater variability,
ranging from 145.50+68.77 meters to 194.504+93.75
meters. Among the roosting tree species, A. macrophyllus
was closest to the nesting grounds, while Terminalia sp.
was the farthest. These spatial patterns suggest that while
proximity to food sources appears to be a stronger
determinant in roosting tree selection, the nesting sites,
though essential, are generally tolerated at greater
distances. This spatial configuration likely reflects the
Maleo's behavioral trade-offs between safety, foraging
efficiency, and reproductive activities.

Discussion
Selection of roosting trees

Functional tree characteristics such as height, crown
architecture, and branching patterns are crucial in their
selection as bird roosting sites (Buba and Jaafar 2021).
Trees that provide structural stability and spatial openness,
particularly those with tall crowns and horizontal branches,
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are often more favorable as roosting substrates (Zhao
2024). This study identified five tree species as Maleo
roosting trees: A. macrophyllus, N. orientalis, A. elasticus,
G. tomentosa, and Terminalia sp.. Detailed architectural
measurements indicated that these trees were generally
taller and exhibited larger stem diameters than those within
the study area. Their crowns tended to be open, with
expansive, flat horizontal branches supporting roosting.
Additionally, their vertical growth forms typically did not
intersect with the surrounding canopy, and they were often
free of obstructive vine features that likely facilitated
access and ensured secure roosting opportunities.
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Structurally, the roosting trees displayed crown
architectural models such as Prévost, Roux, Troll, and
Aubréville. These models are characterized by layered,
stable branching structures that enhance stability and
visibility traits associated with preferred roosting
conditions. In contrast, non-roosting trees typically
exhibited different architectural characteristics, including
shorter stature, smaller stem diameter, and crown models
like Attims, Koriba, Rauh, and Scarrone, which are
associated with more asymmetrical crowns and higher
crown overlap.

Table 2. Height, DBH, IVI of and utilization of tree crown space by Maleo for roosting in in North Buton Wildlife Reserve, Southeast

Sulawesi, Indonesia

Roosting tree species (i\fhtl:zl)z) A]r;;igte(g;e Averag(ec tmr)e ¢ DBH IVI (%) s tf:tl;olfs}; d Crown architecture
Anthocephalus macrophyllus 6 15.1742.04 27.86+4.19 21.40 B2 Prévost

Artocarpus elasticus 2 16.00+£2.83 27.86+2.93 7.09 B2 Roux

Guazuma tomentosa 3 14.33+3.06 26.25+5.47 1.97 B2 Troll

Nauclea orientalis 6 13.83+1.17 25.89+2.44 7.58 B2 Prévost

Terminalia sp. 4 14.25+1.71 27.5445.99 4.75 B2 Aubréville

Figure 5. Roosting tree species of Maleo in in North Buton Wildlife Reserve, Southeast Sulawesi, Indonesia. A. Anthocephalus
macrophyllus, B. Terminalia sp., C. Guazuma tomentosa, D. Nauclea orientalis, E. Artocarpus elasticus
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Table 3. Distance of roosting trees to feeding trees and nesting
ground in in North Buton Wildlife Reserve, Southeast Sulawesi,
Indonesia

Average
distance to distance to
feeding trees nesting ground

(m) (m)

Average

Roosting tree species

Anthocephalus macrophyllus — 64.17+64.69 145.50+68,77
Artocarpus elasticus 68.5+41.72 151.50+37,48
Guazuma tomentosa 24 .47+26.35 153.67+64,61
Nauclea orientalis 45.67+42.16 167.00+83,77
Terminalia sp. 65.25+61.83 194.50+93,75

Among the identified roosting species, A. macrophyllus
exhibited the highest Importance Value Index (IVI) at
21.40%, indicating its ecological dominance within the
Maleo habitat. As noted in previous studies, its physical
characteristics, particularly its height and broad, open
crown, align closely with architectural traits that favor bird
roosting. For example, although taxonomically distinct,
Macadamia hildebrandii displays similar emergent crown
features in Maleo roosting habitats near Lake Towuti
(Karim et al. 2022). Similarly, Pavo muticus muticus in
Baluran National Park has been frequently observed
roosting in tall trees with accessible, open canopies
(Hernowo 2017), underscoring the broader importance of
structural traits in tree selection for roosting across avian
species.

Maleos behavior in roosting trees

Maleos typically fly directly to their chosen roosting
trees, it often transitioning from adjacent trees or branches
to reach sites with specific structural characteristics. These
preferred sites are generally emergent trees that rise above
the surrounding canopy. Field observations indicated that
the average height of roosting trees ranged from
13.83+1.17 m to 15.17+2.04 m. Although these trees were
not the tallest across the entire habitat, they consistently
stood out as the tallest within their respective plot areas,
distinguishing them from surrounding vegetation. This
pattern suggests Maleos may favor trees with physical
suitability, such as accessible height and strategic
advantages, including enhanced visibility and reduced
predation risk (Emiliano and Juan 2017). Maleos do not
always select the tallest or densest trees available; their
selection appears constrained by the species' limited flight
capability. Due to their relatively short wings in proportion
to body size, Maleos have a restricted flight range, limiting
their ability to reach extremely tall trees. Similar flight
limitations have been reported in other Megapodiidae
species (Shute et al. 2017).

In addition to morphological and ecological factors,
social behavior also influences roost tree selection. Maleos
roost in pairs, with males and females occupying the same
tree (Jones et al. 1995). This behavior suggests that
structural attributes do not solely determine roost site
selection but are also shaped by pair bonding and social
coordination, adding a behavioral dimension to habitat use
in this species. As a result, Maleos tend to select trees
within an optimal height range, typically between 15-20
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meters above ground level, which supports safe and
energy-efficient landings (Nafiu et al. 2015). The
differences in mean roosting tree height observed in this
study compared to previous research are likely due to
variations in habitat structure and local ecological
conditions. Moreover, tree selection is influenced by
height, the availability of suitable branches for roosting,
and the possibility of accommodating pair roosting. Trees
of moderate height with an appropriate crown structure and
strategic location are likely to be preferred.

How Maleo use tree canopies?

Maleos demonstrated clear preferences for specific
canopy spaces when selecting roosting sites, both
horizontally and vertically. Horizontally, they primarily
occupied crown layer B, while vertically, they favored
crown layer 2 (Figure 6). Other layers, such as A and C,
were generally avoided, likely due to higher exposure to
environmental disturbances like wind and rain and
increased vulnerability to predators (Eisaguirre et al. 2019).
The selected roosting trees corresponded closely with the
height preferences observed in particular tree species
(Table 2) and featured relatively flat horizontal branches.
Similar preferences for such structural attributes have also
been documented among other Megapodiidae species
(Jones et al. 1995). Maleos tended to be roosting on
branches away from the main trunk. This behavior
facilitates greater mobility and responsiveness to threats,
enhancing safety and reducing the risk of disturbance.

Maleos' selection and use of roosting trees are further
influenced by canopy architectural models, which affect the
birds' comfort, security, and access. Different tree species
in this study exhibited distinct architectural forms (Figure
4), each offering structural conditions conducive or
unsuitable to roosting. Anthocephalus macrophyllus and N.
orientalis exhibit the Prévost crown architecture model,
characterized by a continuous vertical axis with rhythmic,
horizontal branching. This formation creates a rounded,
layered crown, offering stable and expansive roosting
platforms for Maleos.

Used
Not Used

Figure 6. The space and shape of the branches used by Maleo
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Artocarpus elasticus follows the Roux model, which
features monopodial branching with a dominant vertical
trunk and regularly spaced lateral branches. This structure
results in a clear, stratified crown that supports roosting at
various vertical levels. Guazuma tomentosa aligns with the
Troll model, which is also marked by monopodial growth
but with spiral arrangements of leaves and branches. This
produces a relatively open, upward-reaching crown,
potentially aiding vertical access. Terminalia sp.
corresponds to the Aubréville model, which involves
sympodial branching that ceases after a particular growth
phase and is replaced by lateral branches (Hallé¢ et al.
1978). These structural features likely contribute to the
Maleo 's roost site selection, reflecting a combination of
ecological suitability, physical accessibility, and behavioral
preferences.

Maleos path from trees to nesting ground and feeding tree

Roost tree selection by wildlife often involves
balancing resource availability (Suominen et al. 2023).
Birds that move longer distances before roosting are more
likely to experience nighttime disturbances (Siekiera et al.
2022). This phenomenon is often attributed to increased
fatigue, which can negatively impact the quality of rest
(Bringmann 2018). In the case of Maleo, similar
indications suggest that the distance to primary activity
areas influences their spatial utilization patterns.
Specifically, the proximity of roosting trees to feeding and
nesting sites plays an important role in shaping this species'
spatial behavior and distribution.

In degraded habitats, birds are often forced to fly longer
distances for food than those inhabiting more
heterogeneous environments (Evens et al. 2018). However,
our findings indicate that Maleos range over shorter
distances between roosting, foraging, and nesting sites due
to their presence in diverse, resource-rich landscapes.
Roosting trees are situated near food sources and nesting
grounds, with spatial patterns influenced by tree species
and landscape structure. As terrestrial foragers, Maleos
primarily consume seeds and fruits found on the forest
floor (Karim et al. 2023a). Therefore, their preference for
roosting in trees near their primary activity areas is likely
associated with energy conservation and foraging
efficiency.

This behavior is consistent with observations of other
wildlife species that also choose roosting sites near core
activity areas to reduce energy expenditure and minimize
predation risk (Saldanha et al. 2019). The consistent
presence of food and nesting habitats nearby facilitates
seamless transitions between behaviors such as foraging
and breeding (Bevanda et al. 2015). In the case of Maleo,
the spatial proximity among roosting, feeding, and nesting
sites reflects an ecologically strategic space use pattern that
optimizes energy conservation and enhances survival. This
interconnected landscape configuration likely supports
higher reproductive success and is potentially a critical
determinant of the persistence of Maleo populations in their
natural habitat.
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Disturbances to Maleo roosting trees

Maleo roosting trees within the North Buton Wildlife
Reserve are in secondary forests ecologically vulnerable to
anthropogenic disturbances, including illegal logging,
forest encroachment, and land conversion (Karim et al.
2023b). Despite the area's designated conservation status,
these activities persist considerably, undermining the
protection intended for Maleo populations. This
observation aligns with the findings of Roberge et al.
(2018), Tremblay et al. (2018), and Tonetti et al. (2024),
who emphasized that avian species benefit more from well-
managed protected areas with minimal human disturbance.
Human presence in habitats containing roosting trees has
influenced Maleo activity patterns, particularly in selecting
secure and strategically located roosting sites (Nepali et al.
2024).

Chronic disturbances may force Maleos to relocate to
suboptimal habitats with limited access to feeding grounds
and nesting sites. In addition to habitat degradation, egg
exploitation remains a critical threat, contributing to
population declines (Santrio et al. 2021). These cumulative
anthropogenic pressures highlight the inadequacy of
current conservation and management efforts in mitigating
ecosystem disruptions. Activities such as illegal logging,
land encroachment, and extensive land-use conversion
directly reduce the availability of suitable roosting trees
(Ocampo-Pefiuela and Pimm 2015). These trees are vital to
the Maleo 's life cycle, and their loss due to deforestation or
land transformation disrupts key behaviors, diminishes
habitat quality, and ultimately endangers the species' long-
term survival.

This study also documented internal ecological
disturbances affecting Maleo roosting trees. Potential
predators such as Malayopython reticulatus (reticulated
python) and Viverra tangalunga (Malay civet) were
observed near roosting sites. The Malay civet, a primary
predator on Buton Island, is nocturnal and arboreal, preying
on small mammals (e.g., rodents), birds and their eggs,
reptiles, and insects (Jennings et al. 2006). Although our
sample size was insufficient to estimate predation rates
with statistical confidence (Nyffeler and Birkhofer 2017),
these findings support the hypothesis that anti-predator
strategies, such as selecting tall, open-crowned trees, play a
significant role in male roosting behavior.

While tree characteristics are important, we
acknowledge that they represent only one component of the
broader ecological context influencing Maleo roosting

behavior. A holistic approach incorporating climatic
variables in future studies could offer a more
comprehensive understanding of roost-site selection

factors. Such integration would enhance our insight into
how environmental and biological elements interact to
influence roosting dynamics. Moreover, this study did not
address the potential role of interspecific competition in
roosting tree selection. Long-term ecological observations
are therefore necessary to examine these potential biotic
interactions in greater detail.

Land-use change substantially threatens wildlife,
including Maleos, by altering habitat structure and
availability. Our findings underscore the urgent need for
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further research into how Maleos respond and adapt to such
landscape-level changes. Incorporating assessments of
anthropogenic impacts into future research frameworks
could significantly improve our understanding of Maleo's
resilience and adaptability across varying environmental
gradients. This study was conducted in the North Buton
Wildlife Reserve; therefore, the results reflect local
ecological conditions. However, these findings can serve as
a foundational reference for further research in other
regions of Sulawesi, offering opportunities for validation
and cross-habitat comparisons to understand broader
patterns of roosting tree use better.

This study concluded that Maleo roosting trees have
specific characteristics. These trees generally have special
and distinctive characteristics, including species identity,
spatial proximity to food trees and open areas, and
structural features that provide comfort and security. The
height of roosting trees usually exceeds the surrounding
vegetation, ranging from 13 to 15 meters. These trees are
usually located near food sources and open spaces, which
can facilitate access to foraging and nesting grounds.
Roosting trees have relatively open crowns, meaning that
they have a high proportion of their branches and leaves in
the upper part of the tree, and crown architectural models
such as Prévost, Roux, Troll, and Aubréville. Roosting
positions are usually located in the middle of the canopy
layer (horizontal in layer B and vertical in layer 2),
especially on relatively flat branches in the inner part of the
canopy. These structural characteristics can provide better
protection from disturbance and increase comfort when
roosting.
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