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ABSTRACT

Dragonflies play an important role in an ecosystem and can serve as control agents of agricultural insect
pests. Dragonflies can be used as bioindicators for evaluating environmental changes in long-term
studies (biogeography) and short-term studies (conservation biology). This research study was aimed to
analyse the composition and diversity of dragonflies in Tunan Waterfall area, North Sulawesi, Indonesia.
Sampling was conducted from March 2018 to May 2018 at at three types of habitat, namely primary
forest, secondary forest, and agricultural land. At each habitat type were laid four 300-metre-long transect
lines. The lines were placed along the river of each habitat type, and sampling was carried out along
the lines using sweep nets. From the research, 7 families, 20 species and 1,750 individuals belonging
to 2 suborders, Anisoptera and Zygoptera, were identified. Libellulidae was the family with the most
number of species and individuals being found. Th especies with the highest abundance was Orthetrum
pruinosum, followed by Libellago xanthocyana. The highest dragonfly species abundance was found in
the plantation land, while the lowest was found in the primary forest or around the waterfall. The highest
dragonfly richness index, species diversity index (H’), and species evenness index were found in the
secondary forest, followed by the primary forest. The diversity of dragonflies at the observation site was
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influenced by vegetation cover and temperature.

INTRODUCTION

Dragonﬂies belong to the class insect, order Odonata,
and are generally bright in colours with varied
patterns. The body of a dragonfly is made up of a head,
a torax, an abdomen, wings, and legs. Dragonflies are
widely distributed from forests, lakes, gardens, farmlands,
and rivers to house yards and urban environments. It has
been recorded that there are 6,000 species, 630 genera,
and 28 families of dragonflies worldwide (Kannagi et al.,
2016; Varshini and Kanagappan, 2016). Dragonflies are
classified into two suborders, namely Zygoptera (2,739
species and 19 families) and Anisoptera (2,941 species and
12 families), while roughly 1,000 to 1,500 other species
have yet to be described (Mapit-ot et al., 2013).

Tropical regions have high dragonfly species
diversity and family number. Twelve out of 31 families
live near tropical forest river streams. In Indonesia, 750
dragonfly species have been found, one of which is a
species endemic to Sulawesi named Gynacantha penelope
Ris (Susanti, 1998). As many as 143 species have been
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found in Sulawesi (van Tol, 2000), consisting of 50 species
of Zygoptera and 93 species of Anisoptera (van Tol, 1987).
The species found in the primary forest were mostly
endemic, while those found in other habitats can also be
found throughout Southeast Asia (Arai, 1996).

Dragonflies are an important component in
biodiversity, and in food web, they act as carnivores and
detrivors (Das et al., 2012; Siregar and Bakti, 2016). In
all of their life-cycle stages, dragonflies act as predators
and eat a wide variety of insects and other organisms.
Dragonfly nymphs are predators in the aquatic ecosystem,
while adult dragonflies (imagoes) are predators of
agricultural crop pests, thus they can be used as natural
pest control agents (Kandibane et al., 2005). Dragonflies
can also be used as an indicator of forest environment and
water quality (Dolny et al., 2011; Das et al., 2012).

Dragonfly community structures are highly sensitive
and determined by the conditions and resources present at
a habitat. Destruction of a habitat is the most prominent
cause of dragonfly population decline (Moore, 2004). The
use of dragonflies as a bioindicator is based on the diversity,
abundance, and distribution of dragonflies in relation to
the physical and chemical conditions of a habitat. Whether
a habitat is clean or polluted, the diversity and abundance
of insects present will reflect it (Kannagi et al., 2016).
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Some research studies on the diversity of dragonflies
have been conducted, including one concerning the
diversity of Odonata and its relationship with the
ecosystem as an environment indicator (Mapi-ot et
al., 2013; Kannagi et al., 2016). Some other studies
include a study on the diversity, distribution, and species
composition of Odonates in Similipal Tiger Reserve,
India (Sunit et al., 2012); a study on the diversity and
distribution of dragonflies in the Coalcoman Mountains,
Mexico (Anaya et al., 2011); a study on the distribution
and diversity of dragonflies in the Kerian River Basin,
Kedah, Malaysia (Ameilia et al., 2000); a study on the
diversity of Odonates and its relation with ecosystem
and land use in Northern Peninsular Malaysia (Siregar et
al., 2005); and a study on the distribution and diversity
of dragonflies in Sekayu Recreational Forest, Terenganu,
Malaysia (Afzan and Amirrudin, 2006). Some examples
of studies on dragonflies that have been conducted in
Indonesia include a study on the presence of Odonata
nymphs in various farmland habitats (Ahmad, 1982) and
a study on the diversity of Odonata in Asmat Regency and
Mappi Regency, Papua (Kaize and Kalkman, 2011). Dolny
et al. (2011) studied dragonflies in the Bornean rainforest
as an indicator of changes in biodiversity resulting from
forest modification and destruction.

Tunan Waterfall is situated in Minahasa Utara
Regency, North Sulawesi, and is an ecotourism destination.
Various types of habitat in which various dragonfly species
live can be found in this area. There has been no published
study on the composition and diversity of dragonflies
(Order: Odonata) in Tunan Waterfall area, Minahasa
Utara, North Sulawesi to date. This research aimed to
analyse the composition and diversity of dragonflies at
Tunan Waterfall, North Sulawesi, Indonesia.

MATERIALS AND METHODS

Study site

This research was conducted from March 2018 to
June 2018. The sampling location was Tunan Waterfall
area, Minahasa Utara Regency, North Sulawesi (Fig. 1).
Sampling was carried out at the watershed, which was
divided into at three types of habitat, namely primary
forest, secondary forest, and agricultural land. Its habitat
was measured for temperature, humidity, vegetation
canopy covering, altitude, and coordinates when sampling.
Measurement of temperature and humidity using Thermo-
Higrometer (Dekko 637). Altitude and coordinates were
measured using Global Positioning System (Garmin
GPSMAP 78s).

Primary forest was a river area near a waterfall
with vegetation canopy covering 78-85% of the area,

temperature of 27.2-30.0°C, and humidity of 79-82%, and
was located at an altitude of 140-177 ma.s.l and coordinates
of 01°34* 07.80” N; 124-58°42.16” E. Secondary forest
was situated at a secondary forest with vegetation canopy
covering 60-79% of the area, temperature of 27.3-32.0°C,
and humidity of 75-80%, at was located at an altitude
of 125-135 m a.s.l and coordinates of 01°33” 52.25”N;
124-58°28.52”E. Agricultural land was a river stream in a
plantation area with vegetation canopy covering 40-50%
of the area, temperature of 29.0-33.0 °C, and humidity of
60-76%, and was located at an elevation of 107-115 m
a.s.l and coordinates of 01°33° 30.81”N; 124°57°56.98”E.

Fig. 1. Lacation of Tunan waterfall and sample sites.

Sampling

This research used the purposive random sampling
method. Sampling was carried out at three habitat types,
namely primary forest, secondary forest, and agricultural
land. At each habitat type were laid three 300-metre-long
transect lines. The lines were placed along the river stream
of each habitat type.

The dragonfly sample selected in this research
consisted of adult dragonflies (imagoes). Sampling was
conducted along the transect lines using insect collecting
nets. The nets used were cone-shapped, 60 cm deep, and
300-380 cm in diameter, and they had a pole two metres
in length. The sampling of dragonflies was conducted
monthly for three months from 8 a.m. to 2 p.m. local time.
This timing was chosen because dragonflies are a group
of insicts that are active during the day. The dragonflies
captured were inserted into bottles previously filled with
tissue paper and eter. After the dragonflies died, the bodies
were taken out from the bottles and then dried in the
sun. This was aimed to prevent the iridescent colours of
Odonata from fading. Afterwards, they were stored in 30
cm by 20 cm triangle-shapped envelopes with the wings
folded towards the upper body. Every envelope held one
dragonfly.

The sample was subsequently identified based on
their morphological characteristics, and the number of
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Table I. Number of suborder, family, species and individual’s dragonflies found in three types of habitat from Tunan

Waterfall area, North Sulawesi.

Sub order/Family

Number of individuals Total %

Species Primary forest Secondary forest Agricultural land
Sub order: Anisoptera
Family I: Libellulidae
Orthetrum pruinosum 22 110 200 332 18.97
Diplacina sanguinolenta 48 68 42 158 9.03
Orthetrum sabina 26 49 56 131 7.49
Neurothermis stigmatizans 3 12 19 34 1.94
Diplacodes trivialis 3 4 5 12 0.69
Neurothemis ramburii 3 5 2 10 0.57
Nannophya pygmaea 3 3 0 6 0.34
Orthetrum glaucum 0 1 3 4 0.23
Acisoma panorpoides 0 2 0 2 0.11
Celebothemis delecollei 1 0 0 1 0.06
Sub order: Zygoptera
Family I: Coenagrionidae
Libellago xanthocyana 36 111 100 247 14.11
Pseudagrion pilidorsum 51 77 87 215 12.29
Pseudagrion crocops 0 38 56 94 5.37
Teinobasis sp 19 2 1 22 1.26
Libellago daviesi 12 1 0 13 0.74
Family II: Calopterygidae
Neurobasis kaupi 80 77 42 199 11.37
Family III: Chlorocyphidae
Rhinocypha frontalis 105 45 28 178 10.17
Family IV: Platycnemididae
Nososticta flavipennis 31 34 4 69 3.94
Family V: Argiolestidae
Celebargiolestes orri 2 0 17 19 1.09
Family VI: Lestidae
Lestes sp 2 2 0 4 0.23
Total 447 641 662 1750  100.00

individuals were counted. The identification process
was undertaken based on the external morphological
charactersitics by referring to the books by Borror et al.
(1992), Watson and Farrel (1991), Miller (1995), Lieftinck
(1949), Wilson (1995), Tsuda (2000) and Wang (2000).

Statistical analysis

The data analysed in this research covered the data
of species abundance (N), species richness index (S),
species diversity index (H), and species evenness index

(E). All of the indices were calculated with the aid of
PAST 2.17 programme (Hammer et al., 2001). To look
into the relationship between species diversity and the
environment physical-chemical parameter values, a
Spearman’s correlation test was conducted. This test was
conducted with the aid of Statistika version 6 programme
(Stat Soft, 2001).

The analysis of the dragonfly community similarity
between the habitat types used Sorense’s similarity index,
and the data used was the data of species presence and
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absence (Magguran, 1988). The index was calculated
using Biodiv 97, which was Excel-based macro software
(Shahabuddin et al., 2005). The dissimilarity value
(1-Sorensen’s index) was used to make a cluster analysis
(Krebs, 1999; Ludwig and Reynold, 1988). In the cluster
analysis, every community was structured hierarchically in
the form of a dendrogram. The dendogram was developed
using the Statistica for Windows 6 programme (Stat Soft,
2001). The clustering was performed using the unweighted
pair group method with arithmetic mean (UPGMA) and
Euclidean gap (Lewis, 2001).

RESULTS

Dragonfly structure and composition

From the research on dragonflies in Tunan Waterfall
area, 2 suborders, 7 families, 20 species, and 1,750
individuals were identified (Table I). The suborders
identified included Anisoptera and Zygoptera. The most
abundant suborders were Zygoptera (60.57%) (Fig. 2).
Zygoptera showed the highest abundance at every types
of habitat (Fig. 2). Anisoptera was only found in one
family, Libellulidae, with 10 species. The Zygoptera found
consisted of 6 families, namely Coenagrionidae (5 species),
Calopterygidae, Chlorocypidae, Platycnemididae,
Argiolestidae and Lestidae, each with one species (Table I).

Libellulidae was the dragonfly family with the highest
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species abundance (39.43%)), followed by Coenagrionidae
(33.77%). The lowest species abundance was found in the
family Lestidae (0.23%) (Fig. 3). The families Libellulidae
and Coenagrionidae were dominant at all types of habitat
(Fig. 3).

The dragonfly species with the highest abundance was
Orthetrum pruinosum (18.97%), followed by Libellago
xanthocyana (14.11%). Celebothermis delecollei was the
species least frequently found with only one individual
found (0.06%) (Table I).

The dragonfly species distribution at each habitat
showed that as many as 12 species were found at the three
types of habitat, with 3 species found at primary forest and
secondary forest. A species, Celebargiolestes orri, was
found at primary forest and agricultural land. The species
exclusively found at primary forest was Celebothemis
delecollei, while Acisoma panorpoides was only found at
secondary forest (Table I).

Dragonfly species diversity

The species diversity of dragonflies was observed
through species abundance, species richness index, species
diversity index, and species evenness index. The highest
species richness was found at agricultural land (37.83%),
followed by secondary forest (36.63%). The lowest species
richness was found at primary forest (25.54%) (Fig. 4a).
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Fig. 2. The abudance of suborder dragonflies found in three types of habitat in Tunan Waterfall, North Sulawesi.
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Fig. 3. The abundance of family dragonflies found in three types of habitat in Tunan Waterfall, North Sulawesi.
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Fig. 4. Species abudance (a), Richness index (b), Diversity
index (c) and Evenness index species dragonflies (d) in
Tunan Waterfall, North Sulawesi. Station I, primary forest;
Station II, secondary forest; station III, agricutural land.

The highest species richness index and species
diversity index (H”) of dragonflies were found at secondary
forest, with values of 2.63 and 2.30, respectively.
Agricultural land had the lowest species richness index
and species diversity index, with values of 2.16 and
2.13, respectively (Fig. 4b and 4c). The highest species
evenness index was found at primary forest and secondary
forest (0.80). The lowest, on the other hand, was found at
agricultural land (Fig. 4d).

Correlation between dragonfly species and environmental
factors

When dragonfly species diversity was correlated with
environmental factors, a positive correlation was found
between abundance and temperature. This shows that the
higher the temperature, the higher the species abundance.
Species evenness index and canopy showed a positive
correlation. Meanwhile, species richness index and species
diversity index showed a low correlation value (Table II).

Table II. Correlation coefficient among dragonflies
diversity and environmental factor.

Variabel Canopy Temperature Humidity Altitude
Abudance species -0.51 0.69* -0.28 -0.33
Richness index  0.10 0.19 0.26 -0.04
Diversity index  0.37 0.02 0.47 0.15
Evenness index  0.68*  -0.51 0.57 0.46

* Marked correlations are significant at p < .05000; N=9 (Casewise
deletion of missing data).

Dragonfly community similarity
From the observation of the dragonfly community

similarity between habitat types, it was found out that
primary forest and secondary forest had the highest
dragonfly community similarity at 0.86 (86%), followed
by the similarity between primary forest and agricultural
land (81%). The lowest community similarity index was
shown between secondary forest and agricultural land
(79%) (Table III).

Table III. Matrix about dragonflies community
similarity among types of habitat in Tunan Waterfall
area, North Sulawesi.

Study Site Primary Secondary Agricultural
forest forest land
Primary forest 1.00 0.86 0.81
Secondary forest 0.86 1.00 0.79
Agricultural land 0.81 0.79 1.00

The dendrogram developed shows that primary forest
and secondary forest were of the same group, whereas
agricultural land was separated from primary forest and
secondary forest (Fig. 5). This means that the dragonfly
species composition at primary forest and that at secondary
forest shared many in common.

Fig. 5. Dendogram about dragonfly community similarity
among habitat in Tunan Waterfall, North Sulawesi.

DISCUSSION

The number of dragonfly species found in this
research only reached 0.33% of the total number of all
species worldwide (6,000) (Kannagi et al., 2016). When
compared with the total number of dragonfly species in
Indonesia (750 species), it only reached 2.67%, and it
reached 13.99% when compared with the total number of
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dragonfly species across Sulawesi (143 species) (Susanti,
1998; van Tol, 2000). The number of dragonfly species
present was higher than the numbers found in some other
studies conducted on Sulawesi Island. Koneri et al. (2017)
found 15 dragonfly species at Tangkoko Nature Reserve,
North Sulawesi, while Nangoy and Koneri (2017) reported
that 19 species were found at Bogani Nani Wartabone
National Park North Sulawesi. The research by Suriana
et al. (2014) around Moramo River and Swamp, Konawe
Selatan Regency, Southeast Sulawesi, found more species,
namely 28 species, whereas the research by Kaize and
Kalkman (2011) in Asmat Regency and Mappi Regency
(Papua, Indonesia) found 43 dragonfly species. The
differences in the number of dragonfly species collected
across research sites were highly influenced by the total
area of the observation sites, types of habitat, length of
sampling, and sampling techniques used by the researchers.
According to Salmah e al. (2006), the distribution and
composition of dragonfly species differed between research
sites due to habitat suitability, heterogenous vegetation,
weather condition during sampling, and biotic, physical,
and chemical factors.

Anisoptera was the most dominant suborders found
at every habitat types. Some research studies reported
that Anisoptera was more frequently encountered than
Zygoptera (Seidu et al., 2018; Narender et al., 2016; Dolny
et al., 2011; Kaize and Kalkman, 2011). Anisoptera’s
dominance could be explained by its wider distribution
and better adaptation to different types of habitat than
Zygoptera’s (Arulprakash and Gunathilagaraj, 2010).
According to Rahadi et al. (2013), Zygoptera can be found
near clean, flowing waters with moderate sunlight intensity
or in the shade of trees.

Anisoptera was more frequently found at agricultural
land, with a lower percentage of canopy cover and higher
temperature than those of primary forest and secondary
forest. At primary forest and secondary forest, Zygoptera
was predominant. This is due to greater percentage of
vegetation canopy cover and lower temperature at primary
forest and secondary forest than at agricultural land.
According to Narender et al. (2016), the tree and water
vegetation canopy near river are much more preferred by
Zygoptera than Anisoptera.

The dragonfly families with the most numbers of
individuals and species were Libellulidae (Anisoptera)
and Coenagrionidae (Zygoptera). Some research studies
report that Libellulidae were more frequently found than
other dragonfly families (Narender et al., 2016; Siregar
and Bakti, 2016; Das et al., 2012).

The families Libellulidae and Coenagrionidae were
more abound as they predominate the suborders Anisoptera
and Zygoptera. The family Libellulidae is the largest family

in the suborder Anisoptera, and its distribution pattern and
adaptive abilities are high. The family Coenagrionidae,
on the other hand, is the largest family in the suborder
Zygoptera, and they are evenly distributed around the world
(Orr, 2003). Libellulidae and Coenagrionidae have the
widest and largest habitat distribution. These families can
virtually be found in any type of habitat and are dominant in
unshaded habitats with stagnant water (Kalkman and Orr,
2013). They have the most advanced ability to migrate,
have distribution spanning more than one region, and are
also found on isolated islands (Kalkman et al., 2008).
Another factor causing these families to have the highest
abundance is that they have a short life cycle and are more
tolerant towards a wide array of habitats (Arulprakash and
Gunathilagaraj, 2010). Sharma and Joshi (2007) reported
that Libellulidae and Coenagrionidae are predators. The
species of these families are usually aggressive and prey
on all types of insects. Libellulidae preys on all types of
aquatic organisms and pests dominant in food crop lands
and plantations whose sizes are fit for consumption.

Orthetrum pruinosum (Anisoptera: Libellulidae) was
the species with the highest abundance to be found during
the conduct of the research. O. pruinosum was frequently
found at agricultural land, which had a low percentage
of vegetation canopy. Red and black grey O. pruinosum
are males. O. pruinosum have transparent-coloured wings
with black venation. The torax is composed of three parts,
namely protorax, mesotorax, and metatorax in blackish
grey with black legs. Their abdomens are predominantly
red from the first segment to the last segment and the
tail. The O. pruinosum in this research were found to be
flying near the river and ocassionally perched on the plants
growing in the plantation. When the temperature was
high, O. pruinosum were observed to mostly fly low near
water before finally perching on aquatic plants to lower
their body temperatures. Adult O. pruinosum are flying
insects, meaning that they are able to move by means of
flight. According to Corbet (1999), some adult dragonfly
species in the suborder Anisoptera are flying insects that
are able to migrate through a long distance, explaining its
distribution. An Anisoptera dragonfly can fly at a speed of
36 km/hour (Amir and Kahono, 2003).

The highest dragonfly species richness index, species
diversity index, and species richness index were found at
primary forest and secondary forest. Primary forest habitat
near a waterfall. The variety of habitats at the two habitat
types, including rocky rapids, and the various vegetations
encouraged the species diversity of dragonflies. The
habitat variety also led to sufficient availability of food
for dragonflies’ preys, causing the species diversity of
dragonflies there to be high. According to Theischinger and
Hawking (2006) habitat is directly proportionate with the
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environment physical conditions, meaning that every type
of habitat has physical conditions distinct to it, which are
also influenced by several factors like vegetation density,
canopy coverage, and altitude, all of which also affect the
presence and spread of dragonfly species.

Agricultural land had lower species diversity than
primary forest and secondary forest. Agricultural land was
a river with a low percentage of canopy cover and less
varied habitates because near the river, only plantation
vegetations and bushes could be found, resulting in lower
dragonfly species diversity. Another factor causing the
low species diversity was the presence of three dragonfly
species dominating the habitat, namely Orthetrum
pruinosum, Libellago xanthocyana, and Pseudagrion
pilidorsum.

The diversity of dragonfly species was influenced
by the the vegetation present along the river stream, food
availability, clean water, and light intensity. The vegetation
density and lack of disturbance and coversion in the
forest caused high diversity of dragonflies (Dolny ef al.,
2011). Good water quality in the forest and lack of human
activities determined the high richness and diversity of
dragonflies found. Habitat structures, such as the structure
of vegetation, is essential to all dragonfly species (Niba
and Samways, 2006).

A number of research studies show that an increase
in the vegetation canopy and plant diversity will increase
the diversity, richness, and evenness of dragonflies
(Chovance et al., 2002). The presence of vegetation
in a riparian ecosystem has a significant effect on the
behaviours of adult dragonflies, for example, staying in
the sun, foraging, roosting, and sheltering (Silva et al.,
2010; Buchwald, 1992). Dragonflies also use aquatic
vegetation as ovipostion substrates (Buchwald, 1992),
laying and inserting their eggs into the stem of emergent
plants (Corbet, 1999). What hatch from the eggs are called
nymphs. Nymphs used aquatic vegetation for roosting,
hiding from predators, and perching to wait their preys
(Buchwald, 1992).

The diversity of dragonflies in a habitat is also
influenced by the habitat’s environmental quality factors,
for example, pH, temperature, air humidity, chemical
conditions, and food availability (Corbet, 1980).
Temperature significantly affects dragonfly diversity.
Dragonflies prefer flying at locations with higher
temperature (Miller, 1995). Higher temperature is needed
for dragonflies” wing movement. Dragonflies’ venation
work effectively when the temperature exceeds 30 °C.
Additionally, a sufficiently high temperature is needed for
Odonates’ vision. More than 80% of a dragonfly’s brain
is used for analysing visual information from its vision.
To see an object, such as a prey, the compound eyes of a

dragonfly will highly require light (Miller, 1995).

Dragonfly diversity is also affected by air humidity.
This is because the biological processes of insects are
affected by humidity. The optimum humidity range needed
is 73—-100%. If the humidity is either too high or too low,
the activities and the lives of insects can be inhibited,
except for the types of insects normally living in wet
environments (Sunjaya, 1970).

The species composition similarity shows that
the dragonfly species present at primary forest shared
many similarities with those present at secondary forest.
The community similarity was highly influenced by
substantial similarities in the physical characteristics of the
environment (e.g. vegetation structure, temperature, and
humidity) between habitat types (Narender et al., 2016).

Celebothemis delecollei, Libellago daviesi, and
Lestes sp. are the dragonfly species that can be used as
environmental health bioindicators. The three species
can only be found in forest habitats with unpolluted
aquatic environment. In doing oviposition, adult female
dragonflies prefer clear, clean water habitats, and nymphs
are vulnerable to polluted water quality (Borror et al.,
1992; Jhon, 2001). In general, by the time this research
was conducted, the water in Tunan Waterfall area was
still clean and unpolluted. The presence of the families
Chlorocyphidae, Calopterygidae, and Platycnemididae
there proved this. The presence of these three families
reflects clean water condition (Afzan ef al., 2006).

CONCLUSION

The highest species abundance was found in
the agricultural land, and the lowest was found in the
primary forest or around the waterfall. Libellulidae was
the dragonfly family with the highest species abundance,
and the species most frequently found was Orthetrum
pruinosum. The highest species richness index and species
diversity index (H’) were found in the secondary forest,
followed by the primary forest. When dragonfly species
diversity was correlated with environmental factors, a
positive correlation was found between abundance and
temperature. The community similarity index shows
that primary forest had species composition similar to
that of secondary forest. The diversity of dragonflies at
the research site was highly influenced by canopy cover
percentage, temperature, and air humidity of each habitat

type.
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