
56

An Open Access article distributed under the Creative Commons (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).
Copyright for the published material remains with the original copyright holders (authors or institutions).

EUROPEAN JOURNAL OF ENTOMOLOGYEUROPEAN JOURNAL OF ENTOMOLOGY
ISSN (online): 1802-8829
http://www.eje.cz

vatus cuspidatus (Kunze, 1818) ( Scheers, 2014, 2017), and 
Graptodytes bilineatus (Sturm, 1835) (Scheers, 2014), are 
expanding their distribution. The expansion of their distri-
bution may lead to new interspecifi c interactions because 
as they encounter species that are not originally sympatric 
(Menéndez, 2007; Robinet & Roques, 2010; Shah et al., 
2020; Nagano et al., 2023). Therefore, there is a need to ac-
cumulate knowledge on the persistence of species and the 
potential loss of biodiversity due to changes in interspecifi c 
interactions caused by global warming (Menéndez, 2007).

Diving beetles which are the top invertebrate predators 
in most fi shless freshwater habitats, feed on a variety of 
aquatic organisms, such as zooplankton, aquatic insects, 
and amphibians (Culler et al., 2023). In Japan,  45% of the 
27/60 species of Dytiscidae inhabiting  paddy fi eld water 
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A b stract. Global warming has altered the distribution of several insect species, including those inhabiting aquatic environments 
and this range expansion may modify existing interspecifi c interactions by facilitating new encounters between species that were 
not originally sympatric. Global warming is highly likely to expand the distribution of Cybister tripunctatus lateralis (Coleoptera: 
Dytiscidae) in Japan, leading to interspecifi c competition for food resources among congeneric species. In particular, Cybister lar-
vae share similar feeding habits, suggesting that interspecifi c competition is likely to occur, although this has not yet been verifi ed. 
Therefore, this study aimed to compare the m icrohabitat use and foraging abilities of the larvae of two species – C. tripunctatus 
lateralis with an expanded distribution area and Cybister brevis, a non-expanding species of similar body size. We compared 
(1) behavior quantifi ed by visual scan census, (2) time taken to reach food, and the number of prey animals consumed by each 
species in the laboratory experiments. The results indicated that the behavioral patterns of the larvae tended to involve mainly 
perch and rest on the plants. There were no clear diff erences between the two species, although there were variations among 
the instars. There was no diff erence in the number of prey animals consumed by the two species; however, it was evident that 
C. tripunctatus lateralis reached the food earlier than C. brevis. Therefore, it is suggested that the two species utilize a common 
underwater microhabitat, and that C. tripunctatus lateralis has a competitive advantage over C. brevis in terms of food resources. 
However, further experimental verifi cation and continued expansion of C. tripunctatus lateralis distribution trends should be care-
fully monitored, as reproductive habitats in the fi eld diff er and competitive advantages may depend on water temperature.
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 INTRODUCTION

Global warming has had signifi cant ecological impacts 
on insects (Menéndez, 2007; Robinet & Roques, 2010), 
resulting in changes in the distribution  and poleward ex-
pansion of several taxa (Hickling et al., 2006). Some stud-
ies have specifi cally focused on aquatic insects (Li et al., 
2014; Navara et al., 2020), and distribution expansion has 
been reported for dragonfl ies (Hickling et al., 2005; Has-
sall & Thompson, 2008; Ott, 2010),  caddisfl ies (Sáinz-
Bariáin et al., 2016; Navara et al., 2020 ), and  stone fl ies 
( Bojková et al., 2012). Diving beetle species (Coleoptera: 
Dytiscidae), such as Cybister lateralimarginalis (De Geer, 
1774) (Thomas, 2009; Petrov & Fedorova, 2013), Rhantus 
suturalis (Macleay, 1825) (Bilton, 2023), Eretes sticticus 
(Linnaeus, 1767) (Hajek et al., 2014; Nitzu, 2022), Hydro-
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tated by niche diff erentiation, such as variations in hunt-
ing modes (Yee, 2010) and the use of diff erent prey and 
microhabitats depending on specifi c hunting modes (Yee 
et al., 2013). Field observations have also suggested that 
four species of Dytiscidae larvae coexist in paddy fi elds 
because of diff erences in phenology, prey size, prey prefer-
ence, and  spatial positioning in the water column (under-
water position) (Watanabe et al., 2024). This contrast may 
be explained by the fact that adults are scavengers with the 
ability to fl y, whereas larvae are exclusive predators with 
limited dispersal ability.

Although the reproductive habitat use of C. brevis and 
C. tripunctatus lateralis diff ers in paddy fi eld water sys-
tems (C. brevis larvae are more abundant in agricultural 
ditches, while C. tripunctatus lateralis are more common 
in paddy fi elds), their phenology and underwater positions 
overlap (Fukuoka et al., 2024). Furthermore, the larvae of 
the two species are approximately the same size (50 mm in 
the third instar; Mitamura et al., 2017; Fig. 1) and prey on 
aquatic insects, such as dragonfl y nymphs and wa ter boat-
men (Ohba, 2009; Ohba & Inatani, 2012; Ohba & Ogushi, 
2020; Fukuoka et al., 2021). Thus, the niche overlap and 
expanding distribution of C. tripunctatus lateralis may re-
sult in interspecifi c competition for food resources with C. 
brevis.

This study compared the diff erences in microhabitat 
use and foraging ability between C. tripunctatus lateralis 
larvae, a species that is expanding its distribution, and C. 
brevis larvae, a non-expanding species. We predicted (1) 
based on fi eld observations by Fukuoka et al. (2024), that 

systems are listed on the Red List (Ministry of the Envi-
ronment of Japan, 2020; Nakajima et al., 2020). These 
include seven large-bodied species of the genus Cybister 
(adult body length > 20 mm), six of which are also listed 
on the Red List (Ministry of the Environment of Japan, 
2020). The factors behind this endangerment are consid-
ered to include dry paddy fi elds, agricultural ditch renova-
tion, pesticide pollution, and abandonment of cultivation 
(Nishihara et al., 2006; Ichikawa, 2008). Cybister brevis 
Aubé, 1838, distributed in Honshu, Shikoku, and Kyushu, 
is listed as “near threatened” on the Red List of Japan due 
to its declining population. However, the distribution of 
Cybister tripunctatus lateralis (Fabricius, 1798), a tropi-
cal and subtropical species found in the Honshu, Shikoku, 
Kyushu, and Ryukyu Islands, is expanding northward (Shi-
mono, 2015; Nakajima et al., 2020), its status on the Red 
List of Japan was revised from “critically endangered” 
to “vulnerable” in 2012 (Ministry of the Environment of 
Japan, 2015).

 Cybister tripunctatus lateralis is expanding its distribu-
tion for several reasons. The lower developmental tem-
perature limit for fi rst instar larvae to adults was the high-
est for C. tripunctatus lateralis (16.8°C) compared to C. 
brevis (11.1°C) and  Cybister chinensis Motschulsky, 1854 
(8.7°C), while the survival of C. brevis peaked at 23–28°C, 
C. tripunctatus lateralis at 30°C and the survival of C. 
chinensis was independent of the temperature under 30°C 
(Ohba et al., 2020). Furthermore, adults C. tripunctatus 
lateralis have been observed to die during overwintering 
when the water temperature drops below freezing. How-
ever, in recent years, the average minimum temperature 
during the coldest months in regions where C. tripuncta-
tus lateralis occurs has remained above freezing (Ohba et 
al., 2023). Thus, the temperature required for the growth 
and survival of C. tripunctatus lateralis is higher than that 
required for congeneric species, suggesting that the distri-
bution of this species can expand under global warming. 
This expansion may be further enhanced by a higher fl ying 
frequency/ability of C. tripunctatus lateralis compared to 
congeneric species, which is likely a factor in its recent 
distributional expansion (Ohba et al., 2025).

This expanding distribution may lead to interspecifi c 
competition with congeneric species (Watanabe, 2021; 
Ohba et al., 2022). In adults, C. tripunctatus lateralis 
swims more actively, fi nds food earlier, and feeds more 
than congeneric species, suggesting the possibility of in-
terspecifi c competition for food (Ohba et al. , 2022). How-
ever, in Dytiscidae adults, evidence of competition for food 
resources is lacking between two sympatric Laccophilus 
species ( Pitcher & Yee, 2014) and two Hygrotus species 
( Juliano & Lawton, 1990) in laboratory experiments. In ad-
dition, fi ve fl oodplain-dwelling Neoporus species showed 
no diff erences in phenology or habitat ( McDaniel et al., 
2017). In contrast, competition or density-dependent can-
nibalism has been observed among larvae (Juliano & Law-
ton, 1990), and several studies have suggested interspecifi c 
coexistence through niche partitioning. Laboratory ex-
periments have suggested that larval coexistence is facili-

Fig. 1. Third instar larvae of C. brevis (a), a non-expanding spe-
cies, and C. tripunctatus lateralis (b), a distribution-expanding spe-
cies.
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there would be no diff erence in the behavior of the two spe-
cies, and (2) based on competition experiments with adults 
conducted by Ohba et al. (2022), that C. tripunctatus lat-
eralis would outcompete C. brevis in terms of the number 
of prey consumed, and the time taken to reach the food, 
an d that a similar pattern would also be observed in larvae.

MA TERIAL AND METHODS
The larvae used in this experiment were obtained by breeding 

them from three pairs of C. brevis adults collected in April 2020 
in a paddy fi eld in Takashima City, Shiga Prefecture, and from 
three pairs of C. tripunctatus lateralis adults collected in April 
2020 in a natural wetland in Isahaya City, Nagasaki Prefecture. 
Each collection site contained only one Cybister species and was 
not sympatric. As in Fukuoka et al. (2023), larvae were reared 
individually in tea strainers (6.5 cm diameter, 6.5 cm high, 1 mm 
mesh) placed in a plastic container (53 cm long, 34.5 cm wide, 9 
cm high (internal dimensions)) maintained at 3–4 cm depth and 
25–28°C water temperature. Si nce Cybister larvae can grow sole-
ly on a diet of crickets Gryllus bimaculatus De Geer, 1773 (Or-
thoptera: Gryllidae) (Ohba et al., 2020; Watanabe et al., 2021), 
frozen crickets of each size were fed two to three times a day 
depending on the larval stage (fi  rst and second instars: 8–10 mm, 
third instar: 20–25 mm (body length); Tsukiyono Farm, Gunma, 
Japan).

This experiment was designed to compare the behavior and 
foraging abilities of the two species. However, direct competition 
experiments, including interspecifi c predation, were not conduct-
ed. Therefore, each species was tested separately for two reasons: 
(1) Cybister larvae indiscriminately prey on each other indiscrim-
inately and (2) the reproductive periods of the two species did not 
coincide, making it diffi  cult to obtain larvae at the same growth 
stage. Three types of experiments were conducted between 10:00 
and 15:00 from May to July 2020. The water temperature in the 
experimental vessels was maintained at 25–28°C. Larvae were 
used in the experiments 2–3 days after hatching or molting and 
were fasted for 24 h prior to the experiments to standardize hun-
ger level. Each larva was used only once in the experiment for 
each instar. All the experiments were performed by a single ob-
server (T. Fukuoka). All  the statistical analyses for the following 
experiments were performed using the R software version 4.4.2 
(R Core Team, 2024). 

Quan tifying behav ior
The position, location, and activ ity of the larvae were recorded 

for 30 min to compare the microhabitat use of the two species. A 
plastic container (15 × 22 × 16 cm, length × width × height) was 
placed with one tree branch (length: 20 cm) standing diagonally 
as a scaff old for the larvae and one Egeria densa Planch. plant 
(length: 20 cm) (Fig. S1). The larvae were placed in containers 
and allowed to acclimate for 10 min. The following variables 
were recorded every minute for 30 min by visual observation ac-
cording to the method described in Yee (2010): the position of 
the larvae was recorded as “surface” when they were in contact 
with the water surface and “underwater” when they were in the 
middle or bottom of the water column. The location of the larvae 
was recorded as “plant” when they were clinging to E. densa or a 
tree branch, and “space” when they were not clinging to any ob-
ject. The activity was recorded as “move” when the larvae were 
walking or swimming, and “rest” when they were stationary. The 
water depth was set at approximately two times the total length of 
the larvae (fi rst instar: 4 cm; second instar: 6 cm; and third instar: 
10 cm) to facilitate behavioral observations in water. The sample 
sizes at each instar for the two species were as follows – C. brevis 

fi rst instar: n = 23; second instar: n = 26; third instar: n = 31; C. 
tripunctatus lateralis fi rst instar: n = 23, second instar: n = 20; 
third instar: n = 36.

We analyzed the data using a generalized linear mixed model 
(GLM) with a negative binomial distribution, with the number 
of observations on one side (sur face, plant, and move) as the re-
sponse variable and species, instar, and their interactions as ex-
planatory variables. The “ MASS” package version 7.3.61 (Vena-
bles & Ripley, 2002) was used for GLM with a negative binomial 
distribution.

In addition, we also examined individual behavior using princi-
pal component analysis (PCA), as shown in Yee (2010). Six vari-
ables – position: surfac e, underwater; location: plant, space; and 
activity: move, rest – were transformed into ratios from 30 ob-
servations and then arcsine-transformed to homogenize the vari-
ance. A PCA was performed using the obtained values. The PCA 
results revealed that PC1 and PC2 accounted for 76.6 and 17.4% 
of the total variation, respectively, and together explained 94.0% 
of the total variation (Table S1). The PC1 score did not meet the 
assumption of normality, we performed a Scheirer-Ray-Hare test 
(Scheirer et al., 1976), a nonparametric two-way analysis of vari-
ance (ANOVA) with the PC1 score as the response variable, and 
species and instar, and their interactions as explanatory variables. 
The “rcompanion” package version 2.5.0 (Mangiafi co, 2025) was 
used for Scheirer-Ray-Hare test.

Foraging ability
Time ta ken to reach food

To compare the food-searching abilities of the two species, 
observation was carried out during an hour. The larvae were 
placed in plastic containers (30 × 8 × 7 cm) and allowed to ac-
climate for 10 min. One frozen cricket (body length: 8–10 mm) 
was then placed on the water surface, maintaining a distance of 
5 cm from the head of the larvae to minimize disturbance (Fig. 
S2). The larvae were observed for 1 h and the time (in seconds) 
taken to capture G. bimaculatus was measured. The water depth 
was maintained at 1, 2, and 3 cm for the fi rst, second, and third 
instars, respectively, to ensur e that the larvae could move along 
the bottom. The sample sizes for each instar in both species were 
as follows – C. brevis fi rst instar: n = 18; second instar: n = 19; 
third instar: n = 21; C. tripunctatus lateralis fi rst instar: n = 15, 
second instar: n = 17; third instar: n = 33.

Larvae that reached the food within 1 h (food discovery rate) 
accounted for 95.3% of all individuals. using a GLM with a bino-
mial distribution in which the food discovery rate as the response 
variable and species, instar, and their interactions as explanatory 
variables. No signifi cant eff ects of species, instars, or their in-
teractions were observed (Table S2). The data from individuals 
who could not reach the food within 1 h were, therefore, excluded 
from subsequent analyses. We analyzed the data using a GLM 
assuming a gamma distribution with time to reach food (seconds) 
as the response variable and species, instar, and their interaction 
as explanatory variables.

Number of  prey animals consumed
The number of prey animals consumed by the larvae over 24 

h was recorded to compare the food requirements of the two spe-
cies. The larvae were acclimated for 10 min in a plastic container 
(15 cm × 22 cm × 16 cm) containing one E. densa plant (length: 
20 cm). Prey animals consistent with their natural diet in the fi eld 
were introduced, based on the results of Ohba (2009), Ohba & 
Ogushi (2020), and Fukuoka et al. (2021) (Fig. S3-a). The fi rst 
instar larvae were provided with 30 Asellus h  ilgendorfi  Bovallius, 
1886 (Isopoda: Asellidae) (body length: 5–10 mm), the second 
instar larvae with 10 damselfl y  nymphs (Odonata: Zygoptera) 
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(body length: 15–20 mm), and the third instar larvae with 10 
dragonfl y n ymphs (Odonata: Libellulidae) (body length: 20–30 
mm). The number of prey consumed by the larvae was recorded 
after 24 h. Prey eaten by the larvae lose body color (red arrows: 
eaten, black arrows: alive, Fig. S3-b), which allowed determina-
tion of whether they were consumed. There were no instances 
of predation among the prey or natural deaths during the experi-
ment. The water depth was maintained at 1, 2, and 3 cm for the 
fi rst, second, and third instar larvae, respectively. The sample 
sizes at each instar for the two species were as follows – C. brevis 
fi r st instar: n = 12; second instar: n = 13; third instar: n = 20; C. 
tripunctat us lateralis fi rst instar: n = 14, second instar: n = 20; 
third instar: n = 21.

We compared the number of prey consumed between the spe-
cies using GLMs with a Poisson distribution. The analysis was 
conducted separately for each instar, as the types of prey provided 
diff ered among instars.

RESULTS

Quant ifying behavior
The larvae of both species mainly perched on the plant 

(Fig. 2). The GLM results for each behavioral variable 
showed a signifi cant eff ect of the interaction between spe-
cies and instar in activity, whereas the species and instar, 
and their interaction was not signifi cant in position and lo-
cation (Table 1). For the fi rst instar, C. tripunctatus later-
alis moved more actively than C. brevis, whereas for the 
second and third instars, C. brevis moved more actively 
than C. tripunctatus lateralis (Fig. 2-c). 

The PCA results showed that the factor pattern for PC1 
had strong positive coeffi  cients (> 0.35) for water surface, 
plants, and rest, and strong negative coeffi  cients (> –0.35) 
for underwater, space, and movement (Table S1). For C. 
brevis, the PC1 scores decreased as instar numbers in-
creased (Fig. S4). For C. tripunctatus lateralis, the PC1 
scores increased only at the second instar stage, with inter-
mediate scores at the fi rst and third instars (Fig. S4). The 
Scheirer-Ray-Hare test results showed a signifi cant eff ect 
of instar, while species and their interaction were not sig-
nifi cant (species: H1,153 = 1.674, P = 0.196; instar: H2,153 
= 6.467, P = 0.039; species × instar: H2,153 = 4.718, P = 
0.095). Therefore, although there was variation among the 
instars, no clear diff erence in the behavioral patterns was 
found between the two species.

Time taken to reach food
The GLM resul ts showed a signifi cant eff ect of spe-

cies, while instar and their interaction were not signifi cant 
(Table 2). Th erefore, C. tripunctat us lateralis took signifi -
cantly less time to reach the food than C. brevis (Fig. 3). 

Fig. 2. Number of observations (mean ± SE) of position (surface) 
(a), location (plant) (b), and activity (move) (c) for the two species, 
o ut of a total of 30 observations. The SE bars in panel (b) are not 
displayed due to the very small values.

Table 1. Results of fi tting a generalized linear model (GLM) to each 
behavioral variable at each instar.

Estimate  SE z P-value
Location (response variable:  surface)

(Intercept) −0.49 0.11 –4.38 <0.0001
C. tripunctatus lateralis a −0.23 0.16 –1.42 0.156
2nd instar b –0.04 0.15 –0.25 0.803
3rd instar c –0.24 0.15 –1.59 0.111
C. tripunctatus lateralis: 2nd instar 0.18 0.23 0.81 0.418
C. tripunctatus lateralis: 3rd instar 0.17 0.21 0.83 0.408

Position (response variable:  plant)
(Intercept) –0.04 0.04 –0.99 0.322
C. tripunctatus lateralis a –0.005 0.05 –0.08 0.934
2nd instar b –0.02 0.05 –0.29 0.771
3rd instar c –0.09 0.05 –1.63 0.103
C. tripunctatus lateralis: 2nd instar 0.05 0.08 –0.58 0.562
C. tripunctatus lateralis: 3rd instar 0.09 0.07 1.27 0.206

Activity (response variable:  move)
(Intercept) –1.48 0.23 6.56 <0.0001
C. tripunctatus lateralis a 0.28 0.32 0.89 0.375
2nd instar b 0.24 0.31 0.77 0.441
3rd instar c 0.54 0.29 1.82 0.068
C. tripunctatus lateralis: 2nd instar –1.36 0.46 –2.95 0.003
C. tripunctatus lateralis: 3rd instar –0.68 0.41 –1.66 0.097

a The coeffi  cient indicates the relative eff ect of C. tripunctatus later-
alis compared with C. brevis. b The coeffi  cient indicates the relative 
eff ect of second instar compared with fi rst instar. c The coeffi  cient 
indicates the relative eff ect of third instar compared with fi rst instar.
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For C. brevis, the time taken to reach the food was 1124 ± 
765 s (mean ± SD) in the fi rst instar, 1034 ± 705 s in the 
second instar, and 949 ± 666 s in the third instar. For C. 
tripunctatus lateralis, it was 636 ± 475 s in the fi rst instar, 
686 ± 448 s in the second instar, and 907 ± 781 s in the 
third instar.

Number of pr ey animals consumed
The GLM showed that the number of prey animals con-

sumed each instar was not signifi cantly diff erent between 
the species (Table 3; Fig. 4). The number of prey animals 
consumed by C. brevis was 16.7 ± 3.2 (mean ± SD) Asellus 
hilgendorfi  in the fi rst instar, 4.5 ± 1.1 damselfl y nymphs 
(Odonata: Zygoptera) in the second instar and 4.6 ± 1.6 
dragonfl y nymphs (Odonata: Libellulidae) in the third in-
star. The number of prey animals consumed by C. tripunc-
tatus lateralis was 18.0 ± 5.0 Asellus hilgendorfi  in the fi rst 
instar, 5.1 ± 1.1 damselfl y nymphs (Odonata: Zygoptera) 
in the second instar, and 5.1 ± 1.3 dragonfl y nymphs (Odo-
nata: Libellulidae) in the third instar.

DISCUSSION

Al though glob al warming has led to the suggested dis-
tributional expansion of some Dytiscidae species (Thom-
as, 2009; Petrov & Fedorova, 2013; Hajek et al., 2014; 
Scheers, 2014, 2017; Nitzu, 2022; Bilton, 2023), little is 
known about its impact on native species. Previous studies 
have suggested that C. tripunctatus lateralis, which is ex-
panding its distribution, may compete with congeneric spe-
cies (C. brevis and C. chinensis) for food resources (Ohba 
et al., 2022). However, this experiment was conducted on 
adults and not on larvae. This study compared the micro-
habitat use and foraging abilities of C. tripunctatus later-
alis and C. brevis. The behavioral patterns of the larvae 
were mainly perching and resting on the plants. Although 
there was variation among the instars, which became more 
active as the instars progressed, there was no clear diff er-
ence between the two species. Regarding foraging abil-
ity, there was no diff erence in the number of prey animals 
consumed by the two species, but C. tripunctatus lateralis 
reached food earlier than C. brevis. Our predictions were 
generally supported, except for the number of prey con-
sumed.

There was no diff erence in the underwater positions of 
the two species in paddy fi elds, and most individuals were 
observed at the bottom of the water or perched on plants 
(Fukuoka et al., 2024). Our results support the use of mi-
crohabitats in this fi eld. In addition, the larvae of the two 
species are present from June to August (Fukuoka et al., 
2024) and prey on aquatic insectivores, such as dragonfl y 
nymphs and water boatmen (Ohba, 2009; Ohba & Inatani, 
2012; Ohba & Ohgushi, 2020; Fukuoka et al., 2021). Due 
to this o verlap in appearance season and food resources, 
the ability of C. tripunctatus lateralis to access food earlier 
than C. brevis may provide a competitive advantage when 
food is  limited.

Dytiscidae larvae exhibit diff erent hunting modes, de-
pending on the species. Dytiscus larvae remain still and 
ambush their prey, Graphoderus larvae actively swim, and 
Rhantus larvae exhibit a combination of these behaviors 
(Yee, 2010). Graphoderus and Rhantus, which share the 
same habitat, are believed to coexist due to the diff erenc-
es in prey species and microhabitats resulting from these 
hunting modes (Yee et al., 2013). Furthermore, Hydati-
cus bowringii Clark, 1864 and C. brevis larvae in paddy 

Fig. 3. Time (seconds) taken by the two species to reach food. The 
GLM results showed that the eff ect of instar was not signifi cant 
(Table 2); therefore, the data were pooled. The thick line, the upper 
and lower boxes, and the whiskers indicate the median, the fi rst 
and third quartile, and 1.5 × the interquartile range, respectively; 
the dots are outliers. Figures just above the horizontal axis indicate 
the sample sizes.

Table 2. Results from fi tting a generalized linear model (GLM) to 
the time taken to reach food at each instar.

Estimate SE z P-value
(Intercept) 7.02 0.17 40.18 <0.0001
C. tripunctatus lateralis a −0.57 0.26 –2.20 0.030
2nd instar b –0.10 0.24 –0.42 0.677
3rd instar c –0.15 0.24 –0.61 0.545
C. tripunctatus lateralis: 2nd instar 0.18 0.36 0.50 0.620
C. tripunctatus lateralis: 3rd instar 0.50 0.33 1.50 0.135
a The coeffi  cient indicates the relative eff ect of C. tripunctatus later-
alis compared with C. brevis. b The coeffi  cient indicates the relative 
eff ect of second instar compared with fi rst instar. c The coeffi  cient 
indicates the relative eff ect of third instar compared with fi rst instar.

Table 3. Results of the generalized linear model (GLM) fi tted to the 
number of prey animals consumed at each instar.

Estimate SE z P-value
1st instar

(Intercept) 2.81 0.071 39.79 <0.0001
C. tripunctatus lateralis a 0.08 0.095 0.81 0.416

2nd instar
(Intercept) 1.50 0.131 11.39 <0.0001
C. tripunctatus lateralis a 0.13 0.165 0.81 0.416

3rd instar
(Intercept) 1.52 0.105 14.45 <0.0001
C. tripunctatus lateralis a 0.11 0.143 0.79 0.427

a The coeffi  cient indicates the relative eff ect of C. tripunctatus later-
alis compared with C. brevis.



61

Fukuoka et al., Eur. J. Entomol. 122: 56–64, 2025 doi: 10.14411/eje.2025.006

fi elds do not diff er in their microhabitat use in water but 
are thought to coexist due to diff erences in feeding habits 
and phenology (Watanabe et al., 2024). These coexistence 
mechanisms have not been identifi ed for C. brevis and C. 
tripunctatus lateralis. In contrast, the reproductive habi-
tat use of the two species diff ered, with C. brevis larvae 
appearing more abundantly in agricultural ditches than 
C. tripunctatus lateralis larvae in paddy fi elds (Fukuoka 
et al., 2024). In general, C. brevis also uses paddy fi elds 
as its reproductive habitat (e.g., Saijo, 2001; Ohba, 2009; 
Fukuoka et al., 2021; Watanabe et al., 2024), suggesting 
that interspecifi c competition in larvae may be restricted 
to paddy fi elds. 

Furthermore, changes in water temperature are important 
factors in understanding coexistence mechanisms, as they 
infl uence the intensity of interactions between predatory 
aquatic insects. Specifi cally, prey consumption (Frances & 
McCauley, 2018; Mira-Mendes et al., 2019; Twardochleb 
et al., 2020; Nagano et al., 2023), aggression (Frances & 
McCauley, 2018; Twardochleb et al., 2020; Nagano et al., 
2023), and activity (Twardochleb et al., 2020), all of which 
are associated with interspecifi c competition, increase 
with rising water temperature. In laboratory experiments, 
it has revealed that foraging intake of Trithemis aurora 
(Burmeister, 1839), which is expanding owing to global 
warming, increases with rising temperatures and reduces 
that of the native Orthetrum albistylum speciosum (Uhler, 
1858) (Nagano et al., 2023). Cybister brevis is distributed 
at higher latitudes than C. tripunctat us lateralis (Nakajima 
et al., 2020) and has a lower developmental temperature 
limit (Ohba et al., 2020). Therefore, competitive advan-
tage depends on temperature, and diff erent environmen-
tal factors (e.g., illumination and elevation) in the habitat 
may facilitate coexistence. In the present study, the water 
temperature was maintained within the range of 25–28°C. 

However, further experiments at diff erent temperatures are 
needed to clarify this relationship. Additionally, since the 
present study was conducted in a simple plastic container 
in a laboratory setting, caution must be exercised when ap-
plying the results to a fi eld environment. Thus, it is im-
portant to evaluate the results of mesocosm experiments 
in which the presence of predators and prey is controlled.

Progressive global warming is expected to continue 
to expanding the distribution of C. tripunctatus lateralis 
(Ohba et al., 2023) and may intensify interspecifi c compe-
tition with C. brevis. Ongoing distribution surveys should 
be conducted, and trends carefully monitored.
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Fig. S1. Scene of a container in an experiment to quantify behav-
ior.

Fig. S3. Scene of the container in an experiment on the number of 
prey animals consumed (a). Prey animals predated by the larvae 
lose body color (red arrow: predated, black arrow: alive), which 
was used to determine the presence or absence of consumption 
(b).

Fig. S2. Scene of a container in an experiment on the time taken to 
reach food. The food was placed on the surface of the water 5 cm 
away from the larval head (red arrow).
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Fig. S4. PC1 scores (mean ± standard error) of the two species. The interpretation of PC1 is that larger positive values indicate surface, 
plant, and rest behaviors, while larger negative values indicate underwater, space, and move behaviors. Figures below the plots indicate 
the sample size.

Table S1. Results of the principal component analysis (PCA) for 
larval behavior.

 PC1 PC2
Position

Surface 0.385 −0.529
Underwater −0.385 0.529

Location
Plant 0.398 0.467
Space −0.398 −0.467

Activity
Move −0.440 −0.041
Rest 0.440 0.041

Proportion of variance 0.766 0.174
Cumulative variance 0.766 0.940

Interpretation

+ (Surface, Plant, 
Rest) vs.

+ (Underwater, 
Plant) vs.

− (Underwater, 
Space, Move) − (Surface, Space)

Values > 0.35 are shown in bold, indicating strong loadings on each 
principal component.

Table S2. Results of the generalized linear mixed model (GLM) 
fi tted to food discovery rate.

Estimate SE z P-value
(Intercept) 20.57 4179 0.005 0.996
C. tripunctatus lateralis a −18.55 4179 −0.004 0.996
2nd instar b −18.67 4179 −0.004 0.996
3rd instar c <−0.0001 5760 0.000 1.000
C. tripunctatus lateralis: 2nd instar 19.49 4179 0.005 0.996
C. tripunctatus lateralis: 3rd instar 18.55 6535 0.003 0.998
a The coeffi  cient indicates the relative eff ect of C. tripunctatus later-
alis compared with C. brevis. b The coeffi  cient indicates the relative 
eff ect of second instar compared with fi rst instar. c The coeffi  cient 
indicates the relative eff ect of third instar compared with fi rst instar.


