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Abstract
Odonata species can be used to indicate the effects of anthropogenic disturbance on agrobiodiversity. In Japan, populations 
of some odonate species inhabiting rice paddy fields have decreased strongly owing to their high susceptibility to insecti-
cides, and they therefore need to be conserved. To identify effective conservation strategies, we investigated how agricultural 
practices (conventional vs. environmentally friendly: EF) and surrounding landscape (area of forest at three spatial scales, 
namely 50, 100 and 200 m from the edge of the paddy field) influenced the abundance of odonates in rice paddies in Tochigi 
Prefecture, Japan. Generalized linear mixed-effect models revealed that EF farming increased the abundance of odonate 
adults and the number of nymphal exuviae, suggesting a strong negative effect of insecticides. The influence of forest area 
at the local scale on the numbers of odonate adults and nymphal exuviae was small, with the exception of a strong negative 
influence on adult Sympetrum infuscatum: the presence of a large area of forest within 200 m of the edge of the paddy field 
reduced their abundance, probably reflecting this dragonfly’s oviposition site preference. Our results suggest that EF farm-
ing could generally support the conservation and recovery of local populations of odonates, but its effectiveness potentially 
varies depending on the ecological aspects of each species.
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Introduction

Conservation of biodiversity in agroecosystems is impor-
tant for sustainable agriculture. To this end, environmentally 
friendly (EF) farming, in which the use of agrochemicals 
and inorganic fertilizers is reduced, is practiced around the 
world (Willer et al. 2011). EF farming has proved effective 
at enhancing biodiversity in various taxa in Europe (Hole 
et al. 2005; Tuck et al. 2014; but see Kleijin and Suther-
land 2003; Kleijn et al. 2006). However, as its effectiveness 
depends on the surrounding landscape as a source habitat 
(Tscharntke et al. 2005; Batáry et al. 2010; Concepción et al. 
2012; Merckx et al. 2009), it is necessary to evaluate the 
effects of both agricultural practices and land cover within 

the surrounding landscape to establish effective strategies 
for conserving agrobiodiversity.

Asian rice paddy ecosystems are hotspots of biodiver-
sity because they function as alternative wetland habitats 
for many aquatic and semi-aquatic organisms that rely on 
temporary water bodies (Kiritani 2000; Lawler 2001; Bam-
baradeniya and Amerasinghe 2004; Usio and Miyashita 
2015). However, modern intensive agriculture and farm-
land consolidation have harmed many species, for example 
through reduced survival and loss of oviposition sites as a 
result of changes in paddy field irrigation (Katayama et al. 
2015). Consequently, many species have declined and are 
now endangered (Ministry of the Environment, Japan 2018). 
As diverse species provide pest control services, a decline 
of predator diversity could lead to pest outbreaks (Kiritani 
2000). Therefore, EF farming would seem to be important 
in maintaining both biodiversity and ecosystem services in 
paddy field ecosystems. Several studies have investigated 
the effects of EF farming on paddy field organisms in Asian 
countries. However, they are limited to anurans (Kato et al. 
2010; Uruma et al. 2012) and spiders (Amano et al. 2011; 
Takada et al. 2014; Tsutsui et al. 2016; Baba et al. 2018). 
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Furthermore, very few studies have tested the interactive 
effects of agricultural practices and landscape factors on 
organisms (Uruma et al. 2012; Tsutsui et al. 2016).

Odonate species such as Sympetrum dragonflies and 
coenagrionid and lestid damselflies are representative of 
organisms that depend on paddy fields as habitat. These 
species use paddy fields as oviposition sites and nymphal 
habitats, with varying degrees of dependence on these sites. 
Sympetrum dragonflies, in particular, show strong depend-
ence on rice fields as nymphal habitats, oviposition sites, 
and overwintering sites, although emerged adults leave the 
paddy fields for nearby forests or for mountainous areas 
(Ueda 1998a). Coenagrionids use both paddy fields and sta-
ble water bodies, such as ponds, as habitats. Their nymphs 
develop in paddies mainly in the first generation, because 
paddy fields are usually drained intermittently from sum-
mer and the nymphs require stable water for overwintering 
(Sugimura et al. 1999; Ozono et al. 2012). Some species of 
lestids overwinter as eggs and others as adults. In spring, 
overwintering eggs hatch and overwintering adults migrate 
into paddies to reproduce (Sugimura et al. 1999; Ozono et al. 
2012).

Some odonates play an important role in regulating pest 
insects in paddy fields by preying on mosquito larvae and 
rice pests (Urabe et al. 1990). Unfortunately, populations 
of paddy-dwelling odonates—particularly Sympetrum spe-
cies—have declined dramatically in recent years owing to 
changes in the agricultural environment. Among potential 
factors, synthetic insecticides such as fipronil and neonico-
tinoids are considered to be particularly detrimental (Jinguji 
et al. 2009, 2010, 2018; Aoda et al. 2013; Hayasaka et al. 
2013; Ueda and Jinguji 2013). For example, as the use of 
these insecticides has increased, numbers of Sympetrum 
frequens have decreased (Futahashi 2012; Nakanishi et al. 
2018); these and some damselfly species (e.g., Mortona-
grion selenion, Ischnura asiatica, and Indolestes peregrinus) 
are listed as endangered in several prefectures (Ministry of 
the Environment, Japan; https ://ikilo g.biodi c.go.jp/Rdb/
pref). Therefore, EF farming, which minimizes the use of 

insecticides, may mitigate the decline of these populations. 
However, most previous studies were based on small-scale 
mesocosm experiments (Oyama and Kidokoro 2003; Haya-
saka et al. 2013), and the few field studies (e.g., Aoda et al. 
2013) did not consider the effect of the surrounding land-
scape. Because adult odonates move to different habitats 
after emergence, the combination of paddy fields and other 
habitats should be important for maintaining populations. 
Particularly in Japan, paddy fields are small and the effect of 
the surrounding landscape can be relatively strong (Washi-
tani 2007), so to establish effective conservation practices it 
is important to identify landscape effects.

Here, we investigated the effects of EF farming, the sur-
rounding landscape, and their interaction on several odonate 
species in Japanese paddy fields. Because the forest edge is 
considered to be an important habitat for some dragonfly 
species (e.g., Sympetrum infuscatum; Ueda 1998b; Ozono 
et al. 2012), we focused on forest area as a landscape factor. 
We posed the following questions: (1) Does the effect of EF 
farming on odonate assemblages depend on the surrounding 
landscape? (2) Do the effects of farming practices, land-
scape, and their interaction differ among odonate species? 
(3) Do landscape effects and their effective spatial scale dif-
fer among species, reflecting different odonate mobilities 
and habitat requirements (e.g., Hamasaki et al. 2011; Raebel 
et al. 2012a).

Methods

Study area

We conducted a field survey in 2012 and 2013 at Shioya-
cho, Tochigi Prefecture, in the northern part of the Kanto 
region of Japan, in an area about 1.5 km × 1.5 km square. 
We surveyed 10 EF paddy fields in both years, and seven 
conventional farming (CF) paddy fields in 2012 and 10 
in 2013 (Fig. 1). The size of the fields ranged from 1366 
to 8586 m2. The location of the fields along a geographic 

Fig. 1  Study area in Shioya-cho, 
Tochigi Prefecture, Japan. Open 
circle Environmentally friendly, 
Filled circle conventionally 
farmed paddy fields. *Paddy 
fields surveyed only in 2013

https://ikilog.biodic.go.jp/Rdb/pref
https://ikilog.biodic.go.jp/Rdb/pref
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gradient from simple arable fields to forest-rich landscape 
allowed us to test the influence of land cover within the sur-
rounding landscape. Paddy-dwelling spiders were previously 
surveyed in the same fields (Baba et al. 2018). The major 
difference between the EF and CF practices in the survey 
area was in insecticide use (Table 1). No insecticides had 
been used in the EF fields since 2010. However, neonicoti-
noid, phenylpyrazole, or synthetic pyrethroid insecticides, or 
combinations of these, had been applied to the seedling nurs-
ery boxes and paddy fields in the CF fields. In addition, the 
fungicides and herbicides applied to the EF fields had lower 
toxicity to organisms than those applied to the CF fields. 
Insecticides applied to the nursery boxes are considered to 
have a great impact on the life cycles of paddy-dwelling 
odonates (Jinguji et al. 2010). These insecticides are applied 
to nursery boxes usually just before transplanting and are 
transferred to the paddy fields in the soil during transplant-
ing. Sympetrum and some lestid species overwinter at the 
egg stage, and the eggs hatch after the fields are irrigated 
in spring. Thus, the hatching nymphs are directly exposed 
to the insecticides. Coenagrionid and some lestid eggs are 
deposited into irrigated paddy fields by adults that have 
emerged from the stable water bodies or that overwintered. 
The deposited eggs hatch within a few weeks and may also 
be exposed to the insecticides.

Target organisms and sampling protocol

The Odonata are classified into two suborders: Anisoptera 
(dragonflies) and Zygoptera (damselflies). The dragonflies 

were dominated by two Sympetrum species, S. frequens and 
S. infuscatum. These species have a univoltine life cycle in 
which the adults lay eggs in paddy fields with shallow water 
during autumn and the eggs hatch in the flooded fields dur-
ing the next spring. However, their oviposition behaviors 
and habitat use differ. In S. frequens, newly emerged adults 
move to distant highlands during summer and return dur-
ing autumn to lay eggs in wet mud. In S. infuscatum, in 
contrast, newly emerged adults move to nearby woodlands 
and forest edges where they feed in order to mature; during 
autumn they drop their eggs while flying above rice plants 
before harvest, or above stubble or regrowth after harvest. 
The damselflies in our study area consisted of four main 
species: M. selenion and I. asiatica (Coenagrionidae) and 
I. peregrinus and Lestes temporalis (Lestidae). These dam-
selflies overwinter at the nymphal, adult, or egg stages, and 
the deposited or overwintering eggs hatch in the paddy fields 
during spring. The species’ oviposition habits and habitat 
requirements differ: M. selenion, I. asiatica, and I. peregri-
nus lay eggs within aquatic plants near the surface of the 
water after the field is flooded, whereas L. temporalis lays 
eggs during autumn beneath the bark into shoots of trees 
overhanging the paddy field.

We surveyed adults of six target odonate species (S. 
frequens, S. infuscatum, M. selenion, I. asiatica, I. per-
egrinus, and L. temporalis) during the emergence period, 
on 21, 22, 27, 28 June 2012 and 28 June 2013. From past 
investigations, we knew that Sympetrum dragonflies in this 
area emerged over a short period in late June. We observed 
three rows of rice plants alongside 20 m of levee at four 

Table 1  Major agrochemicals applied to paddy fields under conventional farming (CF) and environmentally friendly (EF) agricultural practices 
in the study fields. Data from Baba et al. (2018)

G granule, LVG low volume granule, FL flowable, SE suspension/emulsion
a The pesticide formulation is indicated by the symbols in patentheses
b NB: The pesticides were applied to a rice-seedling nursery box before transplantation of the rice seedlings
c Surya Guano®, Mg Marine®: Natural fertilizers (Asunarosha Co. Ltd., Mito, Ibaraki Prefecture, Japan, http://asuna rosha .co.jp/)

Season Type Chemical ingradient/Organic  mattera

CF EF

Pesticides
 Early to mid-May Insecticides (NB)b fipronil (G), imidacloprid (G), or clothianidin (G) No

Fungicides (NB)b probenazole (G), thiadinil (G), or orysastrobin (G) isothianil (G)
 Mid to late May Herbicides pyraclonil-propyrisulfuron (LVG or FL) pyrimisulfan-oxaziclomefone (LVG)

butachlor-pentoxazone (LVG)
 June (a few fields) Herbicide (additional) bentazone (G)
 Early to mid-August Insecticides dinotefuran (FL) or etofenprox (FL or SE) No

Fungicides tricyclazole (FL) or azoxystrobin (FL or SE) No
Fertilizers
 February Organic fertilizer No fermented chicken manure
 Early to late April Inorganic fertilizers Nitrogen-phosphoric acid–potassium Urea
 Late April Organic fertilizers No Surya Guano®, Mg Marine®c

http://asunarosha.co.jp/
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locations in each field and counted newly emerged adults 
by eye. Newly emerged adults were differentiated from aged 
individuals: the former were observed to be still hanging on 
the nymphal exuviae (Fig. 2, center left panel). we counted 
only newly emerged adults (referred to here as “adults”). 
We conducted the surveys on dry sunny or cloudy days. The 
time required to survey each paddy field was about 15 min. 
One investigator surveyed EF and CF paddy fields alter-
nately from 08:00 to 14:30. This survey can be completed 
in a day. However, in 2012, we also conducted a survey 
of organisms other than odonates at the same time, so we 
took 2 days for a survey. Therefore, in 2012, it took 4 days 
to investigate twice. The range in survey timing may have 
affected the counts of newly emerged individuals, because 
those that emerged in the morning may have flown away in 
the afternoon. Additionally, because the survey period was 
short, it was possible that the overall numbers of odonates 

were inaccurate. To compensate for these weaknesses, we 
also counted the numbers of nymphal exuviae of Sympetrum 
remaining on the rice plants, because the number of nymphal 
exuviae is a good indicator of the total number of nymphs 
that developed in a paddy field (Raebel et al. 2010).

Landscape metrics

We derived polygon data of land uses in the study area (ara-
ble field, open water, forest, road, buildings, and abandoned 
fields) from a national basic map (1:10 000) and a high-
resolution aerial chart in ERDAS Imagine remote-sensing 
software (Hexagon Geospatial, Madison, AL, USA) and 
ArcGIS v. 10.1 software (ESRI, Redlands, CA, USA). We 
measured landscape metrics in ArcView v. 3.10 software 
(ESRI) and evaluated the area of land dedicated to each use 
within 50-, 100-, and 200-m buffers from the edges of the 

Fig. 2  Numbers of Sympetrum nymphal exuviae and odonate adults 
in paddy fields in environmentally friendly (EF) and conventionally 
farmed (CF) paddies. In box plots, the band inside the box is the 
median, the bottom and top of the box are the lower and upper quar-
tiles, and the lower and upper whiskers mark ± 1.5 × the interquartile 
range. For adults of S. infuscatum, the solid line represents the line 

of fit for EF-farmed paddies and the dashed line represents the line 
of fit for CF paddies. “Abundance” indicates the number of odonates 
observed in each field per survey per year. Panels at left illustrate 
Sympetrum exuvia (top), newly emerged Sympetrum adult (middle), 
and damselfly adult (bottom)
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study fields. These procedures are the same as those used 
by Baba et al. (2018). We used the area of forest as the land 
cover potentially influencing odonate abundance (Hamasaki 
et al. 2009, 2011; Raebel et al. 2012a). Surrounding paddy 
fields also influence odonate communities, but there was a 
strong negative correlation between forest and paddy areas 
in the study area (arable field vs. forest: 50 m, r = − 0.38, 
P = 0.10; 100 m, r = − 0.64, P = 0.002; 200 m, r = − 0.84, 
P < 0.001), so we considered only forest area.

Statistical analysis

To analyze the effects of local agricultural practice (EF vs. 
CF) and landscape cover (forest area) on the abundance of 
each odonate species, we used generalized linear mixed-
effect models including year and individual paddy field as 
random factors with a negative binomial distribution (log-
link function); the models were implemented in the R pack-
age lme4 (Bates et al. 2018). Because we surveyed on 4 days 
in 2012 (two surveys for each paddy) but on only 1 day each 
paddy in 2013, we adjusted the survey effort by including 
the number of surveys in the offset term. The models used 
the number of odonates or of exuviae of Sympetrum as the 
response variable and included forest area, agricultural prac-
tice, and their interaction as explanatory variables. Owing 
to the need for re-scaling, forest area was log-transformed. 
Because the abundance of damselfly species was much less 
than that of Sympetrum species (see Table 2), we used the 
total number of all damselfly species and the number of M. 
selenion, which was the most abundant among them, in the 
analysis. The model with the lowest Akaike’s Information 
Criteria (AIC) value was selected as the best model explain-
ing the variability of abundance. First, to specify the effec-
tive spatial scale of the landscape, we applied the model to 
all possible combinations of explanatory variables for each 
buffer size and compared model performance by AIC. The 
buffer size producing the lowest AIC value was regarded 
as the most effective spatial scale. If a model without for-
est area was selected as the best model, we decided that 

landscape was not important. Next, to identify explanatory 
variables influencing odonate abundance, we created mod-
els with all variable combinations at the effective spatial 
scale and calculated the difference from the lowest AIC 
value (ΔAIC = model AIC − lowest AIC). We considered 
the model in which ΔAIC < 2 gave the same performance 
as the best model. When multiple models were identified, 
we averaged models by using values of Akaike weight (w) 
(Burnham and Anderson 2002). We determined influential 
variables from the z-values of their coefficients (estimate/
SEM): variables with z > 1.96 were considered to be influ-
ential (Burnham and Anderson 2002). All procedures were 
conducted in the MASS and MuMIn packages (Barton 2018) 
of R v. 2.3.4 software (R Development Core Team 2014).

Results

We observed a total of 768 nymphal exuviae of Sympetrum 
dragonflies, 575 adult dragonflies (S. infuscatum and S. 
frequens), and 333 damselflies (M. selenion, I. asiatica, I. 
peregrinus, and L. temporalis). The average numbers of indi-
viduals in each species appeared to be larger in the EF fields 
than in the CF fields, and numbers were very small in the CF 
fields (Table 2; Fig. 2).

For all odonate species, the best models included the 
effects of EF farming practice (Table 3). All effects of EF 
farming were positive and influential (z > 1.96), suggesting 
that EF farming increases the abundances of dragonflies and 
damselflies. For Sympetrum nymphal exuviae and damsel-
flies, the best model included only agricultural practice. For 
S. infuscatum, S. frequens, and M. selenion, on the other 
hand, the best model also included the surrounding forest 
area, but the effects differed among species. In S. infuscatum, 
forest area within 200 m of the edge of paddy fields had a 
strong negative influence (z = − 6.63). In S. frequens, in con-
trast, the best model included forest area within 50 m and EF 
farming, but other models with ∆AIC < 2 (a full model and 
a model including only EF farming) were also selected. The 

Table 2  Abundances of 
zygopteran and anisopteran 
species in environmentally 
friendly (EF) and conventional 
paddy fields (mean ± SEM) in 
2012 and 2013. Values indicate 
numbers of odonates observed 
in each field per survey

Suborder Species 2012 2013

EF farming Conv farming EF farming EF farming

Zygoptera
Mortonagrion selenion 20.4 ± 17.12 0.71 ± 0.39 3.30 ± 1.59 0.30 ± 0.22
Ischnura asiatica 0.10 ± 0.11 0 4.00 ± 2.00 0.50 ± 0.18
Indolestes peregrinus 1.60 ± 0.92 1.14 ± 1.07 0.40 ± 0.28 0.30 ± 0.22
Lestes temporalis 0.70 ± 0.32 0 0.20 ± 0.21 0.20 ± 0.21

Anisoptera
Sympetrum infuscatum 10.60 ± 4.99 0.71 ± 0.45 1. 70 ± 0.75 0.20 ± 0.21
Sympetrum frequens 22.30 ± 5.31 0.71 ± 0.77 20.10 ± 6.40 1.60 ± 0.91
Sympetrum nymphal exuviae 47.70 ± 12.21 1.14 ± 1.23 28.10 ± 8.33 0.20 ± 0.21
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z-values of the averaged coefficients show that only EF farm-
ing was influential. In M. selenion, the best model included 
forest area within 200 m and EF farming, but another model 
including only EF farming with ∆AIC < 2 was also selected. 
The z-values of the averaged coefficients show that only EF 
farming influenced the abundance of this species.

Discussion

EF farming had a positive effect on all odonates; few odo-
nates emerged in CF fields (Table 2). The main difference 
in management between CF and EF fields is insecticide use. 
Although in CF, insecticides are applied both in the nursery 
boxes before transplanting and in the paddy fields at flow-
ering, odonate nymphs are exposed only, or primarily, to 
the earlier insecticide. Therefore, nursery-box application 
clearly caused the decrease in the abundance of odonates 
in the CF fields. We did not directly measure the insecti-
cide concentrations in paddy water, but this result is highly 
consistent with those of studies of the relationship between 
insecticide concentrations in water and the emergence rate 
of Sympetrum dragonflies (Jinguji et al. 2009, 2010, 2013). 
As coenagrionid and lestid (I. peregrinus) eggs hatch a few 
weeks after transplantation, insecticides applied in CF could 
continue to harm damselflies even after transplantation, 
through possible persistence or indirect effects of reduced 
prey availability (e.g., Hayasaka et al. 2013). One recent 
study suggested that the direct effects of fipronil on the dam-
selfly species Ischnura senegalensis are high even at low 
concentrations (Sugita et al. 2018), so the former possibility 
is also conceivable.

Forest area had no interactive effect with agricultural 
practice on any of the odonate species, and its effect varied 
among the species. There was no effect of forest area on 

the nymphal exuviae of Sympetrum or on the total number 
of damselflies. Because these numbers each reflected the 
abundance of two or more species, any effect of the area 
of forest may have been offset by differences in ecological 
properties among the species. Additionally, landscape ele-
ments other than forest may be more important for damsel-
flies than for Sympetrum dragonflies, because the former 
prefer stable water bodies such as high-quality and nearby 
ponds as alternative habitat (Sugimura et al. 1999; Ozono 
et al. 2012; Raebel et al. 2012b); coenagrionids, in particu-
lar, require these water bodies for overwintering. We could 
not evaluate the effect of surrounding water habitat because 
there were few water bodies (other than a river) in the study 
area. Raebel et al. (2012a) reported that the species richness 
of dragonflies was influenced by landscape variables at a 
spatial scale of 1600 m; therefore, to detect landscape effects 
on odonates, we would need to conduct field surveys across 
a wider area than our survey sites (Fig. 1).

The surrounding forest area had different effects on adults 
of the two Sympetrum dragonfly species. The abundance of 
S. frequens was not influenced by forest area in the averag-
ing model. This species seems to be affected by environmen-
tal factors at larger spatial scale because of its high mobility 
(Ueda 1998a). In contrast, although adults of S. infuscatum use 
nearby forest edges as habitat (e.g., Ueda 1998b), our results 
suggest that increased forest area within 200 m decreased the 
abundance of S. infuscatum in paddy fields. This result might 
mean that this species prefers open paddy fields for oviposition 
rather than fields enclosed by forests. Therefore, to increase the 
abundance of S. infuscatum, it would be more effective to con-
duct EF farming in paddy fields away from forests. This result 
is supported by previous evidence of the negative effects of 
woodlands on odonate assemblages (Pither and Taylor 1998; 
Raebel et al. 2012a). In addition, the abundance of M. selenion 
was not influenced by forest area in the averaging model. This 

Table 3  Results of generalized 
linear mixed-effect models 
explaining variance of the 
abundance of dragonflies and 
damselflies

Models with ∆AIC < 2 are shown. The Akaike weight (w) indicates the likelihood that a model is the best 
in a set of models. Bold values indicate variables with z > 1.96, considered to be influential

Group Effective 
spatial 
scale

AIC ΔAIC Akaike 
weight 
(w)

z-value

EF farming Forest Interaction

Sympetrum nymphal exuviae – 219.10 – – 5.77
Sympetrum frequens 50 m 225.76 0.00 0.49 5.65 2.51

226.51 0.75 0.33 3.33 1.89 − 1.07
227.72 1.96 0.18 5.74

Sympetrum infuscatum 200 m 120.77 – – 3.12 -6.63
Damselflies – 207.00 – – 3.01
Mortonagrion selenion 200 m 152.86 0.00 0.57 2.78 1.56

153.41 0.55 0.43 2.71
Averaging model
Sympetrum frequens 50 m – – – 3.35 1.57 − 1.02
Mortonagrion selenion 200 m – – – 2.67 1.54



473Journal of Insect Conservation (2019) 23:467–474 

1 3

species inhabits short vegetation in wetlands on plains and in 
hilly areas (Sugimura et al. 1999), so forests may not be so 
important.

Our results suggest that EF farming is generally effective for 
increasing the abundance of dragonflies and damselflies (e.g., 
an 87 × increase in the abundance of nymphal exuviae of Sym-
petrum and a 9.9 × increase in the adult damselflies, Fig. 2). 
However, its effectiveness varies with odonate species and the 
surrounding landscape, likely reflecting differences in the life 
history features among species. Therefore, it is important to 
understand the life history features of species to be conserved. 
Because the decrease in odonate populations can be attributed 
mainly to changes in the local agricultural environment, such 
as loss of oviposition sites and reduced nymphal survival due 
to early drainage of paddy water and insecticide application 
(Aoda et al. 2013), implementing EF farming practices at the 
regional level should mitigate population declines at that same 
level. In addition, dragonfly nymphs are important predators 
of mosquito larvae (Urabe et al. 1990). Anopheles sinensis, 
a vector of tertian malaria, which was epidemic throughout 
Japan until the 1950s, and Culex tritaeniorhynchus, a vector 
of Japanese encephalitis, are distributed throughout Japan and 
breed mainly in paddy fields (Umenai et al. 1985). Although 
malaria is not prevalent now in Japan, and the occurrence of 
Japanese encephalitis is decreasing, anticipated temperature 
rise and altered rainfall and increasing immigration of infected 
travelers and immigrants may increase the occurrence, distri-
bution, and intensity of disease transmission (e.g., Tada et al. 
2008; Miller et al. 2012; Caminade et al. 2014). On the other 
hand, mosquito populations have probably also been reduced 
in rice paddy fields by the insecticides applied to control insect 
pests. Therefore, the reduced use of insecticides in EF farming 
practice may increase vector mosquito populations. The main-
tenance of paddy odonate communities would help to prevent 
the spread of these infectious diseases.
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