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Abstract. Susilowati A, Elfiati D, Rachmat HH, Yulita KS, Hadi AN, Kusuma YS, Batu SAL. 2020. Vegetation structure and floristic
composition of tree species in the habitat of Scaphium macropodum in Gunung Leuser National Park, Sumatra, Indonesia. Biodiversitas
21: 3025-3033. Scaphium macropodum (Mig.) Beumee Ex K Heyne is a member of Malvaceae tree species and globally
recognized as malva nut and locally known as ‘kembang semangkok’, ‘tempayang’, ‘merpayang’ or ‘kepayang’. The nut of S.
macropodum has many benefits for medicinal purposes, yet destructive extraction of this tree species has led them to extinction.
Among its natural distribution in Indonesia, North Sumatra Province, Indonesia is known as its original range, but there is limited
information about the existence of this species. This study aimed to determine the vegetation structure of some tree species in the
habitat of S. macropodum in Sikundur, Gunung Leuser National Park, Sumatra, Indonesia. Purposive sampling technique was
employed by creating line transect at some forest areas where the population of S. macropodum is known to grow naturally. Four line
transects with each transect consisting of five plots with nested plots within were established to record data at four growth stages,
resulting in 80 plots in total. The results showed that the Important VValue Index (V1) of S. macropodum within the floristic community
at the studied area was 21.98, 13.85, 27.30, and 39.60 for tree, pole, sapling, and seedlings stages, respectively. The Shannon-Wiener
Diversity Index (H) were 3.80, 3.70, 3.06 and 2.45, Index of evenness (E) are 0.94, 0.92, 0.86, 0.77 and the Index of Richness (R) are
11.76, 10.73, 6.59, 4.10 for tree, pole, sapling, and seedlings stages. This result suggests that the natural population of S. macropodum

in Sikundur forest was still in good condition at all stages from tree to seedling.
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INTRODUCTION

Scaphium is a member of tree genus with large canopy
with height that can reach up to 40 m and diameter at breast
height is usually 10-40 cm (Wilkie 2009). There are eight
species from Scaphium genera distributed in Southeast
Asia region from Burma, through Thailand, Cambodia,
Malaysia, Singapore, Sumatra, and Bangka to Borneo
(‘YYamada et al. 2000). One of Scaphium species that grows
naturally in Indonesia is Scaphium macropodum (Mig.)
Beumee Ex K Heyne (Yamada et al. 1999). S.
macropodum is distributed in Myanmar, Cambodia, Laos,
Vietnam, Thailand, Peninsular Malaysia, Sumatra, and
Borneo (Lim 2012). S. macropodum, locally known as
‘kembang  semangkok’, ‘tempayang’, ‘merpayang’,
‘kepayang’ or malva nut, is a wild tree species and is
known as one of important non-timber forest products that
supports the livelihoods of community living around forest
(Bann 1997). The high demand for its seeds for traditional
and pharmacological uses together with the lack of
cultivation efforts, has reduced the species population,
putting them as least concern category according to IUCN

Red-list (World Conservation Monitoring Center 1998).

According to Lim (2012), S. macropodum is well
known to have medicinal properties. Both in vitro and in
vivo studies demonstrate that this species exhibits a variety
of pharmacological activities, including antihypertensive,
antimicrobial, analgesic, anti-inflammatory, antipyretic,
weight-losing and laxative (Ai et al. 2012; Li 2015; Ogale
et al. 2015; Dhange et al. 2015;). In Vietnam, the fruits of
S. macropodum are widely used for tonic and medicinal
beverages (Huy et al. 2012). When its nuts soaked in water
it will produce large amounts of gelatin, which is used as a
medicine to cure intestinal infections, diarrhea, sore throat,
asthma, dysentery, fever, cough, inflammation, and urinary
tract diseases. Some people drink malva nut juice for
dieting purposes because it has cool feels and can break
fever. In Java, malva nut is mixed with cinnamon and basil
to treat thrush and cough. Mixing malva nut with bitter aloe
and Vitex pteropod seeds is commonly used to cure
dysentery (Phonsena and Wilkie 2008).

Among S. macropodum natural distribution in Sumatra,
Batangtoru, and Gunung Leuser National Park (GLNP) are
found as the natural habitat of the species (Sambas and
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Siregar 2017). GNLP is a conservation area where
exploitation and land-use change are strictly prohibited by
laws, however, there are some illegal activities performed
by community, for example, timber cutting for construction
materials and fuelwood collection. Due to these activities,
the forest ecosystem in GLNP has been experiencing
decreasing number in tree species and stands, resulting
changes in species composition. Similar trends may occur
to S. macropodum population which can change their
sustainability in the future.

Analysis on vegetation composition and structure in a
habitat enables to reveal the status and quality of a forest
community by quantifying the existence of tree species at
each growing stage and also observed the threat and
possible conservation effort to conduct in the future
(Rachmat et al. 2018; Susilowati et al. 2019). Vegetation
structure is also highly determined by habitat characteristics,
species diversity, and regeneration status of a species
(Dutta and Devi 2013). Vegetation studies are important in
order to provide basic data to formulate conservation
strategies and species management, especially the species
that have high levels of vulnerability. Thus, this study is
conducted to determine the vegetation structure of some
tree species in the habitat of S. macropodum in Gunung
Leuser National Park, Sumatra, Indonesia. This information is
important, since the data on population and distribution of
S. macropodum in its natural distribution of North Sumatra
is still limited despite their widely known benefits to
support the sustainability of this species in the future.
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MATERIALS AND METHODS

Study period and location

The data collection and soil sampling activities were
carried out at the Sikundur monitoring station in Gunung
Leuser National Park (Figure 1) on May-August 2019. The
Sikundur monitoring station is located in Besitang
Subdistrict, Langkat District, North Sumatra Province,
Indonesia with an area of + 500 ha. Geographically, it is
located at N 03°56'20.9 and E 098°03'44.9" with an altitude
between 30-100 meters above sea level. The topographical
conditions at Sikundur Monitoring station of GLNP are
generally flat, with few areas are undulating and mild. The
geological and soil consist of igneous and volcanic rock
materials with brown to brownish podzolic soil (Sumatran
Orang Utan Conservation Programme 2015).

Data collection

The data for vegetation analysis and floristic
composition were collected by applying purposive
sampling technique based on guided information and
reports on the occurrence of S. macropodum in certain sites
of the forest (Jumawan 2015; Rachmat et al. 2018). Species
identification was carried out by employing a botanist. Few
species unable to identify in the field were taken its
specimens to be identified later in the herbarium.
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Figure 1. The study location at Sikundur monitoring station in Gunung Leuser National Park, Sumatra, Indonesia
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There were total of four transects established at the
studied sites where S. macropodum grow, with five
plots/quadrats for each transect. A line transect was
established starting from the forest edge with the minimum
length of transect was 200 m. In each transect, nested plots
were established with the size of 2x2 m?, 5x5 m?, 10x10
m2, and 20x20 m? to record all necessary data for seedling,
sapling, pole, and tree stages, respectively. The observed
variables for each stage were as follows: (i) Seedling stage
(germinated seeds to < 1.5 m in height): species, number of
individuals of each species; (ii) Sapling stage (height >1.5
m to diameter at breast height (dbh) < 10 cm): species,
number of individuals of each species; (iii) Pole stage (10
cm < dbh < 20 cm): species, dbh, height; (iv) Tree stage
(dbh >20 cm): species, dbh, height. These data were then
used to calculate relative density, frequency, abundance,
and dominance of the tree species; and from those values,
the Importance Value Index (IVI) was calculated.

Data analysis

To express the dominance and biological success of
some species with a single value, the concept of
Importance Value Index (IVI) has been developed by
Curtis and Mcintosh (1950), Phillips (1959), and Misra
(1968). Rastogi (1999) and Sharma (2003) report IVI as a
better expression of the relative ecological importance of a
species than an absolute measure such as frequency,
density, or dominance. IV of each species was obtained by
summing the relative value of three parameters, namely
relative density (RD), relative frequency (RF), and relative
dominance or relative basal area (RBA).

Relative density

Relative Density (RD) denotes the average number of
individuals of a given species out of the total of samples
examined in a study area (Oosting 1942; Rastogi 1999;
Sharma 2003). It is calculated using the following formula:

RD = Total number of md?ud.u_al of species :  100%
Total number of all indrvidual of all species

Relative frequency

Frequency indicates the number of sampling plots in
which a given species occurs as a percentage of all
sampling plots and is based on the presence or absence of a
species (Rastogi 1999; Sharma 2003). It is calculated using
the following formula:

Frequency of respective species
Frequency of all species

RF = = 100%

Relative basal area

Dominance is defined as the sum of basal areas of all
individuals of a species. Basal area refers to the ground
covered by the stems (Rastogi 1999; Sharma 2003).
Relative Basal Area (RBA) is calculated using the
following formula:

Basal area of a species
Total basal area of all species

RBA =
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Importance Value Index (IVI) (%)
IV can be calculated using the formula:
For tree species, IVI = RD + RF + RBA
For seedlings and saplings, IVl = RD + RF

Species diversity

Various diversity measures are calculated by using
Shannon-Wiener index (H'), Margalef index (R), and
Evenness (E). The species diversity is determined by using
Shannon-Wiener and is formulated as follows:

H’ =) pilnpi

Where, pi is the proportion of individuals of ith species
and individuals of all species in a stand. According to
Indriani (2009), the Shannon-Weiner diversity index value
criteria can be categorized as low (H '<1), moderate (H' 1-
3) and high (H > 3).

The species richness (R) is determined by using
Margalef index and is calculated as follows:

R=S-1/Ln (No)

Where; S is the number of species in observed plot,
where No is the total individual in observed plot.

The dispersion/distribution of individual is determined
by using Evenness index (E) and is calculated as follows:

E=S/(log ni_log ns);

Where; S is the number of species in observed plot, n;
and ns are the density value of most and least important
species, respectively. The dispersion of a species is
categorized as low uniformity if 0 <E <0.5 and high
uniformity if 0.5 <E <1.

Species association

Species association was generated by making
contingency table 2 x 2 followed by chi quadrat test. For
each pair of species A and B, we can obtain the following:
a = the number of samples in which species A and B co-
occurred; b= the number of samples in which species A
occurs, but not B; c= the number of samples in which
species B occurs, but not A; d= the number of samples in
which neither A nor B are found; N= the total number of
samples. Further, we tested for the Ochai Index. A positive
association was determined where a> E (a) and negative
association when a< E (a). Association present if x2test< x
table, when x table is 3.84. Ochai Index test was used to
show the association level, as the value approaches 1, it
showed maximum association (Ludwig and Reynold 1988).

RESULTS AND DISCUSSION

Floristic composition at the habitat of S. macropodum
According to Okuda et al. (2013), the distribution of

Scaphium species is strongly influenced by microhabitat

heterogeneity, which is related to topography. Our research
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at Sikundur monitoring station found S. macropodum at all
growth stages, i.e.: seedling, sapling, pole, and tree stages
(Figure 2).

Seedling stage

The occurrence of seedlings is an important indicator of
natural regeneration continuity. Of 80 plot of the seedling
stage observation, there were 24 tree species with 272
individuals. Gonystylus macrophyllus was found as the
species with the highest RD and IVI values followed by
Scaphium macropodum. The ten highest 1VI value trees
were Gonystylus macrophyllus, Schapium macropodum,
Dipterocarpus grandiflorus, Koompassia malaccensis,
Cinnamomum cuspidatum, Nephelium cuspidatum, Hopea
beccariana, Aromadendron sp., Ficus sp., and Myristica
speciosa (Table 1). The high abundance and dominance of
G. macrophyllus and S. macropodum at seedling stage may
be caused by the light preference of both species.

Gonystylus macrophyllus or generally known as ‘ramin’
is one of commercially important timber species and
currently classified into least concern status according to
IUCN Redlist (Barstow 2018). This species is native to
Malaya Peninsula, Borneo and Sumatra. The young trees
require 90% of shading conditions while its adult trees
need full sunlight (Partomiharjo et al. 2008). Direct
sunlight can inhibit the growth of G. macrophyllus
seedlings and cause pale leaves and deteriorated seedlings.
The dense canopy with heavy shade from sunlight
penetration created preferable environment for the
dominancy of ramin seedlings in this area.

Scaphium macropodum is also known as a shade-
tolerant tree species and it is commonly found abundantly
under closed canopies (Yamada and Suzuki 1997, Yamada
et al. 1999). The young trees need closed canopy for their
growth. S. macropodum produces fruits with a boat-shaped
wing derived from a dehiscing follicle. The dispersal
distance of the fruit rarely exceeds 50 m from the base of
the parent tree (Yamada and Suzuki 1997). As a shade-
tolerant species, S. macropodum has a special physiological

BIODIVERSITAS 21 (7): 3025-3033, July 2020

response named ontogeny as a form of adaptation to
limited light environment. D. grandiflorus ranked 3™ in
terms of IVI. This species is commonly targeted by illegal
logging, making it as endangered species according to
IUCN (Ly et al. 2017). Beside utilized for its timber, D.
grandiflorus also produce resin to be used as illuminant to
varnish and caulk boats.

Sapling stage

At sapling stage, 35 tree species with 173 individuals
were found. Scaphium. macropodum was the most
dominant species, indicated by the highest RD, RF, and IVI
values, then followed by Pimelodendron sp., Cinnamomum
cuspidatum, Casuarina equisetifolia, Aromadendron sp,
Endospermum diadeum, Myristica speciosa, Hopea
beccariana, Callophylum sp. and Syzygium malaccensis
(Table 2). Interestingly, Gonystilus macrophyllus was
excluded from top ten ranks. It may be caused by the
substantial increase in light requirement from 90% shade
(seedling stage) to 30-65% shade at sapling stage (Muin
and Purwita, 2002). Light is critical delimitation for some
light-demanding-species. The presence of local light
variation may influence the growth and abundance of
herbaceous layer, young trees, and seedling (Smith and
Berry 2013).

Table 1. The top ten species with the highest important value
index (IVI) at seedling stage

Rank  Species RD RF VI

1 Gonystylus macrophyllus 25.00 16.07 41.07
2 Scaphium macropodum 2353 16.07 39.60
3 Dipterocarpus. grandiflorus 735 893 16.28
4 Koompassia malaccensis 919 179 1098
5 Cinnamomum cuspidatum 515 536 10.50
6 Nephelium cuspidatum 331 536 867
7 Hopea beccariana 331 536 867
8 Aromadendron sp. 221 536 7.56
9 Ficus sp. 257 357 614
10 Myristica speciosa 184 357 541

Figure 2. Scaphium macropodum at Sekundur monitoring station, Gunung Leuser National Park, Sumatra, Indonesia at different growth

stage: A. Seedlings, B. Saplings, C. Poles, D. Trees
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Table 2. The top ten species with the highest important value
index (IVI) at sapling stage.

Rank  Species RD RF VI

1 Scaphium macropodum 1561 1169  27.30
2 Pimelodendron sp. 9.25 9.09 18.34
3 Cinnamomum cuspidatum  8.09 7.79 15.88
4 Casuarina euisetifolia 7.51 6.49 14.01
5 Aromadendron sp. 8.09 3.90 11.99
6 Endospermum diadeum 6.93 3.90 10.83
7 Myristica speciosa 4.04 3.90 7.94
8 Hopea beccariana 4.62 2.60 7.22
9 Callophylum sp. 2.89 3.90 6.79
10 Syzygium malaccensis 2.31 3.90 6.21

Pole stage

Scaphium macropodum ranked 3" in terms of IVI
among 56 species at pole stage (Table 3). Species with the
highest 1VI was Gonystylus macrophyllus. At both sapling
and tree stages, G. macrophyllus were the not dominant
species, however, at the pole stage, it is showed that these
species gain its dominancy by having the highest IVI. The
occurrence of habitat changes and disturbance along the
transects at the sapling and tree stages may have become
the cause for the low dominance of G. macrophyllus in the
area. Seedling population at logged over area is found to be
low (Sutisna et al. 1988), despite the initial population
before the timber extraction was high. A previous study
showed that regeneration pattern of ramin seemed
interesting in which the seedling that was initially abundant
was drastically reduced in further stages (Trimanto and
Sofiah 2018; Partomiharjo et al. 2008). Another previous
study conducted by showed almost similar results where
ramin seedlings were present in large quantities in early
stages, but they disappeared at sapling stage. However,
different phenomenon was found in this study located in
GLNP in which it was observed that ramin dominated the
pole stage with the highest IVI value.

The high abundance of ramin at the seedling stage may
be the result of recent fruiting season with the seeds had
grown into seedlings. However, high disturbances resulted
from environmental factors (e.g. gap openness) and
humans’ activities (e.g. timber and non-timber forest
product extraction) had likely caused ramin seedlings fail
to survive and to grow into sapling stage. While ramin
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relisted in the top five highest IVI at pole stage, this might
be considered as the remnant individuals that had already
existed earlier when human disturbance/intervention in this
area was less intensive. The level of human interference to
ramin disturbance at the pole stage seems to be more
insensitive compared to sapling stage. Habitat changes
caused by human activity were still in the tolerance range
of ramin pole to survive and even it was still able to
dominate the area. The level of disturbance has an impact
on plant diversity. This condition is in accordance with the
research of Sutisna et al. (1988) stating that the population
of ramin has generally been much lower at disturbed areas,
although previously in the same forest area their population
was quite high. Both of natural and man-made activities
have influenced species diversity, vegetation structure, and
natural regeneration of a forest ecosystem.

Tree stage

At tree stage, Koompassia malaccensis had the highest
IVI and RD values (Table 4). Scaphium macropodum
ranked second in IVI value while in the dominance it
ranked third of 57 species. Vegetation with high VI does
not always have high-density value as density value
indicates the level of species in covering an area. This
result suggests that ecologically the growth of Scaphium
macropodum is better at the tree stage. The population of S.
macropodum was quite abundant, although its dominance
was lower than Koompassia malaccensis and Alseodaphne
macrocarpa. The competition among species in a forest
will result in natural selection and may decrease the
dominance of a species. According to Huy (2012), S.
macropodum population will decrease in the presence of
disturbance and dominant species invasion.

At the tree stage, G. macrophyllus was not listed as one
of the top five ranks. The absence of G. macrophyllus at
the tree stage may be caused by timber extraction. The
pattern of G. macrophyllus structure and composition in the
study area was very susceptible and may act as an indicator
of the problem in their natural regeneration and the
existence of high disturbance. Pala et al. (2012) state that
successful regeneration of a tree species can be predicted
by the structure of their overall populations as well as
sufficient numbers of seedlings, saplings, and adults.

Table 3. The top ten species with the highest important value index (I\VV1) at pole stage

Rank Species RD RF RBA VI

1 Gonystylus macrophyllus 9.52 4.96 9.78 24.26
2 Cinnamomum cuspidatum 4.76 3.31 7.00 15.06
3 Scaphium macropodum 4.17 4.96 4.73 13.85
4 Dipterocarpus sp.. 5.36 4.13 4.34 13.83
5 Pithecellobium jiringa 4.17 3.31 4.18 11.65
6 Archidendron bubalinum 0.44 331 7.85 11.6
7 Sapium baccatum 3.57 3.33 3.18 10.08
8 Myristica speciosa 2.98 3.33 2.46 8.77
9 Litsea sp. 1.79 2.50 1.82 6.11
10 Baccaurea motleyana 2.98 1.67 1.40 6.04
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Table 4. The top ten species with the highest important value index (IV1) at tree stage

Rank Species RD RF RBA VI
1 Koompassia malaccensis 4.27 3.03 18.56 25.86
2 Scaphium macropodum 7.69 8.08 6.21 21.98
3 Alseodaphne macrocarpa 5.13 4.04 8.00 17.17
4 Sapium baccatum 5.13 4.04 2.63 11.80
5 Cinnamomum cuspidatum 4.27 4.04 3.47 11.78
6 Endospermum diadeum 4.27 4.04 1.93 10.25
7 Pimelodendron griffithianum 2.56 2.02 4.92 9.51
8 Litsea sp. 3.42 3.03 1.90 8.34
9 Dipterocarpus grandiflorus 0.85 1.01 6.11 7.97
10 Durio griffithii 2.56 2.02 3.18 7.77

Table 5. Diversity, evenness, and species richness index for
species at Scaphium macropodum habitat

Species Evenness Species

Plant - : - . Number of
stage diversity index .rlchness species
(H) (E) index (R)

Seedling 2.45 0.77 4,10 24
Sapling 3.06 0.86 6.59 35
Pole 3.70 0.92 10.73 56
Tree 3.80 0.94 11.76 57

The loss of some species in tree stage might be caused
by some human activities such as illegal logging.
According to Sumatran Orang Utan Conservation
Programme (2015), The Sikundur area, previously the
Sikundur Reserve (est. 1938) prior to the formation of the
TNGL (est. 1980) was selectively logged starting in the late
1960s, which continued and progressively intensified in
some areas until the 1980s (Wind, 1996). Following the
establishment of the TNGL, logging in the Sikundur area
continued primarily at the park border. Currently, illegal
logging and in some cases complete land clearing is still
present near the southeastern boundary of the Sikundur
Monitoring Post at the TNGL border, in addition to more
generalized illegal human extractive activities (e.g., bird
trapping, damar resin extraction, and fishing).

In our research plot, S. macropodum individuals were
found at every growth stage with 2" rank, 1 rank, 3" rank,
and 2" rank on seedling, sapling, pole, and tree stage,
respectively. The abundance of S. macropodum in our
location might be caused by its shade-tolerant
characteristic. The number of species on every growth
stage was fluctuating. According to Saniga and Balanda
(2008), the floristic composition of a forest reflects the
complex ecological conditions of a particular site. In
natural forests, the composition is heterogeneous, resulted
from relationships among different ecological requirements
of individuals of tree species, as well as the different
growth capabilities and different physical ages of each
species that they could reach. The nature of forest
communities largely depends on the ecological
characteristics of the sites, species diversity, and
regeneration status of tree species in a community. The
species and floristic composition are the key significance to

understanding the form and structure of a forest community
and also for planning and implementation of conservation
strategies of the community (Malik 2014).

Species diversity

Species  diversity was quantified using three
components: richness, evenness, and disparity. The value
of species diversity indices on our research plot showed
that in tree stage is higher than that of in saplings and
seedlings stage (Table 5). The highest Shanon-Wiener
diversity index (H> = 3.80) was found at the tree stage
(3.80), followed by pole stage (3.70). The values for this
index are generally between 1.5 and 3.5 in most ecological
studies, and the index is rarely higher than 4. The Shannon-
Wiener index increases as both the richness and the
evenness of the community increase. The study result
showed that from all stages (from seedling to tree stages),
Shannon-Wiener indices ranged of 2.45-3.80. It indicates
that tree stage had the highest value in both species
richness and evenness, resulted in higher Shannon-Wiener
index than other stages. According to Arijani (2008), if
certain species are dominant in a location while the others
are not dominant or have lower density, the value of the
species diversity is lower compared to a more uniformity
site.

The equitability of a community’s species abundance
distribution is referred to as its evenness and in numerical
sense and ranges between 0 and 1. A community is
perfectly even if every species is present in equal
proportion, and uneven if one species dominates the
abundance distribution. The species evenness index in this
research ranged from 0.77-0.94. If a community has a large
disparity between the numbers of individuals within each
species, it has low evenness. If the number of individuals
within a species is fairly constant throughout the communities
it has high evenness. The results of the study demonstrated
that at most stage the evenness value was high.

The species richness defines as the absolute number of
species present in the population of interest (Aisling et al.
2018). The species richness and diversity of trees are
fundamental to total forest biodiversity, because trees
provide resources and habitat for almost all other forest
species (Malik 2014). The decrease in species richness over
time is attributable to age-dependent local extinction of
short-lived, early-successional, shade-intolerant species
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(Chen and Popadiouk 2002; Luo and Chen 2011). The
index of species richness ranged from 4.10 to 11.76. Based
on the species richness value, the tree stage had the highest
value of species richness, indicating that at tree stage the
species variation is higher than the others. The larger the
number of species, but lower number of individuals, then
the greater the richness index is. The variation in species
richness and diversity for both tree species and seedlings
can be attributed to the habitat heterogeneity represented by
soil chemical properties (Myklestad, 2004), environmental
factors (Tilk et al. 2017), and human disturbance (Biswas
and Mallik, 2010). According to Huy (2012), the presence
of disturbance and dominant species invasion will decrease
species diversity and abundance. Pala et al. (2012) state
that successful regeneration of a tree species can be
predicted by the structure of their overall populations as
well as sufficient numbers of seedlings, saplings, and
adults.

Species association

Association study was conducted to determine what
relationship occurs between S. macropodum with certain
species within the community (Table 6). This information
is important to conserve S. macropudum in the future. A
negative association pattern between two species might be
as result of competition or differences in habitat preference
(Rachmat et al. 2018) while a positive pattern might be the
result of facilitation or neutrality and similarity in habitat
preference (Kent and Coker 1992).

From the association analysis, it showed that there were
only two positive associations, that S. macropodum with E.
diadenum and C. cuspidatum. The pattern of positive
association between species is common in tropical and
subtropical forests (Ledo, 2015). Several studies showed
similar result such as tropical forest tree species of
Eusideroxylon zwageri and Shorea leprosula and Ficus
albipila (Sari and Maharani, 2016) and Dipterocarpus
cinereus with Arenga pinnata (Rachmat et al. 2018). In
ideal condition when anthropogenic and natural disasters
may be neglected, positive association may be simply
translated as the occurrence of one species will be followed
by the finding of its pair. Various direct and direct factors
or mechanisms both biotic and abiotic may be the cause for
the pattern of positive and negative associations between
species. Positive association between two species or so
called spatial attraction may happen due to similar common
requirements such as the need of light intensity, reaction to
particular disturbance, soil nutrient, and the occurrence of a
second facilitative agent of mycorrhizae (Uriarte et al.
2012, John et al. 2007, Kitajima et al. 2005). However,
when artificial disturbances to the habitat caused by human
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activity, association pattern may not be reflected in the
actual condition of the established association.

Our research found that GLNP experiences human
disturbance such as land conversion into agricultural
purpose and settlements. Another research conducted by
Pandiangan et al. (2017) also found that the core and
wilderness zones in GLNP contain a land cover of
plantations, cropland, settlements, and paddy fields. This
means these zones are no longer in pristine condition and
without any human interference. In Sikundur forest station,
Sumatran Orang Utan Conservation Programme (2015),
stated that human intervention through illegal logging and
in some cases complete land clearing are still present in this
location. This condition will cause association patterns not
reflected the actual condition.

Conservation action

Scaphium macropodum or its fruit is globally known as
malva nut has been economically attractive for community
livelihood surrounding the forest. However uncontrolled
harvesting of malva nut (Huy et al. 2012) which entailed
the felling of trees as form of destructive harvesting, lower
natural regeneration (Priatna et al. 2006) and loss of mature
trees has become the major cause of population decline in
the wild (World Conservation Monitoring Center 1998).
Even at the national park that has the highest level of
protection (Poor et al. 2019), the anthropogenic alteration
to the species are still be found (Pandiangan et al. 2017;
Sumatran Orang Utan Conservation Programme 2015) and
it has been worsened for those at the forest that is not under
the criteria of protected area. Related to the conservation of
the species, there are several ways that can be considered to
take in action. There should be formation and training to
the community on sustainable techniques for harvesting
malva nut. Government as the regulator should start paying
attention more to the commodity by developing a permit
system to assure non-destructive harvesting practiced
within community. The harvester community should also
be linked with companies to improve and keep stable
prices. By these activities, it is considered that income from
malva nut collection shall be improved and that could
lessen the significant decrease in their illegal destructive
harvesting. The key important step that could be initiated as
soon as possible is the domestication of the species since
there is no malva nut product harvested from the garden
until today. All the nuts originated from the extraction in
the wild. Knowledge on silvicultural and cultivation
techniques should receive more concern. The culture of
what you plant is what you harvest must be practiced
sooner unless there is nothing to leave for future
generations.

Table 6. Association between Scaphium macropodum and other dominant tree species

Species a b c Assoc. index Assoc. type
S. macropodum with E. diadenum 4 4 0 0.707 +
S. macropodum with C. cuspidatum 4 4 0 0.707 +
S. macropodum with C. baccatum 3 5 0 0.612 na
S. macropodum with Litsea sp. 3 5 0 0.612 na
S. macropodum with A. macrocarpa 3 4 1 0.567 na
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