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Abstract

Raden Soerjo Grand Forest Park is a conservation area in East Java with moderate tree diversity. This study
analyzed the diversity, composition, and structure of trees in three vegetation types: open forest, closed forest,
and post-fire forest. Data collection used a systematic sampling method with random start. Data in the form of
tree species names and numbers of individuals were analyzed to determine the ecological index and Canonical
Correspondence Analysis (CCA). A total of 25 species from 21 families were identified, with Fagaceae and
Lauraceae dominating in open and closed forests, and Casuarinaceae in post-fire forest. Lithocarpus
sundaicus showed the highest Importance Value Index in open and closed forests, while Casuarina
junghuhniana dominated the post-fire forest. Pioneer species such as Homalanthus populneus, Ficus hispida,
and C. junghuhniana were present in all vegetation types. The diversity index showed moderate diversity (1.79
and 2.09), low species richness (2.22 and 3.45), and high evenness (0.69 and 0.71) in open and closed forests.
Tree distribution is dominated by the 61-80 cm diameter class in open and closed forests, and 41-60 cm in
post-fire forests. CCA showed that light intensity, soil moisture, air temperature, and soil pH influence species
distribution. Four species are endemic to Indonesia, with three species of conservation concern: Lithocarpus
korthalsii and Canthiumera glabra (near threatened), and Saurauia bracteosa (vulnerable).

Keywords: Casuarinaceae; Conservation; Diversity indices; Fagaceae; Lauraceae

Abstrak

Taman Hutan Raya Raden Soerjo merupakan kawasan konservasi di Jawa Timur dengan keanekaragaman
pohon dalam kategori sedang. Penelitian ini menganalisis keanekaragaman, komposisi, dan struktur pohon
pada tiga vegetasi: terbuka, tertutup, dan pascakebakaran. Koleksi data menggunakan metode systematic
sampling with random start. Data berupa nama spesies pohon dan jumlah individu dianalisis untuk
menentukan indeks ekologi dan Analisis Korespondensi Kanonik (CCA). Sebanyak 25 spesies dari 21 famili
teridentifikasi, Fagaceae dan Lauraceae mendominasi di vegetasi terbuka dan tertutup serta Casuarinaceae
di vegetasi pascakebakaran. Lithocarpus sundaicus menunjukkan Indeks Nilai Penting tertinggi pada hutan
terbuka dan tertutup, Casuarina junghuhniana mendominasi hutan pasca kebakaran. Spesies pionir seperti
Homalanthus populneus, Ficus hispida, dan C. junghuhniana terdapat pada semua tipe vegetasi. Indeks
keanekaragaman menunjukkan keanekaragaman sedang (1,79 dan 2,09), kekayaan spesies rendah (2,22 dan
3,45), dan kemerataan tinggi (0,69 dan 0,71) di hutan terbuka dan tertutup. Distribusi pohon didominasi oleh
kelas diameter 61-80 cm di hutan terbuka dan tertutup, dan 41-60 cm di hutan pascakebakaran. CCA
menunjukkan bahwa intensitas cahaya, kelembapan tanah, suhu udara, dan pH tanah memengaruhi distribusi
spesies. Empat spesies endemik Indonesia, dengan tiga spesies yang menjadi perhatian konservasi:
Lithocarpus korthalsii dan Canthiumera glabra (hampir terancam), dan Saurauia bracteosa (rentan).
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INTRODUCTION

The trees are large, long-lived, woody plants. Trees provide food and habitat for other biota
(Kozlowski & Song, 2022). Trees are a crucial component of a forest ecosystem. A forest is a land
area larger than 0.5 ha with trees taller than five meters and more than 10% canopy cover (Food and
Agriculture Organization (FAQO), 2006). The tropical rainforest is an ecosystem in an area with high
rainfall throughout the year, a warm climate, and is located around the equator (Dounias, 2018).
Tropical rainforest vegetation types vary greatly depending on latitude, altitude, soil conditions,
flooding, and climate (Poker & MacDicken, 2016). Mountain vegetation in Indonesia includes a range
of types from lower montane (1,000—1,500 masl) to subalpine forests and snowy vegetation (4,884
masl) (Kartawinata, 2013; Kartawinata & Sudarmonowati, 2022).

Trees can lose their function due to climate change, selective logging, and alien species
invasions (Garcia-Valdes et al., 2018; Jones et al., 2018; Liebhold et al., 2017). These factors can
alter tree species composition, forest succession, biodiversity, nutrients, carbon, and water cycling,
decreasing forest productivity (Liebhold et al., 2017). Tree species composition and abundance
changes affect rainfall redistribution and hydrological processes and threaten faunal survival (Perez-
Suarez et al., 2014; Costa et al., 2023). Reduced genetic diversity can increase susceptibility to pests
and diseases, leading to mass tree mortality in the future (Marden et al., 2017). Therefore, trees are
essential for the survival of living things.

The presence of trees in the forest is variably distributed across different vegetation types. The
diversity of trees in each vegetation type has significant differences. This is caused by several factors,
such as climatic conditions, soil type, topography, altitude, and interactions between organisms in the
ecosystem (Webb, 1968). In addition, canopy cover is also a factor that can affect forest vegetation
types (Siswo et al., 2023), as in research by Syaufina and Hamzah (2021) showed a significant change
in tree species diversity from 24 species (unburned area) to 2 species (burned area) in Teluk Meranti,
Pelalawan, Riau Province, Indonesia. Similar research was conducted by Lopez-alvarez et al. (2021)
in the Humid Mountain Forest in the protected natural area of La Martinica, Veracruz, Mexico, which
recorded 37 species (24 families), with high diversity in closed canopies. In addition, research by
Ubaekwe et al. (2024) on two canopy types in Omo Biosphere Reserve, Ogun State, Nigeria, found
a total diversity of 64 species (22 families) in the open canopy and 56 species (21 families) in the
closed canopy.

Raden Soerjo Forest Park (Tahura) is located in East Java Province, as a Protected Forest and
Arjuno-Lalijiwo Nature Reserve Area (PHPA), consisting of two types of vegetation based on
altitude, namely sub-mountain forest and mountain forest. This makes Tahura Raden Soerjo have a
very abundant level of flora and fauna diversity. This region has conducted many studies on
herbaceous plants (Respitosari et al., 2016), liana plants (Puspita et al., 2016), shrubs (Widiarti et al.,
2017), Pteridophyta (Pranita et al., 2017), lichen (Fatma et al., 2017), orchids (Soetopo et al., 2021),
Lepidoptera (Khoiri et al., 2023), and bamboo (Sa'diyah & Indah, 2024). The tree species that have
been found in this area are 16, with the dominant species being Trema orientale and Ficus virens
(Rahadiantoro, 2021), and the tree as an orchid host is Engelhardia spicata (Nusantara et al., 2017;
Soetopo & Utami, 2020). Although Tahura Raden Soerjo is a conservation area, it still experiences
unavoidable ecological disturbances, such as fires during the dry season, especially in 2023, when
there were four incidents. Given the importance of Tahura Raden Soerjo and previous research, this
study aims to analyze tree diversity, composition, and structure in three vegetation types: open forest,
closed forest, and post-fire forest. The study's results can be used as important data and information
to support biodiversity conservation efforts in Tahura Raden Soerjo. This is supported by the
statement of Hossen et al. (2021) that tree structure and composition are one of the parameters in
conservation forest ecosystem management.

MATERIALS AND METHODS

This research was conducted in Pasinan and Cangar areas, Tahura Raden Soerjo, Sumber
Brantas Village, Bumiaji District, Batu City, East Java. Data collection locations were carried out in
three vegetation types, namely open forest (coordinates 7°44'55.68"S, 112°32'44.41"E dan altitude
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1,500-2,000 masl), closed forest (coordinates 7°44'48.86"S, 112°32'24.29"E and altitude 1,600-
1,800 masl), and post-fire forest (coordinates 7°44'42.4"S, 112°32'54.0"E and altitude 1,900-2,100
masl) (Figure 1). Forest fires in the study area occurred approximately five months before data
collection, namely August-September 2023. The post-fire area was characterized by highly open
canopy cover, exposed soil, and numerous dead or damaged trees.
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Figure 1. The research site was Tahura Raden Soerjo (Batu, East Java, Indonesia), open forest (a),
closed forest (b), and post-fire forest (c)

Data collection of tree species was carried out using the systematic sampling method with
random start, with a Sampling Intensity (I1S) of 10% because the area is less than 1,000 ha (12 ha).
This method systematically places measuring plots with the exact distance between measuring plots
and determines the starting point using random numbers (Soerianegara & Indrawan, 2005). The
number of observation plots was 30, with 10 plots for each vegetation type and a distance of 100 m
between plots. The plot size for observation of tree species is 20 x 20 m, with a trunk diameter at
breast height >20 cm (Soerianegara & Indrawan, 2005), using a soft tape measure 150 cm/60 inch.
Environmental factors such as light intensity, soil moisture, and soil pH were measured using a 3 in
1 soil moisture tester; soil temperature using a soil thermometer with temperature range
specifications: 0 + 100 C Div: 1 C; air temperature and humidity using a thermo-hygrometer model
ST70TH. The data collected were the scientific names of species and the number of individuals. The
identification of scientific names of trees used the references Steenis (2010), Backer and van den
Brink (1965), and World Flora Online (WFQO) (2024) Plant List (website: https://wfoplantlist.org/).
Validation and updating of the latest scientific names refer to the Plants of the World Online (POWO)
(2024). The conservation status of the species was checked on the International Union for
Conservation of Nature's (IUCN) (2024) Red List of Threatened Species (website:
https://www.iucnredlist.org/).

Data were analyzed using the Importance Value Index (IVI), a parameter that indicates the
dominance of species in a vegetation community obtained from the values of density, relative density,
frequency, relative frequency, dominance, and relative dominance (Nguyen et al., 2014). Several
other ecological indices were used to describe the three vegetation types, including the Shannon-
Wiener diversity index (H"), Margalef index (R), and evenness index (E), which refers to Magurran
(2004). Canonical Correspondence Analysis (CCA) was used to show the relationship between tree
species and environmental factors (Adel et al., 2014; Fatem et al., 2020) using the PAST 4.03
program.

RESULTS
In total, 21 families, 24 genera, and 25 species were found in the three vegetation types. In the
open forest, 12 families with 13 species; in closed forest, 17 families with 19 species were obtained;
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and in post-fire vegetation, only one family with one species was obtained. The open and closed
forests were dominated by the Fagaceae family, but the closed forest was also dominated by the
Lauraceae family, consisting of two species, and post-fire forests are dominated by the

Casuarinaceae family (Figure 2).
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Figure 2. Number of species of each family in the three vegetation types in Tahura Raden Soerjo,
open forest (a), closed forest (b), and post-fire forest (c)

Table 1. Five tree species have the highest IVI values in the three vegetation types

Ve?;;gg“’” Scientific name Family  RD (%) RF (%) F(%’ VI (%)
A Lithocarpus sundaicus (Blume) Rehder Fagaceae 25.68 17.54 32.88 76.11
Engelhardia spicata Lechen ex Blume Juglandaceae 1972 17.54 31.61 68.88
Lithocarpus korthalsii (Endl.) Soepadmo  Fagaceae 21.55 14.03 22.97 58.56
Homalanthus populneus (Geiseler) Euphorbiacae  11.46 8.77 4.66 24.90
Kuntze
Litsea diversifolia Blume Lauraceae 6.42 12.28 1.14 19.84
B Lithocarpus sundaicus (Blume) Rehder Fagaceae 22.40 16.12 31.50 70.03
Engelhardia spicata Lechen ex Blume Juglandaceae  18.03 16.12 25.96 60.13
Lithocarpus korthalsii (Endl.) Soepadmo  Fagaceae 17.43 9.67 19.87 47.03
Litsea diversifolia Blume Lauraceae 14.20 12.90 8.07 35.18
Ficus hispida L. f. Moraceae 6.55 6.45 4.32 17.33
C Casuarina junghuhniana Mig. Casuarinaceae 100.00  100.00  100.00  300.00

Note: A= open forest; B= closed forest; C= post-fire forest; RD= relative density; RF= relative
frequency; RDo= relative dominance; and IVI= importance value index

Based on the Importance Value Index, both in open and closed forests, there are four species in
common, namely Lithocarpus sundaicus, Engelhardia spicata, Lithocarpus korthalsii, and Litsea
diversifolia (Figure 3). The highest VI values in the two vegetation types were L. sundaicus at
76.11% and 70.03%, E. spicata at 68.88% and 60.13%, and L. korthalsii at 58.56% and 47.03%.
However, in the open forest, the relative density values are not sequential, with E. spicata having a
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smaller relative density value than L. korthalsii at 19.72%. In the post-fire forest, C. junghuhniana
has the value of relative density, relative frequency, and relative dominance reaching the maximum,
so the 1VI value is 300% (Table 1).

Jus

Figure 3. Tree species with the highest VI values in forest vegetation in Tahura Raden Soerjo,
Lithocarpus sundaicus (a), Engelhardia spicata (b), Lithocarpus korthalsii (c), Litsea

diversifolia (d), and Casuarina junghuhniana (e)
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Figure 4. Diversity, richness, and evenness index values of species in two vegetation types of Tahura
Raden Soerjo

Based on Figure 4, diversity index values in open and closed forests were 1.79 and 2.09, the
species richness index values were 2.22 and 3.45, and the value of the species evenness index was
0.69 and 0.71. Based on Figure 5, the distribution of diameter classes is divided into four groups,
from 20-40 cm to 80-100 cm. The diameter class of trees in the open and closed forests is dominated
by 61-80 cm diameter, while in the post-fire forest, it is dominated by 41-60 cm diameter. In the
open forest, the number of trees decreased dramatically in the large diameter class (81-100 cm), while
in the closed forest, the number of trees decreased markedly in the small diameter class (2040 cm).
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Figure 5. Distribution of tree diameter class in three vegetation types in Tahura Raden Soerjo
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Table 2. Eigenvalue and percentages of Canonical Correspondence Analysis (CCA) results in three
vegetations in Tahura Raden Soerjo

Axis Eigenvalue %
1 0.9256 82.76
2 0.19276 17.24
3.007
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Figure 6. Result of Canonical Correspondence Analysis (CCA) analysis in three vegetations. 1=open
forest; 2= closed forest, and 3= post-fire forest. IC= light intensity; KT=soil moisture; ST=
soil temperature; KU= air humidity; SU= air temperature; and pH= soil pH

Table 3. Conservation status of tree species in the three vegetation types in Tahura Raden Soerjo

Scientific name Family Vegetation IUCN status
types
Lithocarpus sundaicus (Blume) Rehder Fagaceae A B LC
Lithocarpus korthalsii (Endl.) Soepadmo Fagaceae A B NT
Engelhardia spicata Lechen ex Blume Juglandaceae A B LC
Casuarina junghuhniana Migq. Casuarinaceae C LC
Toona Sureni (Blume) Merr. Meliaceae A LC
Albizia chinensis (Osbeck) Merr. Fabaceae A LC
Ficus hispida L. f. Moraceae A B LC
Machilus rimosus (Blume) Blume Lauraceae B N.A
Litsea diversifolia Blume Lauraceae A B LC
Syzygium acuminatissimum (Blume) DC. Myrtaceae A B LC
Ziziphus sp. Rhamnaceae B N.A
Alstonia scholaris (L.) R.Br. Apocynaceae A B LC
Melicope latifolia (DC.) T.G.Hartley Rutaceae B LC
Homalanthus populneus (Geiseler) Kuntze Euphorbiaceae A LC
Trema orientale (L.) Blume Cannabaceae A LC
Glochidion rubrum Blume Phyllanthaceae A LC
Podocarpus neriifolius D.Don Podocarpaceae B LC
Canthiumera glabra (Blume) K.M.Wong & Mahyuni Rubiaceae B NT
Astronia spectabilis Blume Melastomaceae B N.A
Prunus grisea (Blume ex Mull.Berol.) Kalkman Rosaceae B LC
Knema globularia (Lam.) Warb. Myristicaceae B LC
Claoxylon longifolium (Blume) Endl. Ex Hassk. Euphorbiaceae B LC
Breynia microphylla (Kurz ex Teijsm. & Binn.) Mull.Arg.  Phyllanthaceae B LC
Saurauia bracteosa DC. Actinidiaceae B VU
Macropanax dispermus (Blume) Kuntze Araliaceae A B LC

Note: A= open forest; B= closed forest; and C= post-fire forest
threatened; VU= vulnerable; N.A= not available
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Based on the Canonical Correspondence Analysis (CCA) results it showed a variation of
82.76% on the first axis (Axis 1) and 17.24% on the second axis (Axis 2) (Table 2). In the open
forests, there is a relatively close relationship between light intensity and some soil moisture. In
contrast, in the closed forests, there is a closer relationship between air temperature and soil pH. In
the post-fire forests, there is a close relationship with soil temperature. Species affected by these
factors, exceptionally light intensity, were L. sundaicus (Ls), L. korthalsii (Lk), and E. spicata (Es).
The presence of Alstonia scholaris (Als) and Macropanax dispermus (Md) species is influenced by
soil moisture. The presence of Litsea diversifolia (Ld), Ficus hispida (Fc), and Syzygium
acuminatissimum (Sa) is influenced by air temperature and soil pH (Figure 6).

Based on the origin of the distribution of trees on the Plants of the World Online site, four tree
species are only found on several islands in Indonesia, namely L. korthalsii, native to Java and
Sumatra; C. junghuhniana, native to Java to the Lesser Sunda Islands; Astronia spectabilis, native to
Java to the Lesser Sunda Islands, and Breynia microphylla, native to Northern Sumatra, Java to the
Lesser Sunda Islands, and Southern Sulawesi. These four species are only native to Indonesia and
can, therefore, be categorized as Indonesian endemic trees.

Based on Table 3, 22 species were identified with conservation status on the IUCN Red List of
Threatened Species. The status of Least Concern (LC) species totalled 13 species; two Near
Threatened (NT) species were L. korthalsii (open and closed forests) and Canthiumera glabra (closed
forest), and one Vulnerable (VU) species was only found in closed forest, Saurauia bracteosa.

DISCUSSION

The Fagaceae and Lauraceae family in this study was found at around 1,500-2,000 masl.
Fagaceae in Indonesia can grow at altitudes of more than 1,500 masl (Purwaningsih & Polosakan,
2016). Fagaceae commonly grow in tropical montane rainforests and are considered an essential
component of montane forests (700-1,500 masl, especially 1,200-1,500 masl) in Malaya (Whitmore,
1988; Whitmore, 1990). According to Fadhila et al. (2023), members of the Lauraceae family are
distributed in all altitude ranges of 1,400-1,700 masl. This family also has an important role
ecologically and economically (Giraldo-Kalil et al., 2023). Lauraceae species can thrive in areas that
have experienced significant deforestation and land use (Alkishe et al., 2022). The Fagaceae and
Lauraceae families dominate the tree composition, one of the characteristics of the montane rainforest
(Culmsee et al., 2011). The Casuarinaceae family in this study was found at of around 1,900-2,100
masl. Casuarinaceae (C. junghuhniana) in Southeast Asia can grow at altitudes ranging from 550—
3,100 masl (Khairunnisa et al., 2023). According to Rahardi et al. (2020), this species in Indonesia
grows in highland areas at altitudes between 2,000-3,000 masl.

The important value index in open, closed, and post-fire forests indicates that these species
dominate the forest community in Tahura Raden Soerjo and have adapted well to the surrounding
environmental conditions. According to Hou et al. (2023), a high IVI value indicates the dominance
of species in a forest area. In addition, a high IVI value proves that the species grows according to
the habitat, thus successfully adapting to the local environment (Lillo et al., 2024; Solfiyeni et al.,
2024a). Lithocarpus sundaicus and Engelhardia spicata had the highest V1 values in open and closed
forests because both were found in almost every observation plot. The Lithocarpus genus dominates
in the tropics and at higher latitudes, although it is not freezing-resistant (Chen et al., 2020).
According to Hidayat et al. (2022), L. sundaicus includes climax trees in natural forests. This is
supported by the statement of Solfiyeni et al. (2024b) that species with high IVI values should consist
of climax trees because they play an essential role in maintaining the structural integrity of the
ecosystem. E. spicata can control environmental temperature (Senoputri et al., 2016), so it can grow
in open and closed forests. This species is mainly found in primary forests and rarely in secondary
forests (Kozlowski et al., 2018). Meanwhile, C. junghuhniana had the highest VI value in post-fire
forests because only one tree species covered the area. This is due to its ability to grow in dry and
semi-dry regions, supported by genetic diversity and high heritability of growth and quality traits,
especially branch thickness (Garg et al., 2022; 2024). Casuarina junghuhniana can grow in dry and
nitrogen-deficient environments, especially at high altitudes (Golam & Araki, 2010). According to
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Eze and Ahonsi (1993), this species is essential for conservation efforts as it is a unique and distinct
lineage. According to Gojamme (2024), the composition and species in a community are influenced
by several environmental factors.

Based on several species with high VI values in three vegetation types, which contained
pioneer species, namely Homalanthus populneus, Ficus hispida, and C. junghuhniana. Pioneer plants
show that they can adapt to disturbed environmental conditions. Pioneer plants can be associated with
Plant Growth Promoting Rhizobacteria, allowing them to survive and adapt to degraded habitats
(Andriani et al., 2019). The presence of pioneer species in this study was caused by low canopy cover
and human activity, namely, tree felling. According to Rahayu et al. (2017) and Silvestrini et al.
(2015), the growth of pioneer species is caused by low canopy cover and human disturbances that can
affect genetic diversity and structure. Homalanthus populneus is typically found in lowlands to
highlands at elevations of about 2,000 masl, as well as logged-over woods, secondary forests, and
riparian forests. Only open spaces and occasionally open areas of intact woods are home to
populations of the genus (Zuhud et al., 2013). Ficus hispida is not only found in open forests but also
in closed forests. The Ficus genus grows in nearly every vegetation type, including rocky regions,
primary or secondary forests, and wet or dry ground (Hendrayana et al., 2019). This genus can grow
in tropical and subtropical areas and is essential for fruit-eating animals, so it is considered a critical
species in tropical forests (Shi et al., 2018). This genus, referred to as the ‘fig’, can survive in a wide
range of habitats and plays a vital role in ecological restoration due to the density and diversity of its
saplings being twice that of other genera (Hendrayana et al., 2019). Casuarina junghuhniana is found
in post-fire forests with open, extreme environmental conditions and dry soil due to fire. According
to Yulianto et al. (2019), this species has a high tolerance to areas that lack oxygen, so it can grow in
dry areas. The Casuarina clan associates with ectomycorrhizal and endomycorrhizal fungi and can
fix nitrogen through an endosymbiotic relationship with Frankia Actinomycetes (Luechanimitchit et
al., 2017).

The diversity index of trees in open and closed forests was moderate, indicating that species
diversity is abundant and abundance is relatively evenly distributed. Other studies also showed similar
diversity indices in Medha Kachapia National Park, Cox's Bazar, Bangladesh (1.16) (Uddin et al.,
2020), unburned areas in Teluk Meranti, Pelalawan, Riau, Indonesia (2.86) (Syaufina & Hamzah,
2021), and Bung Hatta Grand Forest Park, West Sumatra, Indonesia (2.32) (Solfiyeni et al., 2024b).
According to Solfiyeni et al. (2024b), the diversity index describes species diversity in a vegetation
community. The higher the diversity index value, the more diverse the species in a community tends
to be, and the more stable it is. Species diversity indicates that a species can survive environmental
changes (Rahman et al., 2023).

The number of species in open forests was less than in closed forests. In some observation plots,
human activities disturb the forest ecosystem, namely, tree felling. According to Oktavia et al. (2021),
changes in diversity can occur due to natural or human processes. Only one species was in the post-
fire forest, indicating a low diversity index due to forest fires. Wildlife poaching caused the fire, and
this vegetation had the worst disturbance compared to the other two. According to Syaufina and
Hamzah (2021), sites that experience high-severity disturbance and low recovery have a slow
response to seed conditions and environmental factors. This is supported by Chang and Turner's
(2019) statement that the severity of disturbance drives the level of community change and the various
mechanisms that mediate community dynamics. Recurrent fires can be a threat that results in the
decline of forest ecosystems, loss of biodiversity, and significant amounts of carbon emissions
(Dohong et al., 2017).

The richness index in open and closed forests was low, indicating that some species are more
abundant than others. Other studies have higher values in East Kalimantan, Indonesia (6.09) (Karmini
et al., 2021), Mertelu Purba Nature Reserve, North Sumatra, Indonesia (4.5) (Rangkuti et al., 2023),
and Batam Island, Indonesia (7.09) (Susilowati et al., 2024). According to Khumbongmayun et al.
(2005), species richness is one of the parameters in determining an area's importance for biodiversity
conservation.
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The evenness index in open and closed forests was high, indicating that individuals' distribution
between species is relatively even. Similar research was also found in Fakim Wildlife Sanctuary,
Nagaland, Northeast India (0.92) (Ao et al., 2020) and Gunung Gede Pangrango National Park, West
Java, Indonesia (0.82—0.85) (Sadili et al., 2023). According to de Mazancourt et al. (2013), there is a
high correlation between the stability of the associated community and tree evenness and diversity.
Numerous individuals and varying natural forest components govern species evenness and plant
community improvement (Susilowati et al., 2021).

Based on Figure 5, the decrease in the number of large-diameter trees in open vegetation is due
to tree felling. This is in line with the research of Hossen et al. (2021), where the number of species
and individuals decreases with increasing diameter and vice versa. An increase in the diameter class
indicates the successful recruitment of some native species, indicating that mature trees are being cut
down. In both open and closed forests, 61-80 cm diameter was dominated by L. sundaicus and L.
korthalsii, while in post-fire forests, 41-60 cm diameter was dominated by C. junghuhniana.

The environmental conditions affect the presence of tree species. Previous research noted that
L. sundaicus can grow in areas with high light intensity, and Engelhardia habitats are mostly in sunny
and open areas (Kusmana & Suwandhi, 2019; Meng et al., 2022). However, research by Irawan et al.
(2021) revealed that A. scholaris is more sensitive to light intensity, while M. dispermus is more
responsive to soil conditions (Fathia et al., 2019). Air temperature and soil pH in the study area tend
to be optimum, namely 21-28 °C and 7.25-7.5. The optimum temperature for plant growth is 10-38
°C (Sudarmono, 1997), while the optimum soil pH is 6-7.5 (Xu et al., 2014). According to Srinivas
and Krishnamurthy (2019), low temperature, high humidity, and soil pH around 5.6-6.0 affect the
diversity and distribution of the genus Litsea. The presence of the Ficus genus in Pattunuang Resort
and Bantimurung Resort is also influenced by air temperature and soil pH (Yelastri et al., 2023).
However, the presence of the Syzygium genus is mainly influenced by altitude (Mudiana, 2017;
Damas et al., 2022). Soil factors (soil physical and chemical properties) can influence the distribution
of tree species (Nguyen et al., 2015). Environmental factors can describe ecological niches under
current and future environmental conditions (Alkishe et al., 2022).

According to the IUCN Red List of Threatened Species, L. korthalsii and C. glabra are near
threatened due to local logging, massive habitat conversion, and land conversion for agriculture and
urbanization (International Union for Conservation of Nature (IUCN), 2024). Saurauia bracteosa has
a natural distribution in the Andaman Islands, Java, the Lesser Sunda Islands, and the Nicobar Islands.
This species is vulnerable to habitat destruction, land loss, and forest fires (Soemarno & Girmansyah,
2012; Helmanto et al., 2020).

CONCLUSION

This research resulted in a reasonably abundant tree diversity of 25 species from 21 families in
three vegetation types, including several pioneer species that signalled the recovery of damaged or
degraded forest ecosystems. The results also found that Tahura Raden Soerjo has a suitable habitat
for L. sundaicus and E. spicata. However, according to conservation status, L. korthalsii and C. glabra
are near-threatened species, and S. bracteosa is vulnerable to threats, which requires increased
protection to prevent the loss of tree diversity. This study recommends conserving and sustainably
managing the natural habitats of L. sundaicus, E. spicata, and other native species. It is a big
responsibility for managers to determine appropriate and sustainable conservation strategies, such as
giving strict sanctions to perpetrators and ensnaring them in an integrated manner, using a forest fire
detection system. In addition, education from the government to the surrounding community is an
effective way to stop the destruction of forest ecosystems in Tahura Raden Soerjo, such as campaigns
through social media, a forest management strategy workshop, and inviting people to participate
actively in tree planting.

ACKNOWLEDMENTS
The authors would like to thank the Head of the Technical Management Unit of Tahura Raden
Soerjo, Malang, Indonesia, for allowing the research to be conducted. The authors would also like to

10.15408/kauniyah.v19i1.43321 | P-ISSN: 1978-3736, E-ISSN: 2502-6720 | 82



AL-KAUNIYAH: Jurnal Biologi, 19(1), 2026

thank the managers of Forest Management Resort 04 in Sumber Brantas, Batu City, and Forest
Management Resort 07 in Pacet District, Mojokerto Regency, Indonesia, for accompanying and
assisting the authors in the data collection process in the Pasinan and Cangar areas.

REFERENCES

Adel, M. N., Pourbabaei, H., & Dey, D. C. (2014). Ecological species group-environmental factors
relationships in Unharvested Beech Forests in the North of Iran. Ecological Engineering, 69,
1-7. doi: 10.1016/j.ecoleng.2014.03.008.

Alkishe, A., Cobos, M. E., Osorio-Olvera, L., & Peterson, A. T. (2022). Ecological niche and
potential geographic distributions of Dermacentor marginatus and Dermacentor reticulatus
(Acari: Ixodidae) under current and future climate conditions. Web Ecology, 22(2), 33-45. doi:
10.5194/we-22-33-2022.

Andriani, R., Kurniahu, H., & Sriwulan, S. (2019). Inventarisasi tumbuhan pionir lahan bekas
tambang kapur di Kecamatan Rengel Kabupaten Tuban Jawa Timur. Biotropic: The Journal of
Tropical Biology, 3(1), 56-61. doi: 10.29080/biotropic.2019.3.1.56-61.

Ao, A., Changkija, S., & Tripathi, S. K. (2020). Species diversity, population structure, and
regeneration status of trees in Fakim Wildlife Sanctuary, Nagaland, Northeast India.
Bidoversitas, 21(6), 2777-2785. doi: 10.13057/biodiv/d210654.

Backer, C. A., & Bakhuizen van den Brink, R. C. (1965). Flora of Java. Netherlands: N.V.P.
Noordhoff Groningen.

Chang, C. C., & Turner, B. L. (2019). Ecological succession in a changing world. Journal of Ecology,
107(2), 503-509. doi: 10.1111/1365-2745.13132.

Chen, X., Kohyama, T. S., & Cannon, C. H. (2020). Fruit development of Lithocarpus (Fagaceae)
and the role of heterochrony in their evolution. Journal of Plant Research, 133(2), 217-229.
doi: 10.1007/s10265-020-01168-1.

Costa, J. G., Fearnside, P. M., Oliveira, 1., Anderson, L. O., de Aragdo, L. E. O. e. C., Almeida, M.
R.N.,, ... daSilva, S. S. (2023). Forest degradation in the Southwest Brazilian Amazon: Impact
on tree species of economic interest and traditional use. Fire, 6(6), 1-15. doi:
10.3390/fire6060234.

Culmsee, H., Pitopang, R., Mangopo, H., & Sabir, S. (2011). Tree diversity and phytogeographical
patterns of tropical high mountain rainforests in Central Sulawesi, Indonesia. Biodiversity and
Conservation, 20(5), 1103-1123. doi: 10.1007/s10531-011-0019-y.

Damas, K. Q., Cianciullo, S., de Sanctis, M., Testolin, R., Farcomeni, A., Hitofumi, A., ... Attorre,
F. (2022). Ecological characterization of Syzygium (Myrtaceae) in Papua New Guinea. Case
Studies in the Environment, 6(1), 1-12. doi: 10.1525/cse.2021.1546552.

de Mazancourt, C., Isbell, F., Larocque, A., Berendse, F., De Luca, E., Grace, J. B., ... Loreau, M.
(2013). Predicting ecosystem stability from community composition and biodiversity. Ecology
Letters, 16(5), 617-625. doi: 10.1111/ele.12088.

Dohong, A., Azis, A. A., & Dargusch, P. (2017). A review of the drivers of tropical peatland
degradation in  South-East Asia. Land Use Policy, 69, 349-360. doi:
10.1016/j.landusepol.2017.09.035.

Dounias, E. (2018). Rainforest, tropical. The International Encyclopedia of Anthropology, 1-3. doi:
10.1002/9781118924396.wbieal682.

Eze, J. M. O., & Ahonsi, M. O. (1993). Improved germination of the seeds of whistling pine
(Casuarina equisetifolia) Forst and Forst (Cassuarinaceae) by various presowing treatments.
Agronomy, 10(13), 889-894. doi: 10.1051/agro:19931003.

Fadhila, N. A., Sulistijorini., & Djuita, N. R. (2023). Diversity and epidermal characteristics of
Lauraceae leaves in two forest locations, Bogor Regency, West Java. Jurnal Biodjati, 8(1), 81-
93. doi: 10.15575/biodjati.v8i1.24406.

Fatem, S. M., Djitmau, D. A., Ungirwalu, A., Wanma, A. O., Simbiak, V. 1., Benu, N. M. H., ...
Murdjoko, A. (2020). Species diversity, composition, and heterospecific associations of trees

83 | 10.15408/kauniyah.v19i1.43321| P-ISSN: 1978-3736, E-ISSN: 2502-6720



AL-KAUNIYAH: Jurnal Biologi, 19(1), 2026

in three altitudinal gradients in Bird's Head Peninsula, Papua, Indonesia. Biodiversitas, 21(8),
3596-3605. doi: 10.13057/biodiv/d210824.

Fathia, A. A., Hilwan, 1., & Kusmana, C. (2019). Species composition and stand structure in sub-
montane forest of Mount Galunggung, Tasikmalaya, West Java. IOP Conference Series: Earth
and Environmental Science, 394(1), 012012. doi: 10.1088/1755-1315/394/1/012012.

Fatma, Y., Mahanal, S., & Sari, M. S. (2017). Keanekaragaman familia Physciaceae dan Lobariaceae
di Taman Hutan Raya Raden Soerjo sebagai bahan ajar pada matakuliah mikrobiologi. Jurnal
Pendidikan: Teori, Penelitian, dan Pengembangan, 2(2), 179-185. doi: 10.17977/jp.v2i2.8513.

Food and Agriculture Organization (FAO). (2006). Global forest resources assessment 2005. Rome:
FAQ Forestry Paper 147.

Garcia-Valdes, R., Bugmann, H., & Morin, X. (2018). Climate change-driven extinctions of tree
species affect forest functioning more than random extinctions. Diversity and Distributions,
24(7), 906-918. doi: 10.1111/ddi.12744.

Garg, R. K., Sra, M. S., Nicodemus, A., Singh, A., & Singh, G. (2022). Evaluation of interspecific
hybrid clones of Casuarina for adaptability and growth in arid and semi-arid regions of North-
West India. Journal of Environmental Biology, 43(2), 317-325. doi: 10.22438/eb/43/2/MRN-
1955.

Garg, R. K., Sra, M. S., & Singh, A. (2024). Genetic variability and heritability for growth and quality
traits in Casuarina under the semi-arid region of Punjab. Indian Forester, 150(1), 29-33. doi:
10.36808/if/2024/v150i1/169856.

Giraldo-Kalil, L. J., Pinilla-Buitrago, G. E., Lira-Noriega, A., Lorea-Hernandez, F., & Nufez-Farfan,
J. (2023). Ecological niche comparison among closely related tree species of Lauraceae using
climatic and edaphic data. Frontiers of Biogeography, 15(3), 1-21. doi:
10.21425/F5FBG59528.

Gojamme, D. U. (2024). Wetland vegetation composition and ecology of Lake Abaya in Southern
Ethiopia. PLoS ONE, 19(4), 1-20. doi: 10.1371/journal.pone.0301795.

Golam, S. A. K. M., & Araki, H. (2010). Monotypic taxa, their taxonomic implications, and
conservation needs in Bangladesh. International Conference on Environmental Aspects of
Bangladesh, 10, 55-57.

Helmanto, H., Zulkarnaen, R. N., Fikriyya, N., Nisyawati., & Robiansyah, I. (2020). Population status
of Saurauia spp. in Slamet Mountain, Central Java. IOP Conference Series: Earth and
Environmental Science, 528(1). doi: 10.1088/1755-1315/528/1/012009.

Hendrayana, Y., Widodo, P., Kusmana, C., & Widhiono, I. (2019). Diversity and distribution of figs
(Ficus spp.) across altitudes in Gunung Tilu, Kuningan, West Java, Indonesia. Biodiversitas,
20(6), 1568-1574. doi: 10.13057/biodiv/d200612.

Hidayat, R., Marsono, D., Susanto, S., & Sadono, R. (2022). Komposisi dan struktur vegetasi gulu
daerah aliran Sungai Cisanggarung, Taman Nasional Gunung Ciremai. Agrienvi: Jurnal limu
Pertanian, 16(2), 126-136. doi: 10.36873/aev.v16i2.5553.

Hossen, S., Hossain, M. K., Hossain, M. A., & Uddin, M. F. (2021). Quantitative assessment of tree
species diversity of Himchari National Park (HNP) in Cox’s Bazar, Bangladesh. Asian Journal
of Forestry, 5(1), 1-7. doi: 10.13057/ASIANJFOR/R050101.

Hou, G., Shi, P., Zhou, T., Sun, J., Zong, N., Song, M., & Zhang, X. (2023). Dominant species play
a leading role in shaping community stability in the Northern Tibetan grasslands. Journal of
Plant Ecology, 16(3), 649-662. doi: 10.1093/jpe/rtac110.

International Union for Conservation of Nature (IUCN). (2024). The IUCN Red List of threatened
species, version 2024-1. Retrieved from https://www.iucnredlist.org.

Irawan, B., Tamin, R. P., & Hardiyanti, R. A. (2021). Morphological responses of a light-demanding
Alstonia scholaris and a shade-tolerant Eusideroxylon zwageri to the air humidity and light
intensity. Jurnal Manajemen Hutan Tropika, 27(3), 193-193. doi: 10.7226/jtfm.27.3.193.

Jones, G., Keane, J., Gutierrez, R., & Peery, M. (2018). Declining old-forest species as a legacy of
large trees lost. Diversity and Distributions, 24, 341-351. doi: 10.1111/ddi.12682.

10.15408/kauniyah.v19i1.43321 | P-ISSN: 1978-3736, E-ISSN: 2502-6720 | 84


https://doi.org/10.21425/F5FBG59528
https://doi.org/10.21425/F5FBG59528
https://www.iucnredlist.org/

AL-KAUNIYAH: Jurnal Biologi, 19(1), 2026

Karmini, K., Karyati, K., & Widiati, K. Y. (2021). The ecological and economic values of a 50 years
old secondary forest in East Kalimantan, Indonesia. Biodiversitas, 22(10), 4597-4607. doi:
10.13057/biodiv/d221053.

Kartawinata, K. (2013). Diversitas ekosistem alami Indonesia. DKI Jaya: LIPI Press dan Yayasan
Pustaka Obor Indonesia.

Kartawinata, K., & Sudarmonowati, E. (2022). Keragaman vegetasi alami Cagar Biosfer Cibodas.
Jakarta: Badan Riset dan Inovasi Nasional.

Khairunnisa, H., Dewi, M. A. K., Fagiih, M. A. H., Putrayuda, M. R., Nugroho, G. D., Indrawan, M.,
... Setyawan, A. D. (2023). Prediction of potential climate change impacts on the geographic
distribution shift of Casuarina junghuhniana and C. equisetifolia in Southeast Asia.
Biodiversitas, 24(11), 6360-6371. doi: 10.13057/biodiv/d241161.

Khoiri, S. M., Rahayu, S. E., Akhsani, F., & Rohman, F. (2023). Kajian komunitas kupu-kupu
(Lepidoptera) di Kawasan Coban Watu Ondo Taman Hutan Raya Raden Soerjo. Jurnal
Biosilampari: Jurnal Biologi, 6(1), 18-32. doi: 10.62112/biosilampari.v6il.40.

Khumbongmayun, A. D., Khan, M. L., & Tripathi, R. S. (2005). Sacred groves of Manipur, Northeast
India: Biodiversity value, status and strategies for their conservation. Biodiversity and
Conservation, 14(7), 1541-1582. doi: 10.1007/s10531-004-0530-5.

Kozlowski, G., Betrisey, S., & Song, Y-G. (2018). Wignuts (Pterocarya) and walnut family; Relict
trees: Linking in the past, present, and future. Switzerland: Natural History Museum Fribourg
(NHMF).

Kozlowski, G., & Song, Y-G. (2022). Importance, tools, and challenges of protecting trees.
Sustainability, 14(20), 13107. doi: 10.3390/su142013107.

Kusmana, C., & Suwandbhi, I. (2019). Diversity of plant species and the presence of invasive alien
species (IAS) in the sub-montane forest at Pekenjeng Region, Southern Part of Garut, West
Java. IOP Conference Series: Earth and Environmental Science, 399(1). doi: 10.1088/1755-
1315/399/1/012035.

Liebhold, A., Brockerhoff, E., Kalisz, S., Nunez, M., Wardle, D., & Wingfield, M. (2017). Biological
invasions in forest ecosystems. Biological Invasions, 19, 3437-3458. doi: 10.1007/s10530-017-
1458-5.

Lillo, E. P., Malaki, A. B., Alcazar, S. M. T., Chavez, M. L. M., Rosales, R., Tomol, C. J., ... Lillo,
E. P. (2024). Mangrove forest composition, diversity, and disturbances in Carcar City and
Sibonga Municipality, Southern Cebu Island, Philippines. Biodiversitas, 25(5), 2035-2043. doi:
10.13057/biodiv/d250521.

Lopez-alvarez, R. L., Luna-Cavazos, M., Valdez-Hernandez, J. I., & Garcia-Moya, E. (2021). Tree
structure and diversity of a Humid Mountain Forest in the protected natural area La Martinica,
Veracruz, Mexico. Revista de Biologia Tropical, 69(4), 1189-1203. doi:
10.15517/rbt.v69i4.46855.

Luechanimitchit, P., Luangviriyasaeng, V., Laosakul, S., Pinyopusarerk, K., & Bush, D. (2017).
Genetic parameter estimates for growth, stem-form, and branching traits of Casuarina
junghuhniana clones grown in Thailand. Forest Ecology and Management, 404, 251-257. doi:
10.1016/j.foreco.2017.08.030.

Magurran, A. E. (2004). Measuring biological diversity 1 st ed. Oxford: Blackwell Scientific. 109-
115.

Marden, J. H., Mangan, S. A., Peterson, M. P., Wafula, E., Fescemyer, H. W., Der, J. P., ... Comita,
L. S. (2017). Ecological genomics of tropical trees: How local population size and allelic
diversity of resistance genes relate to immune responses, cosusceptibility to pathogens, and
negative density dependence. Molecular Ecology, 26(9), 2498-2513. doi: 10.1111/mec.13999.

Meng, H-H., Zhang, C-Y., Low, S. L., Li, L., Shen, J-Y., Nurainas., ... Li, J. (2022). Two new species
from Sulawesi and Borneo facilitate phylogeny and taxonomic revision of Engelhardia
(Juglandaceae). Plant Diversity, 44(6), 552-564. doi: 10.1016/j.pld.2022.08.003.

85 | 10.15408/kauniyah.v19i1.43321| P-ISSN: 1978-3736, E-ISSN: 2502-6720



AL-KAUNIYAH: Jurnal Biologi, 19(1), 2026

Mudiana, D. (2017). Karakteristik habitat Syzygium pycnanthum (Merr.) LM Perry di Gunung Baung,
Jawa Timur. Jurnal Penelitian Hutan dan Konservasi Alam, 14(2), 67-89. doi:
10.20886/jphka..2017.14.2.67-89.

Nguyen, H., Lamb, D., Herbohn, J., & Firn, J. (2014). Designing mixed species tree plantations for
the tropics: Balancing ecological attributes of species with landholder preferences in the
Philippines. PLoS ONE, 9(4), 1-11. doi: 10.1371/journal.pone.0095267.

Nguyen, T. V., Mitlohner, R., Bich, N. V., & Do, T. V. (2015). Environmental factors affecting the
abundance and presence of tree species in a tropical lowland limestone and non-limestone forest
in Ben En National Park, Vietnam. Journal of Forest and Environmental Science, 31(3), 177-
191. doi: 10.7747/jfes.2015.31.3.177.

Nusantara, A. B., Kendarini, N., & Saptadi, D. (2017). Eksplorasi anggrek epifit di sekitar Watu Ondo
Kawasan Taman Hutan R. Soerjo Mojokerto. Jurnal Produksi Tanaman, 5(9), 1447-1452.

Oktavia, D., Pratiwi, S. D., Munawaroh, S., Hikmat, A., & Hilwan, 1. (2021). Floristic composition
and species diversity in three habitat types of the heath forest in Belitung Island, Indonesia.
Biodiversitas, 22(12), 5555-5563. doi: 10.13057/biodiv/d221240.

Perez-Suarez, M., Arredondo-Moreno, J., Huber-Sannwald, E., & Serna-Perez, A. (2014). Forest
structure, species traits, and rain characteristics influence horizontal and vertical rainfall
partitioning in a semiarid pine-oak forest from Central Mexico. Ecohydrology, 7, 532-543. doi:
10.1002/eco..1372.

Plants of the World Online (POWO). (2024). Plants of the world online, R. Bot. Gard. Kew. Retrieved
from https://powo.science.kew.org/.

Poker, J., & MacDicken, K. (2016). Tropical forest resources: Facts and tables. In L. Pancel & M.
Kohl (Eds.), Tropical forestry handbook (pp. 3-45). Berlin, Heidelberg: Springer.

Pranita, S. H., Mahanal, S., & Sari, M. S. (2017). Karakteristik spora tumbuhan paku Asplenium
kawasan Hutan Raya R. Soerjo. Jurnal Pendidikan: Teori, Penelitian, dan Pengembangan,
2(4), 454-458. doi: 10.17977/jptpp.v2i4.8751.

Purwaningsih., & Polosakan, R. (2016). Keanekaragaman jenis dan sebaran Fagaceae di Indonesia.
Ethos (Jurnal Penelitian dan Pengabdian Masyarakat), 4(1), 85-92. doi:
10.29313/ethos.v0i0.1687.

Puspita, Y. D., Pujiastuti, P., & Mudakir, I. (2016). Kekayaan jenis tumbuhan liana di kawasan Taman
Hutan Raya Raden Soerjo Sub Wilayah Mojokerto. Saintifika, 18(2), 8-19.

Rahadiantoro, A. (2021). Inventarisasi tumbuhan dan struktur vegetasi Kawasan Hutan Ledug,
Tahura R. Soerjo. Prosiding Biologi Achieving the Sustainable Development Goals with
Diversity in Confronting Climate Change (pp. 377-388). UIN Alauddin Makassar, Makassar.

Rahardi, B., Indriyani, S., Hakim, L., & Suryanto, A. (2020). Analysis of factors contributing to the
dispersal of Casuarina junghuhniana Mig. in a volcanic mountain. Journal of Degraded and
Mining Lands Management, 7(3), 2163-2169. doi: 10.15243/jdmIm..2020.073.2163.

Rahayu, S., Basuni, S., Kartono, A. P., Hikmat, A., & van Noordwijk, M. (2017). Tree species
composition of 1.8 ha plot, Samboja research forest: 28 years after initial fire. Indonesian
Journal of Forestry Research, 4(2), 95-106. doi: 10.59465/ijfr.2017.4.2.95-106.

Rahman, I. U., Hart, R. E., Afzal, A, Igbal, Z., Bussmann, R. W, Ijaz, F., ... Calixto, E. S. (2023).
Vegetation-environment interactions: Plant species distribution and community assembly in
mixed coniferous forests of the Northwestern Himalayas. Scientific Reports, 13(1), 17228. doi:
10.1038/s41598-023-42272-1.

Rangkuti, A. B., Hartini, K. S., Susilowati, A., Rambey, R., Harahap, M. M., Arinah, H., ... Ruhidi,
A. (2023). Structure, composition, and diversity of tree species in Martelu Purba Nature
Reserve, North Sumatra, Indonesia. Biodiversitas, 24(1), 78-85. doi: 10.13057/biodiv/d240111.

Respitosari, N. G. M., Pujiastuti, & Mudakir, I. (2016). Kekayaan jenis tumbuhan herba
Angiospermae di Taman Hutan Raya Raden Soerjo Sub Wilayah Mojokerto. Saintifika, 18(2),
49-61.

10.15408/kauniyah.v19i1.43321 | P-ISSN: 1978-3736, E-ISSN: 2502-6720 | 86



AL-KAUNIYAH: Jurnal Biologi, 19(1), 2026

Sadili, A., Salamah, A., Mirmanto, E., & Kartawinata, K. (2023). Variation in the composition and
structure of natural lowland forests at Bodogol, Gunung Gede Pangrango National Park, West
Java, Indonesia. Reinwardtia, 22(1), 1-25. doi: 10.55981/reinwardtia.v22i1.4399.

Sa'diyah, C., & Indah, N. K. (2024). Inventarisasi dan sebaran Bambusoideae di Kecamatan Gondang
Kabupaten Mojokerto Taman Hutan Raya Raden Soerjo. LenteraBio: Berkala limiah Biologi,
13(1), 117-130. doi: 10.26740/lenterabio.v13n1.p117-130.

Senoputri, M., Sulistyawati, E., Yustiana, Y., & Hidayati, N. (2016). Native species characteristics
of Mount Papandayan in terms of energy usage. In S. Nurhidayu, A. N. Ainuddin, K. Norizah,
M. Nazre, G. Seca, H. Mohd Zaki, & S. H. Lee (Ed.). Proceedings of the International
Conference on Sustainable Forest Development in view of Climate Change (SFDCC2016) (pp.
22-26). Putrajaya, Malaysia.

Shi, Y., Mon, A. M., Fu, Y., Zhang, Y., Wang, C., Yang, X., & Wang, Y. (2018). The genus Ficus
(Moraceae) used in diet: Its plant diversity, distribution, traditional uses, and
ethnopharmacological importance. Journal of Ethnopharmacology, 226, 185-196. doi:
10.1016/j.jep.2018.07.027.

Silvestrini, M., McCauley, D. E., Zucchi, M. 1., & dos Santos, F. A. M. (2015). How do gap dynamics
and colonization of a human-disturbed area affect the genetic diversity and structure of a
pioneer tropical tree species?. Forest Ecology and Management, 344, 38-52. doi:
10.1016/j.foreco.2015.01.026.

Siswo, Kim, H., Lee, J., & Yun, C. W. (2023). Influence of tree vegetation and the associated
environmental factors on soil organic carbon: evidence from “Kulon Progo Community
Forestry,” Yogyakarta, Indonesia. Forests, 14(2), 365. doi: 10.3390/f14020365.

Soemarno, S., & Girmansyah, D. (2012). Kondisi kawasan hutan alam Gunung Slamet, Jawa Tengah.
In I. Maryanto, M. Noerdjito, & T. Partomihardjo (Eds.), Ekologi Gunung Slamet: geologi,
klimatologi, biodiversitas dan dinamika sosial (pp. 41-61). Jakarta: LIPI Press.

Soerianegara, I., & Indrawan, A. (2005). Ekologi hutan Indonesia. Bogor: Institut Pertanian Bogor.

Soetopo, L., & Utami, A. P. (2020). Biodiversity exploration of host trees (Phorophyte) of Epiphyte
orchids in the natural habitat. IOP Conference Series: Earth and Environmental Science,
449(1). doi: 10.1088/1755-1315/449/1/012029.

Soetopo, L., Tutik, S. R., & Noorfakhriyah, A. N. (2021). Biodiversity conservation of Epiphyte
orchids in the natural habitat for sustainable bioeconomy. 10P Conference Series: Earth and
Environmental Science, 743(1). doi: 10.1088/1755-1315/743/1/012085.

Solfiyeni, S., Fadhlan, A., Aziz, A., Syahputra, G., Azzahra, A., & Mildawati, M. (2024a). Vegetation
diversity and habitat suitability modeling of the invasive plant Bellucia pentamera in
conservation forests of West Sumatra, Indonesia. Biodiversitas, 25(2), 781-791. doi:
10.13057/biodiv/d250238.

Solfiyeni, S., Winata, F., Mildawati, M., & Marisa, H. (2024b). Vegetation composition, structure,
and association at a site invaded by Calliandra houstoniana in Bung Hatta Grand Forest Park,
West Sumatra, Indonesia. Biodiversitas, 25(10), 3608-3616. doi: 10.13057/biodiv/d251022.

Srinivas, S. G., & Krishnamurthy, Y. L. (2019). Altitude and ecological distribution of genus Litsea
(Lauraceae) in Western Ghats of Karnataka, India. Journal of Tropical Forestry and
Environment, 9(2), 108-119. doi: 10.31357/jtfe.v9i2.4473.

Steenis, Van C. G. G. J. (2010). Flora pegunungan Jawa. Jakarta: LIPI.

Sudarmono, A. S. (1997). Tanaman hias ruangan: Mengenal dan merawat. Yogyakarta: Kanisius.

Susilowati, A., Rachmat, H. H., Elfiati, D., Hidayat, A., Hadi, A. N., Zaitunah, A., ... & Ginting, I.
M. (2021). Floristic composition and diversity at Keruing (Dipterocarpus spp.) habitat in
Tangkahan, Gunung Leuser National Park, Indonesia. Biodiversitas, 22(10), 4448-4456. doi:
10.13057/biodiv/d221038.

Susilowati, A., Wijaya, K., Mawazin, M., Rachmat, H. H., Lismayat, Y., Kurniawan, H., & Ginting,
I. M. (2024). Conserving Dipterocarps biodiversity in remnant forests of small islands in Batam
Island, Indonesia. Biodiversitas, 25(2), 726-733. doi: 10.13057/biodiv/d250232.

87 | 10.15408/kauniyah.v19i1.43321| P-ISSN: 1978-3736, E-ISSN: 2502-6720



AL-KAUNIYAH: Jurnal Biologi, 19(1), 2026

Syaufina, L., & Hamzah, A. A. (2021). Changes of tree species diversity in peatland impacted by
moderate fire severity at Teluk Meranti, Pelalawan, Riau Province, Indonesia. Biodiversitas,
22(5), 2899-2908. doi: 10.13057/biodiv/d220555.

Ubaekwe, R. E., Chima, U. D., Ekwugha, E. U., Okeke, A. N., & Onyekwere, C. M. (2024). Effects
of canopy structure on the diversity and structure of tree species in Omo Biosphere Reserve,
Ogun State, Nigeria. Journal of Agriculture, Food and Environment (JAFE), 5(3), 57-67. doi:
10.47440/JAFE.2024.53009.

uddin, M., Chowdhury, F. I., & Hossain, M. K. (2020). Assessment of tree species diversity,
composition, and structure of Medha Kachhapia National Park, Cox’s Bazar, Bangladesh.
Biodiversitas, 4(1), 15-21. doi: 10.13057/asianjfor/r040104.

Webb, L. (1968). Environmental relationships of the structural types of Australian rain forest
vegetation. Ecology, 49(2), 296-311. doi: 10.2307/1934459.

Whitmore, T. C. (1988). Tropical rain forest in the Far East (second edition). New York: Oxford
Science Publication.

Whitmore, T. C. (1990). An introduction to tropical rainforest. New York: Oxford University Press.

Widiarti, A., Murdiyah, S., & Pujiastuti, P. (2017). Kekayaan jenis tumbuhan berhabitus semak di
Kawasan Taman Hutan Raya Raden Soerjo Sub Wilayah Mojokerto. Saintifika, 19(2), 55-63.

World  Flora Online (WFO). (2024). World Flora Online. Retrieved from
http://www.worldfloraonline.org/.

Xu, G., Sun, J., Shao, H., Chang, & Scott, X. (2014). Biochar had effects on phosphorus sorption and
desorption in three soils with differing acidity. Ecological Engineering, 62, 54-60. doi:
10.1016/j.ecoleng.2013.10.027.

Yelastri, Y., Sulistijorini, S., & Djuita, N. R. (2023). Diversity and distribution of Ficus (Moraceae)
in the karst ecosystem of Bantimurung Bulusaraung National Park. Journal of Tropical
Biodiversity and Biotechnology, 8(2), 78811. doi: 10.22146/jtbb.78811.

Yulianto, E., Sukapti, W. S., & Setiawan, R. (2019). Palinostratigrafi, paleoekologi dan
paleoklimatologi plistosen awal berdasarkan studi palinologi formasi pucangan di Daerah
Sangiran. Jurnal Geologi dan Sumberdaya Mineral, 20(3), 133-141. doi:
10.33332/jgsm.geologi.v20i3.461.

Zuhud, E. A. M., Siswoyo, S., Sandra, E., Hikmat, A., & Andhiyanto, E. (2013). Buku acuan
tumbuhan obat Indonesia. Jakarta: Dian Rakyat.

10.15408/kauniyah.v19i1.43321 | P-ISSN: 1978-3736, E-ISSN: 2502-6720 | 88


http://www.worldfloraonline.org/

