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Abstract. Witono JR, Usmadi D, Wihermanto, Purnomo DW, Safarinanugraha D, Pakiding Y, Netoseso N. 2020. Autecology of Drosera
burmanni in the Wolobobo Botanic Gardens, Ngada District, Flores Island, Indonesia. Biodiversitas 21: 2137-2145. Drosera burmanni
Vahl is a native carnivorous plant from tropical and subtropical Asia to the West Pacific, including Flores Island. During the botanical
survey, a small population of the species was found in a limited area in the Wolobobo Botanic Gardens, Flores Island. Conservation of
the species is necessary, since the habitat might be developed for the botanic gardens infrastructure. This research aims to study the
autecology of D. burmanni, including environmental preferences and its associated species. Thirty plots with 2 x 2 m each were made to
recognize its associated species and the pattern of its population distribution and its soil requirements. In the Wolobobo Botanic
Gardens, D. burmanni flourishes with an average annual rainfall of 1835 mm; a temperature of 12.5%-26.2° C; 48-99% humidity; at an
altitude of 1489-1491 m asl.; a soil pH of 6.66, which contains very high C-organic, a high C/N ratio, moderate N total, K20, P20s, low
CEC, and very low K, Na, Ca, Mg, and BS. Drosera burmanni displays a density of 8.5 individuals per m? and is associated with 20
species, which belong to 19 genera and 9 families. The species has a clustering pattern and a positive association with Erigeron
sumatrensis, Spinifex littoreus, and Imperata cylindrica. To conserve D. burmanni in the Wolobobo Botanic Gardens, it is necessary to

designate its natural habitat as an in situ conservation area.

Keywords: Associated species, carnivorous plant, climatic and soil requirements, distribution pattern, in situ conservation

INTRODUCTION

Drosera L. belongs to the family Droseraceae Salisb.
(APG IV 2016) and is a genus of cosmopolitan herbaceous
carnivorous plants with the highest number of species
compared with other genera of carnivorous plants.
According to Robinson et al. (2017) and Fleischmann et al.
(2018), Drosera is estimated to consist of ca. 250 species
with the highest diversity in Australia (ca. 110 species). At
present, the genus consists of 247 accepted species
(http://www.plantsoftheworldonline.org ~ 2020).  Most
Drosera species are annual hemicryptophytic with cyme or
raceme inflorescences. Drosera species are usually tolerant
of suboptimal environmental conditions and adapt to
various habitats for their reproduction and survival (Ellison
and Gotelli 2009).

Drosera in Indonesia consists of seven species: D.
banksii R.Br. ex DC., D. rotundifolia L., D. burmanni
Vahl, D. indica L., D. petiolaris R.Br. ex DC., D. spatulata
Labill., and D. ultramafica A.Fleischm., A.S.Rob. &
S.McPherson. Drosera burmanni Vahl. (the species epithet
is usually orthographically corrected to burmannii) has a
wide distribution and is found in the Lesser Sunda Islands
(Kalkman 1955). This species grows from tropical and
subtropical Asia to the West Pacific, including Australia,
Indonesia, Sri Lanka, India, Bangladesh, Bhutan,
Cambodia, Myanmar, Vietnam, Philippines, China, Japan,
and Taiwan. In its natural habitat, this species grows in dry

areas and meadow grasses from lowlands to the mountains
at an altitude of 1500 m asl. (Zhuang 2011,
http://www.theplantlist.org 2020). On Natuna Island, D.
burmanni grows in kerangas forests and in calcareous soils
on coastal areas up to 50 m asl. in full sun, open habitats
(Mansur 2012).

The IUCN Redlist categorizes D. burmanni as Least
Concern (LC) (Zhuang 2011), because this species has a
wide distribution and is adaptable to various environmental
conditions. D. burmanni, known as tropical sundew or
serenta bumi, has been widely used as a dysentery (Mitra
and Mukherjee 2010), anticonvulsant (Hema et al. 2009),
antifertility (Madhavan et al. 2009), antitumor (Raju et al.
2012), and antioxidant drug (Raju and Christina 2013;
Ghate et al. 2015).

Autecological research is done only at the population
level (there are investigated different populations and
metapopulations of one species, and only after that the data
are cumulated in order to characterize autecologically a
species) (Godeanu and Donita 2016). In ecology,
autecology is mainly applied for conservation, such as
Cyrtostacys renda Blume (Widyatmoko 2001), and
Caryota mitis Lour. (Quek et al. 2020); and cultivation
useful plant species, such as Reseda lutea L. (Dogan 2001),
broadleaved tree species (Gonin et al. 2013), and
Baccaurea angulata Merr. (Gunawan et al. 2018),
Research relating to the study of the autecology and
conservation of D. burmanni is still very limited. Several
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studies related to the association of D. burmanni with other
plant species were done in India, such as Majumdar et al.
(2011) and Chakraborty and Bhattacharya (2013) Similar
research in Indonesia has never been reported. Based on the
field survey conducted during the Wolobobo Botanic
Gardens masterplan development project in Ngada District,
East Nusa Tenggara, D. burmanni is only found at one
location on the ridge area.

Studies relating to the autecology of D. burmanni
including environmental preferences mainly climate and
soil, and associated plant species need to be carried out in
order to conserve the native plants in the Wolobobo
Botanic Gardens. Possible changes in the landscape and
infrastructure during the development of the Botanic
Gardens could potentially disrupt the habitat of native
plants, their identification, and especially the
characterization of the important growing environment of
D. burmanni. This study was conducted to study the
autecology of D. burmanni, including environmental
factors and associated species in the Wolobobo Botanic
Gardens, Ngada District, East Nusa Tenggara. The
autecological research is important as basis data for
managing the habitat of D. burmanni.

MATERIALS AND METHODS

Study area

This research was conducted in April 2019 in the area
of the Wolobobo Botanic Gardens, located in the Bajawa
City, Ngada District, East Nusa Tenggara, Indonesia. This
botanic gardens covers an area of 91.81 ha, located at
coordinates 8°49'56"- 8°50'50" S and 120°58'33"-
120°59'07" E, at an altitude of 1300-1592 m asl. According
to the Koppen-Geiger climate classification, the Wolobobo
Botanic Gardens is included in the tropical savanna climate
(Aw) (Kottek et al. 2006). The Wolobobo Botanic Gardens
contains five vegetation types: remnant forest vegetation,
ampupu (Eucalyptus urophylla S.T. Blake) vegetation,
acacia (Acacia mearnsii De Wild.) vegetation, calliandra
(Calliandra calothyrsus Meisn.) vegetation, and bushes-
savanna (Figure 1).

Procedures

Environmental preferences of D. burmanni were
observed, mainly climate and soil. Climate data including
rainfall, temperature, and humidity were obtained from
www.climate.org (2020). Soil condition data were obtained
by collecting soil samples in the observation plots with soil
depth to the tip of the D. burmanni roots (0-3 cm deep).
Two soil samples, as much as 1 kg, were collected from
each observation plot for laboratory analysis. The soil
variables included: soil pH, C-organic, N-total, C/N ratio,
P.0s, K0, exchangeable cations (K, Na, Ca, and Mg),
Cation Exchange Capacity (CEC), and Base Saturation
(BS). Soil analysis was carried out at the Environmental
Biotechnology Laboratory, Bogor.

Observations of the population of D. burmanni were
conducted using a line transect method of 30 plots of 2x2
m along the habitat of the species (Figure 2). In each
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observation plot, the number of D. burmanni specimens
and the species and number of other plants were recorded.
The plant species were identified directly in the field and
herbarium vouchers were made of the unknown individuals
for further identification. The research data was tabulated
in the form of tables for analysis.

Data analysis

The distribution pattern of D. burmanni population was
analyzed using the Standardized Morisita Index (Krebs
1989). The Morisita Index is calculated by the following
equation:

Tx'-Tx
ls=n [-ZE - zx]

Where: I4 = Morisita index, n = number of observation

plots, and x = the number of individuals found in each plot.

Furthermore, the Morisita Index obtained is searched
for its two critical points, namely the My index (Uniform
Index) and the M. index (Clumped Index) through the %2
test to find the degree of classification. The M¢ or My is
calculated using the following equation:

M, = Ko —n+Ix
Exd-1 ~

M.= Kigu-n+Ex
< T @1

Where: Xogrs = value of the table with df (n-1) which
has 97.5% area to the right of the curve, Xoo25 = value of
the table with df (n-1) which has 2.5% area to the right of
the curve, Xx; = species number in quadratici (i=1, ... n),
n = quadratic number.

Standardized Morisita Index (lp) is calculated based on
one of the four following equations:

I 19> M > Lo
L,=05+05 (1)

1fMc> 14> 0:
I,=05 [%]

110> Iy i
L=-03 (m}]

110> My > o
= 5 5 Ia- My
I,=-05+05 (47*)

Standardized Morisita Index (lp) is -1.0 to 1.0. If I, = 0,
the distribution pattern is random; 1p<0, the distribution
pattern is uniform; and if 1p >0, the distribution pattern is
clustering.

The association between D. burmanni and other plant
species is based on the presence and absence of data using
a 2 X 2 m contingency table for each species pair (Table 1)
(Ludwig and Reynolds 1988).
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Figure 1. Research location in the Wolobobo Botanic Gardens, Ngada District, East Nusa Tenggara, Indonesia. A. Flores Island, B.
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Table 1. The 2 x 2 m paired contingency for species associations
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Species A
Present Absent
Drosera burmanni Present b m=a+b
Absent d n=c+d
r=a+c s=h+d N= a+b+c+d

Note: a: the number of observation plots that contain D. burmanni and species A, b: the number of observation plots that contain D.
burmanni but not species A, c: the number of observation plots that contain species A, but not D. burmanni, d: number of observation

plots that do not contain either species

Determination of whether or not there is an association
between D. burmanni and the other plant species was
calculated by Chi-square value (x2). Chi-square values
were compared with a y2 table (P = 0.05, df = 1). If the
value of ¥2 count > y2 table, there is an association, but if
%2 count < 2 table there is no association.

N (ad —be)*
(a+b) (z+c) (b+d) (etd)

-
)Lf ounc =

The association character is known by comparing the
observed value of a with the expected value of E (a). If a>E
(a), the association is positive, but if a <E (a), the
association is negative.

E(a I:a—bi:[a—t}

The degree of association between D. burmanni and
other plant species was determined using the Jaccard
similarity Index (Jaccard 1901):

a
+b+c

Jaccard Indsx = .

RESULTS AND DISCUSSION

Environmental preferences

The Wolobobo Botanic Gardens has an average annual
rainfall of 1835 mm. The rainy season occurs from
November to April and the dry season occurs from May to
October. The temperature in the Wolobobo Botanic
Gardens is 12.5%-26.2° C with an average of 19.7° C, and
humidity of 48-99% with an average of 85%
(www.climate-data.org 2020). Information relating to the
climatic conditions in which D. burmanni grows on Flores,
or even in Indonesia has never been reported.

Research relating to the climatic conditions in which D.
burmanni grows is reported in 3 locations in India: (i)
Tripura State, the climate of the study area is monsoonal
with an average annual rainfall of 2109.3 mm, with about
65% received during the south-west monsoon season (June
to September). Cold weather conditions start at the end of
November with declining temperatures. The annual mean
daily maximum temperature is 25.5° C and the mean daily
minimum is 10.4° C (Majumdar et al. 2011). (ii)Kas
Plateau-Maharashtra state, D. burmanni grows well in
locations with an annual rainfall of 3890-4570 mm and

humidity of 60-70%. The species blooms from August to
October (Pawar et al. 2012). The Kas or Kaas Plateau was
designated a World Heritage Site by UNESCO in 2012
(Lele 2015). (iii) Jalpaiguri-West Bengal State, D.
burmanni grows in locations with an annual rainfall of
more than 3000 mm, maximum rainfall occurs in April to
September (995-996.5 mm) with a temperature of 5.5%-37°
C (Chakraborty and Bhattacharya 2013).

Based on our field observations and those of previous
studies, D. burmanni grows in places with an annual
rainfall of 1835-4570 mm, a temperature of 5.5°-37° C, and
a humidity of 48-99%. In cultivation, the species grows
optimally at a temperature of 20°-25° C and adult plants are
best managed in small pots in trays of water. They do very
well under a constant light cycle in terrariums at normal
house temperatures (Brittnacher 2020).

Drosera burmanni was found in the Wolobobo Botanic
Gardens at an altitude of 1489-1491 m asl. On Natuna
Island, this species is found growing in kerangas forest and
calcareous soil, from the beach up to 50 m asl., close to
water sources, and in full sun, open spaces (Mansur 2012).
Habitat information of D. burmanni in other locations in
Indonesia has never been reported. Previous research on
the habitat of D. burmanni has been reported in India and
the Malay Peninsula. According to Madhavan et al. (2009),
it grows from the lowlands to the mountains at an altitude
of 2666 m asl. In Tripura, the species grows at altitudes of
16-17 m asl. and a soil pH of 5.56-6.16 (Majumdar et al.
2011). On the Kas Plateau, this species grows at an altitude
of 1310 m asl. (Pawar et al. 2012). In Northeast India, D.
burmanni is often found at an altitude of 91.3 m asl.
(Yanthan et al. 2017). In Trengganu (Malay Peninsula),
this species grows on a gravel road on the sandy BRIS
crossing Melaleuca cajuputi swamp (Jamilah et al. 2009).
Therefore, D. burmanni can grow from a beach to a
mountainous habitat of 2666 m asl.

In the Wolobobo Botanic Gardens, D. burmanni was
only found in an open area on a footpath and the soil pH
was 6.66 (Table 2). In Jalpaiguri, D. burmanni grows on
wasteland, playgrounds, and banks of small water bodies,
and soil of pH 5.5-6.5 (Chakraborty and Bhattacharya
2013). In Northeast India, this species usually grows on
acidic and sandy soils (Yanthan et al. 2017). In Tripura, it
grows at a soil pH of 5.56-6.16 (Majumdar et al. 2011).
Soil pH can help us determine the nutrient ions absorbed by
plants. In general, nutrients will be easily absorbed by
plants at pH 6.5-7.5 (neutral), because at that pH most
nutrients will be easily dissolved in water. So, species
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richness is high in such neutral soils, declining in both
acidic and alkaline soils (Grime 1973). Soil pH is an
environmental parameter related to nutrient and toxic
element availability (Pausas and Austin 2001).

Wolobobo Botanic Gardens has two types of soil
orders, namely inceptisol and mollisol. Inceptisol soil is a
young soil that has not developed yet, so most of this soil is
quite fertile. Based on the old soil classification system, it
is alluvial soil, andosol, regosol, glei humus, and others.
Mollisols are soils that have a dark surface horizon, are
relatively rich in organic matter and have high fertility.
These soils are rich in basic cations (Ca?*, Mg?*, Na*, and
K™) as essential nutrients for plants. In Indonesia, mollisol
is found generally in limestone hilly areas. This soil is
formed under low, medium or high grass vegetation
(Purnomo et al. 2019). Therefore, D. burmanni is tolerant
of various soil conditions from slightly acidic pH (5.5-6.5)
to neutral (6.6-7.5).

Based on the assessment criteria of the soil analysis
results (Soil Research Institute 2005), the content
categories of each soil element in the Wolobobo Botanic
Gardens are as follows: the element that was classified very
high is C-organic (> 5%); high is C/N ratio (16-25);
medium is N total (0.21-0.5%), K,O (21-40 mg 100g™),
and P,Os (21-40 mg 100g™2); low is CEC (5-16 me 100g™);
and the very low categories are K (<0.1 cmol kg ), Na
(<0.1 cmol kg?), Ca (<2 cmol kg?), Mg (<0.3 cmol kg™),
and BS (<20%) (Table 2). A high C/N ratio means that the
process of soil decomposition in the D. burmanni habitat is
very slow. C/N ratio ratios lower than 10 imply that low
levels of organic matter are being merged into the soil
system (Saikh et al. 1998; Yimer et al. 2007). The level of
K availability is strongly influenced by pH and base
saturation. In soil conditions with a neutral pH
concentration and very low base saturation, the K
concentration is not bound by Ca.

Cations can be exchanged at a very low rate, because
the habitat of D. burmanni has a rough soil texture with a
single-grained structure, so the soil is porous, the air spaces
are large, and the infiltration speed is high. This condition
causes the mobile nutrients to be easily lost in the soil.
How cations can be exchanged is very closely related to
BS, because BS shows the level of leaching bases in the
soil. Based on the results of soil analysis at other locations
within the Wolobobo Botanic Gardens, the overall soil
sample is categorized as a rough fraction. There is even a

Table 2. Results of soil analysis in the Drosera burmanni habitat
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sample of soil that has a fraction with sand concentration >
90% and clay concentration <5% (Purnomo et al. 2019).

Many insectivorous species live in freshwater bogs and
rock outcroppings where nitrogen is not present in the
correct form, because the pH of the water is extremely
acidic. On the Kas Plateau (India), D. burmanni is found in
low nutrient, lateritic soil, deficient in nitrogen, and
phosphorus (Pawar et al. 2012). Thus, D. burmanni is very
adaptable to various soil conditions ranging from marginal
land to productive land in the tropics.

Plant species in the habitat of Drosera burmanni

Drosera burmanni is an acaulescent, insectivorous
herb, to 15 cm tall. Leaves radiate in a rosette, 1-2 cm in
diameter, obovate or orbicular in shape, greenish to red,
clothed with numerous gland-tipped hairs, mucilaginous
when fresh. Flowers white or pinkish-white, few-flowered
(3-10), in a terminal 5-15 cm long scape, arising from the
cluster of leaves; sepals glandular; petals reddish,
glandular. Fruit capsules, subglobose (Figure 2.A)
(Marchant and George 1982; Pawar et al. 2012). The
species is not easily seen in the Botanic Gardens at
Wolobobo, because it is small and only found in the bush-
savanna vegetation (Figure 2.B). The bush-savanna
vegetation is a type of vegetation that is dominated by
shrubs and herbs. In the process of succession, this type of
vegetation is the initial vegetation. Over the next several
decades, this type of vegetation can develop into a mixed
forest containing native and introduced species.

Drosera burmanni is a carnivorous plant species and
grows with other plant species. In the habitat of D.
burmanni in the Wolobobo Botanic Gardens, its density is
8.5 individuals per m? and at least 20 plant species are
found included in 19 genera and 9 families. In terms of
density, the population of the species in the Wolobobo
Botanic Gardens was higher than the density in Jalpaiguri
with density of 6.57 individuals per m? (Chakraborty and
Bhattacharya 2013). The species found in the habitat of D.
burmanni in the Tripura District (India) are 30 species,
which are included in 25 genera and 18 families
(Majumdar et al. 2011); and the Jalpaiguri District as many
as 22 species, which are included in 22 genera and 16
families (Chakraborty and Bhattacharya 2013). From these
three research sites, 64 species were found, which are
included in 56 genera and 29 families, growing in the
habitat of D. burmanni (Table 3 and Figure 3).

Soil C-org  N-total CIN

P20s (mg K20 (mg

Exchangeable cations (cmol / kg) CEC

o)
samples P (%) (%) ratio  100g?') 100g™?) K Na Ca Mg  (me/100g) BS (%)
A 6. 68 5.33 0.33 16 30.26 30.26 0.06 0 1.21 0.23 10.08 14.91
B 6. 64 5.14 0.29 18 23.76 23.76 0.07 0.01 1.37 0.23 9.97 16. 85

Average 6.66+0.03 5.24+0.13 0.31+0.03 17+1.41 27.01+4.6027.01+4.60 0.07+0.01 0.01+0.01 1.29+0.11 0.23+0.00 10.03+0.08 15.88+1.37

Note: CEC: Cation Exchange Capacity, BS: Base Saturation
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Figure 2. Drosera burmanni in the Wolobobo Botanic Gardens, Ngada District, East Nusa Tenggara, Indonesia
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Figure 3. The plant species grow in the habitat of Drosera
burmanni in three research sites

The plant species that grow in the habitat of D.
burmanni in the Wolobobo Botanic Gardens is dominated
by species of Asteraceae with seven species, followed by
Poaceae with four species, Cyperaceae and Leguminosae
with  two  species respectively, and  Apiaceae,
Gleicheniaceae ~ Melastomataceae, = Myrtaceae  and
Polygalaceae with one species, respectively. These species
have broad distribution areas, except for Eucalyptus
urophylla  from  the Lesser  Sunda Islands
(www.theplantlist.org 2020).

Based on these three research sites, 64 plant species
grow together with Drosera burmanni. only Centella
asiatica was found in all research sites. This species is
distributed in pantropical areas from South-East Asia and
extending into some subtropical regions. Physiologically,
C. asiatica has a long creeping stolon, up to 2.5 m long,
rooting at the nodes, growing flowers, and fruits year-
round. This species can easily regenerate via runners which
root at the nodes and seed. Ecologically, Asiatic pennywort
occurs in sunny or slightly shaded, damp localities on
fertile soils, in open grassland, and from sea-level up to
2500 m asl. Physiological and ecological characters support
the ability of this species to adapt to various environmental
conditions. Although considered a weed, it has been used
traditionally as a medicinal plant, for skincare, as a

vegetable, and in beverages in South-East Asia, India, and
China (Hargono et al. 1999).

Distribution patterns and plant associations
Distribution pattern

Based on the data analysis, the Morisita Index of
Dispersion (Id) is 2.675 (1d> 1), the Uniform Index (Mu) is
0.99, the Clumped Index (Mc) is 1.02, and the
Standardized Morisita Index (Ip) is 0.524 (Ip> 0). These
index values indicate that the distribution of D. burmanni
has a clustering pattern. The results support Jamilah et al.
(2009), where D. burmanni in Trengganu (Malay
Peninsula) also has a clustered distribution pattern.

The distribution pattern of D. burmanni, which is
clustered, is influenced by its habitat and how it
reproduces. The species was only found in one location in
the Wolobobo Botanic Gardens, which indicates that it
requires certain habitat conditions to grow, reproduce and
survive. Regeneration of D. burmanni occurs sexually with
seeds and asexually or vegetatively with gemmae
(fragmentation) (Jamilah et al. 2009). If environmental
conditions support germination, the seeds will grow into
new individuals that are not far from their parents.
Regeneration with gemmae also produces new individuals
that are born not far from the parent plant. This could
explain the reason why D. burmanni plants grow in a
cluster (group).

Plant association

Based on the chi-square test, it is known that of the 20
species found in the observation plot in the Wolobobo
Botanic Gardens (Table 3), there are only three species
associated with D. burmanni: Erigeron sumatrensis,
Imperata cylindrica, and Spinifex littoreus (Table 4). The
association level with the Jaccard index is 0 to 1, if the
Jaccard index is close to 1, the association level is high
(Ludwig and Reynolds 1988). The association level of D.
burmanni and E. sumatrensis has the highest Jaccard index,
0.857, followed by D. burmanni and S. littoreus at 0.828,
and D. burmanni and 1. cylindrica at 0.458.
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Table 3. The species grows in the habitat of Drosera burmanni in the Wolobobo Botanic Gardens (Indonesia), Tripura District (India),
and Jalpaiguri District (India)

Wolobobo BG Tripura District, Jalpaiguri District,

Species Family Ngada District India* India**
Nelsonia canescens (Lam.) Spreng. Acanthaceae - + -
Centella asiatica (L.) Urb. Apiaceae + + +
Holarrhena pubescens Wall. ex G.Don Apocynaceae - + -
Hydrocotyle sibthorpioides Lam. Araliaceae + -
Rorippa indica (L.) Hiern Brassicaceae - - +
Stellaria media (L.) Vill. Caryophyllaceae - - +
Ageratum conyzoides L. Asteraceae + - -
Bidens pilosa L. Asteraceae + - -
Chromolaena odorata (L.) RMKing & H.Rob. Asteraceae + + -
Crassocephalum crepidioides (Benth.) S.Moore Asteraceae + - -
Cyanthillium cinereum (L.) H.Rob. Asteraceae - - +
Eclipta prostrata (L.) L. Asteraceae - - +
Emilia sonchifolia (L.) DC. Asteraceae + - -
Erigeron sumatrensis Retz. Asteraceae + - -
Sonchus arvensis L. Asteraceae + - -
Cyperus ciliata Vahl Cyperaceae - + -
Cyperus papyrus L. Cyperaceae + - -
Cyperus rotundus L. Cyperaceae + - -
Cyperus sp. Cyperaceae - - +
Fimbristylis aestivalis Vahl Cyperaceae - + -
Fimbristylis dichotoma (L.) Vahl Cyperaceae - + -
Fimbristylis quinquangularis (Vahl) Kunth Cyperaceae - + -
Fuirena ciliaris (L.) Roxb. Cyperaceae - +

Pycreus pumilus (L.) Nees Cyperaceae - + -
Eriocaulon cinereum R.Br. Eriocaulaceae - + -
Euphorbia hirta L. Euphorbiaceae - - +
Dicranopteris linearis (Burm.f.) Underw. Gleicheniaceae + - -
Leucas zeylanica (L.) W.T.Aiton Lamiaceae - - +
Vitex Peduncularis Wall. ex Schauer Lamiaceae - + -
Acacia auriculiformis Benth. Fabaceae - + -
Seshania sesban (L.) Merr. Fabaceae + - -
Alysicarpus vaginalis (L.) DC. Fabaceae - + -
Grona triflora (L.) H.Ohashi & K.Ohashi Fabaceae + - +
Ammannia baccifera L. Lythraceae - + -
Microcos paniculata L. Malvaceae - + -
Melastoma malabathricum L. Melastomataceae + + -
Eucalyptus urophylla S.T.Blake Myrtaceae + - -
Mazus pumilus (Burm.f.) Steenis Phrymaceae - - +
Glochidion Ellipticum Wight Phyllanthaceae - + -
Limnophila chinensis (Osbeck) Merr. Plantaginaceae - + -
Lindenbergia indica Vatke Plantaginaceae - - +
Mecardonia procumbens (Mill.) Small Plantaginaceae - - +
Scoparia dulcis L. Plantaginaceae - - +
Axonopus compressus (Sw.) P.Beauv. Poaceae + - -
Brachiaria ciliata (L.) Stapf Poaceae - - +
Chrysopogon aciculatus (Retz.) Trin. Poaceae - + +
Cynodon dactylon (L.) Pers. Poaceae - - +
Dichanthium caricosum (L.) A.Camus Poaceae - + -
Eleusine indica (L.) Gaertn. Poaceae + - -
Imperata cylindrica (L.) P.Beauv. Poaceae + - +
Panicum brevifolium L. Poaceae - + -
Panicum sumatrense Roth Poaceae - + -
Spinifex littoreus (Burm.f.) Merr. Poaceae + - -
Polygala paniculata L. Polygalaceae + - -
Jasminum nervosum Lour. Oleaceae - -
Ludwigia perennis L. Onagraceae - - +
Oxalis corniculata L. Oxalidaceae - - +
Utricularia gibba L. Lentibulariaceae - + -
Lindernia antipoda (L.) Alston Linderniaceae - + -
Lindernia ciliata (Colsm.) Pennell Linderniaceae - + -
Lindernia crustacea (L.) F.Muell. Linderniaceae - - +
Oldenlandia corymbosa L. Rubiaceae - + +
Selaginella sp. Selaginellaceae - - +
Rotala indica (Willd.) Koehne Lythraceae - + -

Total 64 sp, 56 gen, 20sp, 19gen, 9 30 sp, 25 gen, 18 22 sp, 22 gen, 16 fam
29 fam fam fam

Note: *: Majumdar et al. (2011), **: Chakraborty and Bhattacharya (2013), +: present, -: absent
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Table 4. Chi-square test level and type of association between Drosera burmanni and other plant species

Chi-squared test

Species X 2 count results Jaccard Index  Association type
D. burmanni vs Erigeron sumatrensis 8.571 An association 0.857 Positive
D. burmanni vs Imperata cylindrica 4.342 An association 0.458 Positive
D. burmanni vs Spinifex littoreus 4.138 An association 0.828 Positive

Note: Significant association is 0.05

The type of association between D. burmanni and
Erigeron sumatrensis, Spinifex littoreus, and Imperata
cylindrica is positive, which means that there is a similarity
in their habitat requirements, and that they tolerate living
together and sharing the available resources, and that they
have a broad overlapping niche (Su et al. 2015). The
observations in the field show that most individuals of D.
burmanni share spaces with E. sumatrensis and S. littoreus,
tolerating each other by sharing the available resources.

Most individuals of D. burmanni grow in open areas
without any shade from other plants. Some individuals do
grow under the shade of other plant species. So, D.
burmanni can grow in the shade or open areas. The results
of these observations differ from Chakraborty and
Bhattacharya (2013) where D. burmanni is only found in
an open area and not found under the shade of other plant
species.

Conservation efforts

Drosera burmanni was only found in one location in
the Wolobobo Botanic Gardens. It is a small population in
a very restricted area making this species very vulnerable
in the region. Based on the previous studies, destruction of
natural habitats and eutrophication are the main causes of
Drosera population reduction. In fact, some species of
Drosera in Europe are scarce (Lange 1998; Banasiuk et al.
2012). The Switzerland government has established a rule
that Drosera collections from natural habitats can only be
used for research purposes and require special permission
from the government. In France, native Drosera species,
such as D. anglica, D. intermedia, and D. rotundifolia have
been designated as protected plant species. The collection,
use, transport or trade of these species require special
permission from the relevant French ministries (Baranyai
and Joosten 2016).

Several states in the United States have established D.
rotundifolia as a protected plant species, because it is
included in the list of threatened or endangered species
(USDA 2015). On the other hand, the species of Drosera in
Asia, Africa, and Latin America have not received much
attention from their local governments, due to the limited
research and use of Drosera. Information concerning
Drosera's scarcity status from these areas has never been
reported.

The Wolobobo Botanic Gardens is managed by the
Ngada District Government. The compilation of the
masterplan completed in 2019 will be followed up with the
infrastructure construction starting in 2020. As an ex situ
conservation center for the Lesser Sunda Islands mountain

vegetation, the management authority of the Wolobobo
Botanic Gardens needs to establish the D. burmanni habitat
as an in situ conservation area at the location where the
species and other native plants grow. Thus, preventing
activities that change the landscape due to infrastructure
development at the Wolobobo Botanic Gardens from being
carried out in the natural habitat of D. burmanni. On the
other hand, efforts to propagate and do research on the use
of this species need to be done in parallel. According to
Yanthan et al. (2017), in vitro propagation of D. burmanni
with shoots showed significant results in the propagation
and conservation of this species.

In the Bogor Botanic Gardens, in situ conservation
areas have been established for the conservation of
Dydimoplexis pallens, “invisible orchids”, which only
appear at certain times (Mursidawati and Handini 2009),
and in the Cibodas Botanic Gardens for the conservation of
native plants of Gunung-Gede Pangrango (Mutagien and
Zuhri 2011). Protection of the area is a better way to
conserve and safeguard the species from tourists. So both
in situ and ex situ conservation is needed in the Wolobobo
Botanic Gardens, mainly to conserve indigenous and local
species.

In conclusion, In the Wolobobo Botanic Gardens, D.
burmanni flourishes with an average annual rainfall of
1835 mm; a temperature of 12.50-26.2° C; 48-99%
humidity; at an altitude of 1489-1491 m asl.; a soil pH of
6.66, which contains very high C-organic; a high C/N ratio;
moderate N total, KO, P.Os; low CEC (Cation Exchange
Capacity), and very low K, Na, Ca, Mg, and BS (Base
Saturation). D. burmanni is associated with 20 species,
which belong to 19 genera and 9 families. The species has
a clustering pattern and a positive association with
Erigeron sumatrensis, Spinifex littoreus, and Imperata
cylindrica. To conserve D. burmanni in the Wolobobo
Botanic Gardens, it is necessary to designate its natural
habitat as an in situ conservation area. Protection of the
area is a better way to conserve and safeguard the species
from tourists.
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