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Abstract. !e e"ect of two relatively selective nursery-box-applied insecticides on Sym-

petrum frequens larvae and adults as substitutes for the commonly used insecticides, imida-

cloprid and #pronil, was examined using an experimental micro-paddy lysimeter (MPL) 

system. Fi$y hatched larvae were placed on the soil surface of separate MPLs that had been 

treated with imidacloprid, #pronil, dinotefuran, and cartap hydrochloride, as well as an un-

treated control MPL. At 30 days a$er transplantation, the complete absence of S. frequens 

larvae and exuviae in the imidacloprid and #pronil-treated MPLs was remarkable. In the 

control, cartap- and dinotefuran-treated MPLs, the mean number of larvae was 31.0 ± 6.0, 

27.0 ± 6.0, and 6.3 ± 1.5, respectively. No S. frequens adults were observed later in the imida-

cloprid- and #pronil-treated MPLs. !e rate of emergence did not di"er signi#cantly among 

the control, cartap- and dinotefuran-treated MPLs. However, the mean head width of S. fre-

quens in the dinotefuran-treated MPL was signi#cantly narrower than that of S. frequens in 

the control and cartap-treated MPLs. !e mean EM
50

 in the cartap-treated MPL was signi#-

cantly longer than that in the control- and dinotefuran-treated MPLs. !e #ndings showed 

that the ecological impact of cartap on S. frequens was slightly less than the application of 

#pronil, imidacloprid and dinotefuran to rice paddy #elds.
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Of the approximately 20 dragon'y species belonging to the genus Sym-

petrum in Japan, seven utilize rice #elds during their life cycle (Uéda 1998). 

Sympetrum spp. larvae and adults are considered to be bene#cial insects 

because they prey on insect pests in rice paddy #elds. Sympetrum frequens 



(Selys, 1883) has a wide distribution in Japan and is commonly found in 

rice paddies (Sugimura et al. 1999), where it deposits its eggs on the soil 

surface a�er harvesting. �e eggs overwinter on the soil surface and hatch 

immediately upon contact with water when the paddies are inundated in 

spring. Larval development is completed in approximately two months. Af-

ter emerging, the tenerals migrate to mountainous regions where they re-

main until they are sexually mature. Once mature, they return to the pad-

dies to copulate and lay eggs (Uéda 1988, 1993). 

Sympetrum frequens is considered to be important for several reasons. �e 

species is one of the most e!ective predators of rice insect pests, such as the 

beetles Lissorhoptrus oryzophilus and Oulema oryzae, partly because of the 

high density of this dragon"y species in rice #elds during the rice-growing 

season (Urabe & Ikemoto 1986). Furthermore, since S. frequens is a ma-

jor predator of the mosquito Anopheles sinensis, a known malaria vector 

(Urabe & Ikemoto 1986), increased predation pressure by S. frequens may 

reduce the potential for malaria transmission in areas where the disease is 

endemic (e.g., Southeast Asia). Further, the many brands of ‘red dragon"y 

rice’ on the market attest to the fact that S. frequens is symbolic of the Japa-

nese countryside (Fig. 1). 

�e use of nursery boxes for rice cultivation is popular in Japan and East 

Asia, and the application of insecticides to these nursery boxes prior to 

transplantation to protect rice plants from pests during the early growth 

stage has been practiced in Japan since the 1970s (Asaka et al. 1978). De-

pending on the farmer and the pest species being targeted, insecticides are 

typically applied to the nursery-box immediately before transplanting or at 

the time of sowing (Thuyet et al. 2011b). 

Imidacloprid (1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-2-yli-

dene-amine) and #pronil (5-amino-1-[2,6-dichloro-4-(tri"uoromethyl)

phenyl]-4-[tri"uoromethylsul#nyl]-1H-pyrazole-3-carbonitrile) are sys-

temic insecticides that are widely used around the world for broad-spectrum 

insect control (Liu et al. 2002; Aajoud et al. 2003). �e neonicotinoid, imi-

dacloprid, has a low mammalian toxicity but is highly e!ective as an insec-

ticide (Fossen 2006), while the phenylpyrazole, #pronil, has a high eBcacy, 

even at low #eld application rates (Aajoud et al. 2003; Gunasekara 2007). 

�ese advantages have contributed to the increased popularity of both com-
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pounds for use in rice cultivation in Japan, particularly for application to 

nursery boxes (Fig. 2). However, the increased usage of these insecticides for 

rice cultivation since ca 2000 has had a detrimental e!ect on populations of 

Sympetrum spp. (Uéda 2008a, 2008b). In addition, outbreaks of infectious 

diseases in honey bee, %sh, amphibian, bat, and bird populations during the 

last two decades have coincided with the increased use of systemic insecti-

cides, particularly neonicotinoids and %pronil (Mason 2012).
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Imidacloprid is susceptible to runo�, and maximum concentrations have 

been reported in paddy water at 0.5 days a�er transplanting plants from 

treated nursery boxes (Thuyet et al. 2011a). Fipronil has also been detected 

in rivers receiving rice �eld tailwater (Scott 2008). However, very little tox-

icity data exists for these chemicals on non-target organisms, particularly on 

the odonates that inhabit rice �elds. Jinguji et al. (2009, 2013) reported that 

even low concentrations of �pronil completely eliminated S. frequens and 

S. infuscatum larvae immediately a�er rice transplantation (Fig. 3). While 

the e�ect of imidacloprid on larvae immediately a�er hatching was not as 

marked as that of �pronil, the impact of imidacloprid was not negligible, as 

indicated by the low rates of survival during adult emergence (Jinguji et al. 

2009). 

"e purpose of this study was therefore to clarify the e�ects of two more 

selective nursery-box-applied insecticides on S. frequens larvae in the 

�eld, i.e., the systemic neonicotinoid, dinotefuran (1-methyl-2-nitro-3-

[tetrahydro-3-furylmethyl] guanidine), which has accounted for an increas-

ingly large share of the market since 2002, and cartap hydrochloride, (S,S’-

2-(dimethylaminotrimethylene)-bis(thiocarbamate), that was registered as 

a nursery-box insecticide in 1976. An experimental micro-paddy lysimeter 

(MPL) system was employed to evaluate the e�ects of nursery-box-applied 

imidacloprid, �pronil, dinotefuran, and cartap on S. frequens under a wa-

ter management regime typically used in rice paddies (Fig.  4). "e MPL 

was developed for use as a portable ecotoxicological testing system and has 

proven to be an e�ective and convenient tool for simulating solute transport 

in paddy environments (Thuyet et al. 2010a; Jinguji et al. 2013). 

MPL experimental design

Fi�een MPLs (350 × 500 × 300 mm) were used in this study. To eliminate 

the possible contribution of residual insecticides from previous applica-

tions, soil samples were collected from a rice paddy to which no insecticide 

or chemical fertilizer had been applied for the previous four years. "e MPL 

was packed to a depth of 25 cm with undisturbed paddy soil. A�er tilling, 

the paddy soil in the MPLs, a 5 cm-deep layer of surface soil was removed 

from all MPLs. "is soil was then combined, mixed, divided into 15 equal 
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parts and then returned to the 15 MPLs. �e reason for this mixing and re-

distribution step was to ensure that the zooplankton and microinvertebrates 

that are preyed upon by Sympetrum spp. would be homogenously distrib-

uted among all MPLs. 

�e parameters a!ecting water balance in the lysimeter, such as irrigation, 

percolation and surface drainage, were adjusted to simulate the actual water 

management conditions employed in paddies in northern Japan. Ground-

water was initially added to a depth of approximately 5 cm in the MPL as 

a source of irrigation water. A"er recording daily evapotranspiration rates, 

appropriate percolation and surface runo! regimes were implemented on 

a daily basis using drainage pipes installed on the side and the bottom of 

each MPL. In this way, the percolation and irrigation rates were set to about 

10  mm/day and 20 mm/day, respectively. �e water temperature in each 

MPL was recorded using a temperature logger (SK-L200TII, Sato Keiryoki 

Mfg. Co., Ltd., Japan). Experiments were conducted outdoors and the MPLs 

were shielded from precipitation by placing them under the eaves of a lab-

oratory building at Miyagi University.�e microcosm system consisted of 

15 independent MPLs with $ve di!erent treatments: a control MPL, and 

imidacloprid-, $pronil-, dinotefuran- and cartap-treated MPLs, with three 

replicates for each treatment. Granular formulations of four commercial 

insecticides commonly applied to nursery boxes were used: Admire® Box 

Granule, (2 % imidacloprid; Bayer CropScience K.K., Japan), Prince® (1.0 % 

$pronil; BASF Agro Ltd., Japan), Starkle® (2 % dinotefuran; Mitsui Chemi-

cal and Agro, Japan) and Padan® (4 % cartap; Kyoyu Agri Co., Japan), re-

spectively. �e granulates were applied to nursery boxes containing 32-day-

old rice seedlings (Oryza sativa var. Hitomebore). 

�e application rate for all insecticides was 50 g of granules per nurs-

ery box, which is the amount recommended for $eld application by the 

manufacturers. �e pesticide was initially applied homogeneously over 

the rice seedlings on 14-v-2010. Immediately a"er pesticide applica-

tion, four of the rice seedlings to which pesticides had been applied were 

transplanted by hand to a depth of approximately 3 cm in each MPL at a 

spacing of 12 × 20 cm to achieve an optimal density (Fig. 4). �e experi-

ment was continued until 20-ix-2010 to permit $nal observations of the 

emerged adults.



Egg collection and larval rearing

Eggs were obtained from sexually mature S. frequens females that were col-

lected from a paddy !eld at Miyagi University in Miyagi Prefecture, Japan 

(38°13’N, 140°49’E). Eleven females were captured while ovipositing and 

a total of 4,280 eggs were obtained by holding an individual by the wings 

and dipping the tip of the abdomen into a test tube containing distilled 

water. All of the eggs were pooled into a single batch a#er collection. $e 

eggs were then divided into batches of 50 and placed into water-permeable 

bags containing soil that had been oven-dried at 110°C for 24 h. $ese bags 

were placed on the surface of a paddy !eld at the Miyagi University farm on 
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28-x-2009 and le! to overwinter so that the eggs could complete diapause 

under natural conditions. "e bags were then collected from the paddy and 

transported to the laboratory on 10-v-2010 where the 50 eggs and the soil in 

each bag were transferred to a square plastic tray (10 × 10 × 3 cm). "e eggs 

were then covered with distilled water to a depth of 2 cm and the trays were 

placed in an incubator (GC351, Sanyo, Japan) at 23°C under a photoperiod 

of 14L:10D (relative light intensity = 3,000 lux). From 12-v-2010 onward, 

the eggs were examined daily under a binocular microscope (SZ60, Olym-

pus, Japan) at 30× magni%cation. Newly hatched larvae were counted and 

placed in a Petri dish containing distilled water until the next stage of the 

experiment. 

Population size 

Immediately a!er the rice seedlings were transplanted into each MPL, 50 

S. frequens larvae that had been reared in the incubator for two days were 

placed in the center of each MPL using a pipette in order to prevent the 

larvae from coming into direct contact with any of the insecticide granules 

on the surface of the transplanted rice. "e number of remaining larvae 



was estimated in each MPL at 30 days a�er transplantation (DAT) by visual 

con�rmation and removal of larvae by two researchers over a 10-minute 

period with a stainless steel spoon. �e surfaces of the soil, rice plants and 

weeds were carefully examined for larvae, taking great care not to disturb 

the soil surface and make the water cloudy when removing the larvae with 

the spoon. �e reason for this cautious approach was to ensure that dissolu-

tion of the insecticides would not be promoted due to stirring of the water 

in the MPL. �is sampling methodology was replicated in triplicate at 10-

min intervals. �e head width of each larva (sensu Corbet 1999) was meas-

ured to the nearest 0.1 mm with an ocular micrometer (GS-E, Uchida, Ja-

pan) under a binocular microscope (SZ60, Olympus) at 30× magni�cation.

Exuviae and adult sampling

Exuviae and adults were collected by covering each MPL with a net. �e col-

lected specimens were then stored individually in para'n paper. �e con-

dition of each adult and the number of dead adults observed during emer-

gence were recorded on the day of emergence. Exuviae and adult collection 

was performed every day from 10-vii- to 21-ix-2010. �e shape of the emer-

gence curve was a*ected by the cumulative percentile of emergence, and 

EM
50

 was determined to compare di*erences in the emergence patterns; 

EM
50

 is the time (expressed as days elapsed since emergence began) taken 

for 50 % of the total population to emerge during the experimental period. 

Statistical analysis

A one-way ANOVA followed by a multiple comparison test (Tukey’s HSD 

post-hoc test) was performed to determine whether the obtained results 

were signi�cantly di*erent. All statistical analyses were performed using 

SPSS statistical so�ware (Ver. 18.0, SPSS Institute Inc., Japan) and survival 

data were arcsine transformed and analyzed by ANOVA.

Results

MPL conditions

�e paddy water temperature was dependent on the ambient weather and 

did not vary markedly among the control, cartap-, dinotefuran-, imidaclo-

prid-, and �pronil-treated MPLs; the mean water temperature in each treat-
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ment was 23.6 ± 4.2°C (mean ± SD), 25.3 ± 4.4°C, 24.2 ± 4.5°C, 25.3 ± 4.5°C, 

and 24.1 ± 4.5°C, respectively. Although the MPLs were slightly shaded in 

the morning, the average paddy water temperature was 18.6 ± 3.0°C during 

the �rst month; however, the water temperature increased to 23.8 ± 1.8°C to-

ward the end of the rainy season in late June. During the emergence period 

in mid-July, the paddy water temperature was 27.7 ± 3.0°C and it remained 

at or near this temperature for most of the summer. �e maximum paddy 

water temperature was 40.6 ± 0.8°C in mid-August. �e daily evapotranspi-

ration was similar among the MPLs and ranged from 5 to 10 mm/day. 

Larval survival 

Figure 5 shows the number of Sympetrum frequens larvae counted at 30 DAT 

in each of the �ve MPL treatments. �e number of larvae was 31.0 ± 6.0 

in the control MPL, 27.0 ± 6.0 in the cartap-treated MPL, 6.3 ± 1.5 in the 

dinotefuran-treated MPL, and 0 in both the �pronil and imidacloprid-

treated MPLs at 30 DAT. Larval survival in the dinotefuran-treated MPLs 

Sympetrum frequens 



was signi�cantly lower than in the control and cartap MPLs (P <0.001, 

F
2,6

 = 21.219). By 30 DAT, no larvae were observed in the imidacloprid- and 

�pronil-treated MPLs for the remainder of the experimental period. 

Larval growth

Larval growth at 30 DAT di!ered signi�cantly between the four experi-

mental MPLs (Fig. 6). "e mean head width of S. frequens in the control, 

cartap- and dinotefuran-treated MPLs was 1.9 ± 0.3 mm, 1.6 ± 0.3 mm and 

1.2 ± 0.2 mm, respectively. "e mean head width of S. frequens in the dinote-

furan-treated MPL was signi�cantly narrower than the head width of S. fre-

quens in the cartap-treated MPL and in the control MPL (P <0.01, F
2,6

 = 5.45). 

Successful emergence rate and EM
50

Figure 7 shows the mean rate of successful S. frequens emergence in the 

MPLs. No exuviae or adults were observed or captured in the �pronil- and 

imidacloprid-treated MPLs. "e mean emergence rate was 14.7 ± 4.6 % in 

the control MPL, 13.3 ± 2.3 % in the cartap-treated MPL, 7.3 ± 7.0 % in the 

dinotefuran-treated MPL, and 0 % in both the �pronil and imidacloprid-

treated MPLs. "e rate of emergence was not signi�cantly di!erent among 

the control, cartap- and dinotefuran-treated MPLs (P = 0.262, F
2,6

 = 1.688).

Figure 8 shows the daily S. frequens emergence patterns observed in all 

MPLs over the experimental period. No S. frequens adults were observed in 

the imidacloprid- and �pronil-treated MPLs. Emergence started on 02-viii- 

-2010 (79 DAT) in the control and cartap-treated MPLs, and on 05-viii- 

-2010 (82 DAT) in the dinotefuran-treated MPLs. "e mean EM
50

 for the 

control, cartap- and dinotefuran-treated MPLs was 7.3 ± 3.5, 26.0 ± 7.8 and 

11.3 ± 3.5 days, respectively. "e mean EM
50

 in the cartap-treated MPL was 

signi�cantly longer than that in the control- and dinotefuran-treated MPLs 

(P <0.01, F
2,6

 = 10.1). 

In this study, clear di!erences in Sympetrum frequens abundance, larval 

growth, and emergence patterns were observed using a long-term MPL ex-

periment. Our �ndings showed that nursery-box application of �pronil and 



Sympetrum frequens 73

Sym-

petrum frequens

S. frequens

P



imidacloprid was associated with very high S. frequens larval mortality. In-

deed, all of the larvae were eliminated in the !pronil and imidacloprid treat-

ments by 30 DAT (Fig. 5). Although S. frequens larval emergence occurred 

within three months in the cartap, dinotefuran, and control treatments, no 

larvae emerged from the !pronil- and imidacloprid-treated MPLs until the 

end of the experimental period (Fig. 7). Jinguji et al. (2009, 2013) reported 

Sympetrum frequens

Sympetrum frequens
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a similar decline in S. frequens and S. infuscatum (Selys, 1883) larvae, with 

larvae of both species eliminated by 9 and 14 DAT in !pronil-treated lysi-

meters, respectively, and no adults observed during their experiments. Al-

though imidacloprid is reportedly less toxic than !pronil in S. frequens and 

S. infuscatum larvae, the mean emergence percentages of S. frequens and 

S. infuscatum in previous MPL experiments were 3.3 % and 12.1 %, respec-

tively (Jinguji et al. 2009, 2013). In this study, the impact of imidacloprid 

was severe, as indicated by the low survival during emergence. Our !ndings 

are consistent with numerous previous studies in which imidacloprid insec-

ticides had a negative e*ect on many non-target species. Flying insects with 

an aquatic larval stage appeared to be the most vulnerable to imidacloprid 

(Overmyer 2005; Beketov 2008; Stoughton et al. 2008; Van Dijk et al. 

2013; Roessink 2013). 

In a study using a paddy mesocosm, Hayasaka et al. (2011) demonstrated 

that nekton communities of long-lived species, such as dragonEy larvae, did 

not recover within three months aGer exposure to imidacloprid and !pronil. 

Moreover, the impact of !pronil on aquatic arthropods was more pronounced 

aGer a second application in the following year (Hayasaka et al. 2012), in-

dicating the high persistence of this insecticide in rice paddies. Kese results 

suggest that the application of !pronil and imidacloprid at the recommended 

commercial rates is likely to have a long-term impact on Sympetrum spp. 

Zooplankton and midges are important sources of food during the ear-

ly stages of odonate larval development. Sanchez-Bayo & Goka (2006a, 

2006b) found that zooplankton species were absent from imidacloprid-

treated rice !elds for the !rst two months aGer application when the con-

centration of imidacloprid exceeded 1 mg/l. In addition, their study showed 

that the recovery of zooplankton populations was slow and that they never 

reached the levels found in untreated !elds. A similar e*ect was observed in 

this study, with many zooplankton taxa and midges observed in the paddy 

water of the control MPLs, and very few zooplankton taxa or midges ob-

served in the imidacloprid- and dinotefuran-treated MPLs. Although the 

direct e*ect of dinotefuran on larval and adult emergence was not as marked 

as that of imidacloprid, it was not negligible, as indicated by the low larval 

growth compared to the control (Figs 5 and 6). As with imidacloprid, dino-

tefuran is also likely to have an indirect e*ect on reducing prey availability.
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Our study also showed that cartap is relatively less toxic to S. frequens. !e 

rates of adult survival and emergence in cartap-treated MPLs were similar 

to those observed in the control MPLs. In addition, no signi"cant di#er-

ences in larval head width were observed between cartap and control treat-

ments at 30 DAT, suggesting that exposure to cartap at the recommended 

commercial application rates does not have any acute or long-term in$u-

ence on the life cycle of S. frequens. Further, except for Anotogaster sie boldii 

(Selys, 1854), laboratory experiments have shown that cartap does not have 

a marked detrimental e#ect on the larvae of the families Coenagrionidae 

and Libellulidae (Ishida & Murata 1992). On the other hand, cartap does 

have a negative e#ect on several hymenopteran species, including aphid 

parasitoids that are used to control crop pests (Takeda et al. 2001; Ko-

bori & Amano 2004; Ateyyat 2012). In addition, in rice paddies, cartap 

hydrochloride has been reported to reduce populations of coccinellid bee-

tles, carabid beetles, dragon$ies, and damsel$ies by 20 to 50 % (Srinivas 

& Madhumathi 2005). In this study, EM
50

 in cartap-treated MPLs was 

longer than that in the dinotefuran-treated and control MPLs (Fig. 8), sug-

gesting that populations of prey species, such as zooplankton and midges 

might have been impacted by cartap. As an indirect e#ect of cartap appli-

cation, the relative absence of zooplankton and midges may have delayed 

adult emergence in the cartap-treated MPLs (Fig. 8). Studies clarifying the 

e#ect of cartap on zooplankton and midges should be undertaken in the 

future.

In rice paddy "elds in Ishikawa Prefecture, adults of the Sympetrum spe-

cies did not emerge from "elds to which "pronil has been applied, and adult 

emergence from paddy "elds to which cartap had been applied and "elds to 

which no pesticide had been applied was not signi"cantly di#erent (Uéda & 

Jinguji 2013). A similar e#ect was observed in our microcosm experiment, 

suggesting that our observations closely re$ect the actual situation in paddy 

"elds. 

In Japan, cartap "rst entered widespread use as an insecticide for nursery-

box applications in 1976, primarily because of its high solubility in water 

(Uneme 2003). It has been reported that cartap is highly e#ective for con-

trolling the rice water weevil, Oulema oryzae, which has developed resist-

ance to "pronil in recent years (Ishimoto et al. 2004).
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Cartap is also toxic to �sh. However, with 3-h LC
50

 values in the range 0.02 

to 6.8 mg/L, the direct toxicity of cartap to �sh species is not as high as that 

of other neurotoxic insecticides (Lannacone et al. 2007; Zhou et al. 2009). 

Laboratory experiments have shown that cartap sprayed on the water sur-

face of a small container at the recommended application rates had no im-

pact on the paddy �eld loach, Misgurnus anguillicaudatus (Ozawa 1982). 

On the other hand, recent �ndings of endocrine disrupting e#ects and de-

velopmental neurotoxicity have raised concerns about the potential ecologi-

cal impacts of cartap. $e incidence of larval �sh deformities in Oryzias 

latipes, increased signi�cantly a%er exposure to cartap concentrations of 

250 µg/L for periods as short as 96 hours (Kim et al. 2008). 

It therefore appears that the ecological impact of cartap on S. frequens is 

relatively less than the impacts associated with �pronil, imidacloprid and 

dinotefuran. Imidacloprid and �pronil are very e#ective for controlling in-

sects, particularly sucking pests such as aphids, while being quite innocuous 

to �sh and vertebrates in general (Tomizawa et al. 2000). Many rice farmers 

in Japan employ images of the red dragon4y, S. frequens, on their products, 

as the species is synonymous with the rice �elds that have been treated with 

imidacloprid and �pronil insecticide. However, in addition to the targeted 

pests, the chronic toxicity of imidacloprid and �pronil means that they also 

a#ect non-target insects, not only at the time of application, but for several 

months therea%er. $erefore, farmers should be aware of the fact that S. 

frequens will be eliminated if imidacloprid and �pronil are applied to their 

nursery boxes. Our �ndings showed that the ecological impact associated 

with cartap application on S. frequens populations was relatively lower than 

the impacts associated with �pronil, imidacloprid, and dinotefuran. How-

ever cartap delayed the emergence of S. frequens in MPL experiments. In 

addition, even low concentrations of cartap can result in the abnormal de-

velopment of �sh larvae. It is therefore considered that using cartap insecti-

cides that are relatively less toxic will contribute positively to the conserva-

tion of S. frequens, in those cases where farmers insist on using insecticides. 

However, there is a need to further examine the e#ect of cartap on non-

target, aquatic species so that it can be recommended for ‘red dragon 4y rice’ 

branded products on the market. In addition, it is desirable that farmers em-

ploy organic farming practices to better conserve S. frequens.
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