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Factors Affecting the Oviposition of Aedes aegypti
G. SURTEES 1

INTRODUCTION

In Aedes aegypti, providing a blood-meal is taken
and fertilization takes place in the first two weeks of
life, egg-laying is normally cyclic (Penia de Grimaldo
& Lavoipierre, 1960). Unmated Lagos-strain females
oviposited within five days of a blood-meal, whereas
Newala-strain females did not. The L-strain pro-
duced a substance that stimulated ovulation, while
the N-strain did not until two days after impreg-
nation. The substance concerned appeared to be in
the seminal fluid of the male (Gillett, 1955). Typi-
cally, larger females have more oocytes and produce
larger eggs (Colless & Chellapah, 1960; Bar-Zeev,
1957). Females typically lay their eggs on a damp
surface immediately above water. The eggs normally
undergo a period of diapause before hatching (Gil-
lett, 1959; Burgess, 1959). Hatching is a two-stage
process, initiated by reduced oxygen tension, and
results in the first-instar larva escaping from the rup-
tured egg-shell (Elzinga, 1961; Gillett, 1959; Judson,
1960; Weismann-Strum & Kindler, 1963).
A. aegypti breeds in a wide variety of micro-

habitats and in a range of water conditions from clear
to highly contaminated. Eggs are laid in the relatively
clean water of rock pools and urban domestic water
containers (Berner, 1947; Peters, 1957; Fox, 1958;
Boorman, 1961; Surtees, 1958, 1959), in leaf axils
(Peters, 1957; Berner, 1947; Surtees, 1959) and in
water rich in decaying organic matter such as in tree-
holes and rot-holes (Berner, 1947; Service, 1963;
Hanney, 1960; Fox, 1958; Dalziel, 1920; Dunn, 1928;
Boorman & Service, 1960; Boorman, 1961; Sur-
tees, 1960a).

CYCLIC PATTERN OF OVIPOSITION

Oviposition is controlled largely by extrinsic light
cues. In normal, fluctuating conditions, most eggs
are laid towards the end of the afternoon (Gillett,
Haddow & Corbet, 1959). In experiments in which
the temperature and relative humidity were kept
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constant but the light fluctuated normally, A. aegypti
showed a regular cycle of egg-laying with a peak of
major activity late in the afternoon (Haddow &
Gillett, 1957). This cyclical pattern of behaviour is
initiated by only a short exposure to light (Gillett,
Corbet & Haddow, 1959), and experiments with a
Southern Nigerian strain showed that a single expo-
sure to light for five seconds of females reared and
maintained in darkness was sufficient to allow the
return to darkness to be a time-cue for initiating a
24-hour oviposition cycle (Haddow, Gillett & Cor-
bet, 1961). Furthermore, females can adapt to chang-
ing light/dark regimes with varying periods of light
and darkness. In continuous light, however, egg-
laying becomes aperiodic (Corbet, Haddow & Gil-
let, 1960). Within this pattern of cyclic behaviour,
the time of onset of darkness determines the time of
oviposition on the following day. Gillett (1962) has
concluded from these studies that, irrespective of the
time of completion of ovarian development, indi-
vidual females delay oviposition until just before the
change from light to darkness. This change, acting
through the basic 24-hour rhythm, serves as a syn-
chronizer ensuring that eggs are laid just before
sunset, irrespective of how the length of day changes
with the season.

EXTRINSIC MICRO-ENVIRONMENTAL FACTORS

As has been pointed out, A. aegypti lays eggs in a
wide range of containers and in varying degrees of
contaminated water. An analysis of the extrinsic
environmental factors limiting oviposition in a South-
ern Nigerian strain demonstrated that this aspect of
behaviour is controlled by a complex of responses
resulting in a well-defined spatial distribution of a
population.

Water contamination

A freely breeding colony was allowed to oviposit
in clean water and in water containing different con-
centrations of decayed vegetable matter. Over 70%
of the eggs were laid in the clean water, and fewer
eggs were laid as the contamination increased (Sur-
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tees, 1960b). It is of interest to note that eggs placed
insolutions ofcontaminated water all hatched, and the
larvae developed more rapidly than in cleaner water.

Surface area
When a series of shallow containers was available

for egg-laying, varying in surface area from 19 cm2
to 95 cm2, 28% of all eggs laid were found in the
largest container, and a direct linear relationship
existed between surface area and number of eggs
laid (Surtees, 1960c).

Water depth
When egg-laying was allowed in three containers

of the same diameter but with the water levels 25 mm,
50 mm and 75 mm below the rim, nearly 60% of all
eggs laid were found in the container with the highest
water level. In this container, 78% of the eggs were
deposited within 5 mm of the water surface, while in
the deepest container there was a greater spread of
eggs towards the upper rim (Surtees, 1960c).

Temperature
When egg-laying was allowed in a range of water

temperatures extending from 26'C to 44°C, nearly
80% of eggs were laid below 30°C and only 0.2% at
39°C and 44°C (Surtees, 1961a). It has been found
that the number of flights increases as the tempera-
ture rises to 35°C (Hecht, Mancera & Roman y
Carrillo, 1960), and this increased activity may serve
to depress oviposition. On the other hand, pre-
conditioning can produce a measure of acclimati-
zation to high temperatures (Mellanby, 1960).

Light intensity
A freely breeding colony of a Southern Nigerian

strain of A. aegypti was allowed to oviposit in a
series of containers placed in a light gradient ranging
from 55 foot candles (592 lx) to almost total
darkness. Approximately 60% of the eggs were laid
in the darkest dish, while there was little variation in
the numbers laid at higher light intensities (Surtees,
1961b). A number of studies have demonstrated that
females tend to move to dark surfaces and those with
low reflectivity as opposed to brighter and more re-
flective ones (Hecht & Hermandez-Corzo, 1963;
Beckel, 1955; O'Gower, 1957). Nevertheless, strain
differences do occur. In two localities in Southern
Nigeria, the intensity of breeding inside houses and
in lighter situations outside varied considerably
(Surtees, 1960a), while in the Zika Forest region of
East Africa A. aegypti tends to breed in lighter grass-
land as opposed to the darker forest. As a result of

this pattern of breeding, it escapes predation by
Toxorhynchites conradti (Corbet, 1964). Further,
some insecticide-resistant strains tend to lay eggs in
darker sites than do susceptible ones (Wood, 1961).
As a result of the complex of responses described

above, the egg-laying of an isolated population in
Southern Nigeria was restricted to the clear water
within a village as opposed to more contaminated
water in the cooler, darker forest surrounding it and
was most intense in wide-mouthed domestic water
containers inside houses, where the temperature and
light intensity were relatively low (Surtees, 1961c).

STERILIZATION AND REDUCED FERTILITY

AND EGG-LAYING

When third- and fourth-instar larvae were put into
water containing 10 ppm aphoxide, resulting males
were completely sterile and females nearly so. Crosses
with untreated adults produced the normal number
of eggs, but hatching was less than 16% (Weidhaas,
1962). Tepa deposits produced sterility in adults,
340 ,ug/ft2 (3660 p.g/m2), 172 p,g/ft2 (1851 ,ug/m2) re-
sulting in 89% and 36% sterile egg batches respec-
tively (Dame & Ford, 1964). Exposure to fluoro-
carbon reduces the number of eggs laid (Ascher,
1958), while gamma-radiation reduces both egg pro-
duction and fertility (Terzian & Stahler, 1958; Mc-
Cray, Jensen & Schoof, 1961; Ghosh, Hati & Basu,
1961). McCray et al. (1961) showed that in caged
populations of 500 adults at a ratio of 20 sterile
males to I normal male and 1 one normal female,
only 2% of the eggs hatched, while with a ratio of
I 0/1/1, less than 10% of eggs hatched.

FUTURE WORK

Two aspects of oviposition behaviour should be
examined in more detail under field conditions.
Spraying would probably be most effective in the
later afternoon when oviposition and feeding activity
are at a peak. At this time, a large proportion of the
population will be moving around and thus vulner-
able to attack and secondly, the irritant effect alone
of spraying will depress oviposition. Data on cyclical
activity and on population density changes as a result
of spraying at this time of day would be of value. The
second field of research is the use of chemosterilants.
Whether those are employed against larvae or adults,
they would have to be used in containers or on sur-
faces out of immediate contact with the human popu-
lation. Their effectiveness would be enhanced if used
in connexion with an attractant.
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