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ABSTRACT: Occurrence patterns of mosquito immatures and insect predators in containers of various sizes
were surveyed in summer (June-July) and autumn (September) of 1998 in a rural area of Saga, southwestern
Japan. Mosquitoes were categorized into three types in relation to habitat size.  First, Aedes (Stegomyia) spp.
and Tripteroides bambusa occurred mostly in small containers of < 0.1 m2.  Second, Ae. japonicus and Culex
kyotoensis occurred in larger container sizes, compared with the first group. Third, Cx. tritaeniorhynchus and
Anopheles sinensis occurred in rice fields in summer and in large containers in the autumn. Predators such as
Notonectidae, Anisoptera nymphs, and Chaoborus sp. and a predaceous mosquito Cx. halifaxii occurred mainly
in large (D0.1 m2) containers. The mosquitoes of the third group showed similarities with predators in the
occurrence of each habitat type, and they frequently co-occurred with predators. The mosquitoes of the first
group showed less similarity with predators in habitat type preference, and they rarely co-occurred with predators.
The second group mosquitoes showed intermediate patterns of the first and the third groups.  Journal of Vector
Ecology 27(1): 8-20. 2002.

Keyword Index: Container, habitat size, mosquito, insect predator, Aedes japonicus, Aedes albopictus.

INTRODUCTION

Mosquito populations are limited by predation, but
the intensity of predation and its significance should
vary greatly among habitat types.  Larval habitats of
mosquitoes are diverse.  At one extreme, small
containers that hold water such as tree holes, bamboo
stumps, plant pitchers, etc. are the typical larval habitats
of some groups. At the other extreme, edges of lakes
and ponds also can be colonized by certain kinds of
mosquitoes. In general, it is considered that predation
regulates mosquitoes in pool-type habitats whereas
container mosquitoes are limited by resource rather
than predation (Mogi 1981, Washburn 1995).  Many
kinds of predators have been reported from pool habitats
(Bay 1967, Service 1973, 1977, Collins and Washino
1985) while small containers often lack predators,
although some predators such as Toxorhynchites larvae
have specialized to these habitats (Focks 1985).

The small size of container habitats may be an

important characteristic that determines community
structure of mosquitoes and other aquatic insects
including predators. Washburn (1995) referred to
MacArthur and Wilson’s (1968) island biogeography
theory as an explanation of poorer species richness in
containers than in pools.  Even within a narrower range,
metazoan diversity is positively correlated with capacity
of tree holes and bamboo stumps (Sota 1996). It is
expected that the significance of predation in mosquito
populations depends on the habitat size.

Extensive studies have been carried out for
container mosquitoes from phytotelmata such as tree
holes, bamboo stumps, pitcher plants (see Frank and
Lounibos 1983), and artificial containers (Mori and
Wada 1970, Sota et al. 1994).  However, most of the
previous studies on container mosquitoes treated
habitats of various sizes over small ranges. Differences
in regulatory factors of mosquitoes between container
type and pool-type habitats suggested the importance
of habitat size in relation to mosquito larvae and



June, 2002 Journal of Vector Ecology 9

predators (Washburn 1995). However, the effect of
habitat size can not be evaluated from such a
comparison, because containers and pools are different
from each other not only in habitat size but also in other
factors such as surrounding environments and
complexity. This paper focuses on the area of water
bodies in containers as a factor influencing mosquito
communities and aquatic predators by describing
occurrence patterns of mosquitoes and predaceous
insects in various sizes of containers that are scattered
in a rural area of Saga, southwestern Japan. As
occurrence patterns of mosquitoes and predators might
also be influenced by the surrounding environment, we
classified environment type for each container. In
addition, seasonal fluctuation in the availability of pool-
type habitats may influence the habitat use patterns of
aquatic insects in containers. A large part of the study
area is used for cultivating rice from June to September,
therefore our survey was done during both periods when
rice fields were and were not filled with water.

MATERIALS AND METHODS

Field surveys were done during the summer (June-
July) and autumn (September) of 1998 in a rural area
(approximately 1 km2) of Saga Prefecture (about 6 km
NE from Saga City).  This area is located in the
transitional zone between mountainous and flat areas.
Around hillsides, there were orange orchards and several
bamboo groves, whereas a large area was used for rice
fields in plains. Human dwellings were scattered in both
areas.  Within orchards, there were many discarded
concrete tanks that had been constructed for storing
water for agriculture use. Several kinds of smaller
containers were found around human dwellings, in
graveyards, and in bamboo groves.

We surveyed 171 and 124 containers in summer
and autumn, respectively.  The containers were divided
into four size classes (< 0.01 m2, 0.01 – 0.1 m2, 0.1 – 1
m2, D 1 m2) by the area of the water surface. Types of
containers for each size class were as follows: < 0.01
m2: bamboo stump, ceramic cup, concrete block hole,
stone vase, stone basin; 0.01 – 0.1 m2: bamboo stump,
ceramic pot, tire, plastic bucket, stone basin, vinyl sheet,
tree hole; 0.1 – 1 m2: ceramic pot, drum, tree hole,
ceramic pot, concrete tank, plastic bucket; D 1 m2:
concrete tank. Although we did not analyze the effect
of container depth in this study, the area and depth of
containers are generally positively correlated. Means
(ranges) of water levels measured at the summer survey
were: 7.9 (0.5 – 23) cm for containers of < 0.01 m2;
10.0 (0.5 – 43) cm for containers of 0.01 – 0.1 m2;
43.9 (4 – 110) cm for containers of 0.1 – 1 m2; 107.9

(3 – 230) cm for containers of D 1 m2 (three
environments combined). Water levels of 19 out of the
21 containers of D 1m2 were more than 30 cm and 12
of them, more than 100 cm. Some of these large
containers had held water at least for 5 years (Sunahara,
personal observation).

The containers were categorized into 3 groups
according to the surrounding environment as follows:
inside bamboo groves, shaded sites outside bamboo
groves, and open sites outside bamboo groves. Bamboo
groves created large continuous shaded areas where
bamboo stumps and other artificial containers were
scattered. Outside bamboo groves, some areas were
partially covered with trees. Containers outside bamboo
groves, of which more than 50% of the areas above
water surfaces were covered, were categorized as
shaded. For small containers for which it was difficult
to estimate the proportion of the covered area, the
condition of the surface ground that surrounded the
containers was recorded. Containers in which coverage
of water surface was 50 % or less were categorized as
open. We considered that the bamboo grove was the
most closed environment, shaded site was intermediate,
and the open site was the most open environment.
Mosquito immatures and other aquatic insects were
collected using a 10-ml pipette, an aquarium net
(opening area: 15 x 12 cm; mesh size: 0.3 mm), and a
dipper of 17 cm diameter (capacity, 1 L). From small
containers (< 0.01 m2), we collected all insects. From
larger containers, we collected a part of insect
populations for maximum 10 minutes. In summer, we
added 20 rice fields for sampling sites. We dipped 20
times from each rice field. As the autumn survey was
done after water was drained from rice fields, no rice
field samples were obtained. Collected samples were
preserved with 10 % formalin. Mosquito larvae were
identified to species or subgenus following the keys of
Kawai (1985). In this region, Aedes (Stegomyia)
albopictus and A. (S.) flavopictus co-occurred. Larvae
of these species are difficult to distinguish. We treat
them as Aedes (Stegomyia) spp.  Around the study area,
Ae. flavopictus occurs mainly in and around forests and
rarely occurs in open areas, whereas Ae. albopictus
occurs from forest to urban areas (Sunahara unpublished
data).  Since our study area did not include forest areas,
it is likely that the majority, if not all, of the larvae of
Aedes (Stegomyia) spp. collected in this study were
Ae. albopictus.  Insect predators were identified to
order or lower levels following the keys of Kawai
(1985).

To examine the relationship between habitat size
and the occurrence of mosquitoes and predators,
logistic regression was done using the presence (1) or
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absence (0) as the dependent variable for groups that
occurred in containers in relatively high frequencies
(total positive containers in summer and autumn > 15).
Three independent variables were included in the
model: area of water surface in m2 (log-transformed),
environment (0, 1, 2 for open, shade, bamboo grove,
respectively), and season (0 and 1 for summer and
autumn, respectively). Thus, the positive coefficients
for these three variables indicated that the group
occurred  more frequently in large containers, in a more
closed environment, and in autumn, respectively.
Estimation of coefficients and their standard errors was
calculated with the statistical program SPSS 7.5.

Similarities in the occurrence patterns of
mosquitoes and predators were examined with
Spearman’s rank correlation. Correlation was calculated
between the frequencies of occurrence (proportion of
the positive sites) of mosquitoes (6 common groups)
and predators (5 groups and a complex of all predator
groups) in 20 habitat categories based on area (4
classes), environment and season. Containers of D 1
m2 in bamboo groves were absent. Habitat types with
less than 5 sample sizes were combined with similar
habitat types as follows: a shaded container of D 1 m2

was combined with the same size class in open areas in
both summer and autumn; 4 containers of 0.1 – 1 m2 in
bamboo groves surveyed in autumn were combined with
the same size class in shaded areas. Rice fields surveyed
in summer were included as one category.

To evaluate the frequency of actual encounters
between mosquitoes and predators, proportion of
habitats (containers and rice fields) with any kinds of
predators were calculated and compared among
mosquito species.

In addition, to detect the possible effects of species
interactions on occurrence patterns of mosquitoes and
predators in each container, we calculated Hurlbert’s
(1969) C

8
 index for association.  If different habitat

types are included, the association index should be
affected by the similarity in habitat-type preference of
mosquitoes and predators. To reduce this effect, we
made 3 subsets of similar habitat types, in which
predators occurred in relatively high frequencies, and
analyzed them separately.  The 3 subsets of habitat types
were as follows: 0.01 – 1 m2 in bamboo groves and
shaded areas in summer; D 0.1 m2 in open areas in
summer; D 0.1 m2 in open areas in autumn. Mosquito
and predator groups that occurred in 5 or more
containers in each subset were included in the analysis.
Complexes of all non-predaceous mosquitoes and all
predator groups were also included.

RESULTS

Seven groups of non-predaceous mosquitoes
(Table 1) and 8 groups of insect predators (Table 2)
were collected from containers. From 20 rice fields
surveyed in summer, 2 non-predaceous mosquitoes, Cx.
tritaeniorhynchus (191 individuals from 14 sites), and
Anopheles sinensis (144 individuals from 19 sites)
were collected. Predators collected from 20 rice fields
were Cx. halifaxii (1 sites), Hydrophilidae larvae (12
sites), Odonata nymphs (Anisoptera: 8 sites; Zygoptera
1 site), Veliidae (5 sites), and Notonectidae (1 site).

The occurrence patterns of the major groups of
mosquitoes and predators are shown in Figures 1 and
2, expressed in the frequency of occurrence in
containers of each size class and environment category.

Aedes japonicus, the most abundant mosquito in
the summer, occurred frequently in all of three
environments and occurred in a wide range of habitat
size (Figure 1). The frequency of occurrence decreased
by autumn in all three environments, especially in small
containers of less than 0.01 m2 (Figure 2).  Areas of
containers where Ae. japonicus occurred ranged from
0.001 m2 to 2.10 m2 (summer and autumn combined).
These occurrence patterns are summarized in
coefficients of logistic regression (Table 3).  Ae.
japonicus showed no significant coefficients for
environment and area, and a significant negative
coefficient for season.

Aedes (Stegomyia) spp. also occurred in the three
environments, but the frequency of occurrence was
highest in bamboo groves and lowest in open areas in
both summer and autumn (Figures 1 and 2).  Compared
with Ae. japonicus, Ae. (Stegomyia) spp. occurred
mainly in small containers of less than 0.01 m2 (range
in area, 0.0006 – 0.374 m2, summer and autumn
combined).  The higher frequency of occurrence in
more closed environments and in smaller containers is
expressed with significant positive and negative
coefficients for environment and area, respectively, in
the logistic regression (Table 3). The frequency of
occurrence of Ae. (Stegomyia) spp. increased from
summer to autumn as indicated by a significant positive
coefficient for season (Table 3).

Larval habitats of T. bambusa were limited to small
containers in bamboo groves (Figures 1 and 2).
Although the frequency of occurrence of T. bambusa
was high in shaded areas in autumn, this was due to its
occurrence in 6 concrete block holes near a bamboo
grove. The area of containers in which T. bambusa
occurred ranged from 0.0004 to 0.1521 m2 (summer
and autumn combined).  In the logistic regression,
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significant positive and negative coefficients for
environment and area, respectively, were estimated but
the coefficient for season was not significant.

Culex kyotoensis occurred in relatively large
containers and most frequently in shaded sites (Figures
1 and 2; ranged from 0.0016 to 0.614 m2, summer and
autumn combined), as expressed with significant
positive coefficients for environment and area in the
logistic regression (Table 3).  The frequency of
occurrence of Cx. kyotoensis decreased from summer
to autumn, as indicated by a significant negative
coefficient for season in the logistic regression (Table
3).

Culex tritaeniorhynchus and An. sinensis occurred
frequently in rice fields but rarely in containers in
summer (2 and 1 containers, respectively). However,
in the autumn, these species occurred frequently mainly
in large containers (Figure 2).  The ranges in area of
containers with these species were 0.0452 – 14.75 m2

and 0.33 – 14.77 m2 for Culex tritaeniorhynchus and

An. sinensis, respectively. These two species showed
similar coefficients for the logistic regression (Table
3).  Both species showed significant positive
coefficients for area and season, and non-significant
coefficients for environments.

Compared to non-predaceous mosquitoes, the
occurrence patterns of predators in relation to size and
environment appeared to be uniform. They occurred
mostly in relatively large containers in open sites but
infrequently in small containers and in bamboo groves
(Figures 3 and 4).  In the logistic regression, all of the
5 predator groups showed significant positive
coefficients for area (Table 3).  The ranges in container
size in which these predators occurred were: 0.221 –
14.77 m2 for Notonectidae; 0.044 – 14.77 m2 for
Anisoptera; 0.045 – 14.77 m2 for Chaoborus sp.; 0.04
– 14.75 m2 for Veliidae; 0.004 – 14.75 m2 for Cx.
halifaxii (summer and autumn combined).
Notonectidae, Anisoptera, Chaoborus sp. and Veliidae
showed negative, but not significant, coefficients for

Table 1. Number of positive sites and collected individuals of non predaceous mosquito immatures from summer
and autumn surveys on 171 and 124 containers, respectively.

Summer Autumn

Species No. positive No. No. positive No.
sites individuals sites individuals

Aedes japonicus (Theobald) 94 2317 22 193
Ae. (Stegomyia) spp. 67 561 63 893
Tripteroides bambusa Yamada 36 627 33 426
Culex kyotoensis Yamaguti et LaCasse 26 447 8 302
Cx. tritaeniorhynchus Giles 2 230 14 1035
Armigeres subalbatus (Coquillett) 1 9 0 0
Anopheles sinensis Wiedemann 1 1 21 358

Table 2. Number of containers with each predator group from summer and autumn surveys on 171 and 124
containers, respectively.

Predators Summer Autumn

Diptera
Culicidae Cx. halifaxii 20 12
Chaoboridae Chaoborus sp. 22 9

Hemiptera
Notonectidae 15 17
Veliidae 17 24

Coleoptera
Gerridae 4 0
Hydrophilidae 2 1
Dytiscidae 2 1

Odonata (Anisoptera) 11 8
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Figure 2. Frequency of occurrences of non-predaceous
mosquitoes in containers of each type categorized area and
environment. Wide and narrow columns indicate combined all
groups and each group, respectively. Data from the autumn
survey.

Figure 3. Frequency of occurrences of aquatic insect predators
in containers of each type categorized area and environment.
Wide and narrow columns indicate combined all groups and each
group, respectively. Data from the summer survey.

Figure 4. Frequency of occurrences of aquatic insect predators
in containers of each type categorized area and environment.
Wide and narrow columns indicate combined all groups and each
group, respectively. Data from the autumn survey.

Figure 1. Frequency of occurrences of non-predaceous
mosquitoes in containers of each type categorized area and
environment. Wide and narrow columns indicate combined all
groups and each group, respectively. Data from the summer
survey.
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Table 3. Logistic regression model for occurrence of immature mosquitoes and predaceous insects.
*, P < 0.05; **, P < 0.01; ***: P < 0.001

Coefficient (SE)

constant environment a) log Area (m2) season b)

Non-predacous mosquitoes
Ae. japonicus -0.148 0.186 -0.134 -1.772***

(0.235) (0.176) (0.129) (0.286)

Ae. (Stegomyia) spp. -2.684 0.861*** -0.890*** 0.640*
(0.360) (0.181) (0.161) (0.292)

T. bambusa -6.004 2.146*** -1.075*** 0.159
(0.739) (0.318) (0.255) (0.398)

Cx. kyotoensis -1.992 1.094*** 0.546** -1.195**
(0.351) (0.291) (0.202) (0.440)

Cx. tritaeniorhynchus -3.614 0.040 1.126*** 2.480**
(0.738) (0.468) (0.337) (0.792)

An. sinensis -4.587 -0.919 2.117*** 4.826***
(1.091) (0.674) (0.527) (1.187)

Predators
Cx. halifaxii -1.377 0.744* 1.157*** -0.416

(0.315) (0.310) (0.232) (0.414)

Chaoborus sp. -0.478 -0.833 1.118*** -0.802
(0.299) (0.438) (0.233) (0.464)

Notonectidae -0.897 -9.871 2.579*** 1.135
(0.418) (34.501) (0.531) (0.614)

Veliidae -0.933 -0.314 1.430*** 0.976*
(0.317) (0.345) (0.251) (0.420)

Odonata -1.583 -0.371 1.101*** -0.110
 (Anisoptera) (0.362) (0.489) (0.289) (0.520)

Predator complex 2.076 -0.538 2.439*** 0.406
(All groups included) (0.418) (0.278) (0.312) (0.415)

a) 0, 1, 2 were given for open, shade, and bamboo groves, respectively.
b) 0, 1 for summer and autumn, respectively.
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environment, whereas Cx. halifaxii occurred frequently
in shaded areas and bamboo groves and showed a
significant positive coefficient for environment (Table
3).  The coefficient for season was not significant for
Cx. halifaxii, Notonectidae, Anisoptera and Chaoborus
but significantly positive for Veliidae (Table 3).

Spearman’s rank correlation coefficients (r
s
)

between frequencies of occurrence of mosquitoes and
predators in each habitat type category are shown in
Table 4. An. sinensis and Cx. tritaeniorhynchus showed
positive correlation with all groups of predators. Of
them, correlation was significant with Notonectidae,
Veliidae and the combined all-predator groups for both
An. sinensis and Cx. tritaeniorhynchus. Correlation
with Anisoptera was also significant in Cx.
tritaeniorhynchus. Ae. japonicus and Cx. kyotoensis
showed no significant correlations with predators,
except for negative correlations with Notonectidae.
They showed a weak but non-significant negative
correlation with the combined all predator groups. Ae.
(Stegomyia) spp. and T. bambusa showed negative
correlations with all the predator groups. The
correlation was significant in most cases, except for
the relationship between T. bambusa and Cx. halifaxii.
Both Ae. (Stegomyia) and T. bambusa showed
significant negative correlation with the combined all
predator groups.

The similarity in occurrence patterns of
mosquitoes and predators corresponded to the actual
encounter with predators, expressed in the proportion
of habitats with predators (Table 5). Predators were
present in high proportions of the habitats of An.
sinensis and Cx. tritaeniorhynchus both in summer and
autumn (Table 5). Cx. kyotoensis co-occurred with
predators in more than one-third of its habitats in

summer (Table 5), which is largely due to co-occurrence
with Cx. halifaxii (9 sites). Proportion of habitats with
predators was lower for Ae. japonicus (Table 5). Ae
(Stegomyia) spp. rarely co-occurred with predators, and
all of the habitats of T. bambusa were predator-free
(Table 5).

Table 6 shows Hurlbert’s (1969) C
8
 association

index of mosquitoes and predators for containers of
0.01 – 1 m2 in shaded sites and bamboo groves surveyed
in summer. A significant positive association was
detected between Cx. kyotoensis and Cx. halifaxii. No
significant correlation was detected between Cx.
halifaxii and other
non-predaceous mosquitoes.

In large containers in open sites, Notonectidae
showed significant negative associations with Ae.
japonicus, and combined all non-predaceous
mosquitoes in summer (Table 7). From 15 containers
of  D0.1 m2 in open sites where Notonectidae was found
at the summer survey, only one mosquito larva (An.
sinensis) was collected. In addition, a significant
negative association was detected between Ae.
japonicus and Chaoborus sp., and a significant positive
association was found between combined all non-
predaceous mosquitoes and Cx. halifaxii (Table 7).
However, in the autumn survey, no significant
correlation was detected between mosquitoes and
Notonectidae or other predators, either when the
abundant species were examined separately or when all
non-predaceous species and all predators were
combined (Table 8).

DISCUSSION

The present study indicates that from habitat size

Table 6. Hurlbert’s C
8
 index of association for mosquitoes and predators in 43 containers of 0.01 - 1 m2 in

shaded sites or bamboo groves. Data from the summer survey.

Predators

(no. of positive containers)

Mosquitoes (no. of positive containers) Cx. halifaxi All groups
(12) (13)

Ae. japonicus (32) -0.215 -0.200
Ae. (Stegomyia) spp. (20) -0.453 0.504
Cx. kyotoensis (18) 0.558* 0.466
T. bambusa (10) -1.000 -1.000
All non-predaceous (39) 1.000 1.000
mosquitoes

*, P < 0.05
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expressed as area, and the particular environment in
which they are found, we can roughly predict the species
of mosquito immatures that occur and how they
encounter aquatic predators. In relation to habitat size,
the 6 major mosquitoes in the present study can be
divided into 3 groups.

The first group consists of Ae. (Stegomyia) spp.
and T. bambusa which occurred mostly in small
containers. Ae. japonicus and Cx. kyotoensis can be
placed in the second group. They occurred frequently
in larger containers compared to the first group, but
rarely occurred in containers of more than 1 m2, and
never occurred in rice fields. The third group includes
An. sinensis and Cx. tritaeniorhynchus, which occurred
in rice fields in summer and colonized large containers
after water was drained from rice fields.

Occurrence patterns in relation to container size
can be determined by (1) habitat preference by adult
females and (2) mortality of ovipositing females or their
immature offspring. Mortality causes, either abiotic or
biotic such as predation and competition, are
probabilistic processes that depend on the condition
of each container. For example, in containers where no
predators had colonized, by chance, predation cannot
be a factor determining mosquito fauna. Therefore it is
unlikely that mortality alone limits range in habitat size
very clearly.

The 3 groups of mosquitoes showed clear
differences in occurrence patterns in relation to habitat
size. The upper limit of habitat size for the first group
and the lower limit for the third group are probably
determined primarily by stereotypic habitat preference
by each species. Several chemical and physical cues
are involved in oviposition behavior of mosquitoes
(Bentley and Day 1989). It is not clear whether the
mosquitoes in the present study can recognize the size
of containers as visual information, or whether they
react to some other physico-chemical cues that are
related to container size. Washburn (1995) referred to
MacArthur and Wilson’s (1969) island biogeography
theory to explain the richer fauna in pools than in
containers. However, because their theory assumed
equal colonization rates for all species, it cannot be
applied directly to the cases in which each species prefer
certain habitat size.

Compared with the occurrence patterns of
mosquitoes that varied among species, those of
predators seemed to be more uniform. The five major
predators, Cx. halifaxii, Notonectidae, Anisoptera,
Chaoborus sp. and Veliidae occurred more frequently
in large containers. Except for Chaoborus sp., they
were also collected from rice fields. It is reasonable to
assume that predators did not occur in small containers

because smaller containers may produce smaller
amount of prey, either when the food webs in containers
are based on autotrophic algae or heterotrohic
microorganisms that decompose leaf litter and other
detritus as carbon sources.  The containers smaller than
0.01 m2, in which predators rarely occurred, might be
too small to support trophic levels higher than filter-
feeding mosquitoes in this region. As another factor
that is related to container size, habitat persistence
might be important for some predators, because small
shallow containers in open sites frequently dry up.
However, the drought is probably not an important
limiting factor in the use of small containers by
predators in this study because they also occur in rice
fields that dry several times during the rice-cultivating
period (June - September).

Predators occurred more frequently in larger
containers, and opportunity for predation should be
smallest in the first group. Actually, Ae. (Stegomyia)
spp. and T. bambusa rarely or never co-occurred with
predators. Although some predators, such as
Toxorhynchites mosquito larvae (Bradshaw and
Holzapfel 1983, Sota and Mogi 1996) or damselfly
nymphs (Fincke 1994), have adapted to container
habitats in some regions, many other predators including
those in the present study seem not to be capable of
colonizing small containers. Apparently, mosquitoes
such as Ae. (Stegomyia) spp. and T. bambusa can escape
from habitat-generalist predators by preferring small
containers as breeding sites. Once they have escaped,
predation is no longer an important factor in regulating
their populations. Instead, intra- and interspecific
competition for food might be severe, as several studies
have indicated for container mosquitoes (Mori and Wada
1978, Carpenter 1983, Bradshaw and Holzapfel 1992,
Leonard and Juliano 1995, Sunahara and Mogi 1997a,
b). In relatively persistent aquatic sites with limited
resources, such as deep bamboo stumps, T. bambusa
is competitively superior to Ae. albopictus, although
the latter can use temporary habitats more effectively
than the former (Sunahara and Mogi 1997b). In this
region, much rainfall is observed in the summer and
many temporary small-container habitats appear in this
season. Successful uses of these temporary habitats by
Ae. (Stegomyia) spp. might result in an increase in its
frequency of occurrence from summer to autumn.

The mosquitoes of the second group, Ae. japonicus
and Cx. kyotoensis, whose frequencies of occurrence
in each type of containers showed weaker negative
correlation with those of predators, should have greater
opportunities for predation, compared with the first
group. The proportion of the habitats with predators was
considerably high for Cx. kyotoensis, especially in
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summer. This is largely due to co-occurrence with a
predaceous mosquito, Cx. halifaxii. Both the prey and
the predator lay eggs as rafts. This common breeding
character might result in their similar preference for
container size, as they might avoid small habitats where
resources are insufficient for one clutch of larvae.
Avoidance of small containers might result also from
selection of persistent habitats, as small containers were
generally shallow and were expected to dry more
frequently than large ones. If gravid females of Cx.
halifaxii can choose habitats with high density of
mosquito larvae, their encounter rate might become
higher, as Cx. kyotoensis usually found in high density
(Sunahara, personal observation). Ae. japonicus
occurred over a wide range of container size and in all
three environments. Opportunities to encounter
predators should be relatively high in containers of   D
0.1 m2 in open sites. Although these containers were
only a portion of habitats of Ae. japonicus, the
significance of predation might not be small for this
species because these large containers contributed a
large portion of the total area of their habitats.
Significant negative associations were detected between
occurrences of Ae. japonicus and the predators
Notonectidae and Chaoborus sp. in large containers in
summer. These negative associations might have
resulted from the elimination of mosquito larvae by
predators or avoidance of habitat with predators by adult
mosquito females. It has been reported that
Notonectidae reduced mosquito larvae in both these
manners (Elis and Borden 1970, Hazelrigg 1974,
Chesson 1984, Murdoch et al.1984). In large deep
containers, Notonectidae and Chaoborus sp. might have
stronger impacts on mosquito larvae than other
predators, because they stay at the water surface and
water column where mosquito larvae exist. The impacts
of other predators such as dragonfly nymphs, adult and
larvae of dytiscid and hydrophilid beetles might be
limited in large deep containers because they stay at
the bottom and inner wall of containers, although they
can be important predators in some pool habitats
(Service 1973, 1977, Stav et al. 2000). In small
containers, Ae. japonicus was free from predation.
However, competition with the first group mosquitoes
could be another stress in these habitats. From summer
to autumn, frequency of occurrence of Ae. japonicus
was reduced mainly in small containers, in contrast to
the increase of Ae. (Stegomyia) spp. This might be
partially due to interspecific competition between these
species. It is possible that the Ae. japonicus population
was partially limited by predation and competition
around its upper and lower limits of the habitat size,
respectively. The actual significance of predation and

competition in habitat use of Ae. japonicus should be
confirmed experimentally.

For the third group mosquitoes, An. sinensis and
Cx. tritaeniorhynchus, opportunity for predation
should be even greater. Both in rice fields and large
containers, their main habitats, predators occurred in
high frequencies. Large containers differ from rice
fields, the main habitat of Cx. tritaeniorhynchus and
An. sinensis, at least in two points. First, large
containers are more persistent habitats than rice fields.
Water levels of most large (D 1m2) containers are high
and probably never dry throughout a year, whereas rice
fields in this region dry several times during cultivating
season (June – September). Predation on mosquito
larvae should become more intense in more persistent
habitats, as reported by some authors (Service 1977;
Walton et al 1990). Second, containers have a  simpler
structure than rice fields. Most of the containers
surveyed lacked aquatic macrophytes. Except for
floating fallen leaves, there were few refuges for
mosquito larvae from predators in water surface of the
containers. Predation should become more intense in
simple containers than in rice fields where paddies and
other macrophyte provide refuges for mosquito larvae.
Although a negative association was not detected
between mosquitoes and predators in large containers
in autumn, it does not mean intensity of predation was
low. It is possible that high oviposition rates of An.
sinensis and Cx. tritaeniorhynchus that had emerged
from rice fields prevented predators from exhausting
mosquito larvae in large containers. These mosquitoes
might experience high predation risks in autumn, the
season when rice fields, the temporary pools with high
complexity, were not available.

To summarize, the present study characterized
occurrence patterns of mosquitoes by habitat size and
environment, and showed that opportunities for
predators to encounter mosquitoes were highly related
to habitat size. Our results provide basic information
on regional mosquito fauna, which help us understand
how communities of container mosquitoes are
organized and how they share their niche space.
Although the importance of predators as factors
determining occurrence patterns of mosquitoes has yet
to be confirmed, the present study suggests that
regulatory factors of mosquito populations in
containers can be predicted by habitat size. This would
also be important information in mosquito control as
it suggests that the optimum control method depends
on the habitat size preference by the target species. For
example, insecticide spray on larval habitats might be
effective against mosquitoes that prefer small
containers. However, for the control of mosquitoes that
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prefer larger containers, the method that allows predators
to maintain their populations would be better, because
reduction of predators might facilitate mosquito
production.

The general view that mosquitoes that breed at
pool-type habitats are more likely to be limited by
predators than container breeders (Mogi 1981,
Washburn 1995) is probably true, at least for the region
reported here. However, such a dichotomy between
pools and containers may not always be appropriate.
When we pay attention to habitat size, breeding sites of
mosquitoes can be scattered over a continuous scale.
The habitat size preference of each mosquito species
might be viewed as reflecting a compromise between
competition and predation, which are severe in small
and large habitats, respectively.
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