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Abstract. Sadili A, Salamah A, Mirmanto E, Kartawinata K. 2024. Structure and distribution of palm tree species in Altingia excelsa
planted forest in Gunung Gede Pangrango National Park, West Java, Indonesia. Biodiversitas 25: 249-256. Gunung Gede Pangrango
National Park (GGPNP) is a conservation area consisting of natural forest and planted forest, including Altingia excelsa Noronha stands
which were planted in 1925. As a result of secondary succession, various plants grow under A. excelsa stands, including palm tree
species (Arecaceae). This research was conducted to determine the structure, population, and distribution patterns of palm trees in A.
excelsa planted forest in Bodogol Resort, GGPNP. The data were collected by establishing a one-hectare plot divided into 100 subplots
of 10 m x 10 m. Palm tree species with a Diameter at Breast Height (DBH) >3 cm were measured, and the tree heights were estimated.
Data analysis included Relative Dominance (RDo), Relative Density (RDen), Relative Frequency (RF), Importance Value Index (1V1),
Shannon Wiener Diversity Index (H'), Evenness Index (E), Index of Dispersion (ID), analysis of variance values (S?) and Chi-square
analysis (Q). The study results recorded four species from three genera of Arecaceae which consisted of 171 trees with a total Basal
Area (BA) of 0.63 m?ha. Pinanga coronata (Blume ex Mart.) Blume was the most dominant palm tree species with VI of 156.89%),
followed by Pinanga sp. (IV1=72.04%), Caryota rumphiana Mart. (IV1=55.77%), and Arenga pinnata (Wurmb) Merr. (1V1=15.38%). In
term of diameter class distribution, P. coronata and Pinanga sp. were regenerating well. Spatial distribution patterns of A. pinnata, C.
rumphiana, and Pinanga sp. were regular, while P. coronata was clustered. Periodical studies in the future to determine the mortality and

natality of the palm trees are recommended to understand the dynamics of vegetation succession.
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INTRODUCTION

The concept of biosphere reserve is rapidly emerging
for the conservation and sustainable management of natural
resources. Biosphere reserves aim to protect and support all
living things in the reserve in an integrative manner by
serving as the world's lungs, economic resources, flora-
fauna habitat, germplasm sources, water storage, disaster
control, maintenance of soil fertility, and reduction of air
and water pollution (Amenu 2017). The first step to
develop and manage biosphere reserve sustainably and
wisely is by providing a comprehensive understanding on
ecological aspect of the reserve including information on
the structure, composition, and distribution patterns of
plants in the reserve (Trogisch et al. 2021; Haq et al. 2023).

One of the biosphere reserves in Indonesia is Cibodas
Biosphere Reserve, with the core area being the Gunung
Gede Pangrango National Park (GGPNP). The forest area
in GGPNP covers three districts in West Java Province,
namely Bogor, Cianjur, and Sukabumi. GGPNP has been
pioneering various research activities on the theme of

mountain flora of Indonesia. The results of the research
have been widely used to develop policies and management
strategies for GGPNP and other national parks located in
mountainous areas in Indonesia. Based on the Decree of the
Director General of Forest Protection and Nature
Conservation (PHKA) Number 39/IVKKBHL/2011 dated
22 February 2011, the area of GGPNP is 22,851.03
hectares. Then, referring to the Decree of the Minister of
Forestry Number SK.3683/Menhut-VII/KUH/2014 dated 8
May 2014, the area of GGPNP is enlarged to 24,270.80 ha.
Therefore, with the issuance of this decree in 2014, the
TGGGP area is expanded to include the area previously
managed by State Forest Company (Perhutani) in the form
of planted forest stands and degraded areas in several
locations (Ario et al. 2020).

Forest area management in GGPNP is divided into
several resorts, one of which is Bodogol Resort. Bodogol
Resort is among the few remaining lowland forests of Java,
thus the existence of this resort is important in the context
of biodiversity conservation. Besides that, Bodogol is also
frequently used for nature conservation education for students
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and general public. However, biodiversity information in
this resort is still limited because previous research in
GGPNP was mostly conducted in the mountain forests
around Cibodas to the peaks of Mount Gede and Mount
Pangrango (Kartawinata and Sudarmonowati 2022). Referring
to Sadili et al. (2023), there are three states of forest
ecosystems in Bodogol, namely natural forests, planted
forests, and restoration forests. In these three states of
forests, not many studies have been carried out regarding
the plants’ diversity, composition, and structure. Therefore,
the latest information regarding biodiversity, structure and
forest composition in Bodogol is very much needed.

Four tree species are planted in Bodogol to produce
wood and resin, including Pinus merkusii Jungh. & de
Vriese, Altingia excelsa Noronha, Agathis dammara
(Dum.Cours.) Poir., and Schima walichii (DC.) Korth..
Under the stands of the four planted trees, various species
of plants resulting from secondary succession have grown.
One plant group of naturally growing vegetation in
Bodogol is palms (Arecaceae family) which grow along the
A. excelsa planted stands. Palms are among the most
interesting groups of higher plants, living naturally in all
areas of tropical and subtropical forests, including Indonesia.
Indonesia is a country with a high diversity of palm
species. As many as 46 of the 215 genera in the world are
found in Indonesia and grow naturally from Sumatra,
Kalimantan, Sulawesi, Papua, and even on small islands
(Alandana et al. 2015). Palms are mostly used as
ornamental plants to meet subsistence human needs. Palms
are a monocot taxon, so that quantitative research can be
carried out separately from other species of dicot plants
(Casapia et al. 2019).

This study aimed to assess the structure, diversity and
distribution of palm tree species grow naturally in the A.
excelsa planted forests in Bodogol Resort, GGPNP, West
Java, Indonesia. This research provides a clear picture of
the quantitative diversity of palm species in Bodogol
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Resort, GGPNP, especially under A. excelsa planted
forests. The results of this research will enrich valuable
scientific information about the structure and composition
of palm species in Bodogol, so it is hoped that it can
become a reference in determining a good policy strategy
for forest area managers in GGPNP, especially in the
Bodogol resort management area as an area used as for
nature conservation education for the community.

MATERIALS AND METHODS

Study area and period

The research was conducted in Bodogol Resort, Gunung
Gede Pangrango National Park (GGPNP), West Java,
Indonesia which is representative of the lowland mountain
tropical rainforest ecosystem on the island of Java. Bodogol
is one part of the GGPNP forest area management, located at
the foot of Mount Pangrango in the north-western part of
GGPNP. The geographical location of the research location
is at 106°51'21.92"E Longitude and 6°46'34.74"S Latitude
with an elevation of 825 m above sea level (Figure 1).
Data collection was carried out in January 2023.

Procedures

Data collection was carried out by measuring the
diameter of palm species in a plot area of one-hectare size
(100 m x 100 m). In the one-hectare plot, subplots
measuring (10 m x 10 m) were created, resulted in total of
100 subplots. Species of palms with a diameter of >3 cm
were measured of its diameter at breast height (130 cm
from the ground surface). Each individual palm was
measured measured its total height (topmost leaf tip). Each
subplot's distance from the Y-axis (South-North) or X-axis
(West-East) of each subplot was measured.

106°51'0”E 106°54'0”E 106°57’0”E 107°0’0"E

Gunung Gede

Pangrango
National Park

6°54'0”S  6°51'0”S  6°48'0”S  6°45'0”S  6°42'0”S
6°54’0"S 6°51'0”"S 6°48'0”S 6°45'0”"S 6°42'0"S

106°51’0”E 106°54'0”E 106°57'0”E 107°0'0"E

Figure 1. Map of the study site (red dot) in the Altingia excelsa planted forest area of Bodogol Resort, GGPNP, West Java, Indonesia
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Table 1. Value of the range of distribution patterns for the
Dispersion Index (DI), Clumping Index (CI), and Green Index
(GN)

Indices name Dispersion -
Random Reguler Clumping
Dispersion (DI) 0 1 N
Clumping (CI) -1 0 N-1
Green (GI) -1(N-1) 0 1

Data analysis

Data analysis followed Mueller-Dombois and Ellenberg
(2016) by calculating basal area (D), density (Dent), and
Frequency (F). Then, we analyzed Relative Density (RDe),
Relative Dominance (RDo), and Relative Frequency (RF).
The Important Value (IV) was calculated as the sum of
RDo + RDent + RF. The dominance ratio was calculated
apart from 1V, namely the IV value divided by three.
Analysis of distribution patterns uses the statistical formula
proposed by Metananda et al. (2015), which included three
parameters: Random, regular, and clumping patterns (Table
1). The formulas are listed below:

Basal area a species

Dominance (Do) = Sample plot

Dominance of a species

Relative Dominance (RDo) = X 100%

Total domination of all species

. The number of individual of a species
Density (De) =

Sample plot

Density of species
v P X 100%

Relative density (RDe) = Density of all species

Number of plot found for a species

Frequency (F) = Number of all sample plots

Frequency of a species

Relative frequency (RF) = X 100%

Frequency of all species
Index Value (IVV) =Number result of RDo+RDe+RF

The number IV

Summed Dominace Ratio (SDR) = 3

The Diversity Index species follows the Shannon-
Wienner (H”) formula:

o [(n i)l (n. 1)]

= 2|y )y

Where:

n  : Number of individuals of each species

N : Number of individuals of all species

Dominance Evenness Index (E):

E= il
" InS
Where:

E : Dominance evenness index
H' : Shannon-Wienner (H”) diversity index
S : Number of species

The variance value (S?) analysis with formula:

z_ (EY)Z
52 L=
n—1
Where:
y  : Number of individuals all plot inside
n  : Number of plot

The Chi-square (Q) analysis with formula:

XZ
Q=n} N_N
Where:
n  : Number of plot

X :Mean individual in plot
N : Total individual in plot

The Dispersion Index (DI), Clumping Index (CI), and
Green Index (GI) were calculated as follow:

SZ
Dispersion Index (DI) = X
SZ
Clumping Index (CI) = X~ 1

SZ
. x !
Green index (GI) = =1
Where:
X : Mean number individual per plot unit
n  : Number individual in plot

N  : Total number individual all plot
S?  : Varians value of observation

RESULTS AND DISCUSSION

Composition and structure of palm trees community
Plant composition describes species that make up a
vegetation community which includes the indicator of the
number of species, genera, families, and individuals in a
forest area (Thammanu et al. 2021). The vegetation
community which grow concurrently in the A. excelsa
planted forest in Bodogol Resort, GGPNP, West Java,
Indonesia is a result of natural secondary succession
including palm tree species (Arecaceae). The results of
vegetation survey in the studied area showed that the
diversity of palm tree species with a diameter of >3 cm is
in the very low category where there were only four species
from three genera of palms (Table 2). According to
Omayio and Mzungu (2019) and Setyono and Himawan
(2018), the criteria for the value of the species diversity
index based on Shannon-Wiener (H') is said to be very low
if the value of H'<1 and very high if H'>3. The low species
diversity of palms in the A. excelsa planted forest in
Bodogol are also supported by the analysis of the species
diversity index, which is 0.87 (H'). In general, the more
extreme the environmental conditions, such as climate, soil,
or altitude, the diversity of vegetation composition will
decrease (Chauvier et al. 2021), including the diversity of
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palm tree species in the A. excelsa planted forest in
Bodogol Resort, GGPNP which is very low.

Communities or ecosystems with very low diversity
indicate heavy ecological pressure, causing the ecosystem
to become unstable. On the other hand, communities and
ecosystems with very high diversity indicate better
productivity so that the condition of the community and
ecosystem becomes balanced and stable. According to
Goswami et al. (2017), the high and low values of the
diversity index can be influenced by various factors,
including the number of species found, and some species
are found in more significant numbers than others. Dyderski
and Jagodzinski (2018) stated that extreme pressure and
various disturbances result in low diversity in an
ecosystem. Forests that are disturbed by both nature and
humans will affect the value of their species diversity.

Population or density is the number of individuals of a
species in an area (Jacquier et al. 2021). The density of
each plant species in natural forest areas generally varies
because they have different adaptations that depend on the
physical conditions of the environment (Jamali et al. 2020;
Wagner et al. 2020). Based on Table 2, the density of palm
trees under the A. excelsa planted forest in Bodogol Resort,
GGPNP was 171 trees per hectare. The highest density was
Pinanga coronata (112 trees/ha), and the lowest was
Arenga pinnata (2 trees/ha). Furthermore, the total basal
area was 0.63 m?ha. The highest basal area was P.
coronata (0.24 m?/ha), and the lowest was A. pinnata (0.08
m?/ha).

The distribution of palm species was found in 78
subplots out of 100 subplots (frequency 78%). The highest
frequency was P. coronata (41 subplots), and the lowest
was A. pinnata (1 subplot). Alandana et al. (2015) recorded
as many as seven species of palm trees found in the
Bodogol natural forest area and the Gunung Halimun Salak
National Park (GHSNP) forest area. Therefore, the results
of this study represent 57.14% of the species recorded in
Bodogol (GGPNP) and GHSNP. The density of P.
coronata in A. excelsa planted forest stands found in this
study (112 trees/ha) is significantly higher than that in
disturbed forest areas in GHSNP (corridor) which only 54
trees/ha as recorded by Alandana et al. (2015).

Forest vegetation is a dynamic system, sometimes
continuously developing or changing according to
environmental conditions (Keenan 2015; Messier et al.
2019; Wheeler et al. 2022). The presence of four species of
palm trees under the A. excelsa planted forest in Bodogol
was the result of natural succession because the area has
experienced severe disturbances (Prach and Walker 2018).

Therefore, the high density of P. coronata indicates a
suitable habitat for good growth and regeneration of such
palm (Ahmadipari et al. 2021; Teitelbaum et al. 2021).

The diameter of tree trunks in natural forest areas varies
(Lolila et al. 2023). The lowest trunk diameter of palm
species in this research was P. coronata (3.14 cm), with a
density of 1 tree/ha. In comparison, the highest trunk
diameter was Caryota rumphiana (31.46 cm), with a
density of 1 tree/ha. The basal area of P. coronata and C.
rumphiana was almost the same, but in term of density, P.
coronata was far higher. Similarly, the basal area of
Pinanga sp. and A. pinnata was almost the same, the
Pinanga sp. had much higher density. This is because both
P. coronata and Pinanga sp. have small trunk diameter,
conversely C. rumphiana and A. pinnata have relatively
large diameter size.

The Importance Value Index (IVI) of a species in a
community is a parameter for determining the level of role
of the species in its community (Lolila et al. 2023). The
importance value of a species can be used as an indication
that the species is considered dominant by having higher
relative density, relative frequency, and relative dominance
values compared to other species. The dominant species in
a forest area is indicated by the results of a high importance
value (Hou et al. 2023). The dominance of a species in a
habitat indicates that the species can utilize most of the
resources in the surrounding environment. Conversely, the
species with the lowest dominance value is a species that is
under pressure and unable to develop and adapt well. It can
be seen that P. coronata dominated the palm trees
community in the A. excelsa planted forest in Bodogol
Resort, GGPNP with IVI of 156.89%, DRI of 52.89% and
dominance index of 0.63 (Table 3). This result suggests
that P. coronata has a high adaptability to environmental
conditions (Schulze-Makuch et al. 2017).

Table 2. List of species, Basal Area (BA), Density (De) and
Frequency (F) of palm tree species in Altingia excelsa planted
forest area of Bodogol Resort, GGPNP, West Java, Indonesia

Species BA De F
(m?ha) (ha)  (ha)

Pinanga coronata (Blume ex Mart.)  0.24 112 41

Blume

Caryota rumphiana Mart. 0.22 12 11

Pinanga sp. 0.09 45 25

Arenga pinnata (Wurmb) Merr. 0.08 2 1
Total 0.63 171 78

Table 3. List of palm tree species, Relative Dominance (RDo), Relative Density (RDe), Relative Frequency (RF), Important Value
Index (1V1), and Dominance Ratio Index (DRI) of palm tree species in Altingia excelsa planted forest area of Bodogol Resort, GGPNP,

West Java, Indonesia

Species RDo (%) RDe (%) RF (%) VI (%) DRI(%)
Pinanga coronata 38.83 65.50 52.6 156.89 52.89
Pinanga sp. 13.67 26.32 321 72.04 24.01
Caryota rumphiana 34.65 7.02 14.1 55.77 18.59
Arenga pinnata 12.93 117 1.28 15.38 5.12
Total 100 100 100 300 100
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The area of A. excelsa planted forest in Bodogol Resort,
GGPNP has experienced disturbances and now has been
undergoing succession (Thammanu et al. 2021). Therefore,
P. coronata is a tree palm species with better regeneration
abilities (Bamwesigye et al. 2020). Apart from that, the
results of the high importance value also illustrate that the
presence of P. coronata is more stable or has the
opportunity to maintain its sustainability under A. excelsa
planted forests in Bodogol Resort, GGPNP compared with
A. pinnata (Gale et al. 2015; Mensah 2019).

The diameter classes in the studied area can be divided
into four groups, namely 3.0-4.9 ¢cm (76 trees), 5.0-9.9 cm
(88 trees), 10.0-14.9 cm (2 trees), and diameter >15 cm (5
trees) (Figure 2). Therefore, based on the research results, it
can be said that P. coronata and Pinanga sp. have good
regeneration, but not for A. pinnata which only had two
trees/ha. Meanwhile, in other subplots, there were only <9
trees. Furthermore, several subplots had a basal area of
>0.05 m?/100? m, namely subplot number 35/D5 (0.09 m?),
subplot 60/F10 (0.08 m?), and subplot 24/C4 (0.06 m?),
while in the other subplots the area was only <0.05 m?
(Figure 3).

In this study, A. pinnata had a very low density (2
trees/ha) but is not included in the category of rare
Indonesian plants. According to De Céceres et al. (2019),
the basic assumption for analyzing stands is to estimate the
condition of species both quantitatively and quantitatively
because species composition in forests with very low
density will experience high pressure to compete with other
species or even be isolated and disappear from the ecosystem
or community. This condition does not occur in the A.
pinnata species because some animals, especially civets,
might spread the seeds.

Distribution and stratification of palm trees community
Plant distribution is important in forest areas (Tadese et
al. 2023). Plant distribution can generally be described in
three patterns: random, regular, and clustered (Keren
2020). In general, the distribution of palm tree species in
the studied area was relatively spread out, although there
were several empty subplots (Figure 4). These conditions
are influenced by environmental factors such as microclimate,
nutrient availability, altitude, light, seed dispersal, and
other disturbances that play a role in species distribution
(Joswig et al. 2021; Kim et al. 2022). The distribution of
palm tree species in A. excelsa planted forests in Bodogol
Resort, GGPNP was regular and clustered. The results of
the analysis of the Index of Dispersion (ID) of the spatial
distribution pattern of the P. coronata species show that it
was clustered (1D=3.8), while the distribution pattern of A.
pinnata (ID=0.3), C. rumphiana (ID=0.1), and Pinanga sp.
(1D=0.8) was regular because the ID value is <1 (Table 4).
Plants growing as a group will be able to withstand the
impact of wind or inhibit water evaporation compared to
solitary living, and group distribution is a typical distribution
in nature for plants with high densities. Meanwhile, the
regular distribution shows that the environmental conditions
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in the A. excelsa planted forest in Bodogol Resort, GGPNP
was relatively similar in terms of growing space, nutrient
availability, and sunlight. It can also be caused by
competition between individuals or with others regarding
the availability of nutrients and space. The geographical
distribution of P. coronata and Pinanga sp. is also found
on the Andaman Islands (Bay of Benggala-India), the
Lesser Sunda lIslands (Bali, Lombok, Sumbawa, Flores,
Alor, to Timor), Java and Sumatra. Of these two types, they
grow in groups and sometimes solitary, from coastal forests
to mountain forests at an elevation of 1,900 m above sea
level. However, in protected areas, P. coronata grows more
solitary (Alandana et al. 2015).

Growth is the result of the interaction of various
physiological processes that are influenced by environmental
conditions (Charrier et al. 2015). Species correlation is
analyzed based on IS (Index of Similarity) as a parameter
that compares two or more factors. The results of the IS
analysis showed that the four species of palm trees did not
have a positive correlation (1S<30%), even for A. pinnata
(1S = 0) (Figure 5). This difference is influenced by many
factors (such as humidity, soil pH, altitude, temperature,
nutrients, light intensity, etc.), resulting in different
densities (Thammanu et al. 2021; Zhang et al. 2021).
Understanding species distribution patterns is very
important as basic data in forest management, namely to
locate plants in the spatial dimension of species (Gu et al.
2019). Therefore, P. coronata and Pinanga sp. can
reproduce perfectly because the saplings grow around the
parent tree or are spread by solitary animals in several
locations (Amadeu et al. 2016).

Forest canopy stratification is determined based on the
height of standing trees and can be divided into five strata,
namely A (height >30 m), B (height 20 m-30 m), C (height
4 m-20 m), D (shrub or tree height 1 m-4 m), and E
(ground cover or height <1 m). Standing palm trees' total
height (upper leaf height) varied with average 5.28 m
(Figure 6). According to some literature, Pinanga corona
and Pinanga sp. usually have a height of 7 m, but research
results show that ten trees (15.70%) had height of >7 m
high, and some were <7 m. A. pinnata and C. rumphiana
species usually have a total height of around 25 m, but in
this study the height was only 14 m, so they can be
considered as young stands (Kupers et al. 2019; Gasperini et
al. 2023).

Table 4. Distribution pattern of palm tree species on the one-
hectare plot in the Altingia excelsa planted forest in Bodogol
Resort, GGPNP, West Java, Indonesia

Species name Index of Dispersion (ID) Notes
Arenga pinnata 0.3 Regular
Caryota rumphiana 0.1 Regular
Pinanga sp. 0.8 Regular
Pinanga coronata 3.8 Clustered
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Figure 2. Diameter class distribution of palm tree species in
Altingia excelsa planted forest in Bodogol Resort, GGPNP, West
Java, Indonesia
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Figure 5. Similarity Index (SI) of palm tree species in Altingia
excelsa planted forest in Bodogol Resort, GGPNP, West Java,
Indonesia
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Figure 6. The total height of palm tree species stands were seen
from the east side (South-North/A-J) on a one-hectare plot in the
Altingia excelsa planted forest area in Bodogol Resort-GGPNP

In conclusion, the palm trees in the A. excelsa planted
forest in Bodogol Resort-GGPNP are the result of
secondary succession. There were four palm tree species of
three genera in one-hectare plot with the dominant species
was P. coronata, which had a clustered distribution, while
the other three species were regular distributed. The highest
density was P. coronata and Pinanga sp., while the density
of C. rumphiana was medium, and A. pinnata was very
low. We recommend this research to be continued
periodically to see the dynamics that occur so that mortality
and natality can be known. Pinanga sp. still requires
further study to determine its taxonomic status.
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