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Abstract. Aziz IR, Muspa A, Muthiadin C, Hajrah, Armita D, Masriany, Zulkarnain, Amrullah SH, Rustam A, Dirhamzah, Mustami MK, 

Supardan D, Segura-Sequeira D. 2024. Leaflet morphometric variation of Elatostema integrifolium, an Anoa forage plant, in Abdul 

Latief Forest Park, South Sulawesi, Indonesia. Biodiversitas 25: 4244-4252. Accurately identifying plant taxa is crucial for conservation 
efforts, and leaf characteristics play a vital role in this process. Elatostema integrifolium (D.Don) Wedd., a forage plant and primary food 

source for Anoa (Bubalus spp.), is a potential candidate for differentiation based on leaflet morphology. This study aimed to quantify the 

variation in morphological characteristics of E. integrifolium leaflets, investigate the distribution patterns of these traits, and assess the 

degree of morphological similarity between different locations in Abdul Latief Forest Park, South Sulawesi, Indonesia. The study employed 
a systematic sampling across three designated stations (Station I, Station II, and Station III) representing varying management functions 

within the park. Forty plants were collected from each station (n = 3), and 11 morphometric traits of their leaflets were analyzed. Univariate 

analysis was performed using SPSS ver. 29, with whisker-box plots generated for data visualization. Multivariate analysis, implemented in 

MATLAB® ver 9.14, incorporated a two-pronged approach. Principal Component Analysis (PCA) was initially conducted using a subset of 
seven key morphological traits identified during exploratory analysis. Results revealed that variation within stations was significant for all 

the scored leaflet morphological traits. The distribution of morphological profiles of E. integrifolium across the investigated sites exhibits 

minimal segregation. Hierarchical cluster analysis based on morphological traits revealed a closer relationship between the leaflet characters 

observed in Station I and Station II, compared to their similarity with Station III. It is projected to enhance the precision of plant 
identification and taxonomy, deepen our comprehension of plant adaptation, and ultimately guide the formulation of focused conservation 

strategies for E. integrifolium populations. 
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INTRODUCTION 

Sulawesi, an Indonesian island within the Wallacea 

biodiversity hotspot, serves as a critical ecological 

transition zone between the Asian and Australian 

continents, harboring a wealth of endemic flora and fauna 

(BBKSDA 2023; Pusparini et al. 2023). Elatostema 

integrifolium (D.Don) Wedd. (local name: Katiloporo), a 

perennial herbaceous or sub-shrub species within the 

family Urticaceae characterized by its entire leaves 

(Triyutthachai et al. 2022; Xin et al. 2023), is a forage 
species and vital food source for the Anoa (Bubalus spp.), a 

Sulawesi-endemic ungulate classified as Endangered under 

the IUCN Red List (Burton et al. 2016; BBKSDA 2023). 

Mingkid et al. (2023) reported that Genus Elatostema is an 

abundant natural forage for Anoa in North Sulawesi and 

has a dominant presence in Central Sulawesi (Saleh and 

Hartana 2017). Similarly, this species is documented as the 

dominant food source for Anoa in Southeast Sulawesi 

(Broto 2015) and South Sulawesi (Aziz et al. 2023). This 

plant thrives in tropical-subtropical regions, primarily in 

Asia, in habitats with warm temperatures, high humidity, 

and shady forest floors beneath closed canopies, typically 
grows in acidic soil, and is often found near riverbanks 

(Aziz et al. 2023; Mingkid et al. 2023). The presence of 

Elatostema within forest ecosystems would contribute to 

the development of a healthy understory layer, thereby 

enhancing the ecological functionality of the habitat (Sakio 

2020; Mingkid et al. 2023).  

Beyond their role in plant sustenance, leaves possess 

crucial characteristics for accurate plant taxon 

identification. Quantitative leaf characteristics, such as leaf 

area, petiole length, and vein patterns, alongside qualitative 

traits like leaf shape, margin, and texture, play a significant 

role in refining and strengthening plant identification 

methods (Larese et al. 2014; Manivannan et al. 2016; 
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Temam et al. 2021; Du et al. 2022). However, field-based 

species identification using leaves can be challenging due 

to several factors. Morphological variations within a single 

species, caused by genetic diversity (Coates et al. 2018) 

and environmental pressures (Scales and Butler 2016), can 

lead to overlapping characteristics between individuals 

(Forsman and Wennersten 2016). Additionally, similarities 

between characters or dual natures in different species can 

further complicate identification, especially for closely 

related taxa (Gabaldón et al. 2017; Korshunova et al. 

2019). Finally, the use of incomplete leaf samples due to 

limitations in field collection (Carranza-Rojas et al. 2017), 
feature extraction, or damage (Lee et al. 2017) can 

significantly limit the available information for accurate 

identification. Furthermore, variations in leaflet characteristics 

across diverse geographic locations underscore the 

phenomenon of local adaptation and phenotypic plasticity 

(Fan et al. 2020; Yao et al. 2021), leading to the 

development of traits that enhance their survival and fitness 

within their specific environments.  

Despite prior studies by Fu et al. (2014, 2019, 2021), 

Yin et al. (2021) in China, Rajapaksha et al. (2019) in Sri 

Lanka, Rodda and Monro (2018) in Malaysia, Lin et al. 

(2014) in Vietnam, and Triyutthachai et al. (2022) in 

Thailand of morphological features of Elatostema sp. in 

tropical regions, research on morphometric variations using 

leaflets is currently lacking. Studies have primarily utilized 

principal component analysis and cluster analysis in 

Elatostema sp. for specific purposes, such as assessing 

forest floor vegetation composition (Tsai et al. 2018), 
investigating metal accumulation and phytoextraction 

potential (Yang et al. 2014), and documenting their use as 

food sources by indigenous communities (Upadhyay et al. 

2021).  

Abdul Latif Forest Park, a conservation area spanning 

approximately 720 hectares in Sinjai District, South 

Sulawesi Province, faces the dual challenge of maintaining 

ecological integrity while serving as a public resource for 

education and tourism. This delicate balance is particularly 

critical for the endangered Anoa, whose survival is 

intertwined with the availability of its primary food source, 

E. integrifolium. The park's heterogeneous topography and 

diverse habitat mosaic likely contribute to quantitative and 

qualitative variations in E. integrifolium leaflet traits, 

potentially leading to localized adaptations within specific 

ecological niches. These variations may have significant 

implications for Anoa foraging behavior and, ultimately, 
their survival within the forest park. Limited knowledge 

regarding the morphological characteristics of E. 

integrifolium within the Abdul Latief Forest Park 

represents a gap that necessitates further research. The 

objective of this study was to determine the diversity of 

morphological characters in E. integrifolium leaflets, 

analyze their distribution patterns, and assess the proximity 

of these characters across three stations within the Abdul 

Latif Forest Park. We anticipate that the findings will 

contribute to improved accuracy in plant identification and 

taxonomy, enhance our understanding of plant adaptation, 

and ultimately inform the development of targeted 

conservation strategies for E. integrifolium populations.  

MATERIALS AND METHODS 

Study area  
The present research divided the investigation area 

within Abdul Latief Forest Park, South Sulawesi, 

Indonesia, a known hotspot for Anoa (Bubalus spp.) 

visitation, into three distinct stations. The three observation 

stations were strategically chosen to represent distinct 

management blocks within the Forest Park (Figure 1). 

Station I is situated in the protection block, Station II is 

located in the utilization block, and Station III is situated in 

the collection block. The block designation is to align with 

the guidelines outlined in Government Regulation Number 

34 of 2002 (BPHN 2002). 

Plant sampling 
In each designated study area, 40 individuals of E. 

integrifolium were sampled from a total of 120 

individuals, yielding a total of 300 leaflets for subsequent 

analysis, which was chosen based on stringent criteria, 

including full leaf development, absence of insect 

infestation, and disease. For herbarium preparation, leaves 

were individually pressed between sheets of newspaper. 

This press was then exposed to sunlight for desiccation 

over six days, with daily newspaper changes to ensure 

proper drying (Soladoye et al. 2010). The resulting 
herbarium specimens were labelled comprehensively for 

taxonomic purposes. Morphological characterization 

focused on the right leaflet within the first pair of central 

leaves (Soladoye et al. 2010; Brus et al. 2011) on each 

chosen E. integrifolium. A total of 11 quantifiable 

morphological characteristics were identified and 

systematically analyzed using phenetic methods. ImageJ 

ver. 2.0 was utilized to measure leaf area, as depicted in 

Figure 2. 

A suite of environmental variables was measured in situ 

across the three study stations to understand the ecological 

niches of E. integrifolium. These data, presented in Table 1, 

offer valuable insights into the potential environmental 

factors influencing the growth and distribution of this 

species. 
 

 

 

Table 1. Characteristic of three study stations in the Abdul Latief 
Forest Park, South Sulawesi, Indonesia 

 

Characters of habitat 

Population name 

Station I 

protection 

block 

Station II 

utilization 

block 

Station III 

collection 

block 

Latitude 05°18' S 05°18' S 05°18' S 

Longitude 120°00' E 120°00' E 120°00' E 

Altitude (masl) 1,576 1,430 1,544 

Temperature (°C) 17.3 22 18.2 
Noise (dB) 47.02 41.89 39.21 

Soil pH 5.9 6.2 6.1 

Soil moisture (cm Hg) 5.93 6.2 7.16 

Relative humidity (%) 88.1 73.7 78.4 
Wind velocity (ms-1) 0.3 0.1 0.6 
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Figure 1. Map of study location in Abdul Latief Forest Park, South Sulawesi, Indonesia (5°18'30.0"S 120°00'00"E) and three sampling 
stations: Station I in protection block (red dot); Station II in utilization block (yellow dot); Station III collection in block (blue dot) 

  

 

 

 
 
Figure 2. Elatostema integrifolium selected in Abdul Latief Forest Park, South Sulawesi, Indonesia: A. Morphological features; B. Leaf 

with regularly arranged leaflets; C. Scored morphological traits for leaflets including ATL (Apex Tile-Like; tail-like projection at the 

apex), LL (Leaflet Length), LW1 (Leaflet Width measured 1 cm beneath the tail-like projection at the apex), LW2 (Leaflet Width 

measured at half of the leaflet length from central to the left leaf margin), LW3 (Leaflet Width measured at half of the leaflet length 
from central to the right leaf margin), LW4 (Leaflet Width measured 0.5 cm above the leaflet base), LW5 (Leaflet Width or 

LW2+LW3), NTL (total of teeth on the left leaflet side), NTR (total of teeth on the right leaflet side), LL/LW5 (Leaflet Length/Leaflet 

Width), and PL (Petiolate Leaflet length measured beneath at the base of the leaflet) 
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Data analysis 
Phenotypic analysis was conducted using both univariate 

(Soladoye et al. 2010; Sharma and Pandit 2011) and 

multivariate statistical methods (Brus et al. 2011). For the 

univariate analysis, quantitative measurements were analyzed 

using descriptive statistics calculated in SPSS ver. 29, 

including arithmetic means (x̅), Standard Deviations (SD), 

and Coefficients of Variation (CV). To visualize the range 

of variation for each scored morphological character, 

whisker-box plots were generated. Statistically significant 

differences were evaluated using Tukey's Honestly 

Significant Difference (HSD) test. The multivariate analysis 
utilized a sequential approach implemented in MATLAB® 

ver 9.14. All 11 morphological traits from the specimens 

were included in Principal Component Analysis (PCA). 

Notably, each specimen collected from the three stations 

was treated as an Operational Taxonomic Unit (OTU) for 

Euclidean distance analyses.  

RESULTS AND DISCUSSION 

Marked variations were observed across the 11 

measured morphological characters in E. integrifolium 

leaflets collected from the three stations. Table 2 shows 

that the Coefficient of Variation (CV) for LW1 exhibited 

the greatest degree of variation, ranging from 26.89% to a 

remarkable 184.42% within the Station II (utilization 

block). Conversely, leaflet length displayed the least 

variation across all three stations (protection: 9.88%, 

collection: 10.71%, utilization: 10.88%). The three lowest 

average values (<1 cm) were also observed for LW1, PL, 

and LW4 across all three stations. 
Station III consistently exhibited the highest median 

values and the greatest variation in the majority of leaflet 

morphological character measurements (LL, NTL, NTR, 

LW1, LW3, LW4, ATL, PL). This observation suggests 

that leaflets from Station III tend to be larger and more 

variable in size compared to those from the other two 

stations. Interestingly, the character traits of Station II often 

displayed intermediate values between those of Station I 

and Station III. This pattern suggests that Station II may 

represent a transitional zone between the two extremes 

(Figure 3). 

Following the measurement of 11 quantitative 

morphological characters (Table 2), a data filtering process 

was implemented to identify and retain only those characters 

exhibiting statistically significant values. This refined dataset, 

containing seven traits, was then subjected to correlation 

matrix analysis (Table 3). Principal Component Analysis 

(PCA) was conducted on this dataset, resulting in the 

extraction of three principal components (Comp. 1, Comp. 2, 

and Comp. 3) that collectively explained 76.81% of the total 
variance. These components effectively differentiated the 

characters across the three investigated blocks. The first 

Principal Component (PC1) accounted for 35.09% of the 

explained variance and highlighted two particularly important 

taxonomic characters: LW3 and LW4. These characters 

exhibited high loadings of 0.861 and 0.812, respectively. 

PC2, explaining 26.35% of the variance, emphasized the 

significance of ATL and PL for taxonomic differentiation. 

Finally, PC3, contributing the least variance (15.36%), 

identified a single significant taxonomic character leaflet 

width measured at half of the leaflet length from central to the 

left leaf margin. 
 

 

 

Table 3. Loadings of principal components analysis for seven 

quantitative traits of Elatostema integrifolium 
 

Quantitative traits 
Loadings of PCA 

Comp.1 Comp.2 Comp.3 

ATL 0.181 0.843 0.188 
LW2 -0.473 0.076 0.811 

LW3 0.861 0.137 0.310 

LW4 0.812 -0.166 0.401 

NTL -0.609 0.521 0.048 
NTR 0.651 0.432 -0.339 

PL -0.080 0.790 -0.093 

Initial eigenvalues 2.457 1.845 1.075 

Proportion of variance 35.09 26.35 15.36 
Cumulative proportion 35.09 61.45 76.81 

 

  
 

Table 2. Statistical parameters (mean, SD, CV) of 11 quantitative leaflet traits for Elatostema integrifolium 

 

Quantitative traits 

Station I 

Protection block 

Station II 

Utilization block 

Station III 

Collection block 

x̅ SD CV x̅ SD CV x̅ SD CV 

ATL 2.19 0.24 10.93 2.29 0.32 13.84 2.40 0.24 10.39 

LL 10.68 1.06 9.88 11.09 1.21 10.88 11.70 1.25 10.71 
LW1 0.23 0.09 37.76 0.41 0.75 184.42 0.26 0.07 26.89 

LW2 1.46 0.20 13.87 1.50 0.19 12.81 1.59 0.35 22.08 

LW3 1.39 0.21 15.32 1.44 0.22 15.31 1.54 0.19 12.32 

LW4 0.94 0.18 18.62 0.91 0.10 11.23 0.99 0.16 16.11 
LW5 2.85 0.29 10.33 2.94 0.23 8.08 3.13 0.37 11.67 

NTL 3.88 0.81 3.81 4.00 0.88 21.93 4.50 0.85 18.89 

NTR 3.81 0.91 23.88 4.00 0.88 21.93 4.20 1.14 27.03 

LL/LW5 3.77 0.40 10.71 3.78 0.39 10.40 3.78 0.51 13.52 
PL 0.369 0.11 29.23 0.36 0.12 33.37 0.40 0.08 20.41 

Note: x̅: mean (cm); SD: Standard Deviation (cm); CV: Coefficient of Variation (%) 
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Figure 3. Range variation of Elatostema integrifolium leaflet represented by box plots of 11 traits included in PCA: box = interquartile 
range; thick horizontal line within box = median; line upper box = uppermost value; line lower box = lowermost value; circle with a thin 

line outside the box = outlier; circle with a thick line outside the box = more than two outliers; St. = Station 

 

 

Figure 4 depicts the outcomes of PCA, visualizing the 

distribution of individuals from each station (Station I, Station 

II, and Station III) based on key morphological characters 

(NTL, NTR, LW2, LW3, LW4, ATL, and PL). The PCA 
scatterplot reveals a high degree of overlap among the 

stations in terms of these characters. 

Hierarchical cluster analysis based on eleven quantitative 

morphological traits revealed a closer relationship between 

the leaflet characters observed in Station I and Station II 

compared to their similarity with Station III. This 

clustering pattern is evident from the dendrogram, where 

the branch lengths connecting Station I and Station II are 

shorter than the branch lengths connecting them to Station 

III (Figure 5). 

Discussion  
The environmental heterogeneity observed across the 

three study stations within Abdul Latif Forest Park offers a 

foundation for ecological investigations (Table 1). Located 

at lower altitude, Station II experiences notably higher 

average temperatures compared to Station I and Station III; 

these temperatures differential suggests that E. 

integrifolium exhibiting a broader thermal tolerance 

spectrum may be more likely to thrive across all three sites. 

These findings align with previous research by Fauzan et 

al. (2018) and Chen et al. (2023), which reported the 
successful growth of Elatostema in regions with average 

annual temperatures ranging from 16.4°C to 23.8°C. 

Moreover, soil pH and moisture levels may influence 

nutrient availability, ultimately affecting the growth and 

survival of E. integrifolium. The proximity of Station I and 

Station II to nearby rivers, in contrast to Station III, likely 

contributes to similar soil conditions at these two locations. 

Despite its distance from a direct water source, substantial 

tree canopy at Station III contributes to soil moisture 

retention. The dense vegetation provides shade, thereby 

reducing evaporation and enhancing moisture within the 

soil (Yang et al. 2015; da Silva et al. 2021). The relative 

humidity levels recorded at the three stations, ranging from 

73.7% to 88.1%, are slightly higher than those reported by 

Broto (2015) in Southeast Sulawesi. However, these 

conditions are generally conducive to the growth of E. 

integrifolium, underscoring the importance of our research 
in understanding plant ecology. 
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Figure 4. A Scatterplot of three components of PCA was formed, 

representing three populations of Elatostema integrifolium: 
Station I (triangle), Station II (square), Station III (circle) 

 

 

 

 
 

Figure 5. Cluster analysis of three stations represented by 

phenogram using eleven quantitative traits. St. = Station 
 

 

 

The E. integrifolium population within the park exhibits 

robust growth, with average leaflet dimensions exceeding 

11.70 cm in length and 3.13 cm in width, which qualifies 

them as macro-leaflets. The leaflets display an oval 

morphology with a slight asymmetry and a glabrous surface. 

The venation pattern is predominantly rectilinear and 
parallel, with the presence of both secondary and tertiary 

veins exhibiting a subtle slant towards the leaflet margins, 

characteristic of pinnate-parallel venation. Additionally, the 

tail-like projection at the apex demonstrates variation in 

length, with the average maximum size reaching 

approximately 2.4 cm, corresponding to roughly 20% of 

the total leaflet length (Figure 2, Table 2). 

Statistical analyses demonstrate significant variations 

across 11 quantitative traits of E. integrifolium specimens 

collected from the three defined stations (Table 2). These 

findings suggest a strong influence of environmental 

heterogeneity on leaflet growth and morphology within the 

population. However, it is important to consider that these 

variations may not be solely attributable to factors such as 

light availability and temperature. As Station II experiences 

higher average temperatures and potentially increased light 

absorption, noise levels may be indirectly correlated with 
these factors due to increased human activity in this area. 

This is supported by the observation that Station II 

functions as a utilization block with restricted public access 

for ecotourism and educational purposes. Therefore, noise 

levels could serve as an indicator of human-induced 

environmental disturbance, potentially influencing E. 

integrifolium growth and morphology and indirectly 

affecting Anoa foraging behavior. However, it is crucial to 

acknowledge that establishing a direct causal link between 

noise and leaflet morphology might be challenging, and 

noise should be considered alongside other influential 

factors such as light availability, temperature, and 

competition. LW1, a measurement taken 1 cm below the 
apical tail-like projection, exhibited the greatest degree of 

variation among the examined traits. This variation appears 

to be largely attributable to differences in the width of 

serrations on the leaflet margins. Discrepancies in the 

distances between consecutive teeth on either side of the 

leaflet directly impact overall leaflet width. This observed 

pattern suggests that resource allocation within the plant 

prioritizes both maximizing leaf surface area and protecting 

the serrated margins, likely in response to factors such as 

light availability and temperature. Elevated temperatures 

recorded at Station II are hypothesized to influence the 

intensity of light absorption by the leaves, consequently 

promoting the development of wider teeth. This enhanced 

light capture may explain the observed wider leaflets with 

more prominent teeth at this location. These findings 

support observations by Baumgartner et al. (2020) who 

documented substantial variations in tooth morphology 

within Vitis aestivalis Michx. populations subjected to 
differing temperature and rainfall regimes. The observed 

morphological shift towards wider leaves with protruding 

teeth represents a potential adaptation, particularly shade-

tolerant understory forage. The broader leaf surface area 

facilitates the interception of a greater quantity of photons, 

enhancing the potential for light capture (Niinemets et al. 

2015; Onoda et al. 2017). Additionally, the presence of 

protruding teeth may function as light traps, scattering and 

redirecting incident light toward the leaf surface (Berry and 

Goldsmith 2020), thereby maximizing the utilization of 

even obliquely angled light for photosynthesis (Maslova et 

al. 2021). These morphological features, in synergy, could 

demonstrably enhance the plant's capacity for light capture 

(Schrader et al. 2021), potentially leading to increased 

photosynthetic efficiency (Li et al. 2022). As a consequence, 

this adaptation may promote the growth and survival of 

shade-adapted understory plants by facilitating a more 
robust energy production through photosynthesis in 

environments characterized by limited sunlight availability 

(Rossatto et al. 2018). Conversely, Leaflet Length (LL) 

displayed the least variation across the three stations, with a 

consistent coefficient of variation of approximately 10%. 

The consistently low coefficient of variation observed for 

leaflet length across the three study stations suggests a 

degree of phenotypic uniformity in this trait. Given the 

relative isolation of these populations compared to external 

regions, the prevalence of herbivorous pressures within the 

study area is likely elevated. As an adaptive strategy to 

deter herbivore attacks, including those from Anoa, E. 

integrifolium may have evolved to produce uniformly sized 

St.I 

St.II 

St.III 
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leaflet lengths. Within the context of this study, leaflet 

width exhibits no correlation with leaflet length. 

Specimens from Station III exhibited greater 

morphological variation compared to those from the other 

two stations. Notably, Station III functions as a collection 

block, where biophysical conditions, for instance, the type 

and density of plants in this area, the nutrient content, and 

the wide area, are managed to support both natural plant 

populations and those artificially planted for research and 

local plant cultivation. This co-existence of natural and 

cultivated plants within the same habitat likely contributes 

to the observed morphological diversity in Station III. The 
emergence of such variations is likely a complex 

phenomenon influenced by various factors, potentially 

including plant physiological adaptations that manifest as 

changes in leaf morphology (Liu et al. 2019). Furthermore, 

the presence of a river stream traversing Station III 

provides a vital source for pollinating insects and birds. 

The small, inconspicuous greenish or yellowish-green 

flowers arranged in cymose inflorescences are likely more 

susceptible to cross-pollination by this fauna. This 

facilitation of cross-pollination could promote genetic 

exchange between natural and artificially grown plants 

through gene flow (Kuo et al. 2021), potentially leading to 

offspring with novel trait combinations (Capó et al. 2023). 

By contrast, Station II appears to occupy an intermediate 

ecological niche between Station I and Station III. This is 

evident from the observed morphological characteristics of 

E. integrifolium at each station, as well as the measured 

environmental parameters. Notably, Station II, a utilization 
block with restricted public access for ecotourism and 

educational purposes, exhibits values that fall between 

those observed at the other two stations. These observed 

discrepancies in environmental conditions across the 

stations are likely to be the driving force behind the distinct 

phenotypic shifts observed in the plant populations at each 

location.  

Our study in PCA provided valuable insights into the 

sources of morphological variation among E. integrifolium 

specimens collected from the three stations (Table 3). The 

analysis revealed that leaflet width measurements (LW3 

and LW4), along with ATL and PL characteristics, were 

the key factors differentiating the specimens across the 

study sites. While PC3 explained a smaller proportion of 

the variance, LW2 also emerged as a potential contributor 

to morphological differentiation. These findings suggest 

that leaflet width may be a particularly important 
morphological trait for E. integrifolium in this region.  

It is also noteworthy that E. integrifolium leaflets are a 

food source for Anoa (Aziz et al. 2023), which exhibit 

feeding behavior adjustments based on encountered leaves. 

Wider leaves may necessitate more effort and specific 

techniques for Anoa to handle, while narrower leaves 

might be easier to manage. Anoa utilize their long, flexible 

tongues to reach and grasp E. integrifolium leaflet petioles, 

wrapping their tongue around the leaves before pulling 

them into their mouths. Leaf width likely influences the 

ease of grasping and the force required for Anoa to pluck 

the leaflet. Additionally, while Anoa's role in pollination is 

minimal, they can incidentally ingest and disperse this 

species' seeds through their feces (Mustari 2020), potentially 

contributing to the establishment of new individuals in 

different locations. Variations in leaflet width may also 

represent an adaptation and defence mechanism against 

herbivory in general (Caldwell et al. 2016), alongside 

environmental factors like water availability, light, 

temperature, and soil pH (Viani et al. 2014; Apgaua et al. 

2015; Wang et al. 2019, Tserej and Feeley 2021). Smaller 

and narrower leaflets could indicate a higher abundance of 

herbivores in three stations, including Anoa, within a 

particular habitat. While the distribution of individuals 

across the three stations was analyzed to identify potential 
differentiating morphological characteristics, the employed 

scatter plot visualization did not reveal distinct separation 

between the stations. The set of characters chosen for 

analysis may have needed to be sufficiently discriminatory, 

potentially leading to a pattern where these characters tend 

to exhibit intermediate values across all stations rather than 

concentrating in specific locations. Furthermore, limitations 

in the number of samples collected in the field might have 

contributed to the need for more resolution in the scatter 

plots (Figure 4). Reduced sample size can hinder the 

detection of subtle morphological variations between 

individuals, potentially causing them to appear 

intermingled in the visualizations. 

Euclidean distance analysis provided further insights 

into the relationships between stations. Station I and 

Station II exhibited the closest relationship (distance = 

2.274), while Station I and Station III (distance = 4.418) 

and Station II and Station III (distance = 4.161) were more 
distant. This suggests that the morphological traits in 

Station II possess transitional traits, with a greater 

similarity to Station I compared to Station III. Variations 

and modifications observed in E. integrifolium leaflet likely 

arise from a complex interplay of genetic, environmental, 

and evolutionary factors. This combined influence fosters 

remarkable diversity and ongoing phenotypic change within 

plant populations. Supporting this notion, McKown et al. 

(2014) demonstrated a strong correlation between Populus 

trichocarpa Torr. & A.Gray ex Hook. traits, population 

structure, and geographic climate, which influence the 

species' genotypic and phenotypic diversity. The remarkable 

diversity of leaf shapes arises not only from their 

developmental context but also from the dynamic modulation 

of genetic regulatory activity (Chitwood and Sinha 2016; 

Maugarny-Calès and Laufs 2018). This modulation can 

occur throughout development, in response to environmental 
pressures (Bar and Ori 2014), or even during the 

evolutionary process across species (Vlad et al. 2014). 

To ensure the long-term sustainability of E. 

integrifolium populations, accurate identification is crucial. 

While leaflet morphology can be helpful, its limitations 

necessitate a comprehensive approach that includes other 

identification criteria and molecular techniques. This is 

especially important given the increasing challenges posed 

by global climate change. Rising temperatures in the 

species' habitat can induce drought conditions, which are 

detrimental to its preferred moist and acidic soil 

environments. Monitoring changes in leaf morphology can 

serve as an early warning system for climate change or 
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habitat disturbances like deforestation. This data can be 

used to develop effective conservation strategies for 

protecting local plant populations within these forests. 

Effective forest management requires collaboration among 

stakeholders such as managers, relevant agencies, 

researchers, and the local community. This collaborative 

approach is critical for ensuring the protection and 

preservation of this species as a valuable element of South 

Sulawesi’s Forest biodiversity. We conclude that the 

observed patterns of morphometric variation in E. 

integrifolium leaflets, particularly the distinct differences in 

selected morphological characters, highlight the potential 
for further molecular research. This knowledge can 

significantly contribute to ongoing efforts to conserve local 

genetic resources. 
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