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ABSTRACT

This paper aims to list the odonates fauna associated with rice fields and to study their
behaviour in Sunwal, Central Nepal. Research was conducted from June to November
2019 in a rice field by establishing three study plots of (50x50) m*each. A total of 33
odonata species (11damselflies and 22 dragonflies) from six families were recorded.
Six of them were sporadic, while the rest were common. Territorial behaviour of
Odonates was observed and the reproductive behavior of 11 species was thoroughly
investigated. The copulatory period varied between species, ranging from two seconds
to 49 minutes. Females attempted to mate up to three times. The second and third
mating were both brief. Homing behaviour was observed in single species - Orthetrum
sabina. In this research, we noticed odonates to be predatory as well as prey species.
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INTRODUCTION

Rice field provides a host for aquatic fauna, adult fliers (Hemiptera, Coleoptera,
Orthoptera, Odonata) and also pest species of rice plant (Pires et al., 2015). Short
seasonal rice plant cultivation practices helps to regulate their diversity and abundances
(Mogi, 2007).

Odonates (dragonflies and damselflies) are amphibious insects i.e. larvae are aquatic
while adults are terrestrial. Rice field is one of the best habitats to study odonate
diversity as it provides best foraging area and prey species for them (Plot et al.,
2005). Odonates abundance is high in tiller and mature phases of rice (Che Salmah &
Abu Hassan, 2002) and they (both larvae and adult odonates) are important predators
of pests in rice fields (Heinrichs, 1995).
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Odonates are comparatively large insects in all life stages so their behaviors can be
studied readily in wild (Bybee et al., 2016). Odonates perform rapid flight during
foraging, migration, courtship, copulation, oviposition and guarding of mates by
close petrol (Bomphery et al., 2016). Male odonates establish a territory of about
1-2 m?in size, the size depends on the density of individuals, whereas majority of
them are found wandering (Hassan, 1978). Territorial males defend their area by
perching in particular submerged plants, darting to the intruder and driving him away
(Ueda, 1979). Male dragonflies seized their mates in their territory, copulate with
female and usually perform post-copulatory guarding during oviposition by hovering
near the ovipositing female and repelling other males from the area (Sakagami et al.,
1974). The guarding of male keeps the female within the territory and prevents post-
copulatory mate with other males (Rathod ef al., 2019). The post copulatory guarding
enhances the survival rate of newly hatched nymphs (Tsubaki et al., 1994). Most
of the dragonfly species show high degree of localization known as ‘residentility’
behaviour. Residential males try to monopolize the area of his selection (Rathod et
al., 2019).

Globally, 6329 species of odonates are known (Schorr & Paulson, 2021); of this, 180
species in 18 families exist in Nepal (Kalkman etz al., 2020). However, information
about diversity of odonates in rice ecosystem and their behavioral study in Nepal is
scanty. So this paper deals with the diversity and behavioral study of Odonates at the
rice field in Parasi, central Nepal.

Study area

Swathi (27.65028 N, 83.6575 E, 132 m) lies in Sunwal municipality, Parasi of
Lumbini province in central Nepal. The average temperature ranges from 25 - 37°C,
259 mm rainfall and 66.5 % humidity during study period. During rainy season paddy
are cultivated in all agricultural fields. In cultivated land irrigation canal and artificial
ponds are present.



Journal of Natural History Museum Volume 32, 2021-22 37

Legend
- Nawalparasi District

|:| Study Area

01,1250 4,500 6,750 8,000 11,250‘
I T .

G

Fig. 1. Map of study area.

Fig. 2. Field design showing study plots.



38 Sharma and Oli: Odonates (Insecta: Odonata) Associated With Rice Ecosystems.....

MATERIALS AND METHODS
Species diversity

Sampling was carried out during June to November, 2019. In field, altogether three
observation plots (Plot-A, Plot-B, Plot-C) were established each having (50x50) m?
area. In each plot, two line transects of 10x50 m were created separating 30 m from
each other for odonata sampling (fig. 2). Specimen were scanned in line transects
from each plot at a week interval starting from 10 days after transplanting paddy
crops till harvesting by adopting fixed transect protocol (Pollard, 1977). A sweeping
net was used to capture adult odonates and released them after in situ identification.
Specimen collection was strictly avoided and photographic documentation was
carried out. Species were identified with the help of keys (Fraser 1933, 1934 and
1936), field guides (Subramanian, 2009; Nair, 2011) and online resources (Www.
allodonata.com; http://asia-dragonfly.net).

Behavioral study

Odonate activity and behaviour were observed in rice field adopting study methods
(De Macro, 1998; Corbet, 1999). Observed activities were copulatory behaviour,
selection of mating place, territory defense at mating place, Prey-predator relation
and roosting behaviour (day to day, night survey was conducted for one week).
Photographs were taken using a Nikon D5300 camera with 18-55 zoom lens by
Manoj Sharma in the field (Photo Plate 1-6).

RESULTS AND DISCUSSION
Species diversity and distribution

Actotal of 33 species belonging to six families (11 species of damselflies and 22 species
of dragonflies) were recorded from study area (Table 1). Libellulidae was the most
abundant family of dragonflies (Arulprakash et al.,2017) with 17 species followed by
family Coenagrinonidae (9 species), Gomphidae (3 species), Aeshnidae (2 species),
Platycnemididae (Copera marginipes) and Lestidae (Lestes sp.) respectively.
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Table 1. Dragonflies and damselflies species recorded as regular and sporadic (*)
in rice ecosystems of Sunwal Municipality.

S.N. Species Plot-A Plot-B Plot-C
Suborder: Zygoptera
Family: Coenagrionidae

Aciagrion hisopa +

+

Aciagrion pallidum

Agriocnemis femina

Agriocnemis lacteola

Agriocnemis pygmaea

++[+]+]+
+l+[+[+]+]+

Ceriagrion coromandelianum

Ischnura nursei *

+
+

Ischnura rubilio

A R PR Al el Kl o
++[+[+][+]+

+

Pseudagrion rubriceps
Family: Lestidae

10. Lestes sp. * *
Family: Platycnemididae

11. Copera marginipes + +
Suborder: Anisoptera
Family: Aeshnidae

12. Anax guttatus + + +
13. Anax immaculifrons™® +
Family: Gomphidae
14. Ictinogomphus rapax + +
15. Nychogomphus duaricus* +
16. Paragomphus lineatus* + +
Family: Libellulidae

17. Acisoma panorpoides + + +
18. Brachydiplax sobrina + + +
19. Brachythemis contaminate + + +
20. Crocothemis servilia + + +
21. Diplaccodes nebulosa + + +
22. Diplacodes trivialis + + +
23. Neurothemis tullia + +
24. Orthetrum pruinosum neglectum * + +
25. Orthetrum sabina + + +
26. Palpopleura sexmaculata * +

27. Pantala flavescens + + +
28. Potamarcha congener + +

29. Rhyothemis variegate + +

30. Tholymis tillargra + + +
31 Tramea basilaris + + +
32. Trithemis pallidinervis + + +
33. Urothemis signata signata + +

Note: ‘+’= Present
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Among recorded species, six species were sporadic (Ischnura nursei, Anax immacu-
lifrons, Paragomphus lineatus, Nychogomphus duaricus, Palpopleura sexmaculata,
Orthetrum pruinosum neglectum) which visited in search of prey occasionally and
rests were common to rice ecosystem (table 1). The number of per sporadic species
was less than five throughout the study period. Common species were frequently ob-
served and found feeding, perching, gliding and mating in the rice field. In per sweep
with sweeping net Damselflies capture rate was high in comparison to dragonflies
(Saikia et al., 2016).

Prey-predator relation

Odonata were found both as predators and as prey in study area. Cannibalism is
common in odonates. Neurothemis tullia was found feeding on Ischnura rubilio and
Brachythemis contaminata was preying upon Ceriagrion coromandellianum. Mostly
dragonflies were found predation on damselflies though Orthetrum pruinosum was
found feeding on Neurothemis tullia. Sporadic species were mostly seen feeding on
small dipterans and hymenopterans. Orthetrum sabina was recorded as prey of king
fisher and garden lizard was preying upon Orthetrum pruinosum. Pseudagrion ru-
briceps was observed being preyed by frog while laying eggs in water. Beside these,
wings of Aciagrion pallidum was found in web of spider which indicates that they are
the prey species for the spiders too.

Reproductive behaviour

As shown in Table 2, reproductive behaviour of 11 species (two damselflies and nine
dragonflies) was well recorded. Males were observed to forming territory of 1-2 m?
for mating (Rehfeldt, 1991) and the size of territory was found to be modified ac-
cording to the number of males (males density) in the habitat (Pajunen, 1962). With-
in territory, perched species made their perching sites and patrollers or fliers patrol
in search of female. They seized passing female by chasing and started copulation
(Sakagami et al., 1974).
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Table 2. Reproductive behaviour of dragonflies and damselflies.

Territory Copulation
Species (by & for mate) Occurs | Length(after Oviposition
in 4'Q contact)
Ischnura 1-2 m diameter, Wheel 1 -35 min Non-contact guarding, egg
rubilio Overlapping position | X=5 min lays in submerged stem, leaf
occurs at of aquatic vegetation
perch
Acisoma 0.5-2 m, perch on Wheel 4-7 sec Non-contact guarding, egg
panorpoides | floating leaves position | X=5 sec. laying in stem, underside of
occurs at leaf of hydrophytes plants
perch
Diplacodes & male perch on Wheel 4-8 sec Q search water bodies and
trivalis grass/ paddy leaf position | X=5 sec. lays eggs by washing its
blade and chase on occurs at abdomen on water surface
passing 9 perch in without &' guarding
grassland
Psudagrion Overlapping, 1-2 m Wheel 2-49 min Guarding in tandom position,
rubriceps diameter position | X=6 min Q lays eggs in submerged
occurs at stem of aquatic vegetation,
perch also underwater oviposition
Pantala 4-6 m circular, Wheel 1-5 min Male guard in tandom
flavescens patroller position | X=2 min position, egg lays by washing
occurs at its abdomen on water surface
aerial
Orthetrum 4-6 m circular, perch | Wheel 1-10 min Non-contact guarding, non
sabina by dropping down position | X=2.5 min guarding also seen, egg lays
wings for alertness occurs at by washing its abdomen on
perch water surface
Tramea 1-3 m diameter, Wheel 4-33 sec Non-contact guarding, rare
basilaris overlap mating couple | position | X=18 sec contact guard, egg lays on
occurs at water surface by abdomen
aerial washing
Urothemis 1-3 m diameter Wheel 2-32 sec Non-contact guarding, egg
signata position | X=10 sec lays on water surface by
signata occurs at abdomen washing
aerial
Brachythemis | 2-3 m diameter have | Wheel 3-7 sec. Male guard separately,
contaminate | 2/3 perching sites position | X=4 sec. egg lays on stem, leaf of
occurs at submerged vegetation
aerial
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Crocothemis | 1-2 m diameter, Wheel 4-12 sec Male guard separately, egg
servilia percher position | X= 6 sec. lays by washing its abdomen
occurs at on water surface
aerial
Tholymis 10-15 m circular, both | Wheel 10-30 sec Male guard separately, egg
tillarga percher and flier position | X=14 sec lays by dipping abdomen in
occurs at water surface, also seen non-
aerial guarded @ laying in morning

Usually copulation was taken during flight or partially at perch (Sakagami et al.,
1974). In six species viz. Brachythemis contaminata, Crocothemis servilia, Pantala
flavescens, Tramea basilaris, Tholymis tillarga and Urothemis signata signata, the
copulation process occurred entirely in flight (Sharma, 2017) and in five species viz.
Ischnura rubilio, Psudagrion rubriceps, Acisoma panorpoides, Diplacodes trivalis
and Orthetrum sabina it occurred partially at perch condition. The duration of cop-
ulation recorded to be varied from species to species as well as within the couples
of same species (Corbet, 1962). Longest copulation length (49 min) was recorded in
Psudagrion rubriceps while in Urothemis signata signata the duration of copulation
was of only 2 seconds which was the shortest length of copulation recorded during
the study period. Interestingly in Psudagrion rubriceps within 49 minutes of copu-
lation length, without breaking tandem position couple migrates 17 times for proper
settlement in aquatic plants. In each migration breaking and reformation of wheel
position was observed. This study showed that entirely aerial copulation has shortest
copulating length than partially perching species (Wolf et al., 1989) except Pantala
flavescens (1-5 min, X= 2 min).

In odonates, resting is common after copulation and before oviposition (Corbet,
1999) but in this study, it was rare. After mating, female started eggs laying in suit-
able water resources (Hassan, 1978). Usually, male guards ovipositing female after
copulation either at tandem position or by hovering above (Rathod et. al., 2019).
During oviposition, male of Psudagrion rubriceps and Pantala flavescens guarded
female in tandem position (contact guarding) and male of Ischnura rubilio, Acisoma
panorpoides, Brachythemis contaminata, Crocothemis servilia, Orthetrum sabina,
Tholymis tillarga, Tramea basilaris, Urothemis signata signata guarded by hovering
above the ovipositing female (non contact guarding). At low light intensity, the close
male guarding was observed (Miller & Miller, 1985).The rate of egg laying is more in
guarded female than non guarded female. Non-guarding egg laying was also recorded
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in Diplacodes trivalis (Hassan, 1978), Orthetrum sabina and Tholymis tillarga. In
these species, copulation occurred in rice field and female visited water bodies alone
for egg laying (Rathod et al., 2019). The unguarded oviposition by female helps to
reduce the predation of eggs by aquatic fauna, especially fishes (Miller & Miller,
1985). Female laid eggs either by washing abdomen on water surface (Crocothemis ser-
vilia, Diplacodes trivalis, Orthetrum sabina, Pantala flavescens, Tholymis tillarga,
Tramea basilaris, Urothemis signata signata) or by settle down on aquatic plants and then at-
taching eggs in submerged leaves and stems (Ischnura rubilio, Psudagrion rubriceps, Aciso-
ma panorpoides, Brachythemis contaminata) (Martens, 1993). In Psudagrion rubriceps,
gathering of many couples in same submerged vegetation and dipping of females
underwater for oviposition was recorded. Interestingly, in Urothemis signata signata,
after mating female laid few batches of egg, mated for second time with another male
and then oviposited. We observed up to third attempt of mating in which copulation
duration for 2™ and 3™ attempts were very short (<5 sec) (Jacobs, 1955).

Homing behaviour

Homing is uncommon in odonates but this behaviour was observed in Orthetrum
sabina (Ito, 1960; Gambles, 1971). Single male homing in same place after dusk i.e.
19:00 hr for consecutive five days was observed. On fifth day, it flew away due to
disturbance and never seen in the same place.

The present study revealed higher numbers of Anisoptera species than Zygoptera.
Though species richness of dragonfly was higher, damselflies populations were more
in rice fields. Odonates were recorded as predator which may play important role to
control serious insect pests of rice crops. Odonates perform territorial behaviour and
have different mating periods. Rice field serves as good habitat to odonata fauna for
performing all the daily activities and complete their life cycle.

ACKNOWLEDGEMETS

Authors are thankful to the local farmers of Sunawal municipality, Parasi for allow-
ing carrying out the research work in their paddy field. We are also thankful to the
anonymous reviewer(s) for the valuable comments which helped us to bring the paper
in this form.



44 Sharma and Oli: Odonates (Insecta: Odonata) Associated With Rice Ecosystems.....

PHOTO PLATES

Plafe 1. Neurothemis tullia feeding on Plate 2. Brachythemis contaminata feeding
damselfly on

Ceriagrion coromandelianum

Habitat)

Plate 5. Orthetrum sabina (Mating) Plate 6. Ischnura rubilio (Mating)
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