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Abstract. Novela D, Chikmawati T, Djuita NR, Fitmawati. 2025. Morphological diversity and habitat suitability modeling of
Oncosperma tigillarium in coastal Riau, Indonesia. Biodiversitas 26: 3952-3964. Land-use change and forest fires are major threats to
the survival of Oncosperma tigillarium in the coastal areas of Riau, Indonesia. Scientific information on the species’ morphological
diversity, distribution, and habitat suitability remains limited, despite its significant ecological and economic value to local communities.
Therefore, comprehensive research is urgently needed to support its conservation and sustainable use. This study aimed to assess the
morphological diversity and model habitat suitability using the Maximum Entropy (MaxEnt) approach for O. tigillarium in the coastal
areas of Riau Province. Morphological samples were collected from various coastal habitats and analyzed using Principal Component
Analysis (PCA). Habitat suitability modeling was conducted based on 72 occurrence points and relevant environmental variables. The
results revealed low qualitative morphological diversity, with notable differences in stem color, spine shape, and rachillae color during
flowering and fruiting. PCA revealed three clusters based on quantitative variation, with PC1 and PC2 explaining 54.8% of total
morphological variation. The MaxEnt model performed exceptionally well, with an Area Under Curve value of 0.993. Highly suitable
habitats (IHS 0.6-1.0) were primarily located in Bengkalis. This area is highly suitable for the long-term conservation of O. tigillarium.

Keywords: Coastal Riau, habitat suitability modeling, MaxEnt, Oncosperma tigillarium, palm conservation

INTRODUCTION

Threats to plant diversity are increasing due to land-use
changes and recurring fires, especially in tropical regions,
such as Indonesia (Tawade et al. 2022). In coastal Riau,
land clearing and peatland fires have degraded habitat
quality and endangered endemic plant species (Fitmawati
et al. 2022; Harrison et al. 2024). One species particularly
affected by these environmental pressures is Oncosperma
tigillarium (Jack) Ridl., commonly known as 'nibung'. This
coastal palm is predominantly distributed along the eastern
coast of Sumatra, particularly in Riau Province (Hasanah et
al. 2019). Morphologically, O. tigillarium is characterized
by prominent spines covering much of the plant, a tall stem
reaches 20-30 m with a brown to grey hue, and pinnately
compound leaves. It produces yellow flowers and round
fruits that turn black or purple upon ripening (Aisyah et al.
2023).

Oncosperma tigillarium holds considerable cultural and
economic significance for coastal communities in Riau.
Various parts of the plant are utilized, such as the roots are
used for abdominal pain medication, the young shoots
(called umbut) are consumed as food (Desti et al. 2024);
the stems are valued for construction due to their resistance
to saltwater and termites (Hasanah et al. 2019), Thorns
used as ceremonial building nails in traditional rituals, the
leaves are crafted into handicrafts, the flowers are used to
impart fragrance to rice, and the fruits as a component in
traditional betel chewing (Partomihardjo et al. 2020).

However, the exploitative use of the species has led to a
gradual decline in its population. In the absence of
cultivation efforts, demand continues to rely entirely on
wild populations. This practice constitutes a direct
disturbance that threatens the species' survival, as it
involves the removal of individual plants from their natural
habitat for consumption or trade (Setiawan 2022).

The increasing pressure on the natural habitat of O.
tigillarium has not been accompanied by sufficient
information regarding its morphological variation,
distribution, and habitat suitability. This lack of data poses
a significant obstacle to the conservation and sustainable
use of the species. Investigating morphological diversity is
essential for understanding a species' potential for
adaptation to varying environmental conditions and
identifying superior genotypes suitable for domestication.
Morphological traits may also reflect underlying genetic
variability and ecological responses, thereby supporting
informed conservation and breeding strategies. Therefore,
comprehensive morphological data on O. tigillarium
germplasm are crucial for the effective management of its
conservation and genetic improvement.

Species Distribution Models (SDMs) are increasingly
used in ecology, biogeography, and conservation to assess
and predict the distribution of species under environmental
threats, as demonstrated in studies on Arecaceae in Rio de
Janeiro, Brazil (de Lima et al. 2022) and Mexico (Macedo-
Santana et al. 2021). Maximum Entropy (MaxEnt) is one of
the most widely used SDM models due to its ability to
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generate accurate predictions based on presence and
environmental data and its reliability in projecting future
species distributions to support conservation planning
(Khwarahm 2020; Dai et al. 2022). MaxEnt enables
identification of suitable habitats, providing a scientific
basis for prioritizing O. tigillarium conservation in coastal
Riau. Although MaxEnt is a popular and accurate method,
it has several limitations, including sensitivity to sampling
bias, low transferability between regions, and challenges in
model evaluation and selection (Baldwin 2009). This study
aimed to analyze the morphological diversity and model
the habitat suitability of O. tigillarium along the Riau
coastal region using the MaxEnt approach. The results are
expected to provide a basis for understanding its
morphology and potential distribution to support
conservation efforts. This study represents the first spatial
modeling study on O. tigillarium in Indonesia.

MATERIALS AND METHODS

Study area

Oncosperma tigillarium was collected from the study
sites using purposive sampling, by directly visiting
locations known to be centers of its distribution (Rugayah
et al. 2004). The study was conducted in the coastal region
of Riau Province, Indonesia, encompassing three districts:
Bengkalis, Kepulauan Meranti, and Siak (Figure 1). The
entire study area is not designated as a conservation area.
Study sites were selected based on specimen records from
the Herbarium Bogoriense (BO) in Bogor, Indonesia,
literature review, and information provided by local
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communities familiar with O. tigillarium. Exploratory field
surveys were carried out from July to August 2024. The
exploration covered several villages, including Bantan Air,
Bantan Tengah, Selat Baru, Jangkang, Deluk, Pambang,
Melimau, and Makeruh in Bengkalis (BK) District; Mekar
Delima and Dedap in Kepulauan Meranti (MR) District;
Temusai in Siak (SK) District.

Procedures
Morphological character observation

The morphological characteristics of O. tigillarium
observed in this study included roots, stems, and leaves
(including leaf sheath, petiole, rachis, and leaflets), as well
as inflorescence features (including floral bracts, peduncle,
flower color, rachis and rachilla, and floral scent), fruits,
and seeds. A total of 92 morphological characters (both
vegetative and generative) of O. tigillarium were observed
in this study. However, only 28 characters were used for
the Principal Component Analysis (PCA), as these showed
variation among individuals and were relevant for
distinguishing morphological diversity (Supplementary
Data). Morphological observations were conducted using
standard descriptors and taxonomic references (Dransfield
et al. 2008). Field observations were carried out on
individuals growing in natural populations. Individuals
were selected based on the presence of mature
morphological structures to ensure accurate and reliable
characterization. Observations were carried out on a
minimum of three clumps of O. tigillarium at each
sampling site, with morphological traits recorded from
three individual plants within each clump.
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Figure 1. Research sites of Oncosperma tigillarium in coastal Riau Province, Indonesia: Bengkalis District (BK), Kepulauan Meranti

District (MR), and Siak District (SK)
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Species occurrence data and environmental variables

Species distribution modelling, including the MaxEnt
approach, requires georeferenced presence data of the
target species. In this study, the geographic coordinates
(latitude and longitude) of O. tigillarium occurrence points
were recorded in the field using a Global Positioning
System (GPS). A total of 72 occurrence points were
successfully documented during the field survey. The
coordinate data were compiled in Microsoft Excel and
saved in Comma-Separated Values (CSV) format. These
data were then processed using Quantum Geographic
Information System (QGIS) software version 3.34.3 to
generate a distribution map of O. tigillarium along the
coastal region of Riau Province. The occurrence points
were also used as input presence data for habitat suitability
modelling in MaxEnt version 3.4.4. Additionally, six
environmental parameters supporting the growth of O.
tigillarium were recorded, including air temperature,
relative humidity, elevation, soil pH, soil type, and light
intensity.

Environmental data (abiotic factors) that potentially
influence the survival of O. tigillarium were collected and
incorporated into the habitat suitability model. Twenty-two
environmental variables were used, comprising 19
bioclimatic variables, monthly solar radiation, elevation,
and distance to the coastline. All environmental data used
in this study had a spatial resolution of 30 arc-seconds
(approximately 1 km?) (Fick and Hijmans 2017). The 19
bioclimatic variables used were: Biol: Annual Mean
Temperature (°C), Bio2: Mean Diurnal Range (°C), Bio3:
Isothermality (%), Bio4: Temperature Seasonality (%),
Bio5: Max Temperature of Warmest Month (°C), Bio6:
Min Temperature of Coldest Month (°C), Bio7: Annual
Temperature Range (°C), Bio8: Mean Temperature of
Wettest Quarter (°C), Bio9: Mean Temperature of Driest
Quarter (°C), Biol0: Mean Temperature of Warmest
Quarter (°C), Bioll: Mean Temperature of Coldest Quarter
(°C), Biol2: Annual Precipitation (mm), Biol3:
Precipitation of Wettest Month (mm), Biol4: Precipitation
of Driest Month (mm), Biol5: Precipitation Seasonality
(%), Biol6: Precipitation of Wettest Quarter (mm), Biol7:
Precipitation of Driest Quarter (mm), Biol8: Precipitation
of Warmest Quarter (mm), and Biol9: Precipitation of
Coldest Quarter (mm).

Bioclimatic variables, solar radiation, and elevation
data were obtained from the WorldClim database
(https://mww.worldclim.org/) for the most recent period. In
addition, the coastal proximity variable (distance to the
coastline) was derived from the official portal of the
Indonesian Geospatial Information Agency
(https://tanahair.indonesia.go.id/portal-web/). All
environmental raster datasets were clipped to the study
area’s extent using QGIS version 3.43.3. The processed
raster layers were then converted to ASCII format and
stored in a dedicated folder for MaxEnt analysis.

Data analysis

Descriptive analysis was performed to summarize the
morphological characters observed in O. tigillarium,
including vegetative traits (roots, stems, and leaves) and
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generative traits (flowers, fruits, and seeds). These traits
were first transformed into binary data to construct an
accession matrix. A correlation test was conducted among
variables before multivariate analysis to detect
multicollinearity. Traits showing a high correlation
coefficient (r>0.9) were excluded to avoid redundancy.
Only variables with r between 0.3 and 0.9 were retained for
further analysis. All procedures were carried out using
RStudio version 2025.05.1. PCA was used to identify key
morphological traits contributing to phenotypic variation,
reduce dimensionality, and visualize groupings based on
trait similarities, with variance proportions indicating trait
influence (Jalil et al. 2020; Alarmelu and Hemaprabha
2023).

Habitat suitability for O. tigillarium was modelled
using MaxEnt software version 3.4.4 (Phillips et al. 2017).
This Java-based software was freely downloaded from the
American Museum of Natural History’s biodiversity
informatics portal (https://biodiversityinformatics.amnh.org/)
and utilized for scientific research purposes. The modelling
process began by inputting species occurrence points into
the ‘samples’ field and importing environmental factor
maps into the ‘environmental layers’ field. All
environmental variables were formatted as continuous
raster data. The model was run using the default settings
with 10 replicate runs (replicated run type: Bootstrap) to
assess prediction stability and model robustness. A
Jackknife test was conducted to identify variables that
significantly contributed to the model and eliminate those
with low importance. This step ensured that only the most
relevant environmental variables were selected to generate
an accurate and informative habitat suitability model
(Worthington et al. 2016).

Based on the Jackknife analysis, 18 environmental
variables were excluded due to their low contribution to the
model. Following the criteria proposed by Wei et al.
(2018), variables with contribution values and permutation
importance less than 6% were removed during the
preliminary filtering stage. These two metrics are crucial in
assessing the contribution of each variable in shaping the
model (Gunawan et al. 2021). The final model was
constructed using the selected variables: srad3 (solar
radiation in March), srad9 (solar radiation in September),
sradl2 (solar radiation in December), and biold
(precipitation of the driest month).

Model validation was performed by evaluating the area
under the receiver operating characteristic curve (AUC)
generated by MaxEnt. The AUC represents the area under
the Receiver Operating Characteristic (ROC) curve, which
plots the relationship between sensitivity and specificity.
Sensitivity indicates the model’s ability to accurately
predict the presence of O. tigillarium, while specificity
measures its effectiveness in correctly identifying
unsuitable areas (Hultera et al. 2020). AUC values range
from 0 to 1, where values below 0.5 indicate poor model
performance, and values approaching 1 suggest highly
accurate and informative predictions (Wang et al. 2020).
Habitat suitability levels were interpreted based on changes
in color gradients from blue to red on the MaxEnt output
map (Chen et al. 2024). For visualization and classification
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purposes, the maxent output was further processed using
QGIS version 3.43.3 to reclassify habitat suitability levels
into four categories: unsuitable habitat (0-0.2), low
suitability (0.2-0.4), moderate suitability (0.4-0.6), and high
suitability (0.6-1) (Wei et al. 2019).

RESULTS AND DISCUSSION

Oncosperma tigillarium diversity

Field observations of O. tigillarium along the coastal
regions of Riau Province revealed a relatively low degree
of morphological diversity. Most individuals exhibited
highly uniform morphological characteristics, with only
minor variation in quantitative traits. The limited variation
observed was primarily related to stem color, spine
morphology, and the color of rachillae during the flowering
and fruiting stages. A detailed morphological depiction of
O. tigillarium as documented in this study is presented in
Figure 2.

Morphological characterization indicates that O.
tigillarium is a tall, clustering palm species with each
clump consisting of 5 to 30 individual stems. The stems are
erect and cylindrical, ranging from 6 to 16 m in height and
typically measuring between 5 and 18 cm in diameter.
Variation in both the external and internal stem epidermis
color was observed among the sampled accessions, which
were categorized into three primary color types (Figure 3).
Individuals with cream-colored outer stem bark generally
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exhibited similarly colored internal tissue. In contrast,
stems with brown outer bark revealed orange-colored
interiors, while those with grey outer bark had reddish-
brown internal coloration. Notably, this variation in
internal stem coloration has not been previously
documented. Partomihardjo et al. (2020) reported that the
external bark color of O. tigillarium ranged from pale grey
to light brown.

Field observations revealed that cream-colored stems
were predominantly observed in individuals from the
Kepulauan Meranti District, where sandy clay soils are
dominant. Conversely, populations from the Bengkalis and
Siak Districts tended to exhibit brown to grey stems,
typically associated with clay or humic peat soils. These
variations in the stem are influenced by quantitative traits
governed by multiple minor genes and are strongly affected
by environmental factors (Ferita et al. 2015; Wulantika
2020). Evidence of environmental influence on stem
coloration is also demonstrated in Arenga pinnata
(Wurmb) Merr., which exhibited variation in bark color at
different altitudes in Lareh Sago Halaban District-light
brown at 900 m asl and grayish brown at 500-650 m asl
(Hasibuan et al. 2023). Furthermore, a strong positive
correlation was observed between stem color and the color
of the abscission rings left by fallen leaf sheaths. For
instance, stems with cream coloration typically exhibited
similarly colored abscission rings, and this pattern was
consistent across other color variants.

Figure 2. The appearance of Oncosperma tigillarium: A: Habit, B: Stem, C: Spine, D: Leaf sheath, E: Frond, F: Leaflet, G: Outer floral
bract/prophyll (adaxial), H: Outer floral bract/prophyll (abaxial), I: Inner floral bract, J: Inflorescences, K: Rachillae, L: Portion of
rachilla with triads (2 staminate flowers and 1 pistillate flower), M: Pistillate bud, N: Staminate flower, O: Immature fruit, P: Mature
fruit, Q: Transverse section of fruit, R: Persistent calyx (adaxial), S: Persistent calyx (abaxial). Source: Bengkalis
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Spines represent one of the most conspicuous forms of
mechanical defense in various plant species. The presence
of such structures is often interpreted as an adaptive trait,
particularly in plant species exposed to high levels of
herbivore pressure. Indeed, spiny plants are more
frequently encountered in environments where intense
grazing pressure (Goldel et al. 2016). In O. tigillarium, the
stem surface is characteristically grooved and covered with
black spines. Two distinct spine morphotypes were
identified, namely elongated-flat and broad-flat types, both
of which terminate in sharp points (Figure 3). The
elongated-flat spines were generally thinner than the broad-
flat type, with respective thicknesses of 0.5-1.0 mm and
1.3-1.6 mm. The elongated flat spines also exhibited
greater lengths. According to Liu et al. (2021), longer
spines are hypothesized to be more effective in deterring
herbivores, while broader spines are believed to offer
increased structural stability. The spine morphology of O.
tigillarium, particularly in length, sharpness, and density,
suggests that this species may occupy a high position
within this defensive hierarchy.

The spines on O. tigillarium play an important
ecological role in the plant's natural defense system. First,
the sharp and dense spines along the trunk and leaf sheaths
protect against herbivores such as wild boars by creating a
physical barrier that limits access and reduces the
likelihood of the plant being eaten. In a broader ecological
context, spines also reflect an adaptation to harsh
environments such as swamps and coastal forests, where
environmental pressures and interspecies competition are
high. These spines help the species withstand mechanical
disturbances and competition in its natural habitat. Equally
important, the spines protect young shoots and reproductive
organs such as flowers and fruits, particularly during early
growth, by preventing damage from external interaction.
Altogether, these functions make the spines a vital
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component in the survival and regenerative success of O.
tigillarium in its natural environment.

Oncosperma  tigillarium  exhibits a  solitary
inflorescence that emerges infrafoliarly (beneath the crown
shaft). A noteworthy phenological observation in this study
is the progressive color transformation of the rachillae
during flower and fruit development (Figure 4). The
rachillae are bright yellow at the time of prophyll
dehiscence and flower emergence. As fruit development
begins, the rachillae transition to green. During the young
fruit stage, they display reddish-green coloration. As the
fruits continue to mature, the rachillae gradually take on a
reddish-brown hue with traces of yellow-green near the
tips. At full fruit maturity, the fruits turn dark purplish-
black, while the rachillae become reddish-brown. This
consistent and predictable change in rachillae coloration
throughout the reproductive stages has not previously been
documented in O. tigillarium. This phenomenon may serve
as a valuable visual phenological indicator, particularly for
determining the optimal timing for fruit collection in seed
management and conservation practices.

Field observations revealed that only a few mature
fruits remained on the fruit clusters. This condition is due
to the tendency of ripe fruits to detach from the rachillae
and fall to the ground easily. As a result, only a few mature
fruits were still attached at the time of observation. It
suggests that the attachment between ripe fruits and their
stalks is relatively weak, causing most fruits to drop before
they can be directly observed or collected from the tree.
This fruit drop is associated with a natural process known
as abscission, which involves cell separation within a
specialized Abscission Zone (AZ) at the base of the fruit
(Patharkar and Walker 2019). This mechanism plays a
critical role in seed dispersal, which is essential for the
reproductive success of plants (Fooyontphanich et al.
2021).

Figure 3. Color variation of the outer and inner bark, and morphological differences in thorn shape on the stem of Oncosperma
tigillarium were observed in coastal Riau Province, Indonesia: A: Cream outer and inner bark, B: Brown outer bark, orange inner bark,
C: grey outer bark, brownish red inner bark, D: Elongated flat thorn, E: Flared flat thorn. Scale: 1 cm. Source: All study sites
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Figure 4. Changes in rachillae color during flower and fruit development: A: Flower phase, B-C: Early young fruit phase, D: Young
fruit phase, E: Mature fruit phase, F: Ripe fruit phase. Source: All study sites

Principal component analysis of morphological variation

Principal Component Analysis (PCA) revealed that
morphological variation among O. tigillarium individuals
was primarily explained by two principal components, PC1
and PC2, which together accounted for 54.8% of the total
morphological variation (Figure 5). PC1 contributed the
most (48.6%) and strongly correlated with size-related
morphological traits, particularly those associated with
vegetative and reproductive structures. Traits with high
loading values on PC1 (>0.7) included outer floral sheath
length (0.87), rachis width (0.87), inner floral sheath width
and length (0.83 and 0.80, respectively), rachis branch
width (0.82), rachis branch length (0.80), prophyll stalk
width (0.82), leaflet width (0.74), and rachillae length
(0.74). These features reflect structural robustness and
reproductive organ development, indicating that PC1
captures overall plant vigor and architectural growth. In
contrast, PC2 explained 6.2% of the variation and captured
more subtle morphological differences, especially related
to defensive adaptation and organ spatial distribution.
Traits contributing strongly to PC2 included spine shape on
the stem (0.79), leaflet spacing (0.31), inner floral sheath
length (0.30), and stem epidermis color (0.32). High
loading values for these traits suggest that PC2 represents
adaptive morphological responses to environmental factors,
such as microhabitat variability.

The separation of individuals into three morphometric
clusters based on the PCA plot suggests potential ecotypic
adaptation. Cluster 1 consisted of individuals with
intermediate PC1 scores, reflecting moderate organ sizes,
and was generally found in lowland areas near coastal

zones and rivers. Cluster Il, located in the upper-left
qguadrant was characterized by distinctive spine
morphology and smaller organ sizes. These individuals
were found in mangrove forests, and their relatively small
size is likely influenced by saline water inundation, which
limits the availability of essential nutrients. Salinity stress
has been shown to impede plant growth and reduce plant
height (Hao et al. 2021). In contrast, Cluster 111 comprised
individuals with high PC1 scores, indicating well-
developed morphological structures and larger organ sizes.
This group was typically found in rubber or oil palm
plantations, as well as in coastal forest areas. These
patterns indicate that local adaptation may be shaping
morphological variation among populations. The findings
underscore the importance of applying multivariate
morphometric approaches to understand intraspecific
morphological diversity. Identifying the dominant traits
contributing to cluster separation provides a strong
scientific foundation for conservation efforts, particularly
for recognizing populations with unique morphological
adaptations that may be vulnerable to habitat fragmentation
or environmental disturbances.

The accessions of O. tigillarium from the coastal areas
of Riau Province were classified into three groups based on
their morphological characteristics. Each group possesses
distinctive diagnostic traits that allow for accurate
identification of individual accessions. These diagnostic
traits were compiled into an identification key, while
additional distinguishing characteristics were described in
detail for each group.
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Figure 5. Principal Component Analysis (PCA) biplot based on morphological characters of Oncosperma tigillarium from the coastal
region of Riau Province, Indonesia. Sample codes: Bantan Air (BB), Muntai (MT), Melimau (NG), Bantan Tengah (BT), Selat Baru
(SB), Jangkang (JK), Pambang (PB), Dedap (DD), Makeruh (MK), Deluk (DL), Temusai (TM), and Mekar Delima (MD).
Symbols represent clusters: circles (Cluster 1), triangles (Cluster I1), and squares (Cluster 1)

Identification key for O. tigillarium accession groups:
1. a. Stem spine shape is flattened and wide; stem size is
small with a circumference of 23-25 cm ....... Group Il
b. Stem spine shape is flattened and elongated; stem
size is medium to large with a circumference of 36-60
CIM ettt et e ettt 2
2. a. Leaf sheath length: 86-110 cm; petiole length: 16-20
cm; leaflet length: 80-96 cm; outer floral sheath
length: 77-94 cm; inner floral sheath length: 76-87
(0 0 USROS Group I
b. Leaf sheath length: 70-85 cm; petiole length: 13-15
cm; leaflet length: 61-78 cm; outer floral sheath
length: 62-76 cm; inner floral sheath length: 58-75
CIM ettt et e e s Group |

Distribution and environmental factors of O. tigillarium

The distribution map of O. tigillarium across the coastal
areas of Riau Province shows that this species is
predominantly found in Bengkalis District, where 63 out of
72 recorded occurrence points (87.5%) were located. In
comparison, only 6 points (8.3%) were recorded in
Kepulauan Meranti District and 3 points (4.2%) in Siak
District. These findings indicate a highly uneven
distribution, with populations concentrated in Bengkalis
and limited, scattered occurrences in the other two districts

(Figure 6). Land-use change has been identified as a
primary driver of shifts in plant distribution, particularly
through the conversion of forested landscapes into
agricultural or plantation areas (Gunawan et al. 2018). Such
transformations lead to the fragmentation or complete loss
of natural habitats essential for the survival of native
species, such as O. tigillarium. Furthermore, environmental
degradation, especially peatland fires, exacerbates habitat
destruction and significantly impairs natural regeneration
processes. These disturbances are particularly detrimental
to palm species with slow growth and specialized habitat
requirements.

The distribution pattern of O. tigillarium in coastal Riau
is also influenced by a set of environmental variables, as
presented in Table 1. Field observations and environmental
data analysis indicate that the species predominantly
inhabits lowland areas with elevations ranging from 4.5 to
87 m above sea level (asl). This distribution aligns with the
ecological characteristics of O. tigillarium, which is
typically found in coastal zones, swamps, and wetland
ecosystems at low altitudes. This pattern contrasts with that
of its close relative, Oncosperma horridum (Griff.) Scheff.,
which is commonly found in higher-elevation habitats. The
bayas palm (O. horridum) grows on mountain slopes and
hills at elevations reaching up to 1.000 m asl. (Aisyah et al.
2023).
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tigillarium in Coastal Riau
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Figure 6. Distribution of Oncosperma tigillarium along the coastal Area of Riau Province, Indonesia. Black dots (Oncosperma tigillarium),
BK (Bengkalis), DU (Dumai), MR (Meranti), SK (Siak), PL (Pelalawan), KS (Kuantan Singingi), IHL (Indragiri Hilir), IHU (Indragiri Hulu),
RHL (Rokan Hilir), RHU (Rokan Hulu), KM (Kampar), PKU (Pekanbaru)

Elevation plays a crucial role in shaping the growth and
distribution of plant species, primarily through its influence
on microclimate parameters such as temperature and
humidity (Negari et al. 2023). Generally, temperature
decreases with increasing altitude at a rate known as the
adiabatic lapse rate, which ranges from 6°C to 8°C for
every 1.000 m of altitude increase (John et al. 2024). In the
studied lowland coastal habitats, ambient temperatures
ranged from 24.5°C to 41.7°C, while relative humidity
levels fluctuated between 46.3% and 77.7%. These climatic
conditions align with the thermal and hydric preferences of
O. tigillarium, suggesting that such abiotic factors at least
partially constrain the species’ distribution.

Soil pH has emerged as a key environmental factor
influencing the distribution of O. tigillarium in coastal
Riau. Field data indicate that the species predominantly
grows in soils with pH values ranging from 4.5 to 7.0
(Table 1), demonstrating its adaptability to slightly acidic
to neutral soil conditions. Soil pH is closely linked to
nutrient availability and soil microbial activity, both of
which are essential for plant growth and survival (Penn and
Camberato 2019; Mukrimin et al. 2021). In acidic soils,
nutrient solubility and mobility are often limited, yet O.
tigillarium appears capable of establishing and thriving in
such conditions, possibly due to specific physiological

traits or microbial associations that enhance nutrient uptake
efficiency.

In terms of substrate preference, O. tigillarium was
observed growing on various soil types, including clay,
sandy clay, and a distinctive local soil known as ‘kilang
manis’ (Table 1). The latter is an early-stage decomposed
peat soil commonly found in transitional wetland habitats.
According to Rahayu et al. (2013), ‘kilang manis’ habitats
are characterized by seasonally or permanently
waterlogged conditions, and are underlain by a stratified
soil profile: a superficial peat layer (0-2 m) that transitions
to clay at depths greater than 2 m. Peat types consist of
Hemic, Sapric, Fibric, Mineral, and a combination of the
four types (Fauziah et al. 2025). Hemic and sapric peat
soils with depths of less than 200 cm, commonly found in
Bengkalis District, are considered suitable for the
cultivation of perennial crops (Agus et al. 2016).

Model performances and variable responses to
Oncosperma tigillarium habitat suitability

The habitat suitability model for O. tigillarium in the
coastal region of Riau Province yielded an AUC value of
0.993 (Figure 7), indicating excellent model performance.
This high AUC score confirms that the selected
environmental variables are strongly correlated with the
current distribution of O. tigillarium and that the resulting



3960

model is sufficiently robust to identify environmentally
suitable areas resembling the species' natural habitat (Pradhan
and Setyawan 2021). However, an AUC value approaching 1
may also indicate a potential overfitting issue, where the
model fits the current occurrence data too perfectly but has
poor generalization ability to predict conditions beyond the
training data. This possibility may be influenced by the
uneven distribution of samples across locations, which
depends on the natural population size in each area.

Environmental variables are critical determinants of
plant regeneration, growth, and population distribution (Zhang
et al. 2018). Although the initial model incorporated 22
environmental variables, only four exhibited a contribution
rate above 6%, i.e., solar radiation in March, December,
and September, along with precipitation of the driest month
(Table 2). These variables also showed high values in
permutation importance tests, further confirming their
relevance in the final habitat suitability model. Among
them, solar radiation in March (srad3) was the most
influential. According to Zhou et al. (2022), solar radiation
is one of the key drivers of plant growth, along with soil
nutrients and other edaphic factors. To further assess the
relative importance of each variable, the Jackknife test was
employed, a method commonly used in MaxEnt modelling
to evaluate the predictive power and contribution of each
environmental variable (Romadlon et al. 2021). The results
of the Jackknife analysis (Figure 8), also include regularized
training gain scores, which reflect the unique influence of each
variable while accounting for multicollinearity and
standardizing variable effects (Zhao et al. 2024).

The Jackknife test for variable importance further
clarifies the influence of individual environmental factors
on the model. The test shows that the distribution of O.
tigillarium is primarily influenced by solar radiation and
rainfall (Figure 8). These results suggest that O. tigillarium
is highly responsive to variation in light availability and
seasonal water stress in its coastal habitat. The values
presented in the jackknife test represent the average of
several repetitions. This result highlights the ecological
niche complexity of O. tigillarium and the importance of
integrating various interacting environmental gradients to
obtain accurate habitat suitability predictions. Among
individual predictors, March solar radiation (srad3) yielded
the highest increase when used alone, confirming its
critical role in defining the ecological niche of this species.
This significant influence underscores the crucial role of
solar radiation in regulating the phenology, physiology, and
spatial distribution of O. tigillarium within the Riau coastal
landscape. These findings suggest that the distribution of
O. tigillarium is not determined by a single dominant
factor, but rather by a combination of environmental
variables, particularly those related to solar radiation
patterns and rainfall. These results provide valuable
ecological insights that can guide future conservation and
restoration efforts for this economically and ecologically
important palm species.
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Climatic conditions play a crucial role in determining
the potential distribution of plant species within their
natural habitats (Aguirre-Gutiérrez et al. 2015). In this
study, the MaxEnt model generated response curves that
illustrate  the  quantitative  relationship  between
environmental variables and the logistic probability of O.
tigillarium occurrence in the coastal region of Riau
Province (Figures 9.A-C). These response curves reflect
habitat suitability based on the ecological niche and
provide information on the optimal environmental
conditions for the growth and survival of O. tigillarium
(Esfanjani et al. 2018; Ma and Sun 2018).

Table 1. Environmental conditions of the three research areas

. Sites
Environmental Kepulauan
parameters Bengkalis Meranti Siak
Air temperature (°C) 24.5-41.7 32-37.8 34.7-36.7
Altitude (m asl) 4.7-87 7-13 5.5-8
Light intensity (lux) 63.9-18390 1960-19450 5850-13160
Soil pH 4.5-7.0 4.5-4.7 4.5-4.7
Type of soil Clay-'Kilang Clay-sandy Clay

manis' clay

Relative humidity (%) 46.3-77.7 54.4-71.55 66.2-65.95

Table 2. Percentage contribution and permutation importance of
predictor environmental variables in the MaxEnt model

Variable Pe_rcen_tage Pgrmutation
contribution (%)  of interest (%)
March solar radiation 66 .
December solar radiation 13.3 11.3
September solar radiation 12.6 57.3
Driest month rainfall 8.1 21.9
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Figure 7. Results of the AUC curve in the Oncosperma

tigillarium habitat suitability model using MaxEnt
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Jackknife of regularized training gain for Oncosperma_tigillarium
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Figure 8. Jackknife test showing the importance of variables for predicting suitable habitat for Oncosperma tigillarium, srad3: solar
radiation in March, srad12: solar radiation in December, srad9: solar radiation in September, and biol4: driest month rainfall

Understanding a species' environmental preferences is
essential for designing effective conservation strategies, as
well as for exploring its potential use in other suitable
areas. The response curves for O. tigillarium habitat
suitability indicate that the species exhibits specific
tolerance thresholds to solar radiation levels, which vary
seasonally. The optimal solar radiation values that support
the presence of O. tigillarium are shown in Figure 9. Solar
radiation regulates the induction and initiation of flowering
in various plant species (Rezazadeh et al. 2018). Field
observations further reveal that O. tigillarium requires
sufficient sunlight exposure for flowering and does not
thrive under shaded conditions. This finding aligns with
Gurjar et al. (2017), who emphasized the role of solar
radiation as a primary energy source for photosynthesis and
its importance in a wide range of plant growth processes,
including stem and shoot development, seed germination,
leaf expansion, flowering, fruiting, and other physiological
and phenological functions.  Another  significant
environmental variable contributing to the O. tigillarium
habitat suitability model is precipitation during the driest
month (biol4) (Figure 9.D). This condition indicates that
O. tigillarium prefers coastal regions with relatively high
humidity, even during the driest part of the year. Many
tropical palm species have low drought tolerance and rely
on consistent water availability for survival in lowland
tropical forests (Slik et al. 2015).

Potential distribution and conservation implications
Information regarding the presence and distribution of
O. tigillarium in the coastal regions of Riau Province
remains limited. The MaxEnt prediction model indicates
that areas of high habitat suitability are primarily
concentrated along the coastal zones of Bengkalis District
(Figure 10). This region appears to offer environmental
conditions that closely align with the ecological niche of O.
tigillarium. Field observations corroborate the MaxEnt
analysis, as numerous O. tigillarium individuals were
recorded during exploration in this area. In contrast, the
coastal region of Kepulauan Meranti  District
predominantly exhibits low suitability classes, with a
significant portion of the area categorized as unsuitable.
Nevertheless, O. tigillarium was still found in several low-

suitability areas, albeit in small numbers. Its presence in
these areas may be attributed to the species’ ecological
plasticity or broad environmental tolerance. Interestingly,
the MaxEnt model predicts that the Siak District region is
unsuitable for the O. tigillarium habitat. However, field
surveys documented the species in a few locations, which
may reflect remnant populations that have persisted despite
substantial environmental changes. Local accounts indicate
that O. tigillarium was once widely distributed in Siak.
However, the expansion of oil palm plantations has led to a
significant decline in its population, as such land-use
changes are unsuitable for the continued existence of O.
tigillarium habitats. Anthropogenic activities such as
logging are suspected to contribute to the current
distribution patterns of O. tigillarium (Antlnez et al. 2018;
Bouderbala et al. 2023), given that this species has
considerable economic value.

In addition to environmental factors, this study also
highlights that social and cultural aspects influence the
presence and conservation efforts of O. tigillarium in
certain regions. In Bengkalis District, the population of O.
tigillarium remains relatively high, not only due to
favorable environmental conditions but also because of the
species’ economic and cultural value to the local
community. In practice, residents of Bengkalis tend to
preserve wild clumps of O. tigillarium during land-clearing
activities due to the species’ considerable economic value.
The stems are sold for approximately IDR 330.000/7 depa
(with one depa equivalent to 1.7 m). The harvesting of O.
tigillarium is performed in a selective and controlled
manner, with individuals only cutting the plants when they
have a defined and purposeful use. In contrast, in regions
outside Bengkalis District, O. tigillarium does not hold the
same cultural or economic significance. In these areas,
when land is converted into oil palm plantations, O.
tigillarium is often perceived as a hindrance and is
frequently removed. This divergence in the perception and
treatment highlights the need for a conservation strategy
that is both ecologically grounded and sensitive to local
social contexts and cultural values. Integrating community
perspectives and traditional practices into conservation
planning can enhance the effectiveness and long-term
sustainability of conservation efforts for species preservation.
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Figure 9. Response curves of the three main climate variables used in modeling habitat suitability of Oncosperma tigillarium in coastal
Riau Province, Indonesia using MaxEnt: A: srad3 (March solar radiation), B: srad9 (September solar radiation), C: srad9 (September
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The MaxEnt model successfully identified coastal areas
in Riau Province with high habitat suitability. However, the
absence of future projections remains a limitation that
should be considered. These findings provide a scientific
basis for developing both in situ and ex situ conservation
strategies for O. tigillarium. In situ conservation should be
prioritized in highly suitable zones, particularly in
Bengkalis District, where natural populations are more
likely to persist. For ex situ conservation, it is
recommended to collect germplasm from various
morphometric clusters and establish conservation plots
outside the species’ natural habitat. Reforestation efforts
should focus on core areas using locally adapted seedlings.
Active participation of coastal communities is essential to
ensure the success of these strategies, especially given the
long-standing traditional use of O. tigillarium. Integrating
this species into coastal rehabilitation programs and spatial
planning policies is strongly recommended to support its
long-term conservation and sustainable use.

In  conclusion, this study successfully assessed
morphological diversity, modeled habitat suitability, and
identified key environmental factors affecting the presence
of O. tigillarium in coastal areas of Riau Province.
Morphological variation observed was relatively low,
especially in qualitative characters, with visible differences
mainly in stem color, thorn shape, and rachillae color
during flowering and fruiting. PCA separated the
accessions into three distinct morphometric clusters. The
distribution of O. tigillarium was found to be patchy, with
the highest concentration in Bengkalis District. The
MaxEnt habitat suitability model showed excellent
prediction performance, with an AUC value of 0.993.
Highly suitable habitats (IHS values 0.6-1.0) were mainly
located in Bengkalis, where environmental conditions such
as solar radiation and monthly rainfall were identified as
key factors favoring the growth and persistence of this
species. Priority for in situ conservation should be given to
areas with high habitat suitability, especially in Bengkalis
District.
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