
1988 UnseN DrsTnrsurIoNr op TRon Hors Apoes

URBAN DISTRIBUTION OF AEDES TRISERIATUS IN NORTHERN
INDIANAI

S. M. HANSON, M. SONG aNo G. B. CRAIG, JR.

Vector Biology Laboratories, Departnxent of Biology, Uniuersity of Notre Dame, Notre Dame, IN 46556

ABSTRACT. Ovitraps were used to determine the distribution of Aedes triseriatus aqrong forty-
eight 1.2 km2 quadranti in urban South Bend and Mishawaka, Indiana. Oviposition paddles from 96
ov:itraps were iollected for 13 weeks from June to September, 1986- A tgtal of 82,974-eggs was col-
lected. Eggs were present in each quadrant at least once and were found in most quad-rants on 6.or
more colfi-ction daies. Ninety-two plrcent of the ovitraps were positive at least once, indicating ubiq-
uitous distribution throughout the urban area. The eggs collected were 80-90% Ae. triseriatus, the
remainder being Ae. Hendersoni. Efrectivenesg of large (3,100 ml) and small (350 mI) ovitraps was
compared. The lirge ovitraps erceeded the small by 319% for eggs/positive ovitrap and 486% in num-
bers of positive ovitraps.

INTRODUCTION

Aedes (Protornacleaya) triseriatus (Say) is
the most commonly reported mosquito inhabi-
tant of tree holes in the United States east of
the Great Plains. This species is the primary
vector of LaCrosse encephalitis (LAC) virus in
the USA (Thompson et al. 1972). Aedes triser-
iatus is often considered to be a rural, sylvan
species associated with forests and woodlots. Its
rural distribution is well-documented (Sinsko
and Craig 1978, Novak et al. 1981, Nasci 1982).
Our major objective was to determine the urban
distribution of Ae. triseriatus in the cities of
South Bend and Mishawaka, St. Joseph
County, Indiana. South Bend and Mishawaka
have populations of l07,LL7 and 41,100 inhabi-
tants, respectively (Anonymous 1986).

Monitoring Ae. triseriatus populations was
difficult before the advent of ovitraps. Since
this species is diurnal, it is seldom found in light
traps. Females are reluctant to enter the small
aperture in animal-baited traps. Landing-biting
counts, carbon dioxide (COz) traps, and larval
surveys are expensive and impractical at best.
Thus, Ae. triseriatus demographics were little-
known until recently. The modified Fay ovitrap
(Loor and DeFoliart 1969) is an inexpensive, ac-
curate, and efficient tool for Ae. triseriatus sur-
vey. This consists of a beverage can painted
shiny-black, half-filled with water, and contain-
ing a balsa-wood paddle on which eggs are
deposited.

A preliminary study by Leiser (1981) dem-
onstrated the wide distribution of Ae. triseria-
lus in South Bend. The present project used a
different distribution system than that of
Leiser, supplied additional data, determined
the percentage of Ae. (Pro.) hendersoni (Cock-

l Work supported in part by St. Joseph Co. (In-
diana) Health Department Mosquito Abatement
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erell) present, and compared the effectiveness
of two different ovitraps.

Surveillance of tree hole mosquitoes is com-
monly done using ovitraps constructed from
350 ml beverage cans. Recently, workers in Ohio
have shown that larger containers are more ef-
ficient for sampling Ae. triseriatus populations
(Beny 1985). This study measured the relative
sampling effectiveness of 350 ml and 3,100 ml
containers.

MATERIALS AND METIIODS

Urban distribution. A grid of forty-eight 1.2
km2 quadrants was superimposed upon a map
of the two cities (Fig. 1). From June 16 to 19,
two 3,100 ml ovitraps were placed at least 300
m apart in each quadrant. In addition to the
urban ovitraps, two 3,100 rrll ovitraps were
placed in a woodlot near South Bend to com-
pare the urban egg count with that of a rela-
tively rural site. The 3,100 ml ovitraps were 18
cm high X 16 cm diam and open at the top. The
cans were sprayed inside and out with gloss
black enamel paint. A 5 mm hole was drilled in
the side approximately 5 cm from the bottom to
prevent overflowing. Tbo soaked 5 X 15 cm
balsa-wood paddles were attached to the inside
of the ovitrap with paper clips and positioned
so that the bottom edge of the paddle touched
the bottom of the ovitrap. The ovitraps were
placed on the ground under trees or bushes, ex-
cept for ovitraps #23,26,29,30,42, 50, 59, 60
and 92; these were 30,21,190,59, 163, L95,242,
31 and 100 cm above the ground, respectively.
The ovitraps were filled with water up to the 5
mm hole, and approximately 2 g of dry maple
leaf litter was added to each as an attractant
(Loor and DeFoliart 1969).

The ovitraps were serviced weekly for nine
weeks beginning on June 26, then biweekly for
the following four weeks. Servicing included
collecting the paddles, adding fresh paddles,
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Fig. 1. Map of urban area and ovitrap quadrants. Each quadrant is 1.2 km2. Shading indicates number of
positive collections.

and adding water when necessary. Each paddle
was examined for eggs; the eggs/trap were
counted, and the eggs from 20 randomly-chosen
ovitraps with eggs were hatched in nutrient
broth (different ovitraps were chosen each
week). When the larvae reached the fourth in-
star, they were identified, and the percentage of
Ae. hendersoni was determined. The criteria
for separating the two species were body color
and size and shape of anal papillae.

Total numbers of eggs/week, eggs/trap/day
for each week, percentage of ovitraps with eggs
for each week, and cumulative percentage of
ovitraps with eggs at least once were calculated.
Total numbers of eggs in each woodlot ovitrap
and selected urban ovitraps were also tabulated
for the season.

Effectiueness of two different ouitraps. A350
ml ovitrap (height t2 cm, diam 6.5 cm) was
placed between 1 and 2 m from a 3,100 ml ovi-
trap at 50 of the urban sites described above.
The 350 ml ovitraps were prepared with the
same paint, holes and balsa-wood strips as the
3,100 ml ovitraps. In addition, the positions of
the two ovitraps at each site were exchanged
during service. Eggs on each balsa-wood strip
were counted. Total numbers of eggs/week,
eggs/positive trap for each week, and percent-
age of ovitraps with eggs for each week were cal-
culated for both types of ovitraps. Percentage
difference between the two ovitrap types in

eggs/positive ovitrap/week and percentage dif-
ference between the two ovitrap types in per-
cent positive ovitraps were then calculated.

RESULTS

Urban d.istribution.The data in Table I show
the distribution of ovitraps with eggs (positive
ovitraps) in the two cities during each sample
period. The time between sample dates is a
sample period. The first sample period is be-
tween the dates on which the ovitraps were dis-
tributed (June 16 to 19) and the first sample
date. Table 1 shows that the cumulative per-
centage of positive ovitraps wasg2To at the end
of the study.

Figure 1 illustrates the number of sample
dates when at least one ovitrap in a given quad-
rant was positive. It shows that each quadrant
was positive for eggs at least once, and most
quadrants were positive for eggs on six or more
sample dates. Figure 2 is taken from Leiser
(1981) and is used with permission. It shows
that 66Vo of the sample districts were positive
for eggs at least once during the summer of
1980.

A total of 82,974 eggs was collected from the
urban 3,100 ml ovitraps over the course of this
study. Figure 3 illustrates the eggs/day during
each sample period. The data from the August
31 and September 7 sample dates and the Sep-
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Table 1. Positive ovitraps throughout the summer.

Cumulative %
positive ovitraps
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tember 11 and 21 sample dates were combined,
because half the ovitraps were serviced on each
of those sample dates. The total number of eggs
collected in each of the two rural ovitraps was
14,075 eggs and 18,803 eggs, much higher than
the egg collection in any urban ovitrap except #
8. The total egg production in ovitrap #8 was
15,412 eggs.

Table 2 compares egg production in different
urban habitats. The "Woodlot" category in-
cludes three ovitraps which were placed in ce-
metaries, an ovitrap on a wooded college cam-
pus, and an ovitrap placed on a wooded golf
course in addition to those ovitraps in woodlots.
The "Business" category is comprised of all ovi-
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Fig. 3. Total egg count in each sample period.
These data represent the seasonal total egg
production.

traps on commercial properties, such as facto-
ries, stores, restaurants, etc. The "Residence"

category consists of all ovitraps placed on resi-
dential properties, including three ovitraps po-
sitioned on church premises. Seasonal totals of
ovitraps in different urban habitats were com-
pared using a Mann-Whitney U-test. The num-
ber of eggs/day of the "Woodlot" ovitraps was
significantly different (P < 0.05) from that of
the "Business" and "Regidence" ovitraps. The
number of eggs/day of the "Business" and
"Residence" ovitraps did not differ (P > 0.05)
significantly from one another.

Effectiueness of two different ovitraps. Fig-
ures 4 and 5 compare the number of eggs/posi-
tive ovitrap and percentage of positive 350 ml
ovitraps with that of the 3,100 ml ovitraps for
all the sa-ple periods of this comparison exper-
iment. The 3,100 ml ovitraps in these figures are
only the 50 ovitraps with 350 ml ovitraps adja-
cent to them. The data for the two different ovi-
traps were compared in a Mann-Whitney U-
test and found to be significantly different (P <
0.01) in eggs/positive ovitrap (Fig. a) and per-
cent positive ovitraps (Fig. 5). The 3,100 ml ovi-
traps had 319% more eggs//positive trap
than the 350 ml ovitraps. There were 486%
more positive 3,100 ml ovitraps than 350 ml
ovitraps.

Table 2. A comparison of egg production in difrerent
urban habitats.

No. eggs/trap
Number of

Type ofhabitat traps Meanl SD
Woodlot
Business
Residence

3,877
753
502

2L
31
44

2,3E2a
458b
332b

r Means followed by the same letter are not signif-
icantly difrerent (Mann-Whitney U-test, P < 0.05).
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Fig. 2. Map from Leiser (1981) showing location of
ovitraps positive for Ae. triseriatus in South Bend.
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Fig. 4. Comparison of mean number of eggs in 350
ml and 3.100 ml containers.
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Fig. 5. Comparison of percent positive ovitraps for

350 ml and 3.100 ml containers.

DISCUSSION

Urban distribution. Table 1 and Fig. 1 show
that Ae. triseriatus was well-distributed in the
urban areas throughout the summer. The final
cumulative figwe,92% positive ovitraps (Table
1), unquestionably demonstrates the virtual
ubiquity of Ae. triseriatus in these two cities.
Figure 3 shows that Ae. triseriatus is present
throughout the summer in large numbers in this
urban area. A positive ovitrap is definite evi-
dence of at least the temporary presence of Ae.
triseriatus, but a negative ovitrap does not
prove its absence. In addition, the distribution
of resting Ae. triseriatus does not correspond
exactly to the distribution of egg-laying Ae.
triseriatus (Beier, et al. 1982). The ovitrap only

indicates egg-laying. Thus, there could be biting
mosquitoes in an area with no positive ovitraps.

Figures 1 and 2 indicate Ae. triseriatus was
present in significant numbers throughout the
urban area during the summers of 1986 and
1980, respectively. The fact that it was preva-
lent during both studies suggests its presence is
not transient. Fewer positive ovitraps rVere col-
lected by Leiser in 1980 (cumulative figures:
Leiset-l9%, this study-92% ). lng
the results of this study, the difference

to
be

attributable to the 3,100 ml ovitraps us$d in the
present study, whereas Leiser used 350 ml ovi-
traps. Rainfall and mosquito levels
also influence ovitrap data. Rainfall i
the number of oviposition sites ble to
mosquitoes. The number of available oviposi-
tion sites is probably inversely related to the
number of eggs laid in ovitraps. Rainfall data
for the months of May through September of
1980 and 1986 indicate that rainfall was slightly
above average during both summers (National
Oceanic and Atmospheric Administration Local
Climatological Data: 1980 and 1986). Therefore,
rainfall does not seem to be the factor causing
the difference in ovitrap data. Light trap rec-
ords from St. Joseph County, Indiana in 1980
record l7l,L34 mosquitoes collected, including
546 Ae. triseriatus/hendersoni. The same light
traps in 1986 collected 75,670 mosquitoes, in-
cluding 289 Ae. triseriatus/hendersoni.r The
light trap data indicate a smaller Ae. triseria-
tus/hendersoni population in 1986 compared to
1980. But the opposite is true of the ovitrap
data. Thus, it seems probable that the larger
ovitraps had a major effect on the difference in
eggs/ovitrap.

The percentage of Ae. hendersoni larvae
found when a portion of the eggs from each
sample period were hatched varied from 27 to
0.06%. The ovitraps in this study were basal.
However, Ae. hendersoni is a greater portion of
the tree hole mosquito population in the canopy
than in basal sites (Sinsko and Grimstad L977,
Novak et al. 1981, Schuler and Beier 1983).
Therefore, the Ae. hendersoni population in
this urban area is probably much larger than
these basal ovitraps indicate. The eggs of Or-
thopod,ornyia albaBaker, another common tree
hole mosquito in this area, were never observed
in the ovitraps. This is not surprising, because
Or. alba has only been reported in the canopy.t

'St. Joseph County Indiana Mosquito Abatement
Program Report, 1980 and 1986.

2 Copeland, R. S. 198?. Habitat segregation and
life history patterns of the Culicidae of treeholes in
northern Indiana. Ph.D. dissertation. Universitv of
Notre Dame. 286 p.
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Aedes triseriatus is not detected by most
mosquito abatement programs, because such
programs use light traps and larval surveys to
monitor mosquito populations. Unfortunately,
these methods are inadequate for monitoring
Ae. triseriatus. Thus, Ae. triseriatus is often
overlooked and sometimes assumed to be rare.
The present study indicates there may be many
more Ae. triseriatus present in urban areas
than most vector biologists realize.

When investigating LAC in Ohio, mosquito
control workers found that tires were the pre-
dominant Ae. triseriatus breeding containers
encountered in suspected transmission sites
(Berry 1983). In the same study, tires produced
far more Ae. triseriatus per container than tree
holes or trash. This information, added to the
data of our study, show that there is great po-
tential for urban LAC transmission. Also, the
danger of LAC could increase as the number of
discarded tires in this country escalates.

These data are also important as a record of
the Ae. triseriatus and Ae. hend.ersoni popula-
tions in an urban area where Ae. albopictus
(Skuse) has not yet been found. If Ae. albopic-
fus is discovered in this area, the 1986 data will
serve as a basis for comparison.

Effectiueness of two different ouitraps. The
data show that 3,100 ml containers greatly ex-
ceed the 350 ml containers in terms of number
of eggs/positive ovitrap (Fig. a) and percentage
of positive ovitraps (Fig. 5). Obviously, larger
containers are more efficient for sampling the
urban distribution of. Ae. frjserjafus. Thus,
larger containers should be used whenever pos-
sible to insure more accurate demographic data.
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