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Abstract. Supartono T, Adhya I, Kosasih D, Wildani W. 2023. Tree species diversity adapted to Pinus merkusii forests in Gunung 
Ciremai National Park, West Java, Indonesia. Biodiversitas 24: 4314-4323. One of the challenges faced in rehabilitating pine forests in 
conservation areas is the limited information on plant species capable of adapting to these ecosystems. This study aimed to analyze the 

diversity of tree species that grow and adapt to pine forests and the relationship of natural forests with the vegetation characteristics of 
pine forests. The research was conducted in pine forests bordering natural forests and far from natural forests using the sample plot 
method. The study recorded 44 species from 27 families of seedlings, 46 species from 21 families of saplings, 25 species from 18 
families of poles, and 24 species from 17 families of trees. Accumulation of species from all growth stages recorded 83 species (76 local 
species and 7 cultivated species) from 39 families. Based on the species accumulation curve, pine forests adjacent to natural  forests have 
more species than those far from natural forests. Individual and family density in pine forests adjacent to natural forests were also higher 
than the density of these two variables in pine forests far from natural forests. Furthermore, both the pine forest adjacent to the natural 
forest and that far from the natural forest, each has its own species peculiarities. The results indicate that the existence of natural forests 

has an important role as a source of biodiversity for the surrounding ecosystem. As an implication of this study, species that can grow to 
the level of poles and trees can be recommended as rehabilitation plants in the Pinus merkusii Jungh. & de Vriese forests in Gunung 
Ciremai National Park, Indonesia because pine is not a local species and the allelopathy it releases can reduce plant diversity. 
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INTRODUCTION 

National Park is a conservation area to maintain 

ecosystem authenticity (Yang et al. 2021) and provide 

environmental services (Sæþórsdóttir et al. 2022; Budiman 

et al. 2023). However, several national parks are 

experiencing degradation due to various factors (Deni et al. 
2019; Clarke 2020). Taman Nasional Gunung Ciremai 

(TNGC) in Indonesia one of the national parks that 

experienced changes in several places. The changes 

occurred from a natural to Pinus merkusii forest. The 

replacement was made by Perum Perhutani KPH Kuningan 

when Gunung Ciremai functioned as a production forest. 

The pinus is not a local TNGC even though it is naturally 

distributed in Sumatra Island in Indonesia (Imanuddin et al. 

2020). Meanwhile, the purpose of changing the function is 

to maintain local species and the authenticity of the 

ecosystem. The conversion of a forest ecosystem, including 
into a pine forest, has reduced biodiversity (Perry et al. 

2016; Uribe et al. 2021; Semenchuk et al. 2022). Pine 

forests, referring to other cases, have caused water 

availability problems because this species consumes a lot 

of water than other types (Pramono et al. 2017). Therefore, 

efforts to restore the ecosystem need to do to increase 

ecosystem services and local species populations. 

However, logging cannot be carried out in theconservation 

area. Therefore, the recovery is by enriching and increasing 

the population of local species. The types of plants used are 

those that can adapt to pine forests. This is because the pine 

produces allelopathy (Santonja et al. 2019), which can 

inhibit the growth of other species (Bertolacci et al. 2018). 

One way to find out which species are adaptable is to 

identify the species that grow naturally down to the level of 

poles and trees in the pine forest. Local species that can 

grow to the level of poles and trees are considered species 
that have been able to adapt to the pine forests. 

Manypublications are related to pine forest ecosystems 

with various themes (Fan et al. 2021; Lázaro-Lobo et al. 

2022; Tomback et al. 2022; Vázquez-Veloso et al. 2022). 

Specifically related to biodiversity in pine forests, several 

researchers who have conducted research include Wang et 

al. (2021) in the P. massoniana forest in the Southeastern 

region of China, Randriambanona et al. (2019) in the P. 

patula forest in Madagascar, Li et al. (2020) in the P. 

yunnanensis forest in Yunan Province, China, Trujillo-

Miranda et al. (2021) in a forest of P. patula in Southern 
Mexico, Stokes et al. (2010) in the P. palustris forest in 

Northeast Alabama, Becerra and Simonetti (2020) in the P. 

radiata forest in Chile, and Sukhbaatar et al. (2018) in the 

forests of P. sylvestris in the Northern Mongolia region. 

Those are examples of studies on the diversity of tree 

species in pine forests. However, these studies were not 

conducted in P. merkusii forests. 

The publication -on the diversity of trees adapted to P. 

merkusii forests is limited. However,the publications are 

generally related to resin production (Hadiyane et al. 2015; 

Wijayanto et al. 2019; Indrajaya 2020; Sukarno et al. 2020; 

Mukhlisa and Dwiyanti 2021; Alam et al. 2023; Samis et 
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al. 2023). Meanwhile, several publications related to tree 

diversity are by Siswo et al. (2019), Natalia et al. (2020), 

and Itawamerni et al. (2021). Furthermore, Supartono et al. 

(2022) conducted research in the P. merkusii forest in the 

TNGC; this research was only carried out in one place far 

from natural forest. In TNGC, there are also pine forests 

bordering natural forests. In addition, research of tree 

species diversity adapted to pine forests based on distance 

from natural forests is still difficult to find. 

In this regard, the purpose of this study was to analyze 
the diversity of tree species that can grow and adapt to pine 

forests, and the relationship between the presence of 

natural forests and vegetation characteristics in pine forests. 

Furthermore, the results of this study are also expected to 

be considered in selecting species for restoring P. merkusii 

forests in TNGC and other protected areas. The restoration 

is important to maintain biodiversity and environmental 

services (Wan et al. 2020) including water availability 

needed by the community. Therefore, the implementation 

of this study is not only imprortant for biodiversity but also 

for the community. 

MATERIALS AND METHODS 

Study area 

The research was conducted in two locations in Gunung 

Ciremai National Park (TNGC) forest area of West Java 

Province, Indonesia. The first location is adjacent to the 

natural forest, and the second is far from the natural forest 

(Figure 1). The land cover for both locations is old pine 

forest planted around the early 1990s. This first location is 

the Karangsari Research Station, managed by the Faculty 

of Forestry and Environment, Universitas Kuningan, 

Indonesia in collaboration with the Kuningan Region I 
National Park Management Section, TNGC. 

Procedures 

The tools and materials needed for this research 

included writing tools, a hip chain to measure the length of 

the observation path, a camera to document tree species 

that had not yet been identified, and a machete to open 

pathways of sample plots when collecting data. The data 

type collected included the name of the plant species and 

the number of individuals of each species for the growth 

rate of seedlings and saplings, as well as the name of the 

species and stem diameter at breast height for the growth 

rate of poles and trees (Soerianegara and Indrawan 2005).  

Data was collected by sampling with sample plot sizes 

following the Gentry (1982) method, namely 2 m x 50 m. 
Furthermore, using this method, the researcher walked 

toward the observation path in the middle of the sample 

plots and recorded all species and individuals for the 

growth rates of seedlings, saplings, poles, and trees. Thus, 

all growth rates are collected in the same grid. Species with 

unknown scientific names were photographed using a 

camera, then submitted to plant taxonomists from Botanical 

Lab. at The Directorate of Scientific Collection Management 

of BRIN, formerly known as LIPI, to be identified.  

Furthermore, one sample plot with another was made 

continuously, formed an elongated observation path, and 
was placed perpendicular to the contour lines. In pine 

forests adjacent to natural forests, the starting point of the 

sample plots was at the edge of the patrol road. It reached 

the natural forest boundary for each observation route, so 

the number of sample plots varied. The distance between 

observation paths also varied according to ease of 

accessibility because many research locations are steep and 

cliffs. In addition, sample plots were made starting from 

the outermost part of the pine stand in a pine forest far from 

the natural forests. The number of sample plots on each 

route and the distance between lanes also varied due to 
accessibility, as in a pine forest bordering a natural forest. 

The total sample plots in pine forests bordering natural 

forests were 43, while the total sample plots in locations far 

from natural forests were 88. Thus, the total number of 

sample plots at both types of locations was 131 plots. 

 
 

 

Figure 1. Research locations. A. Map of the Taman Nasional Gunung Ciremai area (West Java, Indonesia). B. The position of the data 
collection path. The red lines are observation paths placed in pine forests far from natural forests, while the black lines are observation 
paths in pine forests adjacent to natural forests 
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Data analysis 

Vegetation data analysis was carried out descriptively 

(Mustari and Pasaribu 2019). The data analyzed includes 

density (ind/ha), frequency, dominance (m2/ha), relative 

density, relative frequency, relative dominance, and 

important value index (Soerianegara and Indrawan 2005), 

with the following formula: 

 

Density (ind/ha) 

Ki = number of individuals of type i / total area of sample 
plots 

 

Dominance (m2/ha) 

Di = area of the base of type i / total area of the sample plot 

 

Relative density (%) 

KR = (density of i-th species / total density of all species) x 

100% 

 

Relative dominance (%) 

DR = (dominance of i-th species / total dominance of all 
species) x 100% 

The Important Value Index (IVI) 

The Important Value Index (IVI) of seedlings and saplings 

= FR + KR 

The Important Value Index (IVI) of poles and trees = FR + 

KR + DR 

 

Species diversity data were analyzed by accumulating 

all the species found in the sample plots and constructing a 

relationship curve between the number of plots and the 

number of species accumulated using microsoft excel. On 
this curve, the X-axis is for the number of tiles created, and 

the Y-axis is for the number of types accumulated. 

Furthermore, to determine the relationship between the 

presence of natural forests and the condition of the 

vegetation in pine stands, a comparison of several variables 

was carried out between pine forests adjacent to natural 

forests and pine forests far from natural forests. The 

variables that were compared were species diversity and 

individual density for each growth stage. The Simpson 

index for each growth rate is used in this analysis 

(Magurran 2003). Correspondence analysis (Costa et al. 

2018) was also used to identify plant species that were the 
difference between pine forests adjacent to natural forests 

and far from natural forests. 

RESULTS AND DISCUSSION 

Species diversity 

Research has recorded as many as 542 individuals from 

83 species and 39 families of all growth levels. Based on 

the growth rate of these species; there are 44 species from 

27 families for seedling growth rate, 46 species from 21 

families for saplings, 25 species from 18 families for poles, 

and 24 species from 17 families for trees. Most of these 

species are from the pioneer tree groups. The number of 
species resulting from this study was more than those from 

the study by Supartono et al. (2022), who obtained 23 

species. The difference is due to differences in the number 

of sample plots; This study was conducted on a larger 

number of sample plots than that of Supartono et al (2022). 

In addition, in the Wanagama I forest of Gunung Kidul, as 

many as 33 species of plants live in pine stands, but it is not 

stated how many species come from groups of trees 

(Widodo et al. 2010). Furthermore, the number of species 

at the study site is higher than those on the forest's edge, 

which is also part of the TNGC, namely 30 species from 22 
families (Iskandar et al. 2021). These results indicate that 

the species diversity in the P. merkusii forest is still higher 

than the number of species in the secondary forest on the 

edge of the TNGC. Moreover, previous studies on various 

types of land cover in the TNGC have recorded as many as 

94 tree species (Hidayat et al. 2022); this number is higher 

than in the study location. Thus, the results of this study 

and previous studies have provided information that many 

factors, including converted land from natural to plantation 

forests, influence the level of biodiversity in that place.  

Pine is a type of plant that secrete substances to inhibit 
the growth of other types for its survival (Anwar et al. 

2019). The presence of these substances causes only certain 

species to be able to grow under pine stands. This study's 

results indicate that 83 plant species can adapt to pine 

stands. 

The research obtained as many as 7 types of cultivated 

plants from 83 species recorded, so 76 species were 

classified as local species. These types are African wood 

(Maesopsis eminii), avocado (Persea americana), 

mahogany (Sweitenia macrophylla), suren (Toona sureni), 

gmelina (Gmelina arborea), jackfruit (Artocarpus 
heterophyllus), and manglid (Michelia velutina). M. eminii 

and P. americana were found at the seedling to tree levels; 

S. macrophylla, T. sureni, and G. arborea were found at 

the tree level; M. velutina was found at the sapling to tree 

levels; and A. heterophyllus was found at the sapling and 

tree levels. There are many types of cultivated plants 

because the pine forest were originally included as 

production forests, and these types were introduced 

(Gunawan 2015) as intercrops or agroforestry plants. Of 

the cultivated species, M. eminii has the potential to 

become an invasive species (Epila et al. 2017; Handayani 

and Hidayati 2020); therefore, its presence in TNGC must 
be controlled. The presence of invasive species in an 

ecosystem can reduce plant diversity (Solfiyeni et al. 

2022). The M. eminii produces fruit all year round, whose 

seeds can be dispersed by animals, and has the ability to 

grow well in new environments with a variety of conditions 

(Epila et al. 2017).  

 

Dominance 

Data analysis has also calculated the importance value 

index for each species to determine the dominant species in 

the pine forest. The research has shown that the species that 
dominate the growth rate of seedlings are Macaranga 

tanarius, Oreocnide rubescens, and Litsea umbellata; at the 

sapling level are O. rubescens, Ficus fistulosa, and F. 

ribes; at pole level are F. fistulosa, M. velutina, and O. 

rubescens; and at the tree level were P. americana, M. 
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tanarius, and Trema cannabina (Table 1). Previous 

research on pine forests at different locations in TNGC 

obtained results that the dominant species for the seedling 

stage were Trevesia sundaica, Elaeocarpus stipularis, and 

F. fistulosa; for the sapling stage were T. sundaica, E. 

stipularis, and F. ribes; for the pole level were T. sundaica, 

F. fistulosa, and S. macrophylla (Supartono et al. 2022). In 

the Watujali and Silengkong Kebumen pine forests, the 

species that dominate other than pine are Casia seamea, 

Laportea sinuata, and F. septica (Siswo et al. 2019). Other 
studies stated that Coffea robusta, Eugenia cuprea, and 

Calliandra calothyrsus were common species found in 

degraded areas in TNGC (Gunawan 2015). Based on the 

observations in the field, C. robusta and C. calothyrsus 

were often found at the study site, but were not recorded. 

This is because the recording is focused on pioneer tree 

species, from the growth stage of the seedlings to the trees. 

The planting of this type of coffee was carried out when 

Perum Perhutani still managed it. Coffee planting under P. 

merkusii stands is commonly carried out by Perum 

Perhutani through an agroforestry system, as is also done in 
the Rancakalong location, Sumedang District (Kinasih et 

al. 2016) and Cilengkrang, Bandung District (Iskandar et 

al. 2018). 

The most common species were from the Laurace and 

Moraceae families, with 13 species and 9 species, 

respectively. The most common total individuals were from 

Moraceae and Urticaceae, with 107 and 96 individuals, 

respectively. Individuals from the Lauraceae family are 

also among the most common individuals (Table 2).  

The results of this study are also in line with the results 

of research by Itawarnemi et al. (2021), where Lauraceae 

and Moraceae are the families that dominate the P. 

merkusii Janto forest, Aceh Besar, after Anacardiaceae and 

Sterculiaceae. Lauraceae is a typical tropical rainforest 

plant (Kostermans 1957) with many species; for example, 

in Taiwan, it can reach up to 76 species and is often found 

at 1,500 meters above sea level (Sheu et al. 2020). 

Moraceae is a plant widely distributed in tropical and 

subtropical climates and has more than 1000 species 
(Somashekhar et al. 2018).  

 

 
Table 2. List of 15 families of tree species that have a large 
number of individuals and a large number of species 
 

Families Number of species Number of individuals 

Moraceae 9 107 
Urticaceae 5 96 
Lauraceae 13 83 
Euphorbiaceae 6 76 
Myrtaceae 3 34 
Malvaceae 3 21 

Magnoliaceae 1 14 
Rhamnaceae 1 14 
Proteaceae 2 13 
Meliaceae 3 10 
Canabaceae 1 8 
Araliaceae 1 7 
Fabaceae 6 7 
Melastomataceae 1 7 

Phyllanthaceae 2 6 

 

 

 
Table 1. List of types of growth rates of seedlings, saplings, poles, and trees that have the highest IVI 5 in the Pinus merkusii forest in 
Gunung Ciremai National Park, Indonesia 
 

Scientific name Family Plot Obs. Freq. D (ind/ha) IVI (%) 

Seedling       
Macaranga tanarius Euphorbiaceae 20 38 0.15 29.01 30.27 
Oreocnide rubescens Urticaceae 11 28 0.08 21.37 19.76 
Litsea umbellata Lauraceae 13 23 0.10 17.56 18.93 
Ficus ribes Moraceae 12 21 0.09 16.03 17.37 
Ficus fistulosa Moraceae 11 15 0.08 11.45 14.06 

Sapling       
Oreocnide rubescens Urticaceae 17 51 0.13 38.93 42.71 
Ficus fistulosa Moraceae 12 18 0.09 13.74 20.20 
Ficus ribes Moraceae 9 12 0.07 9.16 14.32 
Macaranga tanarius Euphorbiaceae 9 11 0.07 8.40 13.77 
Litsea umbellata Lauraceae 6 10 0.05 7.63 10.65 

Pole       
Ficus fistulosa Moraceae 10 14 0.08 10.69 45.38 

Michelia velutina Magnoliaceae 8 10 0.06 7.63 36.21 
Oreocnide rubescens Urticaceae 7 9 0.05 6.87 28.88 
Macaranga tanarius Euphorbiaceae 5 6 0.04 4.58 20.35 
Ficus grossularioides Moraceae 5 5 0.04 3.82 19.88 

Tree       
Persea americana Lauraceae 8 9 0.06 6.87 51.39 
Macaranga tanarius Euphorbiaceae 5 5 0.04 3.82 28.73 
Trema cannabina Canabiaceae 3 4 0.02 3.05 25.65 
Syzygium sp. Myrtaceae 3 3 0.02 2.29 19.70 

Ficus sp.1 Moraceae 1 1 0.01 0.76 18.09 
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In the research by Wang et al. (2021) at five locations 

of P. massoniana stands in Hetian Town, China, the 

dominating families were Theacea, Fabaceae, Rosaceae, 

and Hamamelidaceae. In the P. patula forest in 

Madagascar, the species that dominates besides pine is the 

Myrtaceae family (Randriambanona et al. 2019). This 

study included the total number of individuals from the 

Myrtacea family in the 5 most common families. The 

comparison of the number of families between pine forests 

adjacent to natural forest and far from natural forest for 
growth rates of seedlings, saplings, poles and trees can be 

seen in Table 5 along with their explanations. 

The relations of the existence of natural forest and 

vegetation characteristics 

This research has recorded 45 species of plants (from 

23 families), from seedlings to trees in pine forests 

bordering natural forests and 48 species (from 27 families) 

in pine forests far from natural forests. By constructing a 

relationship curve between the number of species and the 

number of sample plots (Deng et al. 2015), where the X-

axis is the number of observation plots, and the Y-axis is 
the accumulation of species, the curve formed for pine 

forests bordering natural forests has a higher slope, higher 

than the curve for pine forest far away from the natural 

forest (Figure 2). At least two pieces of information can be 

obtained from the curve formed in Figure 2. First, the 

number of species in the two locations can increase when 

the number of sample plots is added. Second, the number 

of species in pine forests adjacent to natural forests is 

predicted to be higher than those in pine forests far from 

natural forests. An overview of the species that predominate in 

pine forests for each growth stage is presented in Table 1 
along with their explanations. 

The results of this study indicate that the presence of 

natural forests positively influences plant diversity in the 

surrounding ecosystems. In the theory of island biogeography 

(MacArthur and Wilson 1967), the existence of natural 

forests acts as the main island, and pine forests can act as 

the surrounding islands; the main island is a source of 

biodiversity. According to this theory, biodiversity on 

islands close to natural forests will be higher than on 

islands far from natural forests (Matthews et al. 2005). 

Thus, this study's results align with the theory of the 

island's biogeography, where pine forests that are close to 
natural forests have a higher diversity of tree species 

compared to pine forests that are far from natural forests. 

The description also provides information about the 

importance of natural forests as a source of biodiversity. 

In this study, the number of sample plots in pine forests 

far from the natural forest was more than the number of 

sample plots made in pine forests that were close to the 

natural forest due to ease of access. Therefore, it is 

necessary to standardize the total area of sample plots for 

the number of individuals (ind/ha) and the number of 

sample plots for the number of species (species/plot), and 
the number of families (family/plot) so that comparisons 

can be made between the two locations. After standardization, 

the individual density values in pine forests adjacent to 

natural forests were greater than those far from natural 

forests for all growth stages (Figure 3) and significantly 

different (P<0.001 for seedlings and saplings and P=0.025 

for poles), except at the tree level (P=0.672). The 

conditions were the same for species density (Figure 4) and 

family density (Figure 5); both variables have a greater 

value in forests adjacent to natural forests than those far 

from natural forests. Tests of mean differentials on species 

densities yielded significant differences at both the seedling 
and sapling levels (P<0.001) and poles (P=0.032), whereas 

at the tree level they were not significantly different 

(P=0.642). Likewise for family density, the levels of 

seedlings and saplings (P<0.001) and poles (P=0.038) were 

significantly different, except for tree height (P=0.612). 

This study aligns with the results of Magnago et al. (2015); 

the closer a place is to a large natural forest, the higher the 

species diversity, especially local species. Also, research by 

Al-Namazi and Bonser (2022) stated the farther from the 

source area, the lower the individual density. That also 

shows that the presence of natural forest has a positive 
effect on individual density and species diversity. The 

species found from the two types of pine forest locations 

have different important index values and these indices are 

used to determine the dominant species (Tables 3, 4, 5, and 6). 

Locations close to natural forest will have a greater 

chance of getting the distribution of species compared to 

locations far away. Wind can aid species dispersal (Wan et 

al. 2017; Nazareno et al. 2021) by flying very small seeds 

and discarded wildlife (Chen et al. 2017; Chandru et al. 

2020) through the poop. The distribution model determines 

the distance of seeds that animals can spread (Chen et al. 
2017). Other studies have also shown that seed dispersal 

distance is affected by the degree of habitat fragmentation 

(Nield et al. 2020). In the case of gibbon dispersal, the 

average distance of seeds that can be spread is about 223.9 

m from the parent tree (Adyn et al. 2022). These descriptions 

are one of the reasons the number of species and the 

density of individual trees and their young are higher in 

pine forests adjacent to natural forests than those far from 

natural forests.  

Data analysis has also calculated the Simpson Index 

value. The index value for all growth rates in pine forests 

adjacent to natural forests tends to be greater than in pine 
forests far from natural forests (Figure 6). The value of the 

Simpson Index relates to the number of individuals of each 

species, the more uneven the number of individuals for 

each species the greater the value of the index (Magurran 

2003). These results show that the number of individuals of 

each species in pine forests adjacent to natural forests 

varies more than in pine forests far from natural forests. 

Because the existence of species in an area is influenced by 

various environmental factors (Chen et al. 2014; Yilmaz et 

al. 2017), then this study also shows that environmental 

conditions in locations bordering natural forests are also 
more diverse. Furthermore, these diverse conditions may 

be related to its position close to natural forests. 
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Figure 2. The relationship curve between species accumulation and the number of sample plots 

 
 
 

 
 

Figure 3. Comparison of tree density (ind/ha) between pine forest 
adjacent to natural forest and pine forest far away from the natural 
forest for the growth rate of seedlings, saplings, poles, and trees 
 

 
 

Figure 4. Comparison of species density (species/plots) between 
pine forests adjacent to natural forests and pine forests far away 
from the natural forest for growth rates of seedlings, saplings, 

poles, and trees 
 

 
 

 
 
Figure 5. Comparison of family densities (families/plots) between 
pine forests adjacent to natural forests and pine forests far away 

from the natural forest for growth rates of seedlings, saplings, 
poles, and trees 

 
 
Figure 6. Simpson index for growth rates of seedlings, sapling, 
poles, and trees in pine forests adjacent to natural forests and far 

from natural forests 
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The plant species at the seedling level that dominate the 

pine forest close to the natural forest are M. tanarius, O. 

rubescens, and F. ribes. Meanwhile, the species that 

dominated the pine forest away from the natural forest for 

the same growth rate were L. umbellata, Syzygium sp., and 

F. fistulosa (Table 3). 

The sapling-level plant species that dominate the pine 

forest close to the natural forest are O. rubescens, M. 

tanarius, and F. fistulosa. Meanwhile, the species 

dominating the pine forest away from the natural forest for 
the same growth rate were L. umbellata, F. fistulosa, and 

O. rubescens (Table 4). 

The pole-level plant species that dominate the pine 

forest close to the natural forest are F. fistulosa, O. 

rubescens, and M. tanarius. Meanwhile, the species that 

predominated in pine forests far from natural forests for the 

same growth rate were M. velutina, F. fistulosa, and P. 

americana (Table 5). 

The tree-level plant species that dominate the pine 

forest close to the natural forest are M. tanarius, T. 

cannabina, and Ficus sp. Meanwhile, for the same growth 
rate, the species that dominated the pine forests far from 

natural forests were P. americana, Syzygium sp., and 

Hibiscus macrophyllus (Table 6). This research also shows 

that the distance from natural forests indirectly affects the 

dominant plant species. For example, P. americana, which 

dominates pine forests far from natural forests, is the result 

of plantations. Pine forests far from natural forests are 

closer to settlements, while pine forests adjacent to natural 

forests are far from settlements. Therefore, people will 

choose locations closer to settlements to plant avocados 

compared to locations far away so that cultivated plants 

dominate locations far from natural forests. M. eminii 

dominates locations far from natural forests, presumably 

for the same reasons as P. americana. 

Based on the results of this study, the genus Ficus was 
always found in both types of study sites, both for the 

growth rate of seedlings, saplings, poles, and trees. These 

Ficus generally belong to the dominating types. That shows 

the Ficus genus has a good adaptation to the pine forests 

level. Previous researchers also mentioned that Ficus can 

adapt to various climatic conditions (Polat and Caliskan 

2008). The high adaptability of Ficus is due to its diverse 

growth forms, which can be trees, shrubs, climbers and 

scramblers, epiphytes, hemi-epiphytes, or lithophytic 

(Rønsted et al. 2008; Wijaya and Defiani 2021). Birds, bats, 

primates, and civets can assist Ficus in dispersing their 
seeds (Lomáscolo et al. 2010; Nakabayashi et al. 2019). 

These species, especially birds and bats, can explore quite 

far. It is also suspected that the cause of Ficus can be found 

in both research locations, in addition to the high ability to 

adapt. 
 

 

 
Table 3. List of 10 seedling-plant species that have the largest IVI (%) in each pine forest adjacent to natural forest and that far from 

natural forest  
 

Adjacent to natural forest Far from natural forest 

Scientific name Family IVI (%) Scientific name Family IVI (%) 

Macaranga tanarius Euphorbiaceae 50.76 Litsea umbellata Lauraceae 44.68 
Oreocnide rubescens Urticaceae 34.19 Syzygium sp. Myrtaceae 27.72 

Ficus ribes Moraceae 26.37 Ficus fistulosa Moraceae 23.32 
Microcos paniculata Malvaceae 20.95 Maesopsis eminii Rhamnaceae 17.75 
Ficus fistulosa Moraceae 6.88 Memecylon myrsinoides Melastomataceae 13.66 
Trevesia sundaica Araliaceae 6.67 Mallotus puniculatus Euphorbiaceae 8.09 
Actinodaphne glomerata Lauraceae 5.94 Alangium rotundifolium Cornaceae 5.18 
Dysoxylum densiflorum Meliaceae 5.94 Nothaphoebe umbellata Lauraceae 5.18 
Ostodes paniculata  Euphorbiaceae 5.94 Litsea angulata Lauraceae 5.18 
Helicia sp. Proteaceae 4.69 Planchonella valida Lecythidaceae 5.18 

 
 

 
Table 4. List of 10 sapling plant species that have the largest IVI (%) in each pine forest adjacent to natural forest and that far from 
natural forest 

 

Adjacent to natural forest Far from natural forest 

Scientific name Family IVI (%) Scientific name Family IVI (%) 

Oreocnide rubescens Urticaceae 53.04 Litsea umbellata Lauraceae 28.96 
Macaranga tanarius Euphorbiaceae 21.41 Ficus fistulosa Moraceae 24.27 
Ficus fistulosa Moraceae 17.35 Oreocnide rubescens Urticaceae 23.19 
Ficus ribes Moraceae 17.02 Syzygium sp. Myrtaceae 15.14 
Helicia sp. Proteaceae 9.43 Persea americana Lauraceae 12.92 
Actinodaphne glomerata Lauraceae 6.58 Ficus ribes Moraceae 9.13 

Ficus grossularioides Moraceae 6.58 Homalanthus populneus Euphorbiaceae 7.57 
Ostodes paniculata  Euphorbiaceae 6.58 Leucaena leucocephala Fabaceae 7.57 
Neolitsea javanica Lauraceae 5.55 Michelia velutina Magnoliaceae 7.57 
Actinodaphne macrophylla Lauraceae 5.22 Syzygium polyanthum Myrtaceae 7.57 
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Table 5. List of 10 pole plant species that have the largest IVI (%) in each pine forest adjacent to natural forest and that far from natural forest 
 

Adjacent to natural forest Far from natural forest 

Scientific name Family IVI (%) Scientific name Family IVI (%) 

Ficus fistulosa Moraceae 62.64 Michelia velutina Magnoliaceae 62.44 
Oreocnide rubescens Urticaceae 60.67 Ficus fistulosa Moraceae 32.93 
Macaranga tanarius Euphorbiaceae 39.81 Persea americana Lauraceae 31.89 
Trema cannabina Canabaceae 27.98 Syzygium sp. Myrtaceae 28.67 

Ficus sp. Moraceae 25.38 Ficus grossularioides Moraceae 28.35 
Ficus ribes Moraceae 13.74 Ficus ribes Moraceae 19.54 
Litsea angulata  Lauraceae 9.99 Syzygium polyanthum Myrtaceae 15.30 
Glochidion zeylanicum Phyllanthaceae 9.38 Hibiscus macrophyllus Malvaceae 14.46 
Gmelina arborea Verbenaceae 9.24 Toona sureni Meliaceae 12.68 
Saurauia blumeana Actinidiaceae 8.82 Pipturus argenteus Urticaceae 8.33 

 

 
Table 6. List of 10 tree plant species that have the largest IVI (%) in each pine forest adjacent to natural forest and that far from natural forest 
 

Adjacent to natural forest Far from natural forest 

Scientific name Family IVI (%) Scientific name Family IVI (%) 

Macaranga tanarius Euphorbiaceae 77.69 Persea americana Lauraceae 82.71 

Trema cannabina Canabaceae 67.14 Syzygium sp. Myrtaceae 31.96 
Ficus sp. Moraceae 43.90 Hibiscus macrophyllus Malvaceae 22.33 
Saurauia blumeana Actinidiaceae 19.45 Maesopsis eminii Rhamnaceae 20.72 
Actinodaphne glomerata Lauraceae 16.53 Ficus grossularioides Moraceae 19.28 
Gmelina arborea Verbenaceae 15.98 Swietenia marcophylla Meliaceae 16.67 
Artocarpus heterophyllus Moraceae 15.47 Syzygium polyanthum Myrtaceae 16.55 
Maesopsis eminii Rhamnaceae 15.15 Michelia velutina Magnoliaceae 16.47 
Helicia sp. Proteaceae 14.55 Toona sureni Meliaceae 10.89 
Unidentified - 14.15 Albizia lebbekoides Fabaceae 10.19 

 
 

 
 
Figure 7. Correspondence analysis between pine forests adjacent 
to natural forests and pine forests far from natural forests based on 

plant species composition 
 
 

Correspondence analysis has been carried out to 

determine the peculiarities of both types of pine forests 

based on species composition. As shown in Figure 7, 

typical species of pine forests far from natural forests are 
Alangium rotundifolium (number 3), Albizia lebbekoides 

(number 4), Albizia procera (number 5), and Albizia sp. 

(number 6). Meanwhile, typical species of pine forests 

bordering natural forests are Actinodaphne glomerata 

(number 1), Actinodaphne macrophylla (number 2), 

Castanopsis argentea (number 10), Cinnamomum sintoc 

(number 12), Ficus ribes (number 25), Macaranga tanarius 

(number 44), and O. rubescens (number 57). This research 
has not been able to answer the cause of the emergence of 

distinctive types for each of these pine forests. However, 

the presence of a species in a habitat is influenced by 

various factors such as geological, climatic, topographic, 

solar radiation, canopy density, altitude, slope gradient, 

surrounding population density, land use type, human 

activity, and other biotic (Chen et al. 2014; Yilmaz et al. 

2017). 

Conservation implications 

TNGC is one of the conservation areas with a pine 

forest. Even though P. merkusii, which in the TNGC is an 

introduced species, is not allowed to be logged because it is 
in a conservation area. Therefore, to slowly restore pine 

forests that were previously natural forests to their original 

condition, efforts can be made to increase local species and 

populations of species. Local species proven to adapt to 

pine forests can be used for population addition and species 

enrichment. This study assumes that the species that adapt 

have been able to live up to the growth level of poles and 

trees in a pine forest. Both growth rates are considered 

mature and capable of producing offspring in the form of 

fruit production. From the results of this study, 28 local 

species could live up to the growth level of poles and trees. 
Of these species, the ten most common are F. fistulosa, M. 

tanarius, O. rubescens, F. grossularioides, Syzygium sp. T. 

cannabina, F. ribes, H. macrophyllus, S. polyanthum, and 
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Ficus sp. Thus, this study obtained 28 species that could be 

recommended for population addition and enrichment in 

pine forests, prioritizing the 10 most common species. 

In conclusion, there were 76 local species capable of 

growing on P. merkusii forests. The diversity and individual 

density of local species occupying P. merkusii forests are 

related to the presence of natural forests. Hence, the 

presence of natural forests has an important role as a source 

of biodiversity for the surrounding ecosystem. Of the total 

species found, 28 are recommended for rehabilitating areas 
turned into P. merkusii forests. The follow-up research 

needed is effective cultivation techniques for each of the 

recommended species. 
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