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Seasonal Occurrence of Aedes albopictus (Diptera: Culicidae)
at the Ports of Entry on the Island of Kauai
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Abstract. The populations (represented by egg numbers) of Asian tiger mosquito, Aedes
albopictus (Skuse) at three ports of entry on the island of Kauai, Hawaii have been
monitored for two years by use of “ovitraps”. At the two undisturbed environments (the
Nawiliwili Harbor and the Port Allen Harbor) the populations of A. albopictus went
through a seasonal cycle. A distinct peak appeared in late spring or early summer. At a
disturbed environment (the Lihue Airport) both abundance and pattern of occurrence of
A. albopictus were affected. At the two wetter sites (the Lihue Airport and the Nawiliwili
Harbor), no significant correlation was found between the egg numbers and rainfalls.
However, at the drier site (the Port Allen Harbor) correlation between the egg numbers
and rainfalls were significant. Also, our results showed that there were no significant
differences between the average monthly egg numbers per trap from 2001 and 2002 at
each site, indicating that populations were quite stable during these two years.
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Introduction
The Asian tiger mosquito, Aedes albopictus (Skuse), a formidable pest mosquito was in-

troduced into Hawaii from Asia at about the same time as Aedes aegypti in 1895 (Perkins
1913). In 1985 it was discovered in Texas and since soon spread to many other southern,
eastern and Midwestern states (Rightor et al. 1987; Moore et al. 1988). Aedes albopictus is
an important vector of dengue and susceptible to infection to a wide range of other arthro-
pod-borne viruses, including yellow fever, Japanese B and St. Louis encephalitis, and sev-
eral California group Bunyaviruses (Hawley et al. 1986). Both A. albopictus and A. aegypti
were responsible for several outbreaks of dengue in Hawaiian history (Usinger 1944;
Gilbertson 1945). In 2002, Department of Health, Vector Control Branch conducted a satewide
A. aegypti mosquito survey. No A. aegypti was found on the main islands, including Kauai,
Oahu and Maui. Therefore, A. albopictus was completely responsible for the transmission of
dengue virus in these islands in 2001 (Roy T. Furumizo unpublished report).

There were some studies on distribution and abundance of A. albopictus in Hawaii (Bon-
net 1947; Goff and Riper 1980; Roy T. Furumizo unpublished report ). However, no studies
have been performed at ports of entry. Joyce (1961) reported that many cases of new immi-
grant mosquito species successfully arrived into Honolulu airport. To prevent new mos-
quito species and arboviruses from being established in Hawaii, ports of entry must be kept
under surveillance (Joyce 1961). Also, mosquito populations at or near these sites must be
efficiently managed because some infested mosquitoes carried by planes or ships most likely
could spread the diseases through the local mosquito populations (Roger Nasci personal
comm.).

Since December 2000 we have been investigating the population dynamics of A. albopictus
at three ports of entries on the island of Kauai, Hawaii. Our goal included detecting new
invasion mosquito species and monitoring the existing populations at the ports of entry. The
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knowledge on the population dynamics of A. albopictus will help us to better understand
the pest population and to improve our control strategies. This study reports on the relative
abundance of A. albopictus based on egg numbers through two-years of ovitrap monitoring
at these locations.

Materials and Methods
“Ovitrap” and survey sites. The ovitrap (oviposition trap) was a jar, made of Flint glass

with smooth tapered sides, and had a capacity of about 0.47 liters. It had an inside diameter
approximately 7.6 cm at the top and an overall height of approximately 12.8 cm. The out-
side of the jar was coated with a glossy, black, abrasion-resistant, ceramic paint (Pratt and
Jakob 1967). A paddle made of hardboard, about 2 cm wide and 12.8 cm long, with one side
smooth and the other side rough was attached with a clip to the inside of the jar in a vertical
position and the rough side facing outward (Pratt and Jakob 1967). Water was added to the
jar to a depth adjusted for each survey site in order to keep the paddles moist until the next
collection. Female mosquitoes attracted by the traps laid their eggs on the rough side of the
paddles. Originally designed for A. aegypti survey, the trap was also widely used in other
mosquito studies, including A. albopictus ( Pratt and Kidwell, 1969). Three locations (Fig.
1) were chosen as survey sites, including the Lihue Airport (located near the terminal build-
ing), the Nawiliwili Harbor at Lihue (located near the adge of the harbor), and the Port
Allen Harbor at Hanapepe (located near the edge of the harbor). At the Lihue Airport site,
there were many ornamental plants including red ginger, palm trees, etc., and the environ-
ment was well maintained by the staff of the airport. Source-reduction activity was in-
volved. Therefore, the Lihue Airport site was considered a disturbed site. However, both at
the Nawiliwili Harbor and the Port Allen sites, there were a lot of koa haole trees, Leucaena
leucocephala (Lam. de Witt.) and guinea grass, Panicum maximum (Jacq.), and no ground
maintenance. No survey on natural and man-made mosquito breeding sites was conducted.
These two sites were considered undisturbed sites. According to the length of these sites,

Figure 1. Map of Kauai showing the locations of the ovitrap sites: 1. Lihue Airport; 2.
Nawiliwili Harbor; 3. Port Allen.
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various numbers of ovitraps (8, 6, and 6) were set up, respectively. Generally, the Lihue
area was wetter than the Hanapepe area (Juvik and Juvik 1998). Water was added to one
half of each container at the Lihue Airport and the Nawiliwili Harbor sites. But at the Port
Allen site water was added to near full capacity of the ovitrap (otherwise the ovitrap would
dry out within 7 days). The ovitraps were placed on the ground in the shades of plants with
intervals of approximately 20 m. The traps were checked and the paddles changed weekly.
The paddles were individually placed in plastic bags and brought back to the laboratory for
examination under a dissecting microscope. The eggs on the paddles were counted and later
dried for 10 days under room temperature, then submerged in aged water in mosquito breeders
(BioQuip Products Co.) for 24 hr. The new hatched larvae were provided dog food and
reared until adults emerged and were identified to species. The paddles were dried again
and followed the same procedure one more time if there were unhatched eggs.

The rainfall data on Lihue and the Hanapepe areas were obtained from the National
weather service and Gay & Robinson Inc, respectively.

We analyzed the correlation coefficient between the monthly average egg numbers per
ovitrap and the monthly rainfall to determine the effect of rainfall on the mosquito popula-
tions. In this study we only compared the difference of monthly average eggs between the
two years at each site. Student’s t test was used after normalizing the trap data by square
foot transformation.

Results and Discussion
Trap data. The population fluctuations (number of eggs) of A. albopictus at three sites in

the two years study are shown in Figures 2 and 3. The population of A. albopictus at the
Lihue Airport was low in numbers throughout most of the two years and had a peak ( 321.7
eggs/trap/month) in June 2002.

In 2001, the population of A. albopictus at the Nawiliwili Harbor had a seasonal cycle. It
increased quickly and reached a small peak in February, then increased rapidly again begin-
ning in April to reach a highest peak in May (568.3 eggs/trap/month). The populations
persisted at high levels with fluctuations until October, then dropped sharply to a minimum
level in November. In 2002, the pattern of the population was similar to that in 2001 except
a small peak in February was higher than that in previous year and the major peak was
delayed until the end of June.

In 2001, the population of A. albopictus at the Port Allen Harbor also had a seasonal
cycle. It increased very slowly from January to the middle of February, then increased
rapidly to reach a highest peak in April (553.7 eggs/trap/month). It dropped slowly to a
minimum level in October. In 2002, the population increased sharply in early April and
reached another high peak at the end of the month (496.7 eggs/trap/month).

In comparing the average monthly eggs per trap, Lihue Airport was found to be the low-
est in the two year period (Table 1). Good ground maintenance (including source reduction)
at the airport area was believed to be a major factor. No mosquito breeding sites such as
artificial containers, water holding plants, etc. were found. In addition, the flight range of
adults was short about 200 yards (Usinger 1944; Vector Control Branch, State Department
of Health, 1991). Therefore, the numbers of gravid adults were limited either from un-
known breeding sites or from outside of the airport area. The Nawiliwili Harbor and the
Port Allen Harbor sites, however, were undisturbed habitats. Also, wild chickens foraging
and nesting at these two sites may have provided good sources of blood meals for adult
mosquitoes. These results suggest that good ground maintenance not only reduced mos-
quito population sizes but also affected the pattern of the population abundance.

Rainfall and egg abundance. At both Lihue Airport and Nawiliwili Harbor no signifi-
cant correlation was found between the egg numbers and rainfall (for Lihue Airport: r =
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Figure 2. Ovitrap recovery of A. albopictus eggs at the Lihue Airport and Nawiliwili Har-
bor and rainfall data at Lihue.

0.0487, P > 0.05, for Nawiliwili Harbor: r = 0.0454, P > 0.05). However, at the Port Allen
Harbor there was a significant correlation between them (r = 0.5572, P < 0.01).

As a container breeder, A. albopictus is obviously dependent on rainfall. Gilbertson (1945)
reported that in Honolulu, the breeding of A. albopictus and A. aegypti clearly followed
rainfall. In annual rainy season in February and March, the mosquito index more than tripled
in one month, and immediately reduced as rainfall dropped to normal. No significant corre-
lation between the parameters at the Lihue Airport and the Nawiliwili Harbor may have
some reasons as indicated. The weather in Lihue is relatively wet. The water in breeding
sites such as tree holes, artificial containers etc. are always available for adult mosquitoes
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Figure 3. Ovitrap recovery of A. albopictus eggs and rainfall data at Port Allen Harbor.

Table 1. Average monthly egg numbers per ovitrap at three locations on Kauai during
2001 and 2002 (Mean ± SE).

2001 2002

Lihue Airport 124.7 (11.6)a 141.2 (23.4)a

Nawiliwili Harbor 232.4 (40.9)b 167.7 (30.5)b

Port Allen Harbor 188.5 (57.4)c 171.5 (44.4)c

Means within rows followed by the same letter were not significantly different (p > 0.05;
n = 12, t test).

regardless of the amount of rainfall at these sites. In contrast, the weather at Port Allen
Harbor is relatively dry, therefore the breeding sites are strongly dependent on the amount
of rainfall for they would easily dry out for lack of sufficient water. This condition may also
affect the activity of gravid females finding water sources. One ovitrap may attract more
gravid females in dry areas than in wetter areas where more competing water sources are
available. Furthermore, adult production is also affected by rainfall. Alto and Juliano (2001)
indicated that greater temperature and the absence of drying resulted in greater production
of adults, and that greater temperature in combination with drying were detrimental to adult
production.
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The data reported in Table 1 show that there were no significant differences between the
average monthly egg numbers per trap from 2001 and 2002 at each of the three locations,
indicating that perennial breeding sites obviously exist at or near these sites. Many other
factors also influence the abundance of A. albopictus with different effects in the two years.
However, we believe that availability of breeding sites is the most important factor. More
studies are needed to accurately evaluate the population stability.

This study provides some basic information about A. albopictus population dynamics on
Kauai that may be helpful in mosquito control practices. For example, at drier areas, under
natural conditions (undisturbed environments) the population of A. albopictus had one ma-
jor peak in late spring or early summer. Therefore, if control actions were taken in the
middle of spring, it would be effective to keep the population low for the rest of the year. In
addition, our data on egg numbers reflects the relative abundance of gravid females in the
survey period. This information could assist in predicting population increase and effec-
tively implementing A. albopictus control measures.
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