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Abstract. The existence and diversity of Odonata can provide information
for habitat management planning, particularly regarding their role in the
food chain and their potential as bioindicators in both aquatic and terrestrial
habitats. Danau Kemiri in Pagardewa, Lubai Ulu District, Muara Enim
Regency, South Sumatra, is projected as a nature-based tourism site,
however information on its potential as Odonata habitat is not yet available.
Therefore, this study aimed to map the diversity of Odonata in the Danau
Kemiri and its surroundings areas. Odonata observations were conducted
using the Visual Encounter Survey in August 2025 at three adjacent
locations: Danau Kemiri (DKM), a small water channel (SAL), and
Arboretum of SKG Pagardewa (SKG). In total, 25 species of dragonflies
(Anisoptera) from 4 families and 6 species of damselflies (Zygoptera) from
3 families were identified. The DKM had the highest species richness and
Shannon-Wiener diversity index (H’) value (22 species, H = 2.764),
followed by the SKG (13 species, H' =2.251) and the lowest at the SAL (10
species, H* = 1.823), respectively. The Anisoptera encountered were more
concentrated around the DKM, while the Zygoptera tended to be at the SAL,
indicating a tendency for each Odonata species to distribute to habitats with
specific characteristics. The dominant Anisoptera were Neurothemis
Sfluctuans and Pantala flavescens, while the dominant Zygoptera were
Libellago hyalina, Copera vittata, and ProDasineura verticalis. Although
the area is not very large, Danau Kemiri and its surroundings serve as an
important habitat for Odonata.

1 Introduction

In the paradigm of sustainable development, environmental quality must be maintained so
that it does not experience a decline in quality that has negative impacts both for the present
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and the future. Tourism is considered as a clean industry, however while contributing to the
economy, the tourism also brings environmental consequences that cannot be ignored, such
as water pollution, domestic waste production, and vegetation degradation. The imbalance
between economic and environmental aspects has become a strategic issue in ecotourism
management, leading to the emergence of the concept of sustainable tourism. Sustainable
tourism is an effort to reduce the negative impacts of tourism on the environment, society,
and economy in order to ensure ecological, economic, social and ethical sustainability [1].
Sustainable tourism that focuses on environmental conservation is also considered to have
the potential to create more equitable employment opportunities in Indonesia.

Danau (Lake) Pagardewa in Pagardewa, Lubai Ulu, Muara Enim, South Sumatera is
designated as one of ecotourism attractions since 2024. The initial design of Danau Kemiri
ecotourism integrates natural beauty and biodiversity features as attractions for tourism and
education. Thus, sustainable tourism in Danau Kemiri would offers a ray of hope for
achieving a balance between economic, social and environmental aspects within the tourism
industry. To the southwest of Danau Kemiri lies the Pagardewa Arboretum, which hosts
various collections of woody plants. In the future, the Pagardewa Arboretum is also planned
to become part of the integrated tourism development of Danau Kemiri, particularly for flora
diversity education.

Odonata is one of the most prevalent biodiversity components flying over the lake and
surrounding areas. The order Odonata divided into two sub-orders: Anisoptera (dragonflies)
and Zygoptera (damselflies). Globally, it is estimated that total number of Odonata are 5680
species, consisting of 2941 species of Anisoptera and 2739 species of Zygoptera. In
Indonesia, approximately 700 species of Odonata (about 15% of world’s dragonfly diversity)
had been recorded, in which 549 species are distributed in the Sundaland (Sumatera, Java,
Kalimantan, Bali and adjacent islands) [2]. Odonata are semi-aquatic organisms, spending
the early stage of their life as nymphs (naiads) in shallow waters and living as terrestrial fauna
in their adult stage which remain close to the freshwater bodies.

Odonata are predatory organisms and therefore play an important role in maintaining the
balance of the food chain. They are also particularly good indicators of freshwater ecosystem
health, as their larvae can only survive in relatively clean waters. Any disturbance on
freshwater habitat (pollution, vegetation degradation, etc.) can result in the reduction of
Odonata species diversity) [3]. Given the ecological importance of Odonata and the potential
of Danau Kemiri and the surroundings as their habitat, it is necessary to conduct a study to
determine the species diversity of Odonata in the areas. The results of this study can provide
valuable information for area management to integrate tourism with biodiversity education
in order to achieve the goals of sustainable tourism development.

2 Materials and methods

2.1 Study sites

Observations of Odonata diversity were conducted at Kemiri Lake (DKM), Pagardewa
Arboretum (SKG), and the water channel (SAL) located between the two sites, as depicted
in Fig. 1. General habitat characteristics of each observation sites are shown in Table 1.

2.2 Observation of Odonata

Odonata observations were conducted in the morning for 3 consecutive days during suitable
(clear) weather in late August 2025. The observations for adults Odonata used the Visual
Encounter Survey, where the observers identify in-situ, document, and count the abundance
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Fig. 1. Map of Odonata observation sites in Pagardewa, Lubai Ulu District, Muara Enim Regency,
South Sumatera (adapted from earth.google.com).
of all observed Odonata species. Identification to the species taxonomic level is based on
morphological features (i.e body shapes and size, color and pattern, wings venation, etc.)
following manuals by [4].

Table 1. Habitat characteristics of the study sites.

Location Geographic position  Habitat characteristics
Danau Kemiri 3°50'44.10"S A 1.97 ha of lentic water body surrounded by
(DKM) 104°10'02.10"E rubber and Moluccan albizia plantations. The

lakeshore area is relatively open, with abundant
riparian vegetation. This area serves as the main
tourist attraction.

Water channel 3°50'54.80"S Narrow (£1-2 m wide) water bodies lies in the

(SAL) 104°10'10.40"E south of DKM, surrounded by rubber plantation as
well as several species of fruit-bearing trees. The
tree canopy is fairly dense, so the understorey area
is always shaded. Riparian vegetation is present
along the water flow.

Pagardewa 3°50'55.90"S Located inside the Pagardewa Gas Compressor
Arboretum 104°09'57.90"E Station (SKG Pagardewa). An area of
(SKG) approximately 3 hectares designated as a collection

site for rare plant species of Sumatra. Part of the
land is open, and there is also a pond, but with only
a small amount of riparian vegetation. This site
contain highest plant diversity of trees and woody
shrubs.

2.3 Data analysis

Diversity of Odonata represented by species richness (expressed as number of species) and
some biodiversity indices, that are Shannon-Wiener (H’) diversity index, Simpson’s
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dominance index (D) and Pielou’s species evenness index (J) [5][6]. A correspondence
analysis (CA) performed to map the distribution and habitat preference of dominat species
of Odonata among three observation sites.

3 Results and discussion

3.1 Species richness, faunal composition and abundance

At the three observation sites, at least 31 Odonata species have been identified with total
abundance of 201 individuals. These consist of 54 individuals of suborder Zygoptera that
distributed in 6 species from 3 families (Chlorocyphidae, Coenagrionidae, and
Platycnemididae) as shown in Fig. 2. The suborder Anisoptera contributed 147 individuals,
distributed in 25 species from 4 families (Aeshnidae, Gomphidae, Libellulidae, and
Macromiidae). The presence of the Coenagrionidae family is represented by 3 species,
Platycnemididae by two species, and Chlorocyphidac by only one species. As for the
Anisoptera, the family Libellulidae consists of 22 species, while the other three families are
represented by only one species each. The species richness of Odonata (particularly
Anisoptera) in this study is comparatively higher than several similar studies, for example 23
species from various habitats in Central Kalimantan [7], 26 species from Surabaya and its
surrounding areas [6] and 29 species from Lumajang, East Java [8]. Nevertheless, the pattern
of dominance by certain families (i.e., Libellulidae for Anisoptera and Coenagrionidae for
Zygoptera) in those studies is relatively similar.

Number of species per family

SAL EN 2 5
DKM 1 1 18 1
0 5 10 15 20 25 30 35

M Chlorocyphidae ™ Coenagrionidae M Platycnemididae M Aeshnidae

B Gomphidae M Libellulidae W Macromiidae

Fig. 2. Number of species of Odonata per family. DKM. Danau Kemiri, SAL. Water channel, SKG.
Pagardewa Arboretum.

Libellulidae is the most diverse family within the suborder Anisoptera, with more than
900 species described worldwide [9]. This high species richness naturally increases their
likelihood of dominating in a survey or community. Compared to other families such as
Gomphidae or Aeshnidae, which generally have a life cycle of 2—4 years, many Libellulidae
species are univoltine (completing one generation per year) or have a faster larval
development [10]. Several Libellulidae species are known to be tolerant of disturbed
environments [3]. Libellulidae larvae are found in various lentic habitats, including lakes,
permanent ponds, vernal (seasonal) pools, marshes, and along riverbanks [10]. Similar to
Libellulidae, the Coenagrionidae is generally more tolerant of environmental disturbances
(such as changes in canopy cover and water quality) compared to other more sensitive
families of Zygoptera [3]. Their ability to reproduce effectively in various types of aquatic
habitats enables them to establish large and stable populations [11].
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Total abundance of Odonata in DKM, SAL and SKG are 92, 62 and 47 individuals,
respectively. Total abundance of Libellulidae is 70.15% from the total population in all sites,
followed by Platycnemididae (13.43%), Chlorocyphidae (7.46%), and Coenagrionidae
(5.97%), whereas Aeshnidae, Gomphidae, and Macromiidae make up only 0.49, 1.99 and
0.49% of total population, respectively. In the level of species, the most dominant Anisoptera
is Common Parasol (Neurothemis fluctuans) with 21 individuals or 10.45% of total
population. Other dominant species are Wandering Glider (Pantala flavescens, 6.97%),
Slender Skimmer (Orthetrum sabina) and Orange Skimmer (O. testaceum) with relative
abundance of 5.97%. The Wandering Glider observed only in SKG while other 3 species are
recorded both in DKM and SKG. Clearwing Gem (Libellalo hyalina) and Blue Bush Dart
(Copera vittata) are the most dominant Zygoptera with relative abundance of 7.46%,
followed by Red-striped Black Bambootail (ProDasineura verticalis, 5.97%). All these 3
species can be found only in SAL.

Fig. 3. Photographs of several Odonata species identified in the study. 1 Neurothemis fluctuans,
Brachythemis contaminata, Orthetrum testaceum, 4. 5. Ictinogomphus decoratus, 6. 7. 8. 9.

Danau Kemiri (DKM) bears highest species number of Odonata with 21 species of
Anisoptera dan 1 species of Zygoptera. Species richness in SKG is 13 species, composed
solely by Libellulidae. In SAL, there are 5 species of Anisoptera and Zygoptera, making a
total of 10 species. As semi-aquatic animals, the nymph of Odonata exhibit a strong
dependence to aquatic habitat, whereas the imago are more strongly affected by the presence
of riparian vegetation [11]. The DKM site features a large water body in the form of a pond
with abundant riparian vegetation and relatively high sunlight intensity, conditions that
strongly support the survival of many Odonata species in completing their life cycles and
foraging, particularly for insects. The high number of Anisoptera species at DKM indicates
the ecological importance of this area as their habitat. Previous study by [6] stated that
diversity of Odonata is correlated with habitat complexity. Thus, in this study, habitat in
DKM assumed to be more complex than the other sites, since the DKM comprising an open
habitat with wide freshwater body and plenty riparian vegetation that attract Odonata,
particularly Anisoptera. A study by [12] in a small scale habiat stated that relative abundance
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of Anisoptera increase with increasing light and decreasing canopy cover. Freshwater body
(in the form of pond) in SKG is much smaller in size and has only limited riparian vegetation,
probably make the area less attractive as a habitat for Odonata which may explain why fewer
Odonata were found at this site, despite its higher floral diversity compared to the other two
sites. At the SAL site, the slow-flowing current ensures higher survival rates for Zygoptera
nymphs. Their imago also known to prefer shady areas, therefore most of Zygoptera in this
study were observed in SAL.

3.2 Diversity indices

The highest Shannon—Wiener diversity index (H’) was recorded at DKM, with a value of
2.764, the lowest was at SAL with a value of 1.883, while SKG had a value of 2.251. The
variation in the H’ value in this study can be explained by the cumulative number of species
and the relative abundance of each species within the community. The DKM, which had the
highest number of species, also showed the highest H* value, while SAL, which had the
lowest number of species, also had the lowest H* value. Pielou’s evenness index (J) indicates
the evenness or uniformity of the individual populations of each species, where a higher J
value (approaching 1.00) represents greater species evenness. Conversely, Simpson’s
dominance index (D) has an opposite interpretation compared to H’ and J [6], the higher the
D value (approaching 1.00), the greater the likelihood that one or a few species are highly
dominant.

The J and D values in SKG were 0.894 and 0.083, respectively, indicating a more even
population distribution despite the presence of species with relatively high abundance at this
site, namely Common Parasol (18.48%) and Orange Skimmer (13.04%). The J value at SKG
(0.878) was only slightly lower than that of DKM, but the D value was higher at 0.143. This
indicates a fairly strong dominance by certain species in this case, Wandering Glider (relative
abundance of 29.79%), while Ditch Jewel and Slender Skimmer had relative abundances of
12.77% and 10.64%, respectively. The highest D value was recorded at SAL (0.183),
indicating strong dominance by Clearwing Gem and Blue Bush Dart (each 24.19%), Red-
Striped Black Bambootail (19.34%), and Long-banded Bluetail (Archibasis oscillans,
14.52%).

3.3 Species distribution

The results of the correspondence analysis on dominant and predominant species (both
Zygoptera and Anisoptera) show a tendency for species distribution in certain locations. Five
Anisoptera species Orange Skimmer, Common Parasol, Slender Skimmer, Oriental Blue
Dasher (BrachyDiplax chalybea), and White Duskdarter (Zyxomma obtusum) tend to prefer
the DKM area as their habitat. In the SKG area, two species were recorded: Wandering Glider
and Ditch Jewel (Brachythemis contaminata). Meanwhile, all dominant Zygoptera species
(Clearwing gem, Blue Bush Dart and Red-striped Black Bambootail) preferred the SAL area
as their habitat.

Adult Odonata have specific habitat preferences, where the relationship between Odonata
communities and the environment can be detected through species richness and composition.
Anisoptera are typically pioneer and more generalist species capable of colonizing disturbed
habitats [11]. Anisoptera are generally heliothermic, thus high light intensity supports their
metabolism and activity. Consequently, many adult individuals from the suborder Anisoptera
are distributed along open habitats in DKM and SKG.

The Chalky Percher (DiplacoDes trivialis) and Wandering Glider found only in SKG.
Both species can be found in various habitats, including lowlands and hilly areas, as well as
in dry and wet environments. Their ability to inhabit dry areas indicates a higher tolerance to
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conditions outside aquatic habitats. Further, Wandering Glider is well known for its high
metabolic plasticity to environmental changes. As a migratory species, Wandering Glider
often lays its eggs in habitats that are highly prone to drying out (temporary pond) but have
low competition and predator pressure. This species has the fastest larval development phase
among dragonflies (38—65 days), and its larvae can even develop at temperatures above 35°C
[13] also not very dependent on availability of food around water bodies.

In contrast, smaller Zygoptera species have body temperatures that vary according to
environmental conditions and are often more associated with pristine habitats rich in riparian
vegetation [14] and shaded areas [6]. Zygoptera species also possess narrower ecological
niches, resulting in limited distribution. Zygoptera nymphs tend to be more diverse and
abundant in shaded areas with lower temperature ranges and high physical habitat
heterogeneity and higher richness of Zygoptera occurred in shaded area with canopy cover
>5 meter high [15], such as in SAL.

4 Conclusions

Although the area is relatively small and located in a suburban region, Danau Kemiri and its
surroundings have become an important habitat for dragonflies and damselflies. Habitat
variations among DKM, SAL, and SKG have resulted in differences in Odonata community
structure. In the context of sustainable tourism that integrates habitat conservation and
biodiversity as key attractions, the diversity of dragonflies at the study site can serve as an
important aspect to support ecotourism activities in Danau Kemiri.
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