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Ecological studies on the breeding of Aedes aegypti
and other mosquitos in shells
of the giant African snail Achatina fulica
MILAN TRPIS'

The breeding oflarvae ofAedes aegypti, Aedes simpsoni, and Eretmapodites quinque-
vittatus in empty shells ofAchatina fulica was studied in the coastal zone ofDar es Salaam,
Tanzania. The average density of shells was estimated to be 228 per ha. From 11 to 35 %
were positive for mosquito larvae. A. aegypti were found in 82-84% of positive shells;
A. simpsoni in 8-13 %. On Msasani peninsula, during the 3-month rainy season April-
June 1970, the larval density of A. aegypti in shells was estimated at 1 100 per ha, that
of A. simpsoni and E. quinquevittatus being estimated at 60 ald 280 larvae per ha,
respectively.

Empty shells ofA. fulica may contain up to 250 ml of water (average: 56.5 ml). The
number of larvae per shell varies from I to 35 (average: 8.4) and it was estimated that,
depending on the availability offood, and other factors, approximately 10 ml of water are
required per larva. Viable eggs of A. aegypti were still to be found in 4 % of the shells
at the end of the dry season.

Achatina fulica Bowditch, the giant African snail,
is very common in East Africa. In Tanzania the
snails are found in various biotopes in urban, sub-
urban, and rural areas. Their empty shells, when
shaded by vegetation, serve as good breeding sites
for A. aegypti, A. simpsoni, and E. quinquevittatus,
as the organic debris that they contain are a source
of food for larvae.
The purposes of this paper are: (1) to investigate

the snail shell as a breeding site for mosquito larvae;
(2) to indicate the quantitative distribution of such
shells in some biotopes of the Dar es Salaam area;
(3) to find out the rate of development of A. aegypti
in these shells in the field; (4) to make a quantitative
assessment of the breeding of A. aegypti, A. simp-
soni, and E. quinquevittatus in the shells; and (5) to
ascertain whether eggs of A. aegypti survive the dry
season in the shells.

A. fulica is considered to have originated in East
Africa. Since its dispersal throughout South-east
Asia and the Western Pacific islands, much has
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been written about the way in which it is supposed
to have travelled after leaving its original home.
According to Mead (1961), A.fulica moved eastward
during the 19th century, across the Indian Ocean
and the Pacific, reaching Hawaii in 1936.
Green (1911) and Pelseneer (1935) reported the

snail to be hermaphroditic. Thus each individual
produces eggs and any two sexually mature indi-
viduals are mutually receptive in cross-fertilization
(Mead, 1961). Green (1911), on the assumption that
A. fulica lays 100 eggs the first year and 200 in the
second, estimated that one gravid individual could
give rise to approximately 11 000 million snails in
5 years.

In addition to causing direct damage to plants,
this snail is a threat to public health (Mead, 1961).
In areas heavily populated with snails, wells may
become contaminated. Furthermore, when they die,
these molluscs may provide a fertile breeding ground
for flies, which are carriers of enteric diseases.
Smedley (1928) recorded instances in which Megaselia
xanthina-a vector of human myiasis-bred in A.
fulica, and Wiseman et al. (1939) reported Stegomyia
and Eretmapodites larvae in snail shells at Mombasa,
Kenya. However, it is believed that the present study
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is the first quantitative assessment of mosquito A
breeding in snail shells.

80 -

METHODS ~~~~ ~~~~~~60 -1lt instar

The investigations were carried out on the Msasani 20
peninsula-a biotope already described (Trpis, 1972). 0 _
It was formerly covered by a sisal plantation divided 100
into rectangles by a system of roads. During samp- 80
ling, the peninsula was divided into three zones: (1) 60 2nd instar
a coastal zone; (2) a middle zone; and (3) a " resi- 40
dential " zone. In each zone snail shells were collected
from 10 rectangles of approximately 10 ares each.TheX>20

M 0 L6ZZshell density and the number of mosquito larvae were _- 2
assessed according to the number of shells collected 100 0 12
in randomly chosen rectangles. From March to July W 80
1970, 6-10 mosquito scouts collected shells once a 60 - 3rd instar
month. The numbers of shells that were dry, filled 40 -

with water, and positive for mosquito larvae were 20
recorded. All water-filled shells were emptied and 0
the larvae collected were placed in marked vials o 1 2 3
and brought to the laboratory for identification and
counting. 80

Other collections of snail shells were undertaken 60 4th instar
on the Msasani peninsula and in urban and sub- 40
urban areas of Dar es Salaam at the end of the dry 20
season, in September and October. The density of 0

1 2 3 4 5
eggs in the shells and the numbers that had survived 100-
the dry season were assessed on the basis of these 80
collections. 60 Pupae

40
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Fig. 1. Measurements of Achatina fuica snail shells Fig. 2. Development and survival of Aedes aegypti in
(A = total length; B= total width; C = length of snail shells in the field (A= pre-adult development;
aperture; D =width of aperture) B = survival)
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Table 1. Frequency with which shells of Achatina fulica were infested with mosquito larvae

Positive Positive Positive Positive for Positive forWater-filled shells shells shells Positive for A. aegypti A. simpsoni
No. Shells with shells containing containing containing A. simpsoni and and

Month of shells water positive for only only only and E. quinque- E. quinque-
sampled larvae A. aegypti A. simpson, E quinque- A. aegypti vittatus vittatus

vittatus

No. % No. % No. % No. % No. % No. % No. % No. %

March 1 836 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

April 1 755 1 033 58.9 113 10.9 87 77.0 11 9.7 8 7.2 3 2.6 3 2.6 1 0.9

May 749 400 53.4 140 35.0 107 76.4 7 5.0 15 10.7 5 3.6 6 4.3 0 0.0

June 624 292 46.8 40 13.7 29 72.4 1 2.5 6 15.0 2 5.0 2 5.0 0 0.0

July 1 154 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

RESULTS Shells collected from gardens in Dar es Salaam
were considerably larger than those found on the

Size distribution of snail shells Msasani peninsula, the largest having a length of
The amount of breeding in shells, as in other small 160 mm and an internal volume of 250 ml.

containers, is limited by the size of the receptacle Rate ofdevelopment ofA. aegypti in snail shells
and its content of nutrients. In order to assess their Teo domen of gn snail shellscapacity~~~~fo th breigo*oquts.0 ni Ten randomly chosen snail shells of A. fulica, withcapacitywer clectedifrom msani suaan an interal volume ranging between 60 and 170 ml,shells were collected from the Msasan peninsula and were placed in the shade of trees in a suburb of

intsurementswerne, mandohe shize (length,dwidth) Dar es Salaam. The shells were filled with water

ofthema vopenin (F. 1. the avze(erage masure nts and left for 3 days until aquatic microflora and micro-of thesen207 shells weelengt mm;uwidth fauna had developed on the organic debris in them.

39.3hesemm; inn llswervolu e,:6 length, o openinh, Ten first-instar larvae, hatched in the laboratory in
7.6 mm; andr w 6.th of opening,2 m nutrient broth (Trpis & Horsfall, 1967), were intro-

following observations were made with regard to the duced into each shell. The larvae were counted dailyflengt capitof theshell.
with reg in order to check their development and mortality.

length:an101-110ymm (25 she)ls.91-100mm(28);8 The air temperature was recorded continuously by
Length

m 1(-2 mm(25%);91-100mm(28%);8- thermograph; it varied from 21°C to 30°C. The

Capacity:71mm ml) 13%); 51-60 ml (22%); 41-
lowest temperature (21°-22°C) occurred at 06.00

Capacity: 71-80 ml (13 %); 51-60 ml (22%); 41- hours and the highest (28°-30°C) at 14.00 hours. The
50 ml (19%); 31-40 ml (15 Yo). mean 24-hour temperature, measured for 7 days,

Most of the shells (82%) had a capacity of between was 25.2°C.
31 and 80 ml. The longest (136 mm) had an inner After 2 days all larvae had passed the first instar.
volume of 140 ml. The second instar was completed by the 3rd day

Table 2. Numbers of larvae in the mosquito-infested shells of A. fulica

No. of shells Total No. Average No. A. aegypti A. simpsoni E. quinquevittatus
MNth .pofsitive Tofalarva of larvaeAragNoNofMonthpositve oflarvae postv N.olArvaerage NO.Ao.N.oa vaerpoitie oilo.o larvae Average No.

for larvae collected per Cshel collected per positive Nolf larvae per eoctedv per positiveshellcllected shell cletd shell cletd shell

April 113 592 5.2 491 5.3 68 4.5 33 2.8

May 140 825 5.9 650 5.5 33 2.7 142 6.8

June 40 672 15.3 474 14.4 15 5.0 183 22.9
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and the third instar by the 4th day. The first pupae .
appeared on the 4th day, and all larvae had pupated a . O E o
by the 6th day. The adult mosquitos emerged on .X N<0
the 6th and 7th days (Fig. 2). 8.,-O- C__
The survival rates are shown at the bottom of

the figure. The 13% mortality observed is considered E : o
to be very low. N LO co

Extent of infestation of snail shells by mosquito larvae
The breeding of A. aegypti in snail shells on the 1( co5 O2 C

Msasani peninsula was first recorded by the writer t VI

in April 1969. This observation was followed by ff
a more detailed survey on 10 May 1969, when 206
shells were collected and checked for the presence of W= - Lo oo
mosquito larvae; 22% of these shells were found to , X-
contain larvae. A further survey on 7 June 1969
concerned 177 shells, and 32% of these were shown
to be positive for larvae. From July 1969 until March X 8 N

1970 no further breeding of A. aegypti was observed. ' __
The survey performed on the Msasani peninsula X i l

in March-July 1970 established that the density xi
of A. fulica shells, assessed by the method described o o Co=

above, was 288 per ha; the estimate for the entire NX f-S. N

peninsula was thus 62 640. E
About 50% of the shells were full of water because

they lay on the ground with their apertures upper- N o7, N O O o
*J) 0 CO. N V-

most. From 11% to 35% of the water-filled shells _ I N C')
were found positive for mosquito larvae (Table 1). ,, l
A. aegypti predominated, being the only species .e
present in 75% of the positive shells; it was followed
by E. quinquevittatus (11 %) and A. simpsoni (6%). 0 .I N N V- co
In 8% of the shells mixed populations were found, 2 X
as follows: A. aegypti and A. simpsoni (4%Y.); A. 0
aegypti and E. quinquevittatus (4%); and A. simpsoni 0 x0>
and E. quinquevittatus (<1 %). Thus 83% of the M .C2 N W0
positive shells contained A. aegypti and 11% 0E
A. simpsoni. cl
The average number of larvae per positive shell E0

increased at the end of the rainy season (Table 2). o 2 M v- r'. N
In April the average number of larvae per shell was 2 0 X X X
5.2; in May it was 5.9, and in June 15.3. The probable oX
reason for this phenomenon is that, as the adult X . ,
population builds up towards the end of the rainy 0 * CD

4* v

season, more eggs are laid in June than in April. x o V2
This is the case with A. aegypti and E. quinquevittatus;
the highest number of A. simpsoni larvae per shell 0 6
was found in June and the lowest in May. This is .' Z 2 6 C'). '

perhaps due to the low density of A. simpsoni on E la t "
the peninsula. W

The estimated larval population of A. aegypti, A. cl s
CO Csimpsoni, and E. quinquevittatus in snail shells on the D .

entire Msasani peninsula is shown in Table 3. On .
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Table 4. Frequency distribution of mosquito larvae in shells of A. fulica on Msasani peninsula

A. aegyptl A. simpsoni E. quinquevlttatus

No. of larvae per No. of No. of No. of
snail shell observations f observations observations

per water-filled % o total per water-filled % of total per water-filled % of total
shell shell shell

0 1 491 86.4 1 691 98.0 1 687 97.8

1-5 147 8.5 25 1.5 25 1.5

6-10 44 2.6 6 0.3 6 0.3

11-15 17 1.0 3 0.2 3 0.2

16-20 15 0.9 0 0.0 0 0.0

21-25 6 0.3 0 0.0 1 <0.1

26-30 4 0.2 0 0.0 1 <0.1

31-35 1 <0.1 0 0.0 0 0.0

36-40 0 0.0 0 0.0 2 0.1

Total 1 725 100.0 1 725 100.0 1 725 100.0

the basis of the records, the population density
was estimated to be 1 100 A. aegypti larvae per ha
during the 3-month period of the rainy season and
240 000 for the whole peninsula. The density of
A. simpsoni was assessed at 60 larvae per ha (14 000
for the whole peninsula), and that of E. quinque-
vittatus, 280 larvae per ha (62 000 larvae for the
whole peninsula) during the same period.

Using data from Table 1, the frequency distribu-
tion of the larvae of all three species was calculated
(Table 4). Most of the positive shells contained
1-5 larvae, depending on the volume of water
in them. Thus, in order to attain the adult stage,
each larva needs approximately 10 ml of water. The
maximum number of larvae present in one shell

was 32 for A. aegypti, 14 for A. simpsoni, and 40 for
E. quinquevittatus.

Survival of A. aegypti eggs in snail shells
This study indicated that part of the A. aegypti

population survives the dry season (July-October)
in the egg stage in snail shells. The meteorological
data show that 1970 was an average year for rainfall.
Shells of A. fulica were collected in four different
biotopes around Dar es Salaam (the Msasani penin-
sula, Kisarawe, Kunduchi, and Mbagala) and from
the city itself (Magomeni, Kigamboni, Kurasini,
and Buguruni). A total of 714 dry shells were collect-
ed at the end of the dry season (late September-early
October) and brought to the laboratory. The shells

Table 5. Survival of A. aegypti eggs in dry A. fulica snail shells collected in the Dar es
Salaam area at the end of the dry season 1970

No. of shells Shells with eggs Total No. of Average No.
Locality collected N.eggs collected of eggs per

No.% ~~~~~~~~~~positive shell

Msasani 588 23 3.9 93 4.0

Kisarawe 17 1 5.9 9 9.0

Kunduchi 10 0 0.0 0 0.0

Mbagala 10 1 10.0 8 8.0

Dar es Salaam 89 3 3.4 27 6.7

Total 714 28 3.9 137 4.9
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were flooded with nutrient broth in a dilution of
1: 1 000 (Trpis & Horsfall, 1967) and left for 3 days.
They were then checked for the presence of larvae.
The results (Table 5) show that, on the average, 4%
of the shells were positive for live A. aegypti eggs.
The average number of eggs per positive shell was
nearly 5.
The frequency distribution of A. aegypti eggs

shows that most positive shells contained 1-5 eggs.
Since this approximates to the frequency distribution
of larvae in shells during the rainy season, it is
probably safe to assume that A. aegypti females lay
only a small proportion of their eggs in one shell.

DISCUSSION

Since the snail shells are relatively small and many
of them are exposed to the sun, the water in them
evaporates in a short time. The water in shells
exposed to the sun on coral rocks or sand reaches
a high temperature, attaining a maximum of 45°C
at 15.00 hours, and it evaporates completely within
12 hours. However, most of the shells located in
vegetation are only partly exposed to the sun, and
those that are in permanent shade contain water for

as long as 10 days. It is obvious that the seasonal
distribution of rainfall determines the extent of
breeding of mosquitos in snail shells. In March 1970
rain fell on 4 days (22.2 mm) on the Msasani penin-
sula. There were 18 days of rainfall (247.4 mm) in
April, 11 days (167.1 mm) in May, and 4 days
(11.0 mm) in June. Sometimes the onset of the rains
in Dar es Salaam occurs at the end of March; it
is then possible that larvae first appear in that month.

Coral rockholes are the chief breeding places of
A. aegypti in the Msasani peninsula. The larval
population of A. aegypti and A. simpsoni drops to
zero only during August (the height of the dry
season), but the adult population is not eliminated
(Trpis, 1972). It is estimated that snail shells contri-
bute approximately 10% of the total A. aegypti
population during the rainy season.

Since the giant African snail is also present in
some countries of Asia and is dispersed throughout
many islands in the Indian and Pacific Oceans, it is
not unlikely that A. aegypti and other mosquito
species also breed there in snail shells. If this is so,
A. fulica has an epidemiological importance over a
very vast area.
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RItSUMI

ETUDES tCOLOGIQUES SUR LA MULTIPLICATION D'AEDES AEGYPTI ET D'AUTRES MOUSTIQUES
DANS LES COQUILLES DU MOLLUSQUE AFRICAIN GIANT ACHATINA FULICA

Le mollusque geant Achatina fulica est tres repandu en
Afrique orientale ainsi que sur de nombreuses iles de
l'oc6an Indien et de l'oc6an Pacifique. Dans la peninsule
de Msasani, pres de Dar es-Salaam (Tanzanie), on estime
a 228 par hectare la densite moyenne des coquilles du
mollusque, mais leur nombre est beaucoup plus 6leve
en certains endroits.

Aedes aegypti, Ae. simpsoni et Eretmapodites quinque-
vittatus 6tablissent couramment leurs gites larvaires dans
les coquilles vides d'A.fulica pendant la saison des pluies,
d'avril a juin. A la temperature moyenne de 25,20C,
Ae. aegypti acheve son developpement en 6-7 jours. La
mortalit6 larvaire et nymphale est de 13 %.

Les coquilles vides ne contiennent de l'eau que si
leur orifice est dirig6 vers le haut, ce qui Xtait le cas
pour 50% des specimens lors de l'enquete. Des larves
de moustiques ont ete trouvees dans 11 a 35°% des
coquilles remplies d'eau. Ae. aegypti etait present dans

82-84% des ces gites, Ae. simpsoni dans 8-13 % et
E. quinquevittatus dans 11-20%. Dans 1-5% d'entre eux,
on notait la pr6sence de 2 ou 3 especes.
La densit6 larvaire d'Ae. aegypti dans les coquilles

pr6sentes sur la peninsule est estimee 'a 1100 par hectare
pendant les trois mois de la saison des pluies, les chiffres
correspondants pour Ae. simpsoni et E. quinquevittatus,
pour la meme pdriode, etant respectivement de 60 et
280 par hectare.

Les coquilles d'A. fulica peuvent contenir jusqu'ia
250 ml d'eau, la moyenne 6tant de 56,5 ml. Le nombre
de larves par coquille varie de 1 a 35 (moyenne: 8,4)
et on estime que chaque larve exige 10 ml d'eau pour son
developpement. L'examen de coquilles vides recoltees
a la fin de la saison seche a montre que 4% d'entre elles
contenaient des aeufs viables d'Ae. aegypti, avec une
moyenne de 5 aeufs par coquille.
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