Vol. 8 January 2017 Asian Journal of Biodiversity
CHED Accredited Research Journal, Category A-1 This Journal is in the Science Master Journal List of
Print ISSN 2094-5019 e Online ISSN 2244-0461 Thomson Reuters (ISI) Zoological Record
doi: http://dx.doi.org/10.7828/ajob.v8i1.997

Dragonfly in Bogani Nani Wartabone
National Park North Sulawesi

MEIS J. NANGOY
ORCID No. 0000-0003-0064-3623
mnangoy@unsrat.ac.id
Animal Science, Faculty, Sam Ratulangi University.
Kampus Bahu Street, Manado 95115

RONI KONERI
ORCID No. 0000-0001-5972-0799
ronicaniago@unsrat.ac.id
Department of Biology, Faculty of Mathematics and Natural Sciences,
Sam Ratulangi University.
Kampus Bahu Street, Manado 95115

ABSTRACT

As a group of freshwater invertebrates, dragonflies (Odonata) are commonly
used as ecological indicators of freshwater ecosystems. This study analyzes the
diversity of Odonata in various types of habitat at Bogani Nani Wartabone
National Park, North Sulawesi, Indonesia. Sampling was conducted over
three months in three habitat types, viz (primary forest, secondary forest, and
agricultural land). Samples were taken along the transect line using a sweep
net. Samples were collected from 9:00 am to 03:00 pm during the periods that
odonates are most active. Identification was based on external morphological
characteristics using the relevant guide. In total, 1235 specimens of Odonata
were obtained belonging to 19 species, 17 genera, and 7 families. Abundance,
and richness of dragonfly species positively correlated with air temperature, but
negatively correlated with humidity and vegetation cover. Based on the results
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of this study, three species of dragonflies, viz Nososticta flavipennis, Rbhinocypha
Sfrontalis, and Teinobasis sp are found only in primary forests and are not found
in other habitats. They can be used as indicators of forest health. The highest
abundance, richness, diversity, and evenness of dragonfly species are found on
agricultural land, while the lowest were found in secondary forests.

Keywords: Abundance, richness, evenness, Rhinocypha frontalis, primary forest
INTRODUCTION

Odonata is a group of insects with global diversity about 6000 species and
subspecies, 630 genera and 28 families (Sharma et al. 2007). Dragonflies are
grouped into two sub orders, Zygoptera (2739 species and 19 families) and
Anisoptera (2941 species and 12 families ) as well as about 1000 to 1500
undescribed species (Van Tol 1992). Diversity at species and family level is
highest in the tropics. Twelve of the 31 families are confined to tropical forests. In
Sulawesi there are at least 124 species, 55 of which are island endemics. Based on
these data, Sulawesi endemicity ranks fifth in the world and Indonesia is second
(Van Tol 1987).

Various studies have investigated the relationship between odonata diversity
and enviromental factors and land use such that northern Peninsular Malaysia
(Siregar et al. 2005); distribution and diversity of dragonflies in Kerian River
Kedah, Malaysia (Ameilia et al. 2006); in the Sekayu Forest, Terengganu,
Malaysia (Afzan et al. 2006); Andin Similipal Tiger, India (Sunit et al. 2012).
Odonata biodiversity of the Argentine Chaco biome (Von ellendieder 2010).

Bogani Nani Wartabone National Park a conservation area in Indonesia that
created in 1991, and has an area of 287.115 hectares. It has three main functions:
protection of life support systems, preservation of plants and wildlife as well as
sustainable use of natural resources and ecosystems. Presently, around the Park
already experience conversion of forest into agricultural land. Deforestation of
tropical rain forest will also have a particularly strong impact on biodiversity.
Frequentanthropogenic disturbances here lead to immediate reduction in diversity
and extinction of many arthropods (Dolny et al. 2012). These disturbances are
imminently the most threatening to Odonata diversity and will potentially result
in extinction of numerous species (Orr 2004; Clausnitzer et al. 2009).

There is very limited knowledge on the diversity of dragonflies as a biological
control and bio-indicators of the environment in Bogani Nani Wartabone

National Park, although these insects play a crucial role in the ecosystem.
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OBJECTIVES OF THE STUDY

This study aimed to determine dragonfly species that can be used as biological
control agents and bio-indicators of the environment in Bogani Nani Wartabone
National Park, North Sulawesi.

MATERIALS AND METHODS

Study Site

This study was conducted from May-July 2014 in Bogani Nani Wartabone
National Park, North Sulawesi. The research involved sampling dragonflies and
measuring of physical-chemical factors. Sampling was executed in three habitat
types, viz., primary forest, secondary forest and agricultural land. In each habitat,
three transect lines with a length of 1000 m were established. Transect lines were
created around streams to include these three habitat types (Table 1).

Collection and Identification

Samples were taken along the transect line using a sweep net. Samples were
collected from 9:00 am to 03:00 pm during the periods that odonates are
most active. Dragonflies were captured, put into envelopes, placed into bottles
containing acetone for 12 hours then dried in the sun finally then stored in
triangular  paper envelopes with wings folded into position along the body
(Kalkman and Orr 2013). Identification was based on external morphological
characteristics using the relevant guide (Borror et al. 1996; Watson and Farrel
1991; Miller 1995; Lieftinck 1949). Photos were taken and sent to Naturalis
Biodiversity Center Leiden for confirmation of identifications. Measurement
of environmental factors include water temperature, air temperature, relative
humidity (Rh) and acidity (pH). Measurements of environmental factors were
done with the assumption that differences in the type of habitat conditions would
cause different microclimate conditions affecting the population abundance of

dragonflies.

Data Analysis

The data analyzed include the abundance of species (n), species richness (S),
species diversity (H) and species evenness value (E). Determining the level of
species diversity was done using the diversity index (H) by Shannon & Wiener
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(Magurran 1988), with the following
formula:
(H) = - (Pi) (In Pi)
Specification:
Pi = proportion of each species;
In = natural logarithm (natural number)
To determine the level of species evenness we used the Shannon evenness index
(E), as follows:
E=H/In (S);
S = number of species (Magurran 2004).

Data processing used the program STATISTICA Version 6, a one-way
ANOVA (one-way ANOVA). Tukey’s test at the 95 % confidence level was used
to determine differences in species richness, abundance of species, species diversity
and evenness values of species in each habitat type (Statsoft 2001; Koneri 2016).
To determine the relationship between species diversity with the value of physical
- chemical parameters of environment we used a Spearman correlation test.

RESULTS AND DISCUSSION

Dragonflies found in the Bogani Nani Wartabone National Park consisted of
the sub-orders Anisoptera (Figure 1) and Zygoptera (Figure 2), seven families, 17
genera, 19 species and 1235 individuals. Anisoptera were represented with two
families (Gomphidae and Libellulidae), 9 genera, 10 species and 408 individuals
and the suborder Zygoptera with five families (Calopterygidae, Chlorocypidae,
Coenagrionidae, Lestidae and Protoneuridae), nine species, eight genera and 827
individuals (Table 2).

The highest relative abundance was shown by the Coenagrionidae, followed
by Libellulidae. Families with the lowest abundance are Gomphidae (0.08%) and
Protoneuridae (0.16%) (Figure 3). Libellulidae were most species with 9 species,
then Coenagrionidae and Chlorocypidae (with three species each). Gomphidae,
Lestidae and Protoneuridae were represented with only one species.

Dragonflies species with the most individuals are Pseudagrion sp, and
Celebothemis delecollei, Ictinogomphus celebensis (one individual) and Nannophya
pygmacea (2 individuals) were relatively scarce (Table 2). Agricultural land had the
highest number of specimens, and then primary forest (Table 2).

The average values of abundance, richness, diversity and evenness were highest
for agricultural land, followed by primary forest while the lowest value was
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observed in secondary forest. Statistical test results showed an average abundance
of dragonflies significantly differed between habitats (P <0.05) (Figure 4). Odonata
species richness and the diversity index (H’) were highest on agricultural land
habitat, followed by primary forest habitat, and the lowest is secondary forest (S=
13.33 and H’= 2.18). Statistical test results showed that richness and diversity of
dragonfly species were significantly different between habitats (P <0.05) (Figure
2). The highest dragonfly species evenness is on agricultural land and the lowest in
secondary forest habitat. Statistical test results showed dragonfly species evenness
did not differ significantly between habitats (P> 0.05) (Figure 4).

The results of the Spearman correlation test between community structures of
dragonflies with physical parameters are presented in Table 3. Dragonfly species
abundance positively correlated with air temperature. The higher the ambient
temperature, the higher abundance of dragonfly species found. Dragonfly species
richness was negatively correlated with humidity, and vegetation cover. The lower
the vegetation cover, the higher the number of dragonfly species found. Dragonfly
species diversity is negatively correlated with air temperature, humidity, and
vegetation cover. Based on the correlation value we found that the greatest species
diversity correlated with vegetation. The lower the vegetation cover, the higher
the diversity of dragonfly species found.

Dragonfly species evenness correlated negatively with air temperature and
humidity. Based on the correlations found, most large species evenness correlated
with air temperature. The higher the temperatures the more evenness of species
found.

In among the three studied habitats, there are three species of Zygoptera
species found only in primary forest. These species can be used as bio-indicators
of forest health are Nososticta flavipennis, Rhinocypha frontalis, and Teinobasis sp.

Libellulidae and Coenagrionidae abundance were the most abundant
members of suborder Anisoptera and Zygoptera, respectively. Libellulidae is
the largest family in the suborder Anisoptera; most species are widespread and
show adaptability (Patra et al. 2016). Also Shende and Patil (2013) found that
family Libellulidae is most commonly found. The Coenagrionidae is the largest
family in the suborder Zygoptera and spread evenly across the world (Orr 2003).
Species Coenagrionidae most commonly found in stagnant water (Kalkman
and Orr 2013). The high adaptability of species of the family Libellulidae and
Coenagrionidae results in dominance of this family in many habitat types. The
abundance of Libellulidae (Anisoptera) and Coenagrionidae (Zygoptera) in the
present study might be due to their short life cycle and tolerant to wide range of
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habitats (Arulprakash and Gunathilagarai 2010).

Dragonfly abundance is high on agricultural land due to the high light
intensity and a lack of vegetation cover around (Anaya et al. 2011). Dragonflies
have a habit of basking in the sun to warm the body and to strengthen the muscles
of their wings to fly (Susanti 1998).

High species richness and diversity (H’) on agricultural land are affected by the
vegetation along streams, the availability of food, and light intensity. Agricultural
land has high light intensity because it is more open and existing vegetation
around the streams are in the form of grass, and the use of land for agriculture
such as maize (Zea mays), rice (Oryza sativa), and coconut (Cocos nucifera) also
has attracted high numbers of pest insect that are eaten by dragonflies (Susanti
1998).

The low evenness dragonfly species in secondary forests show that there
are several species of dragonflies dominate in the population. Some species of
dragonflies that dominate are Pseudagrion sp and Celebothemis delecollei. The
dominance of these species is related to high environmental adaptability (Orr
2003).

The positive correlation between the abundance of species and the air
temperature is due to the dragonfly’s habit of sunbathing to warm the body
and strengthen the muscles of the wing (Susanti 1998; Baruah and Saikia
2015). Dragonfly species abundance was negatively correlated with humidity
and vegetation cover. The lower the humidity and vegetation cover, the higher
abundance of dragonfly species found. Adult dragonflies must keep their body
temperature independent of environmental temperature to maintain activities
vigor for flying. To maintain its body temperature dragonflies must thermoregulate.
Furthermore, to initiate flight is necessary increase the temperature of flight
muscles (Fullan et al. 2008).

Dolny etal. (2011) reported that there are many Zygoptera missing from forests
that have been disturbed or that have experienced reforestation. The presence of
such species can indicate the healthy condition of the forest. Primary forests are
more commonly inhabited by characteristic species, because the environmental
capacity of primary forests such as temperature, moisture, and vegetation cover
further supports the existence of such species. Six species of primary forests were
not found in secondary forest habitats and agricultural. Population sizes of the
damselfly species significantly decrease with habitat degradation (Dolny et al.
2011).

The Dragonfly species that are only on agricultural land but not found in
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other habitats are two species. They consist under sub-order Anisoptera namely
Neurothemis ramburii and Neurothemis stigmatizans and the species is found only
in secondary forests and other habitats . celebensis (Gomphidae, Anisoptera).

CONCLUSION

The highest abundance, richness, diversity and evenness of dragonfly species
are found on agricultural land, while the lowest were found in secondary forests.
Abundance and richness of dragonfly species were positively correlated with air
temperature, but negatively correlated with humidity and vegetation cover. Based
on the results of this study, three species of dragonflies, viz Nososticta flavipennis,
Rhinocypha frontalis, and Teinobasis sp.are found only in primary forests and are
not found in other habitats. They can be used as indicators of forest health.
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APPENDICES

Table 1. Habitat characterization

Pamatia tomeniora,
Mickeliz champara,
Digspyror pilosamhera,
Bembusa =p, Ficus sp,
Celamiee ¢p, Padanue
ap,

MMacamnga ap, Calamer
madliis, Plarospermnen
cefsbteum. Polyaithiz
glanca, Divspros
ATl S =

Farameters Primary Forest Secondary Forest Agricalture Land
GPS coordinates | Transect 1 Transect 1 Transect 1
0034 33 87N, 1: 099533 44957 M, DOf33°33.327 4.
123°33"58.02°E. 123954° 10 77"E. 123°54'08 33°E.
Teansect 2 Teanszct 2 Teansect 2
00%34'37.33" M. (0073350 407N, 0083332237 M.
123054°00.647E. 123%54°10.55"E. 123%54'03 38°E.
Tramnects: Transerct 3: Transect 3
00834 43,027, 00833739537 . QO®33°37.447IN,
Altitade 12395359 73"E. 123954" 10 287E. 12333 55.30"E.
Tempefaiure 241 m-2B9 m 210m— 225, 202 m-225m
Humidty 26°C-308C 2ERC—3300 280C520C
vegetation cover a5%-T4% 65%-81% 42%-T(%
Vegetation 60-83% 40-35%. 10-30%.
AMirlstiea fragrans, Bambosa sp, Ficos sp, Bambusa :p, Crnrades
Ferre i MM gosiang, Fonrisaticre pAFSurian, dactvion. Saecakarion
Diospyras minaharsae, Piper adimcum, zponianaurn, Amaranihes

spinesus, Fiper admcum,
Cacas nucifera, Grysa
sartva 5 mays,
Capsicum ep, Solanum zp.
Artosarrus uegra, M
porasisiare, Perses

ariericana, Meabroma
facan.

Table 2. Number of sub orders, families and species of dragonflies found in
three types of habitat in Nani Wartabone National Park.

e Sub Primary forest | Secomdary farest | Agriculture land Tatal
OrderFamily/Species z b = o z ) z T
Anizopters
1 Gomphidos
1| Jesinopompine colebensic 000 | 0.00 1.00 0.08 000 | 000 100} 008!
I Libellulidae
2 | dricoma panerpeldes o g o o = .73 # w73
3 | Cededothemis delecalini 46| 372 0 5.24 67 543 155 | 1239
1 | Dinlacina zp 341 194 3 0.48 46 |37 76| &l ]
5 | Nammspia prgesca o [ 2 016 17 L.38 19| 154
G Newrnthemes rasthoor, o 0 o o ¢ | 233 | 231
Aewrorhemmiy stgmatisans a i ] o 13 LEB& 23 1.B&
& | Orehefrum pruirasm 1 008 33 2.67 a7 3 7l 575}
i 0 o [V 13 L0s 13 1.05
o 0 o [ 14 L13 14 1.13
8800 | 7.13 [ 0.00 200 06D SEO0| 777
6. 048 31 251 5D 4.D5 &7 T
10 [ 154 3 0.4 15 o 19| 397
EERRY: o D o o s 761
V  Coenagriomidae
15 Agriocsenls Sl 1] ] 12 0.87 5B 4.7% Ji 3
16 Pseudagricu ep 25| 240 186 | L3.06 158 | 1279 350 | o
17 | Trinohans 1p 36 291 [ o ] 3 36| 291
VI | Lestidae i
18 | Lestessp 000 | 0.00 5.00 a.40 1800 L4& 13.00 | 1.8
VIL | Protencuridas
18 | Mosestices ffavipenmis 1 018 0.00 0.00 000 0m 200 016
Grand Tatal 4100 | 3761 33100 2580 57A.00 4640 123500 | 10000
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Table 3. Correlations between Community Structure Dragonflies with
Chemical — Physical Parameters environment

ECGIIHIIH]]II}' Temperature | Humidity | Vegetation cover
| structure
L Abundance 0.36 -0.60 -0.63

CRichmes 01 05 07

. .
1 1
. !
I 1
. .
1 1
. .
Il il
- :
1 1
. !
: :
: :
1 1
. !
] ]
! !
1 1
! .
i i
I 1
. .
1 1

Divety | 43w T T
 Evenness 035 -0.20 0.09

Figure 1. Photographs of Anisoptera (A-D). A. Nannophya pygmae,
B. Diplacina sp, C. Celebothermis delecollei, D. Neurothermis stigmatizans
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Figure 2. Photographs of Zygoptera (A-E). A. Pseudagrion sp,
B. Neurobasis kaupi, C. Libellago xanthocyanea, D. Rhinocypha frontalis,
E. Nososticta flavipennis
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Figure 3. Number of dragonfly families found in three types of habitat in Nani
Wartabone National Park.
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Figure 4. Abundance (a), Richness (b), diversity (c) and species evenness (d)
dragonfly on three types of habitat (PF: primary forest; SF: secondary forest:
AL: Agriculture land), (@) : on average , (O) : + standard error (+ SE), ( ): &
standard deviation (+ SD), the same letter on the same figure not significantly
different according to Tukey’s test at the 95% confidence level )
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