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InTrRODUCTION.  Blood feeding behavior
of Aedes aegypti (L.) has been studied
by many workers and the literature has
been reviewed by Christophers (1960)
and Clements (1963). The conclusions
drawn by various investigators regarding
variation of the blood feeding behavior of
A. aegypti with age, time of day, effect of
mating or starvation are often different
and sometimes contradictory. Much of
this difference may be due to difference
in experimental conditions. In view of
the uncertainty of conditions required for
consistent biting, we felt it necessary to
quantitate the variables of age, time of
day, mating and feeding under ambient
laboratory conditions.

Drscrierion or tHE CoLony. Our
strain of Aedes aegypti var. queensland-
ensis Theo. was originally obtained from
the School of Tropical Medicine and Hy-
giene, Liverpool, and has been main-
ained for several years at the University
of California at Davis and San Francisco.
Female mosquitoes are fed on guinea pigs
and are provided moist -filter paper for
oviposition. When adults are needed the
filter paper is immersed in tap water in
an open pan (29 x 18 x 5 ¢cm.). The
larvae are fed crushed dog food (Purina
Dog Chow). The larval density is kent
below 250 per liter of water per pan.
Pupae are removed daily, transferred to
clean water in beakers and placed in stock
cages. As adults emerge, the beakers are
moved to a fresh stock cage every 24
hours to get adults of the same day-age
in one stock cage. The stock cages are

1 foot cubes made with wooden frames,
covered with 40 mesh nylon, with an ac-
cess sleeve on one side. The usual popu-
lation of such a cage is less than 400
adults. The adults are supplied with 5
percent sucrose solution on cotton wicks.
Laboratory temperature runs from 21—
27° C. with a relative humidity of 40-50
percent.

Variation or Brrine Avioiry wrth
Ack. Marchoux ez al. (1903) found that
under favorable conditions female A.
aegypti were ready to bite shortly after
emergence, and in general did so readily
after 24 hours. Gutzevich (1931) stated
that at 28°C. the first blood meal oc-
curred, usually 2-3 days after emergence.
Seaton and Lumsden (1941) used com-
pletely starved virgin females up to 6 days
old on a human host and found few mos.
quitoes feeding when 1-2 days old. The
experiments were conducted between
245-25.5° C. and 4.5-5.5 mm. Hg satura-
tion deficiency. Bishop and Gilchrist
(1946) fed the mosquitoes in total dark-
ness on chicken and used mosquitoes up
to 4 days old only. They also found sig-
nificantly few mosquitoes feeding when
1—2 days old and most mosquitoes fed
when 3 or 4 days old. Their results with
the 4-day-old mosquitoes were based on
only one experiment. Christophers (1960)
reports that in a cage of 100 female and
100 male mosquitoes offered an arm for
15 minutes on the day following emer-
gence, 41 females fed. On the other hand,
Gouck and Smith (1962) measuring bites
per minute on repellenttreated arms



SEPTEMBER, 1905

Mosgurro News

273

found increasing avidity to age 6 days.
We decided to examine the effect of age
on blood feeding in A. aegypu in the
laboratory, where ambient conditions of
temperature and humidity were moni-
tored but not controlled, and also to ex-
tend our experiments up to age 10 days.

Female mosquitoes of the same age
group were placed into cylindrical cages
14 cm. high and 5 cm. in diameter, cov-
ered with 40 mesh nylon net at each end.
They were applied for 1o minutes to the
shaved abdomen of a guinea pig in a
room lighted with fluorescent light and
diffused sunlight. Following application
the mosquitoes were crushed, allowing us

Goeldi, 1905; McClelland, 1959, 1960).
In the laboratory the species feeds readily
at all times of the day, in light or in dark
(Christophers, 1960). Bishop and Gil-
christ (1946) could feed A. aegypti on
chickens in darkness and up to 94 percent
gorged in 30 minutes. Seaton and Lums-
den (1941), found that the effect of light
(illumination 0.5 meter candles) was to
reduce the number of mosquitoes biting
by almost half. The previously cited
studies of Gouck and Smith (1962) meas-
uring biting rates on repellent-treated arms
showed much higher rates in the after-
noon than in the morning. Besides these
observations, which do not fully substan-

TasLe 1.—Number of Aedes acgypti females age 1 through 10 days fecding on guinea pig.

Age of

mosquitos

in days 1 2 3 4 5 6 7 8 9 10

No. fed * 0.9"  6.65* 8.3 8. 9.2 8.3 8.2 7.8 77 8.3
*+o.02 *o.4 +0.3 Fo.02 0.1 0.3 Fo.3 Fo.3 0.3 Fo.2

* Each figure is a mean of 20 replicates of 10 mosquitoes each &= S.E.

b Significantly low: P<{.o1.

to see a blood spot if the mosquito had
fed. No distinction was made between
the fully gorged and partly gorged mos-
quitoes during counting. Ten mosquitoes
were used for each experiment. Experi-
ments were conducted at 21-27° C. with
a relative humidity of 40-50 percent.
One- through ten-day-old mosquitoes were
used and experiments with each age were
replicated 20 times. The results are given
in Table 1.

Significantly few mosquitoes fed when
one or two days old but from the third
day on biting avidity remained high until
the tenth day. We conclude that mos-
quitoes between 3 and 10 days old may
be used to obtain consistent results in ex-
periments involving blood feeding.

VARIATION oF BITING AvIDITY WITH
Time oF Day. The observation that A.
aegypti is principally a day biter is based
on free flying mosquitoes (Dutton, 1903;

tiate that mosquitoes feed equally at night
or during the day, nothing is known
about the biting potential of this species
over a 24-hour period.

We conducted biting experiments in the
laboratory, in natural light during the day
and in darkness at night, twice on one
human subject and once on each of three
others, a total of 5 replicates. The occur-
rence of blood feeding was determined by
crushing the mosquitoes. Results are
given in Table 2. No significant differ-
ence was found in the number of mos-
quitoes feeding at different times of the
day or night. We conclude that labora-
tory biting experiments need not be re-
stricted to any particular time of day.

Variation oF Brrine Avibrry witH
StarvaTioN. Most workers who have used
mosquitoes for biting experiments have
fed them 5-10 percent sugar solution up
to the time of feeding them blood. Lums-
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TasLe 2.—Biting avidity of dedes acgypti females with time of day.
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den and Bertram (1940) fed 40 percent
cane sugar for the first 2 days and then
gave nothing. Seaton and Lumsden
(1941) and Bishop and Gilchrist (1946),
in their experiments fed nothing to their
mosquitoes until they were used, Chris-
tophers (1960) says that some effect upon
biting potential was thought to result
when insects had been previously allowed
to feed on sugar, fruit, and even water,
shortly before the experiment. We wanted
to compare the biting potential of sugar-
water fed mosquitoes with that of com-
pletely starved ones.

Mosquitoes were divided into two
groups on emergence. One group was al-
lowed free access to 5 percent sucrose so-

TasLE 3.—~Number of sugar-water fed and
starved dedes aegypti females feeding
on guinea pig.

Number of
mosquitoes feeding *

Age cf mosquitoes

in days Sugar-water fed Starved
1 1.8%0.6 1.4F0.5
2 5.2%0.7 4.9%+0.8
3 7.6%0.5 7.6%0.6
4 8.7%0.7 8.7%0.3
5 9.0%o0.5 8.9%0.5

*Each figure is a mean of 10 replicates of 10
mosquitoes each == S.E.

lution up to the time of biting, while the
other was given nothing. Ten mos-
quitoes of the same age group were placed
in a biting cage and applied to the shaved
abdomen of a guinea pig for 1o minutes.
Biting was determined by finding blood
in crushed mosquitoes, as mentioned pre-
viously. Fach day five such replicates
were run with the sugar-water fed and
the starved groups. The experiments were
terminated after 5 days because of the at-
trition rate of starved mosquitoes at this
time. We found that the stirved mos-
quitoes bite at a rate identical to that
of sugar-water fed mosquitoes (Table
3). We conclude that starvation up to
5 days does not diminish biting vigor and
also that sugar-water does not appear to
affect the biting potential.
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VariaTioN 1IN Brrine AvibiTy WITH
Marivg.  Howard (1923) reported that
virgin females would feed, but that fer-
tilized females were more greedy. Seaton
and Lumsden (1941) showed that the
presence of males made no difference in
the number of females feeding on blood,
but they used only 3—4 day old mosquitoes
in their tests. Their mosquitoes were also
previously starved before feeding. Lang
(1956) found biting rates to be the same
for virgin and mated females, but used
only 4—5 day old mosquitoes. Burgess
(1959) showed a 4-6 day rhythm in prob-
ing activity of virgin female A. aegypti
who were fed 10 percent sugar solution.
He found very low probing activity on
day 6 in response to a current of warm
moist air. We have examined this ques-
tion using sugar-water fed females and
carrying the experiment up to age 1o days.

To obtain unfertilized females, sexes
were separated at the pupal stage. Mated
females were obtained from a cage of
mixed sexes. In each experiment ten fe-
males in a cylindrical cage were applied
to the shaved abdomen of a guinea pig
for 1o minutes. Ten replicates were run
with cach age group from 1-10 days. Ex-
periments with mated and unmated mos-
quitoes were carried out simultaneously.

TasLE 4.—~Number of mated and unmated Iflf’des
gegypti females 1 through 10 days old fecding
on guinea pig.

Number of
mosquitoes feeding *

Age of mosquitocs

in days Mated Unmated
1 0.0 0.0
2 7.9F0.2 §.27+0.2
3 g.0%to0.2 g.2+0.2
4 9.4+0.2 9.030.3
5 9.4%0.2 9.47%+0.1
6 9.3%+0.2 6.50.5"
7 9.3740.3 §.9+0.2
8 9.30.3 §.820.2
9 7-9%0.2 7.9770.3
10 7.8%0.2 7.9750.3

|

*Fach figure is a mean of 10 replicates of 10
mosquitoes each & S.E.
b Significantly low: P<C.o1.

It was found that biting rates for virgin
and mated 4. aegypti were identical ex-
cept for a significant decrease in biting
by the virgin mosquitoes on day 6 (Table
4). Interestingly, this low biting avidity
in virgin females on day 6 falls on the
same age-day on which Burgess had noted
low probing activity in virgins.

Summary. Observations were made on
the biting avidity of adult Aedes aegypti
females with regard to age of the adult,
time of day of feeding, effect of feeding
sugar-water and starvation, and effect of
mating. Few mosquitoes fed when one
and two days old but from the third day
on biting avidity was found to be high.
No significant difference was found in
the number of mosquitoes feeding at dif-
ferent times of the day. Sugar-water
feeding or starvation up to five days did
not affect avidity of mosquitoes for blood.
The biting avidity of females was equally
high whether mated or unmated, except
that unmated females bit significantly less
when six days old.

AcrNowLEpeMENTs. We acknowledge
with gratitude the assistance of William
C. Keating, Jr., M.D., and Lester A. Pope,
M.D., of the State of California Depart-
ment of Corrections.

This investigation was supported by the
U. S. Army Medical Research and Devel-
opment Command, Department of the
Army, under Contract No. DA-19-193-
MD-2466.

References

Bisuop, A., and Gicurist, B. M. 1946. Ex-
periments upon the feeding of dedes aegypti
through animal membranes with a view to ap-
plying this method to the chemotherapy of ma-
laria. Parasitology, 37:85-100.

BureEss, L. 1959. Probing behavior of
Aedes negypti (L.) in response to heat and
moisture,  Nature, 184:1968-1969.

CHRISTOPHERS, S. R. 1960. Aedes acgypti (L.).
The yellow fever mosquito: Its life history, bio-
nomics and structure,  Cambridge University
Press.

CremENnTs, A, N. 1963, The physiology of
mosquitoes: Macmillan Company, New York.

Durrox, J. E. 1903. Report of the malaria



276

Mosquito News

VoL. 235, No. 3

cxpedition to Gambia,
Med. Mem. X,

Goeror, E, A,
Weigandt, Paris.

Gouck, H. K., and Smrta, C, N, 1962, The
cffect of age and time of day on the avidity of
Aedes acgypi.  The Florida Entomologist, 45:
93-94.

Gurzevice, A, V. 1931. (The reproduction
and development of the yellow fever mosquite
under  experimental conditions) Mag. Parasit.,
Leningr. 2:35 (in Russian; German summary p.
53. Summarized in Rev. Appl. Ent., 1933, 21:2).

Howarp, L. O, Dyax, H. G., and Knas, F.
1912, The mosquitoes of North and Central
America and the West Indics. Vol. 1, Washing-
ton: Carnegic Institution.

Lawc, C. A. 1956, The influence of mating
on ¢gg production by dedes aegypti, Amer. J.
Trop. Med. Hyg. 5:909-14.

Lumspen, W. H. R, and Bertram, D. .
1940, Observations on the biology of Plasmo-

Liverpool Sch. Trop.

1605. Os mosquitos no para.

divm gallinacewm Brumpt 1935 in the domestic
fow! with special reference to the production of
gametocytes  and  the development in  Aedes
acgypti.  Ann, Trop, Med. Parasit. 34:135-160.

Mazrcroux, E., Savimeent, A., and SiMonp, P,
L. 1903. La fitvre jaune. Rapports de la Mis
sion Francaise. Ann. Inst, Pasteur 17:605-731.

McCrerrann, G. A, H. 1959. Observations
on the mosquito Aedes (Stegomyia) aegypii (L.)
in East Africa, I. The biting cycle in an out-
door population at Entebbe, Uganda. Bull. Ent.
Res. 50:227-235.

McCrerrann, G. A, H. 1960. Observations
on the mosquito Aedes (Stegomyia) aegypti (1..)
in East Africa, I The biting cycle in a domes-
tic population on the Kenya coast. Bull. Ent.
Res. 50:687-696.

Seaton, D. R., and Lumsoen, W, H. R. 1941.
Observations on the effects of age, fertilization
and light on biting by Aedes aegypti (L.) in a
controlled microclimate. Ann. Trop. Med, Para-
sit. 35:23-36.

LABORATORY STUDIES OF OVIPOSITIONAL PREFERENCES
OF AEDES AEGYPTI®

R. W. FAY axp A. S. PERRY

In programs such as the Aedes acgypti
eradication campaign in  continental
US.A., Puerto Rico, and the Virgin
Islands (Schliessmann, 1964), a surveil-
lance method for detecting the pertinent
species at low population levels is a ne-
cessity. The data obtained would assist
in determining the extent of area to be
treated and the point in time for termi-
nation of the field applications.

One method for surveillance is the de-
tection of adult female mosquitoes through

L From the Biology/Chemistry Section, Tech-
nology Branch, Communicable Discase Center,
Public . Health Service, U. S. Department of
Health, Education, and Welfare, Savannah, Geor-
gia.

their egg-laying activities. Although this
approach samples the females only at in-
tervals when oviposition occurs, the spe-
cificity of the egglaying sites, ze., artifi-
cial containers or tree holes, limits the
environment to be sampled and provides
sensitivity in the method. Evidence of
egg laying coupled with the limited flight
range of the females enables quite accu-
rate delineation of the field area requir-
ing detailed examination. Morcover, con-
fusion of A. aegypti eggs with those of
other species is limited probably to those
of Aedes triseriatus.

The present paper describes laboratory
studies conducted to secure an aftractive
cgg-laying site'vased on female A. gegypti



