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INTRODUCTION

Abstract: Pantala flavescens is a dominant Odonata species in the rice fields in Korea.
To determine the effects of different temperatures on its larval growth and emergence,
field and laboratory experiments were conducted. Larval growth was also monitored
in mono-cropping and double-cropping rice fields. The growth of larvae was monitored
every week by measuring the head width. In the field experiment, no difference was
found in larval growth and emergence between the control temperature and + 1.9°C of
the control temperature. The larval growth was greater at 23°C than at 20°C laboratory
temperatures, and no emergence was recorded at either temperature after eight
weeks of monitoring. There was a quadratic relationship between larval growth and
temperature in an incubator at five temperature regimes of 15, 20, 25, 30, and 35°C.
Midseason water drainage caused the extinction of the existing individuals and newly
hatched larvae dominated after re-watering in the rice fields. Larval size was greater in
double-cropping fields than in mono-cropping fields in late July but the tendency was
reversed in early August. The results of this study suggest that temperature warming
will directly promote the larval growth of P flavescens and indirectly influence seasonal
growth via changes in water management in rice fields.

Keywords: climate warming, midseason drainage, temperature response, growth rate,
emergence

and their larvae play a role in controlling other insects
with aquatic larval stages including mosquitoes (Singh et

Pantala flavescens, the wandering glider or globe skim-
mer, is known for its remarkable migration and has the
most extensive cosmopolitan range among all known drag-
onflies (Russell et al. 1998; Hobson et al. 2012). They use
prevailing seasonal winds to migrate to all continents with
the exception of Antarctica (Corbet 1999; Anderson 2009;
Hobson et al. 2012; May 2013). Dragonflies are important
ecosystem service providers in agricultural ecosystems,
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al. 2003; Mandel et al. 2008; Acquah-Lamptey and Brandl
2018). Additionally, adult dragonflies are known to control
disease vectors such as stable flies and some crop pests in
soybean and rice fields (Neal and Whitcomb 1972; Yasu-
matsu ef al. 1975; Suh and Samways 2001).

As common to the ecophysiological performance of
ectotherms, the rate of development of the aquatic larval
stage of P. flavescens is directly influenced by water tem-
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perature (Angilletta et al. 2002). Temperature is commonly
considered as a proximate predictor for modelling species
response to global warming because distribution of most
species are influenced by the particular temperature ranges
they are adapted to (Elith and Leathwick 2009; Dell et al.
2011; Yoon et al. 2020). By the end of the 21st century, the
global average temperature is expected to increase by about
4°C (IPCC 2013). The warmer climate is expected to in-
crease the pace of development in most ectotherms which
may alter key phenological processes such as metamorpho-
sis (Angilletta et al. 2002; Doi 2008; Jeon et al. 2019; Park
et al. 2020).

Aquatic organisms are influenced by cropping systems
and water management in rice fields. In particular, the prac-
tice of midseason drainage generally applied in rice fields
to control tillering is known to have a detrimental effect
on aquatic organisms and alters seasonal variation in their
community structure (Yamazaki et al. 2003). The period of
midseason drainage is different between cropping systems
and rice cultivation is delayed in double cropping fields
compared to mono cropping fields. Area of rice fields for
double cropping system has been expanded due to climate
warming (Yang et al. 2011).

The study aimed to determine the effects of temperature
on larval growth and emergence of P. flavescens, and to in-
vestigate the effect of water management on larval growth
in rice fields. Larvae were reared in different field and labo-
ratory temperatures to monitor growth. Larval growth was
also compared in mono and double cropping rice fields
with different periods of midseason drainage.

MATERIALS AND METHODS

1. Field experiment under temperature
controlling system

Larvae of P. flavescens were collected from rice paddy
fields at the Rural Development Administration (RDA),
Wanju, Republic of Korea in August 2021 with a hand
net (mesh size: 1 mm). These fields had been flooded for
about two weeks prior to the collection. The larvae were
sorted into sizes, and only smaller uniform-sized larvae
with head width less than 2 mm were used for the experi-
ment. Larvae were reared in two field temperature condi-
tions; control (prevailing water temperature) and increased
water temperature (+ 1.9°C of control temperature). The
increase in water temperature by 1.9°C reflects the pro-

jected increase in the global mean surface temperature by
the end of 21st century (IPCC 2013). The experiment
was conducted at a research field in RDA during August to
September in 2021. Water temperature was controlled us-
ing a heating cable buried in the soil. Each larva was reared
in a bowl (27 cm %20 cm % 17 cm) which was filled with
water up to a depth of about 6 cm. The experiment was
conducted with 10 replicates. Larvae were fed daily, and
the choice of prey was dependent on the stage of growth.
However, all individuals were giving the same prey at any
particular time. Different kinds of prey such as Brachinella
kugenumaensis, Tubifex spp., Sigara spp., Chironomus dorsa-
lis and some crustaceans were used as food. The growth of
larvae was determined by measuring the head width every
week while emergence was monitored every day after the
first adult emerged. The head width was used because it
is the reliable dimension for specifying size of odonates
larvae (Corbet 2002). All the bowls were covered with a
plastic net to inhibit intrusion by other organisms. Three
weeks after the larvae were introduced, supporting frames
for adult emergence were placed in each bowl.

2. Field survey in rice fields

Seasonal changes in larval growth were monitored in rice
fields located in Kimje and Wanju, from June to September
2015. Annual mean temperature and precipitation (1991~
2020) of the monitored area were 13.7°C and 1299.3
mm, respectively. Monthly mean temperature was 21.0 to
25.6°C during June to September in 2015. The survey was
conducted in 10 and 7 of mono cropping and double crop-
ping fields, respectively. Samples were transported to labo-
ratory and their head width was measured.

3. Laboratory experiments

Two experiments were conducted using two and five
temperature regimes. In the first experiment, larvae were
reared in 20°C and 23°C in temperature controlled rooms.
One larva was reared in a bowl (11 cm x 8 cm X 8 cm) with
4 replicates. The bowls were perforated at the bottom to
allow water entry, and afterwards placed in a container (45
cm % 32 cm X 24 cm) filled with soil and water to a depth of
10 cm. The soil used to fill the containers was taken from
the same rice fields where larvae were collected. The sec-
ond experiment was conducted in incubators to determine
the effects of large temperature variations (5°C) on larval
growth rate using five temperature regimes; 15, 20, 25, 30
and 35°C. Four individuals were reared in each tempera-
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ture regime using the same procedure as described in the
first experiment. The larvae were incubated with white
LED lights under a 12 h light : 12 h dark photoperiod. Lar-
val growth was measured as described in the field experi-
ment under temperature controlling system.

4, Statistical analysis

Differences in means of larval growth between two tem-
perature regimes in the field and laboratory experiments
were analyzed with t-test, and between five regimes with
analysis of variance using R 4.1.1 (R Core Team 2021).
The devRate package (v0.2.1) for R (Rebaudo and Regni-
er 2021) was used to determine the relationship between
temperature and growth rate.

RESULTS

1. Field experiment under temperature
controlling

The data from the field experiment showed no differ-
ence in larval growth and emergence between control tem-
perature and + 1.9°C of control temperature (Fig. 1). The
average of the control water temperature during the exper-
iment was 25.6°C. The first adult emerged on September
10, and emergence was observed every day until Septem-
ber 17.

2. Seasonal variation in larval growth in rice
fields

Mono and double cropping paddy fields have different
midseason drainage periods (Fig. 2). A total of 411 individ-
uals were observed. Larval size increased gradually during
June and no larva was present in July 20 in mono cropping
fields. Small-sized larvae were later observed from July 27
and their size increased until Aug 31. In double cropping
fields, no larva was found in Aug 3, and small-sized larvae
were later found on Aug 10.

3. Laboratory experiments

In the experiment with two temperature regimes, larval
growth was greater at 23°C than at 20°C across all sam-
pling weeks (Fig. 3a). However, no emergence was record-
ed in both temperatures because all the larvae died after
the eighth week of monitoring. In the experiment with five
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Fig. 1. Larval growth and accumulated emergence rate of Pantala
flavescens in two field temperature conditions in 2021. ns; no sig-
nificance.
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Fig. 2. Seasonal changes in the head width of Pantala flavescens
in rice fields in 2015.

temperature regimes to determine larval growth rate, there
was a quadratic relation between increasing temperature
and growth rate, with the fastest growth rate of 0.193 mm
day™" at 35°C whereas the slowest growth rate of 0.015 mm
day ™' was at 15°C (Fig. 3b). The growth rate was different
between the five temperatures, nonetheless, no emergence
was recorded in any of them.
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Fig. 3. Growth of Pantala flavescens larvae at two laboratory temperature conditions (a) and the growth rate curve of larvae in five tem-

perature conditions (b). ns, no significance; * < 0.05.

DISCUSSION

Phenological shifts such as early emergence is one of
the widely-known biological responses to climate change,
and this can be directly affected by temperature influences
on growth rate and development of organisms (Parmesan
2006; Forrest and Miller-Rushing 2010). Pachidiplax lon-
gipennis emerged earlier at increased temperatures (ambient
+2.5°C and ambient + 5°C) than at ambient temperature
(McCauley et al. 2015). Moreover, a 6°C increase above
ambient temperature shifted forward the onset of emer-
gence by 28 days (Ritcher ef al. 2008). However, the sim-
ilar larval growth and emergence we observed between
control temperature and + 1.9°C of control temperature is
not consistent with the observations of previous studies. It
seemed that the temperature differential between the two
treatments may not have substantially influenced larval
growth.

Watering and midseason drainage were critical factors
which determined seasonal changes in larval growth in
rice fields. Water drainage disrupted the life cycle of P. fla-
vescens larvae and re-watering induced commencement of
new generations. Climate warming is expected to expand
northern limits of rice double cropping and delay planting
of rice (Yang et al. 2011; Hu et al. 2017). These results sug-
gest that shifts in water management may alter seasonal de-
velopment of larvae in regional scale. Temperature increase
can directly promote dominance of P. flavescens because
rice fields are dominated by species with short life cycles
which are adapted to temporary flooded habitats (Heiss et

al. 1986). P. flavescens is one of the major odonates species
in rice fields (Salmah et al. 2017), and increased develop-
ment rate of larvae may accelerate their colonization in
aquatic ecosystem. In addition, temperature may alter their
interactions with other aquatic taxa in different cultivation
phases (Salmah et al. 2017).

Temperature is a critical abiotic factor which affects the
ecophysiological performance of ectotherms (Angilletta
2002). Laboratory experiments have demonstrated that
temperature has a direct effect on larval development rate
of odonates (Krishnaraj and Pritchard 1995; Pritchard ef al.
2000; Van Doorslaer and Stoks 2005). The results of our
laboratory experiments are consistent with Inoue and Tani
(2010) who observed a rapid development of eggs and
larvae of P. flavescens in increased water temperatures in the
laboratory. Suhling ef al. (2004) also reported a constant
and rapid growth rate of P. flavescens with an estimated
duration of complete larval development at 33 days com-
pared to Orthetrum chrysostigma, Crocothemis erythraea and
Trithemis kirbyi with an estimated larval duration of 45, 56
and 58 days, respectively, in hot arid desert ponds in Na-
mibia.

It is known that within the thermal range of an organism,
increasing temperature increases the rate of development
up to an optimum temperature, above which the rate de-
creases (Trudgill et al. 200S; Dixon et al. 2009; Dell et al.
2011). The temperature response curve from our experi-
ment did not show a decline in growth rate at 35°C. How-
ever, Suhling et al. (2015) reported about 30°C as the op-
timum temperature for larval growth of four related drag-
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onfly species; Leucorrhinia pectoralis, L. rubicunda, Libellula
depressa and L. quadrimaculata. Most eggs of P. flavescens
hatched in 5 days at high water temperatures of 30°C and
35°C (Ichikawa et al. 2016). This would suggest that the
upper thermal limit for larval growth of P. flavecens could
be above 35°C.

The laboratory experiments were conducted with only
4 replicates because of difficulty in collecting sufficient
number of larvae. The small sample size can increase error
in statistical analysis and make the results uncertain (Rich-
ards and Villet 2008; Lee et al. 2013). Hence, the results
may have a limitation in showing actual response of larval
growth to specific temperatures and could reflect only a
trend in growth in response to temperature change.

In conclusion, the study showed that thermal conditions
of an environment affect larval growth of P. flavescens. Also,
the optimum temperature for larval growth and develop-
ment of P, flavescens could be above 35°C. Therefore, it can
be inferred that global warming will have a promotional ef-
fect on larval growth of P, flavescens in rice fields. The field
survey results showed that temperature warming indirectly
influences seasonal larval growth via altered water manage-
ment and cropping system in rice fields. Further researches
are warranted to investigate the effect of altered emergence
time accompanied by climate warming on the function of

adult dragontflies.
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