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ARTICLE HIGLIGHTS
 • High demand for environmental 

services makes the park vulnerable 
to human activities.

 • Both ecosystems are well 
regenerated; seedling > sapling > 
pole > tree (inverted J)

 • Both ecosystems show normal 
diversity conditions and stable 
species distribution.

 • Growth of Maesopsis eminii needs 
monitoring to preserve forest 
purity.

 • Montane forests have greater 
biomass, carbon stocks, less 
anthropogenic disturbance
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ABSTRACT
The Gunung Gede Pangrango National Park (GGPNP) area is 

one of the vital ecosystems that support the environment in West 
Java Province, Indonesia. It is a unique area that has multiple forest 
ecosystems, including lowland rainforest and montane rainforest 
ecosystems. Despite the GGPNP’s status as a conservation area, 
the high demand for the GGPNP’s environmental services makes 
the region vulnerable to disturbances from human activities. 
Several studies have been conducted in the GGPNP area (lowland 
and montane forest ecosystems), however, the results of this study 
are still necessary to explain the forest dynamics and forest carbon 
sequestration in this location. The objective of this research was to 
analyze the structure, composition, and carbon sequestration of stands 
in the lowland and montane rainforest ecosystems in the GGPNP area. 
Data processing and analyses were conducted using diversity indices, 
biomass-carbon stock estimation, and carbon dioxide sequestration 
estimation. The results showed that the GGPNP lowland and 
montane rainforest ecosystems were well regenerated. The number of 
seedlings > saplings > poles > trees and the graph showed a reverse “J” 
pattern. The GGPNP lowland rainforest ecosystem was dominated 
by Neonauclea lanceolata and had relatively higher species diversity. 
The GGPNP montane rainforest ecosystem was dominated by 
Castanopsis acuminatissima with a higher individual density, denser 
canopy, and more complex canopy strata. The lack of regeneration in 
several species of trees heightens the threat to these species’ existence 
in the future. Biomass, carbon stocks, and carbon sequestration in the 
GGPNP montane rainforest were greater than those in the GGPNP 
lowland rainforest. The GGPNP montane rainforest ecosystem had 
older forest stands, a larger average tree diameter, and lower potential 
for anthropogenic disturbances.

Keywords:  
biomass, carbon sequestration, important value index, similarity index, 
tnggp

INTRODUCTION
The Gunung Gede Pangrango National 

Park (GGPNP) or Taman Nasional Gunung 
Gede Pangrango (TNGGP) area is among vital 
ecosystems supporting the environment in West 
Java Province, Indonesia. These ecosystems 
provide habitats for flora and fauna, deliver 
biodiversity and community livelihoods, 
maintain the balance of the hydrological cycle 

and soil fertility, function as carbon pools (Arrijani 
2008; Helmi et al. 2009; Saefrudin 2013; Dendang 
& Handayani 2015), supply drinking water 
resources, and serve the agriculture and tourism 
sectors  (Rushayati 2006; Siswantoro et al. 2021). 
Despite the GGPNP’s status as a conservation area, 
the high demand for GGPNP’s environmental 
services makes the region vulnerable to disturbances 
from human activities (Saefrudin 2013).

https://doi.org/10.11598/btb.2024.31.2.2042
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Anthropogenic factors are an important issue in 
conservation area management. This issue occurs 
not only in developing countries or around tropical 
forests (FAO 2005), but also in developed countries 
with subtropical forests (Nowacki et al. 2015). The 
need for land and environmental services from 
forest ecosystems is driving the decline of forest 
areas, including conservation areas (Popradit et al. 
2015; Meer et al. 2023). In addition, biodiversity 
in conservation areas has also diminished due to 
human activities (Oladeji et al. 2012; Fetene et al. 
2019).  

The GGPNNP has as much problem complexity 
regarding human activities as diversity due to the 
ecosystems’ uniqueness. The GGPNP area is a 
unique area that has multiple forest ecosystems, 
including lowland rainforest and montane 
rainforest ecosystems. Differences in climate and 
weather conditions in the two adjacent ecosystems 
result in high biodiversity (Yamada 1975; Gotsch 
et al. 2016). Rainfall in this location is quite high 
with an average of 3,000-4,200 mm per year, 
causing this area to be one of the wettest in Java 
Island. 

In the montane rainforest ecosystem, Schima 
wallichii (Arrijani et al. 2006; Arrijani 2008; 
Helmi et al. 2009) and Altingia excelsa (Arrijani et 
al. 2006; Arrijani 2008; Dendang & Handayani 
2015) are the two most dominant tree species. 
The diversity index of the montane rainforest 
ecosystem of the GGPNP is relatively high, but the 
species evenness is low (Dendang & Handayani 
2015). This condition is due to the dominance 
of both aforementioned species (Arrijani et al. 
2006; Arrijani 2008) and the disturbances of forest 
regeneration. (Dendang & Handayani 2015). 

In the lowland rainforest ecosystems, Schima 
wallichii, Pternandra caerulescens (Helmi et al. 
2009), and Altingia excelsa (in the Altingia excelsa 
forest) (Sadili 2013) are the most dominant 
tree species. Sadili et al. (2023) also mentioned 
Maesopsis eminii, Syzygium acuminatissimum, and 
Lithocarpus korthalsii as the most dominant species 
in this ecosystem of GGPNP. Unlike those in the 
montane rainforest ecosystem, the structure and 
composition of stands in the lowland rainforest 
ecosystem of the GGPNP are still understudied 
(Helmi et al. 2009; Sadili et al. 2023). Therefore, 

forest structure (horizontal and vertical) and 
composition (density of vegetation growth level, 
basal area, species abundance, biodiversity indices, 
etc.) need to be studied to obtain information 
about forest regeneration (Gatica-Saavedra et al. 
2017) in the two forest ecosystems in the GGPNP. 

Research on forest dynamics and carbon 
sequestration in the GGPNP is lacking compared 
to the high pressure and demand on this national 
park. Very little study exists about the structure and 
composition of the montane and lowland forests 
in the GGPNP. To date, only Arrijani (2008) 
and Dendang and Handayani (2015) studied the 
montane forest in the GGPNP, while studies on 
lowland forest were only conducted by Helmi et 
al. (2009) and Sadili et al. (2023). Therefore, more 
studies on both forest ecosystems are necessary 
to enrich data for better scientifically-based 
management of the GGPNP (Brearley et al. 2019). 
Research on carbon sequestration in the GGPNP 
can also explain the function of carbon stock 
conservation in forest ecosystems in the GGPNP. 
This is particularly relevant as in Indonesia, 
conservation areas are among those areas expected 
to increase carbon stocks according to REDD+ 
program (Indonesia Ministry of Forestry 2012). 

The objective of this research was to analyze the 
structure, composition, and carbon sequestration 
of stands in the lowland rainforest and montane 
rainforest ecosystems in the GGPNP area. The 
results of this research are expected to help in 
policy-making and contribute to the improvement 
of conservation efforts and the management of 
conservation areas in the GGPNP. Appropriate 
policies can reduce or even protect conservation 
areas (national parks) from the threats of 
degradation due to human activities (Myga-Piątek 
et al. 2022).

MATERIALS AND METHODS
This research was conducted from August to 

October 2021 in the Gunung Gede Pangrango 
National Park, West Java Province, Indonesia. Data 
collection was carried out in the lowland rainforests 
at Bodogol Resort (106°51'57" E; 06°46'49" 
S) and the montane rainforest at Gunung Putri 
Resort (106°59'42’" E; 06°44'16" S). The locations 
are presented in Figure 1. 
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Bodogol Resort has natural forest stands on 
the Cisuren and Cipadaranten hills. The forest 
extends from the lowland area on the western side 
of the GGPNP toward the top of Mt. Pangrango. 
Formerly a plantation forest, the forest includes 
stands of Altingia excelsa, Agathis dammara, and 
Pinus merkusii. The area has a hilly topography with 
steep slopes. The soils belong to the Red–Yellow 
Podsolic Soil type. A more detailed description 
of the research location in Bodogol Resort can be 
read in full at Soepraptohardjo (1975); Helmi et 
al. (2009); Sadili (2013); and Sadili et al. (2023). 

Gunung Putri Resort, at an altitude of 
1,600-1,800 meters above sea level (masl), is a 
rehabilitation zone of the GGPNP. This area was 
previously a Perhutani plantation forest area for 
Altingia excels. It is directly adjacent to farmland. 
At an altitude of 1,800-2,000 masl lies a secondary 
forest at Gunung Putri Resort that was also a 
Perhutani plantation forest or Altingia excels 
species. At an altitude of  >2000 masl, a primary 
forest is perched at Gunung Putri Resort. A more 
detailed description of the research location in 
Gunung Putri Resort can be read in full in Putra 
et al. (2020). Both Bodogol and Gunung Putri 
Resorts are bordered by agricultural areas, which 
makes them highly vulnerable to anthropogenic 
activities.

Data Collection and Processing

Sampling locations were determined using 
purposive sampling based on the altitudes of 
the sites to represent different ecosystems, i.e., 
lowland forest and montane forest ecosystems. 
Purposive sampling or non-probability allows for 
efficient quantification of ecological characteristics 
(Araújo & Souza 2022). This technique can be 
very useful, even if only to describe a particular 
sample, and much environmental data can 
only be collected with this technique in spite 
of difficult sampling processes, access and 
safety issues, or time and expense constraints  
(Speak et al. 2018). Data collection was carried 
out in permanent plots at Bodogol and Gunung 
Putri Resorts. Permanent plots at Bodogol Resort 
were set at an altitude of 399 masl representing the 
lowland rainforest ecosystem and permanent plots 
at Gunung Putri Resort were set at an altitude of 
1,824 masl representing the montane rainforest 
ecosystem. Permanent plots at these locations 
are usually used by the GGPNP management 
to observe forest dynamics and succession in the 
national park area (Herben 1996). Data were 
collected using the same plot design used by 
the GGPNP management. A total of 32 plots 
of samples were used (16 plots in the lowland 
rainforest ecosystem and 16 plots in the montane 
rainforest ecosystem). This activity was conducted 
in parallel with annual measurement activities by 
the GGPNP management.

Figure 1 Gunung Gede Pangrango area and research location

Legend
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The total plot area in each forest ecosystem was 
10,000 m2 (1 ha). According to Helmi et al. (2009) 
and Sadili et al. (2023), the minimum plot area for 
a vegetation study in the lowland tropical rainforest 
ecosystem of the GGPNP is 1 ha, while according 
to Richard (1952) in Meijer (1959) and Yamada 
(1975), the minimum plot area for a vegetation 
study in the montane tropical rainforest ecosystem 
of the GGPNP is also 1 ha. The designs of plots 
and subplots (Forestry Department of Indonesia 
1992) is presented in  Figure 2.

The parameters measured were: (1) the number 
of seedling species in subplot a; (2) the number 
of sapling species in subplot b; (3) the number of 
species and diameter of breast height (dbh) of poles 
(dbh = 10–20 cm) in subplot c; (4) number of 
species, dbh of tree (dbh > 20 cm); crown diameter, 
total height, free branch height, and widest crown 
height of trees in a 25 m × 25 m square plot. Data 
processing and analyses were carried out using 
Microsoft Excel. 

Data Analysis

Important Value Index (IVI)

The IVI was used to determine the composition 
of tree species dominating the forest stand 
communities. The index was calculated using the 
Cottam and Curtis (1956) formula as follows:

  IVI (Important Value Index) = RD + RDc + RF

RD (Relative Density) =
number of individuals of species

x 100%
total number of individuals

RDc (Relative Dominance) =
dominance of species

x 100%
dominance of all species

RF(Relative Frequency) =
frequency of species

x 100%
sum frequency of all species

  
Similarity Index (SI)

SI was used to determine the similarity between 
compared vegetation communities. The index 
used in this study was the Jaccard and Sorensen 
Similarity Index (Krebs 2014) and was calculated 
using the formula as follows:

IS =
C

a + b + c

where: 
IS = Jaccard and Sorensen Similarity Index 
a  = number of species in sample A and sample B        

(joint occurrences)
b = number of species in sample B but not in   

sample A
c = number of species in sample A but not in 

sample B

Biodiversity Index (H’)

The Biodiversity Index was calculated using 
the Shannon-Wiener Diversity Index formula  
(Krebs 2014) as follows:

H’ = - Σ [(ni/N) ln (ni/N)]

where:
E = Evenness Index
H’ = Shannon-Wiener Diversity Index
S = Total Species

Figure 2 Designs of plots and subplots for measuring stand parameters in the forest. 
  Notes: a = 1 m; b = 2 m; c = 5 m.
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Species Evenness Index (E)

The Evenness Index was used to determine the 
structure of the forest community in the study 
locations. The formula of Evenness Index (E) 
(Odum 1996) is as follows:

E = H’/Ln S

where: 
E = Evenness Index
H’ = Shannon-Wiener Diversity Index
S = Total species

Biomass and Carbon Stock Estimation, Carbon 
Dioxide Sequestration 

Aboveground biomass (AGB) was estimated 
using the allometric biomass model developed 
by Chave et al. (2005). The model used was for 
a wet forest stand without a tree height predictor. 
Allometric models using height predictors can 
provide more accurate biomass estimates, but if 
used for tropical rainforest estimations, the results 
can be overestimated (Rutishauser et al. 2013). The 
model is as follows:

AGB = ρ × exp(-1.239 + 1.980 ln(D) + 0.207 
(ln(D))2 - 0.0281 (ln(D))3)

where:
AGB = Aboveground biomass (Mg)
ρ = wood gravity (g/cm3)
D = diameter at breast height (cm)

Belowground biomass (BGB) was estimated 
using a model developed by Cairns et al. (1997), 
which is as follows:

BGB = exp (-1.0587 + 0.8836 ln AGB)

where:
BGB = Belowground biomass (Mg)
AGB = Aboveground biomass (Mg) 

Carbon dioxide sequestration was calculated 
based on the mass ratio of the photosynthesis 
reaction equation (Muthmainnah et al. 2021):

6CO2    +   6H2O  à   C6H12O6   +   6O2                                                                                                                                             

 (264)        (108)          (180)          (192)

Based on the photosynthesis reaction equation 
above, 180 grams of biomass (C6H12O6) is 
produced from the reaction of about 264 grams of 
CO2. CO2 sequestration can be determined by the 
formula:

CO2 sqr = (264/180) × TABGB  
or  CO2 sqr = 1.4667 × Biomass

where:
CO2 sqr = CO2 Sequestration (Mg/ha/year)
TABGB = total above and below ground biomass 
(Mg).

RESULTS AND DISCUSSION

Forest Composition 

In both lowland and montane rainforests, the 
highest densities occurred on the lowest growth level 
(Fig. 3a, Table 2 ) and diameter class (20-30 cm) 
(Fig. 4) showing that the density decreased as the 
growth level and diameter increased. The number 
of seedlings > saplings > poles > trees and the graph 
showed a reverse “J” (Fig. 3a) pattern. This pattern 
is typical for tropical rainforests that the forests 
regenerate well and are in a dynamic state (Ogawa 
et al. 1965; McLaren et al. 2005; Mirmanto 2014; 
Gonçalves 2017; Sadili et al. 2023). However, this 
result did not guarantee that every species could 
regenerate due to the possibility of species turnover 
dominating at each growth stage. 

 

Figure 3  (a) Distribution of the number of individuals at each growth level;  
(b) Species diversity at various growth levels

a b
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The lowland rainforest ecosystem in the 
GGPNP had more tree species than in the montane 
rainforest ecosystem. In the lowland rainforest, 40 
tree species (dbh > 20 cm) were recorded with a 
Basal Area (BA) of 8.85 m2/ha and a Density (D) 
of 60 trees/ha. In the montane rainforest, 24 tree 
species were recorded with a BA of 18.85 m2/ha 
and a Density of 130 trees/ha. The species richness 
and tree density (dbh > 10 cm) in our plots, at 
the lowland forest ecosystem (55 species and 339 
tree/ha) were lower than those mentioned in other 
studies in the lowland forest of the GGPNP (66 
species and 348 tree/ha) (Sadili et al. 2023), in 
the Gunung Halimun National Park in West Java 
(64-69 species and 405-441  tree/ha) (Yusuf 2004; 
Suryanti 2006), in Malinau, North Kalimantan 
(205 species and 759 tree/ha) (Sheil et al. 2010), in 
the Batang Gadis National Park (182 species and 
583 tree/ha) (Kartawinata et al. 2004) and Bukit 
lawang, North Sumatra (216 species and 453 tree/
ha) (Polosakan 2001). The species richness and tree 
density (dbh >10 cm) in our plots, at the montane 
rain forest ecosystem, (40 species and 775 tree/
ha) were lower than those in previous studies in 
GGPNP montane forests by Arrijani (2008) (63 
species and 966 tree/ha) but higher when compared 
to the results of Dendang and Handayani (2015) 
(25 species and 320 tree/ha). The number of species 
in our plots (40 species) was also lower than the 
results of Yamada et al. (1975) (57 species) in the 
GGPNP montane forest and Sadili et al. (2018) 
(59 species) in the Foja mountains of Papua but 
the density was higher (775 tree/ha) than their 
results (527 tree/ha and 693 tree/ha, respectively).

In the lowland rainforest ecosystem plots, there 
was the exotic species Maesopsis eminii (BA = 0.39 
m2/ha, D = 1/ha, Absolute Frequency (F) = 6%) 
(Helmi et al. 2009; Sadili et al. 2023) but it was 
not the dominating species as was stated by Sadili 
et al. (2023). This species had a seedling density 
of almost 200 seedlings/ha and a sapling density 
of almost 50 saplings/ha. Neonauclea lanceolata, 
Pometia pinnata, and Aleurites moluccana were 
the species with the highest species densities of 6 
trees/ha, 6 trees/ha, and 4 trees/ha, respectively. 
Castanopsis acuminatissima, Schima wallichii, and 
Turpinia sphaerocarpa were the species with the 
highest species densities in the montane rainforest 
ecosystem. The tree densities were 33 trees/ha (BA 
= 5.78 m2/ha), 22 trees/ha (BA= 4.05 m2/ha), and 
10 trees/ha (BA = 1. 14 m2/ha), respectively. The 
studies by Arrijani et al. (2006), Arrijani (2008), 
and Rozak et al. 2016, Schima wallichii was found 

to be a dominant species in the GGPNP montane 
forest ecosystem. 

Table 1 List of tree species without seedlings and 
saplings at different growth levels

Lowland Rainforest Montane Rainforest

1 Durio zibethinus Elaeocarpus angustifolius

2 Melaleuca leucadendron Vernonia arborea

3 Vernonia arborea Acer laurinum

4 Bridelia insulana Litsea resinosa

5 Acer laurinum Persea declinata

6 Litsea vulva Astronia spectabilis

7 Horsfieldia sp. Acronychia laurifolia

8 Phoebe declinata Macaranga rhizinoides

9 Terminalia sp. Manglietia glauca

10 Phoebe opaca Quercus sundaica

11 Sandoricum koetjape   Quercus pseudomolucca

12 Michelia velutina Toona sureni 

13 Syzygium antisepticum  

14 Litsea angulata  

15 Machilus rimosa  

16 Myristica fragrans  

17 Gnetum gnemon  

18 Turpinia sphaerocarpa  

19 Crypteronia paniculata  

20 Dysoxylum macrocarpum  

21 Evodia aromatica  

22 Quercus sundaica  

23 Quercus pseudomolucca  

24 Nephelium lappaceum  

The abundance and regeneration of forests 
in the GGPNP were relatively sufficient, and no 
additional artificial regeneration was required. This 
was indicated by the much greater seedling density 
than the next growth level (seedling to sapling) 
(Fig. 3a, Table 2). However, the regeneration 
of some species at the forests was disrupted at 
certain growth levels. In the lowland rainforest 
and montane rainforest, 24 out of 40 (60%) and 
12 out of 24 (50%) tree species, respectively, had 
no seedling and sapling growth. Further research 
is needed to clarify this phenomenon. Few or 
no seedlings or saplings may indicate that the 
species is poorly regenerated. This leads to reduced 
populations of certain species at the seedling or 
sapling levels, driving widespread regeneration 
debts that can potentially lead to the extinction of 
the species (Ameja et al. 2022; Miller et al. 2023).
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The seedling and sapling densities (945 
individuals/ha) in the lowland rainforest ecosystem 
were higher than those recorded in the lowland 
forests of the Mount Halimun National Park (815 
individuls/ha) but lower than those recorded in 
Cikepuh Game Reserve (1298 individuals/ha) and 
the Batang Gadis National Park (2265 individuals/
ha) (Kartawinata et al. 2004) (Table 2). In the 
montane rainforest ecosystem, the seedling and 
sapling densities (16,769 individuals/ha) were 
higher than those recorded in the previous study 
by Dendang and Handayani (2015) (13,720 
individuals/ha) in the same forest ecosystem 
(Table 2). Table 2 shows that seedling and 
sapling densities in the lowland forest were lower 
(seedlings 0.33 times and saplings 0.42 times) than 
those in the montane forest. The plot site in the 
lowland rainforest ecosystem is in the utilization 
zone of the GGPNP in which human activities 
are allowed. In addition, Bodogol Resort is an area 
in the GGPNP National Park that is relatively 
closest to settlements in which most cases of 
human interventions or forest encroachment occur 
(Sudomo & Sairudin 2008). Sarkar and Devi 
(2014) stated that individuals in the juvenile phase 
are more vulnerable to all environmental pressures 
and anthropogenic disturbances.

Botzat et al. 2015 stated that the success of a 
tree species’ regeneration depends on its ability to 
produce seedlings and the ability of these seedlings 
to survive and grow. Species that are vulnerable 
to extinction have populations with low levels of 
seedlings and saplings. They went on saying that the 
low rate of natural regeneration of a certain species 
indicates that the population is in a degradation 
phase, which can threaten its sustainability in the 
future. A very small number of seedlings will not 
be enough to replace dead trees (from old age, 
diseases, or other factors).

Forest Stand Structure

Horizontal Structure 

The most abundant individual trees in the 
lowland rainforest ecosystem were in the diameter 
classes 20-30 cm (17 trees) and 30-40 cm (17 trees) 

(Fig. 4). The most abundant tree species in the 20-
30 cm diameter class was Pometia pinnata (D = 4 
trees/ha) and the most abundant tree species in the 
30-40 cm diameter class were Pometia pinnata (D 
= 2 trees/ha) and Mallotus paniculatus (D=2 trees/
ha) (Fig. 4). Maesopsis eminii, which was previously 
discussed, has a quite large diameter. Sadili et al. 
(2023) found this exotic species the most abundant 
in the GGPNP lowland forest ecosystem. Maesopsis 
eminii was included in the 70-80  cm diameter 
class with D = 1 tree/ha and BA = 0.39 m2/ha. The 
largest diameter class was 80-90 cm, consisting of 
the tree species Crypteronia paniculata (D = 1 tree/
ha, BA= 0.62 m2/ha). Other studies in the GGPNP 
lowland forest by Sadilli et al. (2023) and in the 
Gunung Halimun National Park by Yusuf (2004) 
showed that Maesopsis eminii was the species with 
the largest basal area. With a growth rate of 1.5-
5.5 cm per year in diameter and 1-3 m per year 
in height, this fast-growing species rapidly invaded 
the lowland forest (Schabel & Latiff 1997). It can 
grow well at altitudes of 100-900 masl within full 
sunshine and can be dispersed by birds, rodents, 
and monkeys (Schabel & Latiff 1997). With such 
characteristics, this exotic species has the potential 
to cause negative impacts because it can invade 
the GGPNP area quickly and aggressively while 
reducing the purity of natural forest stands in the 
GGPNP (Sadili et al. 2023). 

In the montane rainforest ecosystem, the most 
abundant individual trees were in the 20-30 cm 
diameter class (47 trees) (Fig. 4), and the most 
abundant species in this class was Castanopsis 
acuminatissima (D = 11 trees/ha, BA= 0.5 m2/ha). 
This species is common in the montane forests 
ecosystem of the GGPNP and is one of the most 
dominant species (Arrijani 2008; Helmi et al. 
2009; Rozak et al. 2016). The largest diameter 
class in this forest ecosystem was 110-120  cm, 
and the largest tree species was Quercus sundaica. 
Arrijani (2008) explained that this species can be 
found in the montane forests of GGPNP and bears 
bowl-shaped fruit. Further information about the 
horizontal structure can be seen in Figure 4.

Table 2 Vegetation densities in two forest ecosystems in the GGPNP

Growth level
Vegetation Density (individuals/ha)

Lowland rainforest ecosystem Montane rainforest ecosystem

Seedling 4,777 14,530
Sapling 945 2,239
Pole 279 645
Tree 60 130
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Overall, the results of this study showed that the 
larger the tree diameter, the smaller the number 
of individual trees (Fig. 4). Similar patterns were 
also reported in the research by Arrijani (2008) and 
Dendang and Handayani (2015) in the montane 
rainforest ecosystems, and by Sadili et al. (2023) 
in the lowland rainforest ecosystem, indicating 
that only a few individual trees are successful in 
the competitive process during growth. Over time, 
individuals encounter interspecies or intraspecies 
competition. Naturally, this competition results in 
a reduction in the number of surviving individuals 
in each diameter class. However, Meyer (1961) 
observed that a normal stand of an uneven aged 

natural forest has a constant ratio of the number 
of trees per unit area to diameter class even though 
there is always a reduction in the number of 
individuals in each diameter class.

Vertical Structure

The vertical forest structure for all species refers 
to the relationship between tree density and height 
class (stratum). The strata in both forest ecosystems 
are presented below. In lowland rainforest ecosystem 
plots, no trees emerged at Stratum A (height > 30 
m) (Fig. 5). Sadili et al. (2023) reported that in their 
research plots, Chisocheton ceramicus, Lithocarpus 
korthalsii, Lithocarpus pallidus, Schima wallichii, 

Figure 4 Horizontal structure in two forest ecosystems in the GGPNP

Figure 5 Vertical structure in two forest ecosystems in the GGPNP
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Dalrympelea sphaerocarpa, and Maesopsis eminii 
occupied stratum A). Stratum B was occupied by 
young trees with a height of 20-30 m. Usually it 
takes a shorter time to reach stratum B compared 
to the time needed to reach stratum A. Stratum 
C was occupied by young trees of more diverse 
species. Syzygium acuminatissimum, Pometia 
pinnata, Lithocarpus pseudomoluccus, and Myristica 
sp. were found both in this study and the study by 
Sadili et al. (2023) at stratum C. 

In montane rainforest plots, four trees of 
three species constituted stratum A (Fig. 5). The 
Species were Acer laurinum (1 tree), Castanopsis 
acuminatissima (2 trees) and Quercus sundaica (1 
tree). Strata B and C in the montane forest were 
also occupied by younger trees in the same pattern 
as the pattern in lowland rainforest plots. Schima 
wallichii was found both in this research and the 
research by Dendang and Handayani (2015) at 
stratum B. Diameters were found to be correlated 
with tree height (< 20 m for tratum C and 20-30  m 
for stratum B, which case the bigger the diameters 
the taller the trees (Dendang & Handayani 2015; 
Sadili et al. 2023). This forest condition guarantees 
the sustainability of the forest in the future because 
the number of individual seedlings is much greater 
than the number of individual mature trees 
(Denslow 1987). 

Biodiversity Indices

Importance Value Index (IVI)

The species with the highest IVI scores were 
considered as the most important species in a 
community (plot). Respectively, in the lowland 
rainforest ecosystem, the seedling, sapling, pole, 
and tree growth stages, were dominated by 
Syzygium polyanthum, Dysoxylum caulostachyum, 
Pometia pinnata, and Neonauclea lanceolata (Table 
3). As reported by Helmi et al. (2009), Neonauclea 
lanceolata trees were easily found in the lowland 
forest ecosystem of the GGPNP. The montane 
rainforest ecosystem of the GGPNP was dominated 
by Acer laurinum (seedlings and saplings), Turpinia 

sphaerocarp (poles), and Castanopsis acuminatissima 
(trees) (Table 3). Castanopsis acuminatissima was 
the dominant tree species and was easily found in 
the montane rainforest ecosystem of the GGPNP 
(Arrijani 2008; Rozak et al. 2016). It could even be 
found in the lowland rainforest ecosystem below 
(Helmi et al. 2009). IVI is the sum of the relative 
density, relative frequency, and relative dominance 
parameters. IVI is one of the parameters that can 
provide an overview of the role of species in the 
community, but a high IVI value does not always 
reflect a high level of dominance.

The greater the RD value of a species, the greater 
the number of individuals in the area. However, 
the RD value cannot provide an overview of the 
vegetation distribution at the research location. The 
distribution of vegetation in a particular community 
is limited by environmental conditions. Some 
species in tropical forest ecosystems are adapted to 
canopy conditions that vary in sunlight intensity 
(Balakrishnan et al. 1994) and their success in 
occupying an area is influenced by their ability to 
adapt to all physical environmental factors, biotic 
factors, and chemical factors (Krebs 1994).

Crypteronia paniculata trees, in the lowland 
rainforest ecosystem, had a higher RDc compared 
to Pometia pinnata trees. The BA of Crypteronia 
paniculata (BA = 1.26 m2/ha) was larger than 
the BA of Pometia pinnata (BA = 0.73 m2/ha). 
The greater the BA value of a species, the greater 
the absolute dominance and relative dominance 
values. Conversely, the RF of Pometia pinnata trees 
was higher than the RF of Crypteronia paniculata 
trees. Pometia pinnata trees were found in 4 out of 
16 plots (F = 25%), while Crypteronia paniculata 
trees were only found in 3 out of 16 plots (F = 
19%). The more frequently a species was found in 
some plots, the higher its Absolute Frequency and 
Relative Frequency values. Similar conditions were 
observered in Polyosma illicifolia and Villebrumea 
rubescens poles in the montane rainforest ecosystem. 
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Table 3 Species with the highest IVI scores in the lowland rainforest and montane rainforest ecosystems in the GGPNP

Growth Level
lowland rainforest montane rainforest

Species RD RDc RF IVI Species RD RDc RF IVI

Seedling Syzygium polyanthum 16.67 - 12.50 29.17 Acer laurinum 42.47 - 18.52 60.98

  Dysoxylum caulostachyum 12.50 - 12.50 25.00 Castanopsis argentea 6.85 - 7.41 14.26

  Aglaia elliptica 8.22 - 12.50 20.83 Antidesma tetrandum 5.48 - 7.41 12.89

Sapling Dysoxylum caulostachyum 21.05 - 18.75 39.80 Acer laurinum 20.00 - 20.00 40.00

  Syzygium polyanthum 15.79 - 18.75 34.54 Turpinia sphaerocarpa 13.33 - 13.33 26.67

  Aglaia elliptica 10.53 - 12.50 23.03 Mimusops elengi 13.33 - 10.00 23.33

Pole Pometia pinnata 11.43 11.64 12.12 35.19 Turpinia sphaerocarpa 17.28 17.02 12.50 46.81

  Neonauclea lanceolata 5.71 9.63 6.06 21.41 Villebrumea rubescens 8.64 10.24 4.69 23.57

  Saurauria pendula 5.71 7.87 6.06 19.64 Polyosma illicifolia 7.41 7.73 7.81 22.95

Tree Neonauclea lanceolata 10.00 15.92 7.41 33.33 Castanopsis acuminatissima 25.38 30.69 12.20 68.27

  Pometia pinnata 10.00 8.29 7.41 25.70 Schima wallichii 16.92 21.47 13.41 51.81

  Crypteronia paniculata 5.00 14.21 5.56 24.76 Turpinia sphaerocarpa 7.69 6.03 9.76 23.48

Notes: RD = Relative Density; RDc = Relative Dominance; RF = Relative Frequency. 
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Similarity Index (SI)

SI is useful for analyzing several different 
vegetation communities and is sensitive to 
differences in species diversity (Furusawa et 
al. 2014). Table 4 shows that the vegetation 
community in the GGPNP at each growth level 
was relatively different, hence its high biodiversity. 
The results of this study were in accordance with 
the research of Rozak et al. (2016), which showed 
that elevation influenced the presence of species in 
certain zones in the GGPNP.  

The results of this study also showed that the forest 
ecosystem in the GGPNP area were in the transition 
phase in the succession process. Otherwise, they 
had yet to reach a climax. Some tree species, such 
as Castanopsis spp. (montane rainforest), Ficus 
spp. (lowland rainforest and montane rainforest), 
Knema spp. (lowland rainforest), Litsea spp. 
(lowland rainforest and montane rainforest), 
Maesopsis eminii (lowland rainforest), Mallotus 
paniculatus (lowland rainforest) Pometia pinata 
(lowland rainforest), Schima walichii (lowland 
rainforest ), Vernonia arborea (lowland rainforest 
and montane rainforest), and Villebrunea rubescens 
(lowland rainforest and montane rainforest) are 
characteristic of secondary forests based on Sadili 
et al. (2023). 

Species Diversity Index (H’) and Species Evenness 
Index (E)

The results showed that the composition and 
structure of vegetation in each forest ecosystem 
varied in index values due to differences in each 
tree character. Table 5 shows that the montane 
rainforest ecosystem had lower diversity values 
than the lowland rainforest, except at the sapling 
growth level. Furthermore, the diversity index for 
all growth stages had normal conditions in both 
the lowland and montane forest ecosystems (1.5 < 
H’ < 3.5) (Ortiz-Burgos 2016). A community will 
be more stable and more resilient to disturbances 
with higher diversity of species (McGlade 1988). 

The E index has an interval value of 0-1. Both 
ecosystems in the GGPNP had even or stable species 
distribution (Table 5). Krebs (2001) explained 
that E > 0.75 indicates an even distribution or 
stable species, 0.5 ≤ E ≤ 0.75 indicates an unstable 
distribution, and ≤ 0.50 species indicates an uneven 
distribution or depressed species. A high Evenness 
index value (E > 7.5) indicates that no one species 
dominates in a community. The Evenness Index 
value is maximal when all species have equal 
abundance in the community (Krebs 1989) and 
the species is in an even distribution (Krebs 2001).

Table 4 Index of similarity scores in the lowland rainforest and montane rainforest ecosystems in the GGPNP

SI
Montane rainforest

Seedling Sapling Pole Tree

lowland rainforest

Seedling 6.06 %
Sapling 0%
Pole 10.53%
Tree 9.38%

Table 5 H’ and E index values in two different forest ecosystems in the GGPNP

  Lowland rainforest Montane rainforest

  H’ E H’ E

Seedling 2.38 0.96 2.31 0.76

Sapling 2.26 0.94 2.5 0.9

Pole 3.2 0.97 3.06 0.9

Tree 3.47 0.94 2.63 0.83
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Carbon Sequestration

Tropical rainforest ecosystems have an important 
role in regulating carbon and biomass cycles. The 
results of this study showed that the GGPNP 
montane rainforest ecosystem had a greater carbon 
stock than the lowland rainforest ecosystem (Table 
6).

The amount of forest biomass is determined 
by tree density, soil fertility, and the diameter, 
height, and specific gravity of wood. In general, 
the GGPNP montane rainforest had a greater tree 
density (Table 2). In addition, the composition of 
trees with a horizontal structure in the montane 
forest was greater than that in the lowland rainforest. 
There were old trees (stratum A) that were not 
found in the lowland rainforests (Fig. 5). Forests 
with older trees can store more carbon forests with 
younger ones (Baker et al. 2022). In addition, 
montane rainforests are located at relatively higher 
elevations (1842 masl) than lowland rainforests 
(< 400 masl) (Fig. 1), thus facing a less potential 
for anthropogenic threats (Sarkar & Devi 2014, 
Myga-Piątek et al. 2022). 

The biomass stock in the montane rainforest 
of the GGPNP (207.60 M/ha) was relatively 
larger when compared to the montane rainforest 
of Mount Rinjani, with an average biomass stock 
of 195 tonnes/ha (Dossa et al. 2013), but lower 
than the montane forests of Mount Ciremai, with 
an average biomass stock of 258 tonnes/ha (Rozak 
& Gunawan 2015). The Mount Rinjani montane 
forest had a lower basal area and a lower tree density 
(BA < 15 m2/ha, D < 125 trees/ha) (Dossa et al. 2013) 
compared to the GGPNP montane rainforest (BA 
= 18.85 m2/ha; D = 130 trees/ha). Conversely, the 
Mount Ciremai montane forest had a larger basal 
area and a larger tree density (BA = 35 m2/ha; D = 
900 trees/ha) (Rozak & Gunawan 2015) compared 
to the GGPNP montane forest. The biomass stock 
in the GGPNP lowland rainforest (118.80 tonnes/
ha) was lower than the biomass stocks of lowland 
rainforests in Sumatra (384 tonnes/ha) (Kotowska 
et al. 2015), but higher than the biomass stick of 
secondary lowland rainforests in South Kalimantan 

(43.11-72.99 tonnes/ha) (Suyanto et al. 2022). 
Lowland rainforests in Sumatra had a basal area of 
27-32  m2/ha and a tree density of 440-684 trees/
ha (Kotowska et al. 2015) compared to GGPNP 
lowland rainforest had basal area of 8.85 m2/ha 
and tree density of 60 trees/ha. The biomass stocks 
in secondary rainforests in South Kalimantan  
were lower due to timber harvesting (Suyanto et 
al. 2022). 

CONCLUSION
The number of seedlings > saplings > poles > 

trees and the graph shows a reverse “J” pattern. It 
is typical for tropical rainforests, and indicating 
that, generally, the forests well regenerated and 
are in a dynamic state. Unfortunately, the finding 
of only a few species with a few or no seedlings 
or saplings may indicate that the species poorly 
regenerated. This leads to reduced populations of 
certain species at the seedling or sapling level, and 
driving widespread regeneration debts that could 
potentially lead to the extinction of the species. It 
is importanr that the GGPNP management also 
pay attention to the growth of Maesopsis eminii 
so as not to reduce the purity of natural forests in 
the GGPNP.

The horizontal structure of the GGPNP lowland 
and montane rainforest ecosystem was dominated 
by trees with diameters of 20-40 cm. It follows 
that the density decreased as the growth level and 
diameter increased.  The vertical structure of the 
GGPNP lowland rainforests was occupied by 
stratum C (4-20 m) and B (20-30 m) trees with 
an absence of stratum A trees, while the GGPNP 
montane rainforests was occupied by trees of all 
strata (stratum C, 4-20 m; stratum B, 20-30 m; 
and stratum A, > 30 m).

The GGPNP lowland forest ecosystem was 
dominated by Neonauclea lanceolata and had a 
relatively higher species diversity. The GGPNP 
montane rainforest ecosystem was dominated 
by Castanopsis acuminatissima, with a higher 
individual density, denser canopy, and more 
complex canopy strata. 

Table 6 Biomass, carbon stock, and carbon sequestration in two forest ecosystems in the GPPNP

AGB 
(Mg/ha)

BGB (Mg/ha)
TABGB  
(Mg/ha)

Carbon Stock 
(Mg/ha)

CO2 sqr  
(Mg/ha/year)

Lowland rainforest 103.90 14.90 118.80 55.84 174.25

Montane rainforest 181.41 25.66 207.06 97.32 303.70
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Biomass, carbon stocks, and carbon 
sequestration in the montane rainforest in the 
GGPNP were larger than those in the GGPNP 
lowland rainforest. Although there used to be 
plantation forests in the GGPNP lowland forest, 
these ecosystems had larger biomass and carbon 
stocks than logged-over forest area. The GGPNP 
montane rainforest had older forest stands, alarger 
average tree diameter, and lower potential for 
anthropogenic disturbances compared to GGPNP 
lowland rainforest. 
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