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Abstract 

 

Ferns (Pteridophyta) are a group of vascular plants that reproduce by spores and possess true roots, stems, and leaves, as well as xylem and 

phloem tissues. This study was conducted to investigate the phenetic relationships among fern species based on their morphological 

characteristics in an oil palm plantation located in Tampaure Hamlet, Bambaira District, Pasangkayu Regency, West Sulawesi, Indonesia. A 

field exploration method was employed, and samples were collected using a free-collection technique. Morphological data were compiled 

using Microsoft Excel and subsequently analyzed through Principal Component Analysis (PCA) and the Unweighted Pair Group Method 

with Arithmetic Mean (UPGMA) in PAST version 4.03. A total of 50 individuals representing 10 fern species were identified from both 

terrestrial and epiphytic habitats, namely Sphaerostephanos heterocarpus, Diplazium dilatatum, Davallia denticulata, Asplenium nidus, 

Selaginella delicatula, Pityrogramma calomelanos, Stenochlaena palustris, Lygodium circinatum, Nephrolepis biserrata, and Pteris 

wallichiana. The UPGMA analysis revealed that Pteris wallichiana and Sphaerostephanos heterocarpus exhibited the closest phenetic 

relationship, with a similarity index of 0.88. In contrast, the most distant relationship was observed between Selaginella delicatula and 

Asplenium nidus, with a similarity index of 0.63. The PCA biplot analysis demonstrated that the major variation distinguishing fern species in 

the study area was primarily influenced by meristic traits, particularly the number of fertile pinnae, as well as overall plant size. These 

morphological characteristics contributed substantially to species differentiation and the phenetic grouping pattern observed among the 

investigated fern species. 
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INTRODUCTION 
 

Ferns (Pteridophyta) belong to the division Cryptogamae 

and are classified as cormophytes, characterized by well-

differentiated true roots, stems, and leaves (Fahmi et al., 

2025). Ferns are widely distributed across various 

habitats, ranging from primary forests and secondary 

forests to plantation ecosystems (Ulfa et al., 2023). These 

plants are commonly found in environments with high 

humidity, as such conditions favor their growth and 

reproductive processes (Majid et al., 2022). 

Environmental factors, including air humidity, light 

intensity, air temperature, soil temperature, and soil pH, 

play significant roles in determining fern diversity 

because they directly influence the survival and 

distribution of fern species (Yolla et al., 2022). Ferns can 

also serve as bioindicators of environmental conditions 

due to their sensitivity to ecological factors such as 

temperature, humidity, light intensity, and altitude. 

Variations in these environmental parameters may affect 

the occurrence, abundance, and distribution patterns of 

fern species. Consequently, the composition of fern 

communities can provide valuable information regarding 

habitat quality and environmental conditions (Adriati & 

Hutasuhut, 2025). 

Ferns constitute an important plant group in 

maintaining ecosystem stability, particularly within 

tropical regions such as Indonesia (Windari et al., 2021). 

As a tropical country, Indonesia possesses exceptionally 

high plant diversity, supported by its humid climate, 

heterogeneous habitats, and favorable environmental 

conditions (Aldiansyah et al., 2024). It is estimated that 

approximately 1,250–1,500 fern species occur in 

Indonesia, making ferns one of the oldest extant groups 

of terrestrial plants (Pramudita et al., 2021). In plantation 

ecosystems, ferns contribute to ecosystem balance and 

vegetation stability while supporting ecological functions 

that ensure the sustainability of plantation landscapes 

(Irma & Herlina, 2013). Morphological characteristics of 

roots, stems, leaves, and reproductive structures vary 

among fern species and can be utilized as important 

taxonomic characters for species identification (Listiyanti 

et al., 2022). Furthermore, the degree of similarity and 

phenetic relationships among species can be assessed 
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through a phenetic approach based on shared 

morphological characteristics, where variations in 

morphological traits are used to evaluate species 

affinities (Danong et al., 2023).  

A phenetic approach enables the assessment of 

relationships among plant species based on shared 

morphological characteristics (Qatrunnada & 

Susandarini, 2022). In phenetic analyses, species are 

grouped according to the degree of similarity in their 

morphological traits, where species exhibiting more 

shared characteristics are considered to have closer 

phenetic affinities (Palupi et al., 2023). The level of 

relatedness among organisms is determined by the extent 

of their common characteristics. Consequently, 

organisms with higher morphological similarity are 

clustered together, whereas those with fewer shared traits 

are considered more distantly related. Phenetic analyses 

are valuable for understanding patterns of species 

grouping and provide important support for taxonomic 

and biodiversity studies. Furthermore, relationship 

analyses contribute significantly to plant identification, 

classification, and taxonomic research by facilitating the 

evaluation of similarities and differences among species 

based on observable characters (Polihito et al., 2022; 

Hermawan et al., 2021). 

The oil palm plantation in Tampaure Hamlet provides 

environmental conditions favorable for the growth and 

development of various fern species. Fern communities 

in this plantation ecosystem are influenced by canopy 

cover, air humidity, and light intensity beneath the oil 

palm stands. As an important component of understory 

vegetation and a potential environmental indicator, ferns 

play a crucial role in maintaining ecosystem functions. 

Although numerous fern species are found within the oil 

palm plantation of Tampaure Hamlet, scientific 

information regarding their phenetic relationships based 

on morphological characteristics remains unavailable. 

Previous studies in similar habitats have primarily 

focused on species inventories and diversity assessments, 

while analyses of species relationships based on 

morphometric, meristic, and qualitative characters 

remain limited.Therefore, further investigation is 

required to provide a comprehensive understanding of 

the phenetic relationships among fern species occurring 

in this area. This study aimed to investigate the phenetic 

relationships of fern species based on their 

morphological characteristics in the oil palm plantation 

of Tampaure Hamlet. The findings are expected to 

contribute valuable information to biodiversity databases 

and serve as a scientific basis for future taxonomic and 

ecological studies of ferns. 

 

 

MATERIALS AND METHODS 

 

Study area  

This study was conducted in an oil palm plantation 

located in Tampaure Hamlet, Bambaira District, 

Pasangkayu Regency, West Sulawesi, Indonesia (Figure 

1). Tampaure Hamlet covers an area of approximately 

1,66 km², and the study site consisted of a 2 Ha oil palm 

plantation. The research was carried out from April to 

May 2026. 

 
 

 
Figure 1. Map of the research location in Tampaure Hamlet, Bambaira Subdistrict, West Sulawesi, Indonesia. 

 

 

Procedures 

Data Collection Techniques 

Data were collected using an exploration method with a 

free-collection sampling technique. The research began 

with the preparation of tools and materials. The initial 

stage involved collecting fern samples from their natural 

habitats in the oil palm plantation area of Tampaure 

Hamlet using the free-collection technique. The fern 
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species found at the study site were subsequently 

documented. The collected data were recorded on 

observation sheets and documented using a camera. 

 

Identification of Fern Species 
Fern species were identified using the identification book 

Eksplorasi Tumbuhan Paku (Pteridophyta) by Sianturi et 

al. (2020), which contains descriptions and illustrations 

that assist in species identification. Identification was 

conducted by examining the morphological 

characteristics of the ferns, which included three main 

categories of characters: morphometric, meristic, and 

qualitative characters, comprising a total of 40 

characters. 

 

Data Analysis 

The data collected through direct field observations were 

organized into tables using Microsoft Excel. 

Subsequently, the compiled data were analyzed using 

PAST version 4.03 software to group fern species based 

on the similarity of their morphological characteristics. 

The Unweighted Pair Group Method with Arithmetic 

Average (UPGMA) was employed to classify taxonomic 

levels based on a high degree of similarity and to 

determine the relationships among fern species, which 

were presented in the form of a dendrogram showing the 

relationships among species. 

 

 

RESULTS AND DISCUSSION 

 

Fern Species 

Ferns (Pteridophyta) belong to the division Cryptogamae 

and are classified as cormophytes because they possess 

true roots, stems, and leaves, as well as vascular tissues 

(Adlini et al., 2021). Based on the field observations, a 

total of 10 fern species comprising 50 individuals were 

recorded at the study site. Each species was represented 

by five individuals, reflecting the diversity of fern 

species found in the area (Figure 1). 
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Figure 2. Fern Species Sphaerostephanos heterocarpus (A), Diplazium dilatatum (B), Davallia denticulata (C), Asplenium nidus (D), Selaginella 
delicatula (E), Pityrogramma calomelanos (F), Stenochlaena palustris (G), Lygodium circinatum (H), Nephrolepis biserrata (I), Pteris wallichiana (J). 

 

 
 

Principal Component Analysis (PCA) 

In this study, Principal Component Analysis (PCA) was 

used to analyze the data. The results were presented in 

the form of a dendrogram to illustrate the degree of 

similarity among samples based on the observed 

morphological characteristics. As shown in the 

dendrogram, Pteris wallichiana and Sphaerostephanos 

heterocarpus exhibited the closest relationship, with a 

similarity index of 0.88. In contrast, the most distant 

relationship was found between Selaginella delicatula 

and Asplenium nidus, with a similarity index of 0.63. 

This grouping generally indicates that species with 

similar morphological characteristics tend to be included 

in the same cluster. It should be noted that the 

relationships obtained in this study represent phenetic 

relationships based on morphological similarity (Figure 

3). 
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Figure 3. Dendrogram based on Principal Component Analysis (PCA). 
 

 

Loadings Plot of PCA 

The results of the Principal Component Analysis (PCA) 

were used to determine which morphological 

characteristics most clearly distinguished the 10 fern 

species. A total of 50 individuals were analyzed, 

representing the species Sphaerostephanos heterocarpus, 
Diplazium dilatatum, Davallia denticulata, Asplenium 

nidus, Selaginella delicatula, Pityrogramma 
calomelanos, Stenochlaena palustris, Lygodium 

circinatum, Nephrolepis biserrata, and Pteris 

wallichiana. The visualization presented is a PCA 

loading plot, which shows the contribution of each 

morphological variable in explaining the variation in 

characteristics among the species. In summary, PCA was 

used to simplify complex data, making it easier to 

identify the main morphological traits that distinguish 

one species from another (Figures 4 and 5). 

 
Figure 4. The loadings plot componen 1. 
 

 
Figure 5. The loadings plot componen 2. 
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Biplot of PCA 

The results of the Principal Component Analysis (PCA) 

showed that the morphological variation of the fern 

species examined in this study could be explained by two 

principal components, namely PC1 and PC2. Most of the 

identified morphological variation was represented by 

these two components. In the first principal component 

(PC1), the characters with the highest loading values 

were the number of fertile pinnae (JPF), total plant length 

(PT), primary stipe/rachis length (PTRP), total fertile 

frond length (PTDF), and the number of sterile pinnae 

(JPS). In the second principal component (PC2), the 

characters with high loading values were the number of 

fertile pinnae (JPF), primary stipe/rachis length (PTRP), 

total plant length (PT), the number of sterile pinnae 

(JPS), and total sterile frond length (PTDS). The major 

variation distinguishing fern species at the study site was 

dominated by meristic characters, particularly the 

number of fertile pinnae (JPF), as well as plant size 

dimensions (Figure 6). 

 
Figure 6. Biplot PCA. 

 
 

Discussion 

 

This study was conducted to determine the relationships 

among fern species based on morphological 

characteristics in Tampaure Hamlet, Bambaira District, 

Pasangkayu Regency, West Sulawesi. The results 

showed that fern species in the oil palm plantation area 

of Tampaure Hamlet exhibited considerable 

morphological diversity. Sampling was carried out using 

an exploration method with a free-collection sampling 

technique. Environmental conditions at the study site 

included an average temperature of 33.6 °C, air humidity 

of 79%, soil pH of 6.5, and light intensity of 997.8 lux. A 

total of 10 fern species were identified, namely 

Sphaerostephanos heterocarpus, Diplazium dilatatum, 

Davallia denticulata, Asplenium nidus, Selaginella 

delicatula, Pityrogramma calomelanos, Stenochlaena 

palustris, Lygodium circinatum, Nephrolepis biserrata, 

and Pteris wallichiana. The distribution and growth of 

ferns are mainly influenced by environmental factors 

such as temperature, air humidity, light intensity, and soil 

pH (Kirno et al., 2018). In addition, variations in 

microhabitat conditions determine the distribution of 

species found in the field (Arise & Sofiyanti, 2023). 

Using the UPGMA method, cluster analysis was 

performed to group species based on shared 

morphological characteristics. The greater the number of 

similar characters shared among species, the closer their 

positions are in the resulting dendrogram (Rizanda et al., 

2024). Studies of relationships based on morphological 

characteristics produce a dendrogram that illustrates 

species grouping according to the degree of 

morphological similarity. In general, species belonging 

to the same group share more characteristics than species 

from different groups, indicating closer phenetic 

relationships (Ramadhani & Purnomo, 2023). The 

dendrogram showed that the degree of relationship was 

determined by the similarity coefficient. The higher the 

similarity value between two species, the closer their 

relationship. Species pairs with a similarity coefficient of 

0.77 were considered to have a very close relationship, 

whereas species with a coefficient of 0.64 exhibited a 

more distant relationship. Differences in similarity values 

reflect the number of morphological characters shared 

among the species (Pohlito et al., 2022). 

Principal Component Analysis (PCA) can reduce a 

large number of variables into several principal 

components that account for most of the variation in the 

data, thereby facilitating the identification of the most 

important variables (Maulana et al., 2022). 

Morphological variation in ferns, such as frond shape, 

frond size, sorus type, and habitat, represents 

characteristics that are commonly used to distinguish 

species and explain patterns of variation among taxa 

(Rachman et al., 2025). PCA was used to reduce 

morphological characters into several principal 

components that explain the greatest variation among 

species. Based on studies of several fern species, PCA 



 

 
 

1236 Biology, Medicine, & Natural Product Chemistry 15 (1), 2026: 1231-1237 

 

 

has shown that morphological variation among fern 

species is mainly influenced by vegetative traits, 

including frond shape and size, stipe structure, and sorus 

characteristics (Sofiyanti et al., 2021). Morphological 

characteristics of fronds are particularly important in 

distinguishing fern species because considerable 

differences exist among taxa. Variations in the size, 

shape, and arrangement of secondary fronds can be used 

to explain patterns of morphological variation within a 

particular fern group (Aini et al., 2022). 

PCA and biplot analyses identify morphological 

characters that contribute to species diversity, with a 

cumulative variation of 70.79%. This indicates that 

characteristics with high loadings in the principal 

components play a significant role in the formation of the 

groups, whereas characteristics with low loadings 

contribute less to the observed variability. PC1 and PC2 

were used in the biplot interpretation because they were 

able to represent most of the information contained in the 

original data (Hetharie et al., 2018). The PCA results 

produced a biplot graph illustrating the distribution of 

measurement values based on morphological 

characteristics (Maulana et al., 2022). Based on PC1 and 

PC2, a biplot was constructed because these two 

components accounted for most of the variation and 

values, thereby representing the majority of the observed 

data variation. PC1 explained 51.56% of the variation, 

whereas PC2 explained 27.77% of the variation 

(Karuniawan et al., 2021). PC1 had the largest 

eigenvalue and explained most of the variance, while 

PC2 explained the next largest proportion of variance 

(Dwiana et al., 2025). 

 

 

CONCLUSIONS 

 

This study successfully identified ten fern species in 

Tampaure Hamlet, Bambaira District. The presence of 

various fern species indicates that the environmental 

conditions in the area provide suitable habitats to support 

fern diversity. Relationship analysis using the UPGMA 

method revealed differences in the degree of 

morphological similarity among species, which 

collectively formed several related species groups. The 

findings of this study demonstrate that morphological 

characteristics remain important for understanding the 

phenetic relationships among fern species. 
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