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Abstract. East Nusa Tenggara located in the Wallacea area that has many endemic species. However, the existence of germplasm diver-
sity in this area has been threatened due to landscape changes and deforestation. The research was conducted to identify floristic compo-
sition in Sikka forest area. This research also aimed to compare that plant composition in Sikka forest area on each of the different alti-
tudes, including their diversity richness and environmental factors. Two sampling methods were used, which are Point-Centered Quarter
(PCQ) method that applied for trees and nested sampling method 5x5 m? for sapling and 2x2 m? for ground cover. Measured parameters
were Relative Density (RD), Relative Frequency (RF), Relative Coverage/dominance (RC), Important Value Index (IV1), Diversity
Index (H'), and Jaccard Similarity Index (J°). Research results showed that the diversity index of each region was relatively low. Plant
composition of tree, sapling, and groundcover in three different altitudes was quite different. This result indicates that the plant composi-
tion in the Sikka, East Nusa Tenggara is very diverse. The temperature and relative humidity in each altitude area observed was signifi-
cantly different. One of the endemic species of Flores Island, Eucalyptus urophylla, was only found at 500-700 m asl. There are very
limited research on the vegetation diversity held in Flores, East Nusa Tenggara. This research can be the basic for further research in

order to explore the potential diversity of flora in this area.
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INTRODUCTION

Indonesia forests area are among the world five
highest terrestrial biodiversity. Most of them are en-
demic and not found elsewhere (Ministry of Envi-
ronmental and Forestry of Indonesia, 2014). In fact,
two areas in Indonesia (Sundaland and Wallacea) are
also included in 25 biodiversity hotspots of the world.
The Wallacea region is a transition zone consists of
thousand islands with unique and endemic species of
plants and animals that are only found in the region
(Bacon et al., 2013). As one of the regions located at
the Wallacea, East Nusa Tenggara together with Mo-
luccas and Sulawesi has unique biodiversity richness
especially in floristic composition (Monk et al.,
1997).

The existence of germplasm diversity in this Wal-
lacea area has been threatened by a variety of destru-
cive agents. The toughest deforestation that has been
occurred was land conversion and natural forest fires.
East Nusa Tenggara has a large savanna vegetation
which is the most fire-prone vegetation in the dry
season (Lipsett-Moore et al., 2018). However, the
forest fires do not only occur unintentionally since
indigenous people also use fires to manage their tradi-
tional agricultural system. The problem that often
occurs from this burning pattern is uncontrolled con-
flagrations (Hirschberger, 2017). This condition also

caused East Nusa Tenggara to experience a rapid loss
of their forest and diversity richness because the burn-
ing process will cause various kinds of environmental
problems that follow such as alien species invasion,
soil damage and erosion (Juarez-Orozco et al., 2017).

Sikka Regency is an area in the eastern part of Flo-
res Island, East Nusa Tenggara. This area is relatively
fertile in East Nusa Tenggara due to the existence of
Mt. Egon Ilimedo, a volcano which is still active to
date. Egon Village, Waegette District, Sikka Regency
attracts researcher’s attention because it has a high
diversity of flora and ecosystem types with a lot of
potentials such as the raw material for traditional
medicines (Darmayanti & Wauryanti, 2010; Lanur &
Mago, 2018). Sikka Regency, especially Waigette
District is also known as an agricultural center (Ari-
yanti, 2010; Ariyanti & Mudiana, 2011).

The Egon llimedo Protected Forest has an area of
19,456.8 hectares. The protected forest area is deter-
mined and authorized by the Minister of Forestry with
Decree (SK) number 423 / KPTS-11 / 1999 concerning
the map of forest area designation for the East Nusa
Tenggara Province. This protected forest area covers
several sub-districts in Sikka, which are Waigete,
Mapitara, Doreng, Talibura, and Waiblama (Indone-
sian Ministry of Forestry, 1999). As in the other forest
areas in East Nusa Tenggara, the Egon Illimedo Pro-
tected Forest also experiences repeated fires every
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year, even at 2019 the wild fires have burned about 20
hectares (Amalo, 2019).

Purwodadi Botanic Garden, as one of the institu-
tions which concerns about the plant ex-situ conserva-
tion has a big responsibility to conserve nature, in-
cluding the plant species. The exploration activity is
important to conduct due to the pace of rescue and
preventive measures of biodiversity that is still slower
than the rate of habitat destruction and loss of biodi-
versity in Flores Island. The research was conducted
to identify floristic composition in Sikka forest area
and compare their diversity richness and environmen-
tal factors on each different altitude. This research
might be a basis to the next bioprospecting flora re-
search, in Flores especially, in order to use and con-
serve it at the same time.

METHODS

Study Area

This study was conducted in the Egon Ilimedo
Protected Forest - Sikka regency. Sikka regency is
one of the regencies in the East Nusa Tenggara prov-
ince, which is located on Flores Island (80°22 to 8°50
S dan 121°55'40" to 122°41'30"E). Before 2000, Sik-
ka consists of 8 districts, which is along with the im-
plementation of regional autonomy laws, but nowa-
days districts were splitting become 11 districts. The
total land area of the district is 1731.91 km? (BPS
Nusa Tenggara Timur, 2019. The moisture level aver-
age is about 79.3%, and the temperature average is
approximately 27.7° C, while the highest rainfall usu-
ally occurs in October to March (BPS Nusa Tenggara
Timur, 2019).

Figure 1. Area of study, Sikka Regency, Waigette District (Egon Ilimedo Protection Forest)

Vegetation Sampling and Analysis

Vegetation sampling was done by Point-Centered
Quarter (PCQ) technique (quadrant method) applied
for trees with diameter in breast high (dbh) of more
than 30 cm, and 5x5 and 2x2 m plots for sapling and
ground cover respectively. There were 93 sampling
units taken in this study. All plant species were noted
in spreadsheets to calculate their relative density (RD)
and relative frequency (RF). Only for trees, diameter,
and height were also recorded to find their relative
coverage/dominance (RC). Those three parameters
were calculated by using the formulas (Figa et al.,
2020) as follow:

~ Total rurm ber of individual s y
RO Mumber of indivi duals of 5 taxan * 100

Total frequencies of 2l tasa

RE= ® 100
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Important Value Index (IVI) was determined by
adding the value of those three parameters to find the
most affected species in each habitat. In addition,
Shannon-Wiener diversity index (H’) was counted by
using this formula (Magurran, 1988):

H’=-Zpi In pi; pi= ni/N,

The similarity of each observed area was described
based on the Jaccard Similarity Index (Magurran,
1988) :

Jaccard Similarity Index = ——zp3 X 190%
J - number of species found in both two area
a : number of species found in area A

b : number of species found in area B
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Besides observing the composition of the vegeta-
tion structure, the differences in the three study areas
were also seen from differences in environmental
factors, i.e. temperature (°C), humidity (%), and soil
pH. Ecological factors measured during the field
study were then tested statistically using ANOVA.

RESULTS AND DISCUSSION

A total of 184 species representing 61 families
were found in the study area, the north coast in

Waigette district. Fabaceae, Malvaceae, and Sapin-
daceae were the most dominant families found (Fig-
ure 2). The dominance of Fabaceae, especially Albizia
spp in all observed altitude zones, indicated that the
Sikka forest was already opened up. Albizia spp. is a
fast-growing, cosmopolitan, and favors open with
light-rich environment (Niemiec et al., 2018).
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Figure 2. Plant composition (the 30 most dominant families) of study area in Sikka Forest

A total of 18 species of Fabaceae Family were
found in all stages (trees, sapling, and ground cover)
inside the Egon llimedo Protected Forest. There were
also 15 species of Malvaceae and 8 species of Sapin-
daceae found in all stages. In total, there were 184
species from 61 families inventoried from the Egon
Ilimedo Protected Forest at an altitude of 0-700 m asl.
The total species in this result was higher than previ-
ous research reported by Kali et al., (2015) that stated
that in the four spring area in Belu, Timor Island, East
Nusa Tenggara (Lahurus, Wetihu, Wewai, and Mau-
halek) there were 71 species categorized into 30 Fam-
ily. Previous research conducted by Ariyanti &
Mudiana (2011) also in the Waigette sub-district,
Sikka District, collecting 112 species plant samples
that were categorized into 85 Families.

Based on the cruising method results, it was
known that there were different types of vegetation at

certain altitudes and stages (trees, saplings, and
ground cover). The observed area was divided into
three zoning altitudes.

Vegetation at 0-200 m asl

The study area of 0-200 m asl is presented in Fig-
ure 3. The observation noted that the trees frequently
found were Terminalia catappa, Pongamia pinnata,
Pometia pinnata, Cocos nucifera, Borassus flabellif-
er, Schleichera oleosa and Tamarindus indica. The
sapling frequently found were Pometia pinnata,
Pongamia pinnata, Pandanus tectorius, Caesalpinia
bonduc, and Morinda citrifolia. While ground cover
species frequently found were Ipomoea pes-caprae,
Calotropis gigantea, Ageratina havanensis, and
Typha angustifolia.
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IVI or Important Value Index is a parameter that
might show the role of a species in the ecosystem they
live (Sundarapandian & Swamy, 2000). Coconut has
the highest VI (37.03) (Figure 4), followed by Ter-
minalia catappa (IVI 34.6) and Pommetia pinnata
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(V1 25.8). Coconut was native to tropical area, origi-
nated from Maluku as well. In the saplings and
ground covers stages, Pandanus tectorius and Ipo-
moea pes-caprae are two species with highest IVI,
with values are 32.13 and 85.33 respectively.

ERD
mRF
mRC
miv

Conucifera T. catappa

FP. pinnata

T. indica

FP. pinnata

TreesSpecies

Figure 4. Five tree species with the highest Important Value Index (IV1), Relative Density (RD), Relative Fre-

guency (RF), and Relative Coverage (RC)

The diversity index for trees, saplings, and ground
cover were categorized as low since the values were
only 2.42, 2.59, and 1.62 respectively. This condition
occurred because of the dominancy of Cocos nucifera
for tree, Pandanus tectorius for sapling, and Ipomoea
pes-caprae for ground cover (Figure 5). However,
this condition is better than the diversity index of
mangrove areas in Kupang Bay Sea Nature Park,
which was only 0.01 to 0.71 (Bessie et al., 2013),

while in the Belo and Labat, the riparian tree diversity
index only reached 1.85 and 1.45 respectively (Semi-
un & Lengur, 2018). The low diversity index value in
the mangrove area generally is due to the dominance
of certain species. In addition, the mangroves area
which is used as a recreation area, such as in the
Kupang Bay Sea Nature Park, tends to have worse
vegetation conditions than the natural mangroves
area.
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Figure 5. Five ground cover species with the highest Important Value Index (IV1), Relative Density (RD), Rel-

ative Frequency (RF), and Relative Coverage (RC)

Vegetation at 200-500 m asl

The study area of 200-500 m asl is presented in
Figure 6. Schleichera oleosa, Homalium sp., Tama-
rindus indica, Ziziphus jujuba, Ficus spp., and Albizia
chinensis were frequently found at lowland forest at

the altitude 200-500 m asl. Orchids found in this alti-
tude were epiphytic and terrestrial orchid, such as
Dendrobium spp., Vanda sp., Thrixspermum sp.,
Habenaria spp. and Nervilia punctata.

At the 200-500 m asl, the Important Value Index
of Schleichera oleosa (34.37) became the highest
among all species (Figure 7). The second and third
place was belong to Artocarpus elasticus and Ficus
sp.2, which is included in Moraceae Family. Schlei-

chera oleosa was also found to be dominant species
in the dry forest area Rote Ndao Regency, East Nusa
Tenggara, with higher IVI by 116.18 (Almulqu &
Boonyanuphap, 2018).
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Figure 7. Five tree species with the highest Important Value Index (IV1), Relative Density (RD), Relative Fre-

guency (RF) and Relative Coverage (RC)

Sterculia sp. from Sterculiaceae with VI of 21.10,
became the most important species for the sapling. In

addition, the highest 1VI for ground cover is shown
by Oplismenus sp. (35.64), as seen in Figure 8.
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Figure 8. Five ground cover species with the highest Important Value Index (1V), Relative Density (RD),

Relative Frequency (RF) and Relative Coverage (RC)

As described in Monk et al. (1997), the ground
cover of lowland forests in East Nusa Tenggara was
dominated by Oplismenus. However, the diversity
index for ground cover was categorized as high (3.23)
and higher than the diversity index of groundcover in
the South central Timor Regency located in Timor
Island which was only 1.19 (Lio & Dewi, 2018). The
diversity index value of trees and sapling in this alti-
tude at East Nusa Tenggara lowland forest were 2.94
and 3.38 respectively and categorized as moderate.

Vegetation at 500-700 m asl

An endemic tree from East Nusa Tenggara called
ampupu (Eucalyptus urophylla) was found in this
zone. The dominant ground cover in this area is Im-
perata cylindrica. Some exotic plant species of terres-
trial and epiphytic orchid such as Crepidium heeded,
Goodyera rubicunda, Corybas insulifloris, Dendrobi-
um spp., Acriopsis sp., Nervilia spp., and Thesis sp.
were also found in this area. The study area of 500-
700 m asl is presented in Figure 9.
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Figure 9. Area study of 500-700 m asl

Eucalyptus urophylla was found to be the most
important tree species based on their abundance,
frequency and coverage area. It is shown from its IVI
compared with the other trees species (Figure 10).
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This result is in line with the previous study which
showed that E. urophylla dominated the vegetation of
Nature Reserve of Mount Mutis, East Nusa Tenggara
province (Almulqu et al., 2017).
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E.urophyla Syzygium sp.1 Elasocarpus sp. Mangifera sp. Dysoxylum sp.

Trees Species

Figure 10. Five tree species with the highest Important Value Index (IVI), Relative Density (RD), Relative

Frequency (RF) and Relative Coverage (RC)

Eucalyptus trees found in Nusa Tenggara consist-
ed of three endemic species (Eucalyptus urophylla,
Eucalyptus urophilia, and Eucalyptus wetarensis). E.
urophylla form a unique habitat type, the mountain-
ous season forests with an open canopy. It was found
in Flores, Adonara, Lembata, Lomblen, Alor and
West Timor, with region — Mt. Egon Illimudu,
Lewotobi, Mutis, and Timau (BKLH, 2013). Unfor-

tunately, the abundant of young trees of E. urophylla
were not found as much as the tree. Sapling stage was
dominated by Syzygium sp2, Garcinia spl, and
Garcinia sp2 (Figure 11). It could be a sign for local
government to start conserving E. urophylla, since it
was included in IJUCN Red List category as Endan-
gered species.
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Figure 11. Five sapling species with higest Important Value Index (IVI), Relative Density (RD), Relative Fre-

guency (RF) and Relative Coverage (RC)

Due to the long dry season and forest burning, the
composition of ground cover in the altitude of 500-
700 m asl has dominated by Imperata cylindrica and

Ageratina havanensis as an indication of degraded
ecosystem. However, it turns out that indigenous peo-
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ple utilize 1. cylindrical as traditional medicinal in-
gredients and animal feed (Iswandono et al., 2015).
Oplismenus sp., as native plants in lowland forest,
only occupied the fifth position for their IVI (Figure
12).
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Ground cover species
Figure 12. Five ground cover species with the highest Important Value Index (IVI), Relative Density (RD),

Relative Frequency (RF) and Relative Coverage (RC)

The diversity index for trees, sapling, and ground
cover was 2.30, 3.28, and 2.91, respectively. In this
altitude, the diversity index of trees was very low
because of the dominance of E. urophylla. Tree diver-
sity index in the Egon llimedo protection forest at
500-700 m asl was higher than the one reported in
Manokwari District with diversity index of 1.65, 1.78,
and 1.55 for trees, sapling and groundcover respec-
tively (Mahmud et al., 2019).

Similarity of Three Areas Observed
The Jaccard similarity index is presented in Table
1. This value indicates that there is a difference in

vegetation structure between the three areas observed.
Low similarity index also shows that there are species
of habitat identifiers, i.e., species that are only found
in certain habitats. More over, the different vegetation
types would also cause a different fauna living in the
area (Rahayuningsih et al., 2010). Only seven species
were found both in 0-200 m asl and 200-500 m asl,
four species in both 0-200 m asl and 500-700 m asl,
and 13 species in both 200-500 m asl and 500-700 m
asl.
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Table 1. Jaccard Similarity Index in the observed area

0-200 m asl

0-200 m asl
200-500 m asl
500-700 m asl

200-500 masl 500-700 m asl

5.69% 5.88%

12.15%

From the environmental factors measured during
the field study, it was shown that the temperature and
relative humidity in each altitude area observed were
significantly different (Table 2). The temperature in
the 500-700 m asl forest area was the lowest and keep
increasing along with decreasing altitude. Conversely,
the higher the altitude, the lower the temperature
measured. This is in line with research conducted by
Figa & Darmayanti (2018) in the East Java forests. In
addition, the temperature is also inversely proportion-
al to the humidity. This significant difference in tem-
perature and humidity can be caused by differences in
vegetation density in the three observed areas. The
value of Relative Density of the trees in the area 500-

700 m asl is higher than the other two areas. Howev-
er, the soil pH in the area observed was not signifi-
cantly different. Soil pH values in the three areas are
not significantly different because all three areas are
still in the Egon Ilimedo volcanic forest area that is
known as a fertile area. Plant distribution always re-
lated closely with the environmental factor. Some
species are able to live in the shade, while others are
not. The density, coverage, and frequency of the spe-
cies is affected by the ability of the species to adapt
the environmental factors such as temperature, rela-
tive humidity, soil pH and many others (Yulistyarini
et al., 2020).

Table 2. The microclimate of the study area

Study area (m asl) soil pH

Temperature (°C) Relative humidity (%)

0-200 6.52+0.34%" 36+0° 69.67+4.41°
200-500 6.82+0.18° 32+1.26° 79+1.67°
500-700 6.28+0.28° 27.17+1.17° 93.33+6.28°

*different notation shows different significantly with p<0.05

This vegetation composition difference of the
three altitudes showed that the Egon Ilimedo Protect-
ed Forest area needs more concern. Land degradation
that occurs in one area will have a major effect on
biodiversity in the whole area since one species might
not be found in the different altitude, even though the
difference in the altitude is not too large. Education to
the people who live around the forest is essential,
considering that they also get a lot benefit from the
forest. In addition, it is estimated that there are still
many more plant species whose uses are still un-
known in this forest area.

Implication for conservation, science, and society
Natural forests in the Egon llimedo region, Flores
Island, have unique vegetation characteristics that
vary at each altitude. This can be seen from the low
level of similarity among three observed areas. Flores
Island has a lot of unreaveled potential yet, especially
the diversity of plants. Many endemic species are also
protected in this area, such as agarwood (Gyrinops
verstegii), which is included in the CITES appendix Il
list, and sandalwood (Santalum album). Unfortunate-
ly, scientific publications about vegetation on Flores
Island are very limited when compared to their poten-
tial and the enormous threats. Some research on vege-
tation diversity began to be carried out in several re-

gions of Flores such as in West Manggarai (Yulis-
tyarini et al, 2020), Manggarai (Figa et al., 2020),
East Manggarai, Nagekeo, and Ngada (Sutomo et al.,
2020). This research will enrich the literature on the
diversity of vegetation in the eastern part of Flores
Island.

For the sake of conservation, this research was
conducted in line with time, along with the increasing
number of forest areas encroached for both residential
and agricultural settlements. Rare and endemic spe-
cies related to the location of Flores Island in the bio-
diversity hotspot need to be recognized immediately
to be conserved and protected. Furthermore, forests as
natural habitat for wildlife also carry important mis-
sions for the balance of life. Conserve forests means
conserving all organisms using forests as their habitat.

In terms of science, this research will be very
meaningful as a basis for other research related to
species with bioprospecting potential. Flores Island is
known as a living habitat for various types of agar-
wood that are in high demand for trade. Agarwoods
are known for their potential use as medicinal ingre-
dients and parfume raw material. Introducing the
plants species with economic, health or food potential
will attract the interest of the community to conserve
the plants, by cultivating them. Conserving forest
areas with diverse vegetation is also expected to
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maintain natural stability and to prevent people from
natural disasters such as drought and forest fires in the
dry season or flooding in the rainy season.

CONCLUSION

Vegetation composition in three different altitudes
in Sikka forest area is relatively different. It was indi-
cated by the different plant combinations and domi-
nancy in all stages (trees, saplings, and ground co-
vers). The difference among them could also be seen
from the difference of their environmental factors.
Ampupu (Eucalyptus urophylla), an endemic tree
from East Nusa Tenggara is the dominant tree at the
500-700 m asl of forest area. Three of those areas
have low diversity index (less than 4.00). Local gov-
ernment should pay more attention to the Sikka forest
area because there are many endemic and endangered
species such as E. urophylla and many species of
orchid in Sikka forest.
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