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Daily Pattern of Flight Activity of Aedes albifasciatus in
Central Argentina

Francisco F Luduena Almeida, David E Gorla

Centro de Investigaciones Entomologicas, Facultad de Ciencias Exactas, Fisicas y Naturales, Universidad
Nacional de Cérdoba, Av. Vélez Sarsfield 299 (5000) Cérdoba, Argentina

Aedes albifasciatus is an important common mosquito in Central Argentina. It is a confirmed
vector of the Western Equine Encephalitis and is responsible for loss of milk production in dairy cattle
during peak populations. This paper reporis the flight activity pattern of Ae. albifasciatus for different
seasons, in the southern coast of the Mar Chiquita Lake (central Argentina). Data were collected by
sampling two sites between 1992 and 1993 with CDC traps and human-bait captures.

Adult mosquito population density, estimated by CDC trapping and human-bait, were highly
correlated. However, when compared to other species, the proportion of Ae. albifasciatus was higher in
nruman-bait collections. Adult female populations were active only when temperature were higher than
6°C. Two daily biting peaks were observed (dusk and dawn) during the spring, summer and autumn,
and only one peak during winter (avound 15:00 pm). Adult abundance was significantly correlated
(R?=0.71; p<0.01) with temperature and illumination.
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Aedes albifasciatus 1s a flood water mosquito
occurring in the southern region of South America.
Because of its reproductive strategy, periodic out-
breaks with high population densities occur. The
species has veterinary importance because females
are able to transmit Western Equine Encephalitis
(Avilés et al. 1990), but mostly because they peri-
odically reduce milk production during popula-
tion peak densities (Ludueiia Almeida & Gorla,
unpublished).

Similar to other flood water mosquitoes, female
Ae. albifasciatus lay eggs able to survive in muddy
areas that can dry out for several weeks up to four
months. After a rainfall, the eggs present in the
flooded areas hatch within 24 hr and the larvac de-
velop to aduls within ten days at temperatures higher
than 20°C (Luduefia Almeida & Gorla 1995).

After emergence, females seek a host to get a
blood meal. Host secking activity by active flight
1s mainly affected by temperature, wind, humidity
and dlumination (Bidlingmayer 1985). Because
these factors change throughout the year, the mos-
quito flight activity patterns also change.
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Different mosquito species show different ac-
tivity patterns on host seeking behaviour, being
classified as diurnal, nocturnal and dawn or dusk
mosquitoes. The first group includes some
Sabethini and Aedes and Psorophora species. The
second group includes mainly species of Culex and
Anopheles (Forattin1 1962). Either nocturnal or
diurnal species show two types of flight activity.
The first one, has only on¢ daily activity maxi-
mum, as in Haemagogus spegazzini (Forattini
1962). The second, has two daily maxima at dawn
and at dusk as in the Anophelini of the subgenus
Kerteszia in southern Brazil (Forattini 1962).

Various authors report on the effect of tempera-
ture on mosquito activity. In the “tundra”, the
mosquitoes are not active below 5°C (Gjullin et
al. 1961, Corbet & Danks 1973). The active dis-
persion in Aedes spp. would occur only when mean
night temperatures exceed 15°C (Brust 1980).
Culex tarsalis begins to fly and feed when tem-
peratures are greater than 13°C, and 15°C, respec-
tively (Bailey et al. 1965).

The estimation of adult relative density is com-
monly carried out using CDC light traps, but un-
less the captures are made at the same time of the
day and with constant duration, density estima-
tion may be biased due to changes 1n flight activ-
ity pattern throughout the year. In this paper, we
present the results for daily pattern of flight activ-
ity of female Ae. albifasciatus during different
seasons, and a method to correct the estimation of
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adult density based on environmental variables.
METHODS

The study was conducted along the southwest-
ern coast of the Mar Chiquita Lake, near the town
of La Para (30°S latitude, 63°W longitude). The
southern coast of the Mar Chiquita Lake is the
most important dairy region in Cérdoba Province,
central Argentina. The area has approximately
100,000 dairy cattle, producing a total average of
18,000 litres of milk, daily. Overall, the area 1s
very flat and crossed by several creeks and two
main rivers. During the rainy season, numerous
temporary ponds appear where de. albifasciatus
breed, periodically producing extremely high
populations. Two sampling sites were selected, the
first located 14 km ecast (Site 1) and the second
located 5 km northeast (Site 2) of La Para town
(for details of sample sites see Luduciia Almeida
& Gorla 1995). Adult females were captured us-
Ing two trapping techniques: CDC light traps
baited with CO, (500 g of dry-ice wrapped with
cardboard paper) and human-bait captures with a
mechanucal aspirator,

A CDC trap was operated continuously dur-
ing a 24 hr period on each sampling occasion.
Adults captured within periods of 1.5-2 hr inter-
vals were caged individually in plastic containers.
Samples were taken on {wo consecutive days of
February, July, October and November 1992 and
January and April 1993 at Site 1 and on May 1993
at Site 2.

The number of mosquitoes captured during
cach interval was used to estimate the potential
number of mosquitoes per hour. This number was
divided by the total number of mosquitocs cap-
tured during a 24 hr period to obtain the propor-
tion of active mosquttoes for each time unit (1 hr).

Human-bait captures were conducted every 1-
2 hr during the daylight hours (from 6 am to 9 pm
during the summer months and from 8 am to 7
pm dunng the winier months) for ten consecutive
minutes. Samples were taken on two consecutive
days of April, July and October 1992 and January
1993 in Site 1 and on two consecutive days of May
1993 in Site 2.

Based on the number of mosquitoes captured
during ¢ach 10 min peniod, an estimate of the num-
ber of mosquitoes per 1 hr was determined. The
total number of mosquitoes captured in one day
was cstimated by summation of the partial cap-
tures. A cubic function was used to describe the
relation between the cumulative proportion of
mosquitoes trapped and the cumulative tempera-
ture from the beginning of the sample collections
of a particular date. The accumulated temperature
(AT) was calculated as:
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n
AT= X1(3) -MT
=1

where: 1 = collection period within a day; n=
number of total collections during a day; t(i)= tem-
perature of period 1; MT= minimum threshold
(6°C, scc below)

As the two sampling techniques for mosquito
collection (CDC trapping and human-bait cap-
tures) can have different biases, a correlation analy-
sis was done between collections with each tech-
nique, at specific sites and dates from March 1991
to November 1992, Relative daily density of Ae.
albifasciatus and the rest of the species were con-
sidered. Also, the proportion of de. albifasciatus
captured by each technique was compared by a t
test (using arc sin transformed data) (Sokal &
Rohlf 1979).

A hinear regression through the origin between
the cumulative proportion of captured mosquitoes
and cumulative temperature was calculated for
each of the five sampling occasions, and a regres-
sion between these five slopes and average tem-
perature of the sampling date was carried out.

Temperature and illumination were measured
with a2 maximum-minimum thermometer and a
lixometer at the beginning and the end of the 1.5-
2 hr intervals of CDC trapping and during the 10
min period for human-bait.

Captured mosquitoes were brought to the labo-
ratory, where they were identified to species. Data
presented here will be shown for Ae. albifasciatus
and for all species, including Ae. albifasciatus,
combined.

The modality of the frequency distribution of
the proportion of active mosquitoes at any par-
ticular hour was carried out plotting the cumula-
tive proportion of daily mosquito catch on a probit
scale. A lincar trend on that scalc indicatcs a one-
pcak activity pattern, whereas a sigmoid-shaped
curve indicates a two-peak activily pattern. To
study th¢ randomness of the residuals around the
fitted linear function, the median non parametric
test was used (Sokal & Rohlf 1979).

RESULTS

Density estimations of Ae. afbifasciatus with
the two sampling techniques were highly corre-
lated (R = 74.9%. p <0.001, n=22). However, the
proportion of de. albifasciatus captured from hu-
man-bait was higher (t test, p<0.0001, n=22) than
the proportion captured by the CDC trap (0.75 and
0.32, respectively). Data on collections from hu-
man-bait showed that de. albifasciatus was ac-
tive only when the temperatures were greater than
6°C (Fig. 1). In the following considerations, this
value will be considered as the minimum tempera-
ture threshold.
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Fig. 1: number of Aedes albifasciatus captured from
human-bait during 10 min periods, at different
temperatures. The arrow marks the temperature below
which mosquitoes were not active.
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Fig. 2: daily distribution of Adedes albifasciatus (CDC
trapping), showing the number of mosquitoes captured
during 1 hr intervals during the months when minimum
temperatures were greater than 6°C (average of five
samples). N: average capture during 1 hr intervals of
nighttime; (A-1), A: 1 hr before sunrise (A), A, (A+1):
1 hr after sunnise; [J: average capture during 1 hr of
daylight; (T-1), T: 1 hr before sunset (T), T, (T+1) 1 hr
after sunset.

The data from CDC trapping and human-bait
captures show that adults were more abundant
during the hours of dawn and at dusk during
spring, summer and autumn, 1.€. a bimodal flight
activity pattern (Figs 2, 4). During the winter
months, only one activity period was observed: at
dusk according to CDC trapping (Fig. 3), or at
noon by human-bait captures (Fig. 4).

The distribution of the proportion of mosqui-
toes captured on human bait along a day showed a
significant linear fit (r 0,88, p<0.01) with time on
a probit scale for all seasons. However, only the
data for July showed residuals randomly distrib-
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Fig. 3: daily distribution of Aedes albifasciatus (CDC
light + CO,), showing mosquitoes captured during 1 hr
intervals for months when the mimmum temperatures
were lower than 6°C. N, A, T idem as in Fig. 2.
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Fig. 4: daily distribution of Adedes albifasciatus for
different seasons and for captures over human bait.

uted around the fitted line (Fig. 5).

Temperature and illumination (considered to-
gether in a multiple correlation analysis) were sig-
mificantly correlated with the proportion of mos-
quitoes captured by CDC trapping (R*= 92% for
all species and 71% for Ae. albifasciatus, n=41)
(Table I). A secparate analysis for each environ-
mental vaniable showed that the proportion of all
mosquitoes captured within each sampling period
by CDC trapping was highly correlated with illu-
mination in autumn, spring and summer (when
minimum tempceratures were greater than 6°C) but
not in winter. Temperature was also significantly
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Fig. 5. probit analysis of the cumulative proportion of
Aedes albifasciatus captured over human bait. Residual
analysis showed that only data for July have one mode,
whereas data for October and January are bimodal.

correlated with total mosquito abundance. dedes
albifasciatus showed a similar trend, although the
correlation for summer was low (Table IT). Biting
activity estimated from human-bait catches was

proportion of 4e. albifasciatus captured in human-
bait for each sampling occasion (n = 5) was highly
corr¢lated with cumulative temperature over the
minimum temperature threshold, according to a
cubic function (Table IIT). A linear regression be-
tween the same variables was significant, and the
slopes of these lines were also highly correlated
with the mean temperature of the sampling date,
according to the power model b = 1.499 T,
(where b is the slope and T ., 1s the mean tem-
perature of sampling date) ((R = 98.9, p<0.001)
(Table III).

TABLE |

Multipie regression analysis of the proportion of
Aedes albifasciatus and all mosquitoes species
(dependent vanables, Y) as a function of illumination
(I, 1in lux) and temperature (T, average of the sam-
pling penod). The model is Y=exp (aT+bl), where a

and b are constants (n=41)

_— -

Temperature Illumination  R?

0.0045 0.7118
0.0019

-0.1267 b
0.0159 p

Proportton of a
Ae. albifasciatus p

not correlated with illumination and temperature  © Ir]“Pﬂ”iF’" of a -0.0717 b -0.0047 0.9255
for Ae. albifasciatus. However, the cumulative 2! Species p 00005 p 0.0000
TABLE 1T

Simple correlation analysis of mosquito CDC capture and illumination and temperature during the sampling
period. R? is the coeficient of determination: p and NS represent the significance of the R%: significance level

and not significant, respectively

[llumination

February 92 R?

79.99

p 0.00048
July 92 R? 0.00

P NS
October 92 RZ 82.58

p 0.00460
November 92 R? 77.14

p 0.00083
January 93 R? 49.52

p 0.04914
April 93 R? 61.87

p 0.04634
May 93 R? 16.59

p NS

Aedes albifasciatus

Temperature
All species  Aedes albifasciatus  All species
79.05 62.90 64.32
(1.00058 0.00619 0.00526
4.55 15.66 7.58
NS NS NS
83.59 37.05 63.88
0.00394 (.04959 0.03102
74 .85 62.87 72.19
(.00122 0.00622 0.00186
83.81 9.71 59.37
0.60142 NS 0.02525
76.10 2422 13.16
0.02340 NS NS
40.96 23.23 10.75
0.03393 NS NS

- — o
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TABLE Il

Regression and correlation analysis of the cumulative proportion of dedes albifasciatus captured over human
bait (Y) as a function of the cumulative temperature along the date of capture (X) in ditferent seasons. Results
are presented for a cubic equation Y= aX+bX2+¢X3, with a, b and ¢ as constants and for a linear function
passmg through the ongin. The slopes of the linear function are sigmficantly correlated with the average
temperature (T ) of the sampling date according to the model 1.499 Tm'l'EE

Cubic function results

L L I

Linear function results

a b ¢ R slope R?

April 92 0.0237 -3.40 * 1074 172 * 10°° 0.97 0.00827 0.77

July 92 0.1130 -1.09 * 1073 -1.30 * 104 . 0.99 0.08214 0.92

October 92 0.1053 -5.90 * 107 1.67 * 1077 0.99 0.00559 0.92

January 93 0.0047 -2.20 * 107 527 * 108 0.97 0.00287 0.93

May 93 0.0296 4.60 * 107 5.52 * 1076 0.99 0.02036 0.99
DISCUSSION

The daily flight activity pattern of Ae.
atbifasciatus 1s clearly bimodal from spring to
autumn, showing minor variations on the time of
maximum activity according to changes in sun-
rise and sunset time. various authors have de-
scribed bimodal patterns in the daily flight activ-
ity of different mosquito specics (Forattini 1962,
Bidlingmayer 1985). In general, de. vexans, Ae.
abnormalis showed two biting and flight activity
peaks, occuring at dawn and at dusk, when cap-
tured with truck-traps or over human baits
(Haddow 1960, Knight & Henderson 1967,
Bidlingmayer 1985). Maximum human-bait cap-
ture rates for many Aedes spp. and Anopheles spp.
occur 15 to 30 min after sunset, and after 75 min
for Culex spp. (Wright & Knight 1968). However,
the bimodal pattern of Ae. albifasciatus activity
was not maintained throughout the year. When
minimum temperaturcs were less than 6°C, the
morning peak was not observed while the evening
peak was shifted towards the hours of highest 11-
lumination. For other species, the maximum tem-
perature threshold does not affect thight activity,
but the maximum illumination threshold would
inhibit it (Bidlingmayer 1985). Although from our
data 1t 1s not possible to calculate an upper activ-
ity threshold, they do suggest that when the mini-
mum daily temperature i1s higher than 6°C, the
catches decrease at higher illuminations; but when
the minitmum daily temperature is below 6°C, the
flight rates increase at higher illuminations, when
the temperature i1s over the minimum threshold.
Wind speed also affected mosquito capture rate,
especially for light traps located 1in open terrains
during October-November. This is in agreement
with negative correlation between the capture rates
of Ae. albifasciatus and wind speed reported by
- Hack et al. (1978) in a study carried out in
Corrientes (NE Argentina).

Human-bait catches show that the rate of
changes of the cumulative proportion of captured
mosquitoes during a day 1s negatively correlated
with the average temperature of the same day. Al-
though the estimations of de. albifasciatus based
on CDC trapping and catches over human bait were
highly correlated, the difference in the proportion
of this species captured by each sampling technique
suggests that approximately half of the Ade.
albifasciatus population constitutes part of the “rest-
ing fraction’ and 1s not actively secking hosts.

A key 1ssue 1n the control of mosquito popula-
tions is the monitoring activities to estimate popu-
lation abundance. If adult trapping (cither using
CDC traps or collection by human-bait) is made
always at the same time of the day throughout the
year, the abundance estimation will be biased be-
cause of the changing flight pattcrn of the females
shown 1n this study. The quality of the abundance
estimation, and hence the efficiency of control
actions for the mosquitoes, could be improved us-
ing the results based on these studies.
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