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Abstract 
Mucus of the giant African snail Achatina fulica (Bowdich) as an oviposition attractant was assessed 
under laboratory conditions as well as the role of water filled shells acting as breeding sites was 
undertaken in field studies as a utilitarian benefit of the snail. Field observations revealed oviposition, 
pupation and successful emergence of Aedes aegypti, in water filled shells and meat solution of A. fulica. 
The mucus of dormant snails has been found to be an oviposition attractant, though statistically 
insignificant in the three mosquito species viz., Ae. aegypti, Culex quinquefasciatus and Anopheles 
stephensi. Further work is required to test the use of snail secretion obtained from active snails as well, as 
ovipositional trap under field conditions with more trails. 
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1. Introduction 
The giant African snail, Achatina fulica (Bowdich) is one of the most extensively studied 
snails because of its economic, ecological and medical importance [1, 2, 3, 4]. The International 
Union for Conservation of Nature and Natural resources (IUCN) has listed A. fulica as one of 
the world’s 100 most invasive species [5]. It is a classic example of an introduced species. In 
spite of this long thriving history, reports on the agri-horticultural pest status of the snail are 
minimal. So far, the control measures of all types have failed to eradicate this pest, hence an 
integrated approach to manage the snail is recommended as an ultimate remedy [2]. The snail 
has been reported for the first time causing damage to ornamental plants and vegetables in 
Bangalore during kharif [6].  
An attempt was made to realize the utility of such pestiferous snail based on thorough 
literature perusal. Mosquitoes breeding in empty achatinid shells as an alternative oviposition 
trap are documented in Africa [7, 8]. In addition to this, snail mucus has been reported as 
oviposition attractant to control vector species of mosquitoes specially Aedes aegypti [9, 10] 
perhaps due to its composition containing Glycosaminoglycans (GAGs) [11]. The present article 
elaborates on the assessment of A. fulica mucus as an oviposition attractant under laboratory 
conditions as well as the role of water filled shells acting as breeding sites undertaken in field. 
The present observations were undertaken during 2010-11 at the Department of Zoology, 
Bangalore University and National Institute of Malaria Research (NIMR), Bangalore. 
 
2. Materials and methods 
2.1 Shell as breeding site 
Forty water filled shells placed in a tray were assessed for their potential to act as breeding 
sites for mosquitoes. The empty shells were filled with tap water and placed in open field in 
the Department of Zoology premises. Regular monitoring of shells for signs of oviposition and 
larval stages was undertaken.  
Existence of larvae and their number was ascertained by carefully pouring the contents onto a 
white background plastic plate. The length of individual shell was measured. Following this 
eight empty shells whose morphometric details including shell length, width, water holding 
capacity, aperture length, aperture width and weight were recorded and used for oviposition 
experiments.  
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2.2 Mucus of snail as oviposition attractant 
Mature A. fulica (n=8), collected from the Bangalore 
University Campus were used for this study. A series of 
experiments mentioned below, were carried out to ascertain 
whether the presence of snail secretions made the water 
attractive for oviposition for three different vector species of 
mosquitoes viz., Aedes aegypti, Culex quinquefasciatus and 
Anopheles stephensi at National Institute of Malaria Research 
(NIMR), Bangalore. 
The following solvents and solutions were used in different 
experiments.  
1. Dechlorinated tap water 
2. Snail secretion: The snails were stimulated to release 

mucus by spraying water jet on the body and foot. The 
mucus was collected and used as concentrated solution. 

3. Unfilterable and filtrate of snail secretion: The 
concentrated snail solution was filtered through Whatman 
No.1 filter paper. The filtrate and the unfilterable residue 
obtained were used in oviposition bowls. The residue was 
dried and made into a suspension in 100 ml of tap water 
and then used for the experiments. 

4. Field breeding water: Water was collected from unused 
container in the field showing presence of mosquito 
larvae/pupae. 

Laboratory colonized freshly emerged mosquitoes were kept in 
a cloth cage measuring 45 cm3 at a temperature of 27±2 ºC and 
78±2% RH. Thereafter, three to four days old gravid females 
were isolated from the breeding cage. Fifteen specimens were 
put in a cage (20 cm3) and given a choice of oviposition in two 
types of test solutions 100 ml each, described below (Tables. 
1, 2 and 3) contained in bowls of 11 cm diameter. The position 
of oviposition bowls was changed during the experiment. The 
number of eggs laid in each type of breeding water during one 
ovipositional cycle was counted and recorded. 
Minimum three such replicates were run in each set of 
experiments. The pH of different test solutions was determined 
using pH meter as snail secretion (7.8), unfilterable (8) and 
filtrate (8). Field water was found to be preferred compared to 
tap water. 
 

Table1: Oviposition experiments on Aedes aegypti 
 

Exp. no Trap 1 Trap 2 
1 Tap water Snail secretion 
2 Tap water Unfilterable residue 
3 Tap water Filterable 
4 Snail secretion Unfilterable residue 
5 Snail secretion Filterable 
6 Field water Snail secretion 

7 Field water with 
Snail secretion Snail secretion 

8 Filterable Unfilterable 
 

Table 2: Oviposition experiments on Culex quinquefasciatus. 
 

Exp. no Trap 1 Trap 2 
1 Tap water Snail secretion 
2 Tap water Unfilterable residue 
3 Tap water Filterable 

 
Table 3: Oviposition experiments on Anopheles stephensi. 

 

Exp. no Trap 1 Trap 2 
1 Tap water Snail secretion 
2 Tap water Unfilterable residue 
3 Tap water Filterable 

 
 

2.3 Statistical analysis 
Data on oviposition preference of three mosquito species with 
two different traps were analyzed using two-way ANOVA to 
test for significance of differences in means among samples. 
The significance level was set up at 5%. 
 
3. Results and Discussion 
Field observations revealed oviposition, pupation and 
successful emergence of Aedes aegypti, in water filled shells 
and meat solution of A. fulica. Other insect larvae including 
chironomid larvae were found co-occurring along with 
mosquito larvae in the same shell.  
Descriptive statistics of conchological features that enable the 
shells of different age groups, 2-4 cm (n=23), 4.1-6 cm (13) 
and 6.1-8 cm long (4) to act as oviposition traps is represented 
below in Tables 4-6. A strong negative correlation was found 
between the number of mosquito larvae and other dipteran 
larvae occurring in the water filled shells (r=-0.03). While, a 
weak correlation between number of mosquito larvae and the 
water holding capacity of the shells (r=+0.278) was obtained. 
Incidence of other dipteran larvae showed a negative 
correlation with the water holding capacity of the shells (r=-
0.9) (Table 7). 
Correlation between different conchological features and the 
water holding capacity of the shells (n=8) has been presented 
in Table 8. 
 

Table 4: Descriptive Statistics of size group 2-4 cm long shells. 
 

Parameter Minimum Maximum Mean 
WQ 0.00 2.00 1.04 
OD 0.00 64.00 9.04 
ML 0.00 16.00 4.43 

 

WQ=Water quantity, OD=other dipteral and ML=Mosquito larvae. 
 

Table 5: Descriptive Statistics of size group 4-6 cm long shells. 
 

Parameter Minimum Maximum Mean 
WQ 1.00 4.00 2.07 
OD 0.00 20.00 4.30 
ML 1.00 40.00 14.53 

 
Table 6: Descriptive Statistics of size group 6-8 cm long shells. 

 

Parameter Minimum Maximum Mean 
WQ 1.00 2.00 1.75 
OD 1.00 4.00 2.75 
ML 0.00 10.00 5.75 

 
Table 7: Correlation matrix of water holding capacity and 

conchological features. 
 

Body 
parameter L W SWHC SAL SAW SWT 

L 1 .98** .98** .86** .83* .93** 
W  1 .98** .87** .89** .94** 

SWHC   1 .81* .81* .93** 
SAL    1 .93** .93** 
SAW     1 .91** 
SWT      1 

 
L=Length, W=width, SWHC=Shell water holding capacity, 

SAL=Shell aperture length, SAW=Shell aperture width, SWT=Shell 
weight. 

** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
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Table 8: Shell water holding capacity and mosquito breeding. 
 

Snail shell Ae. aegypti larvae Water holding 
capacity 

S1 42 22 
S2 0 5 
S3 0 12.5 
S4 0 12 
S5 35 19 
S6 0 7.5 
S7 0 5.5 
S8 15 30.5 

 
4. Mucus of snail as oviposition attractant 
Observations on snail mucus acting as oviposition attractant 
are represented in figures 1-3. From the data obtained (Fig. 1), 
it was observed that Ae. aegypti gravid females showed 
preference for water containing snail secretion, filtrate and 

unfilterable matter than the control bowl containing tap water 
only (Experiments 1 to 3). In experiment 4 the snail secretion 
was preferred over unfilterable matter in tap water. In 
experiment 5 snail secretion was preferred over filtrate, in 
experiment 6 snail secretion over field water; experiment 7 
field water with snail secretion was preferred over only snail 
secretion. In experiment 8, filtrate was over water containing 
unfilterable matter. Overall snail secretion was preferred over 
tap water and field water. 
From the data obtained (Fig.  2), it was observed that C. 
quinquefasciatus gravid females showed preference for water 
containing unfilterable matter than the control bowl containing 
tap water only (Experiment 2). In experiments 1 and 3, tap 
water showed more oviposition compared to snail secretion 
and filtrate respectively 
 

 

 
 

Fig 1: Multiple bar plots of experiments representing percent oviposition preference of Aedes aegypti. 
 
 

 

 
 

Fig 2: Multiple bar plots of experiments representing percent oviposition preference of Culex quinquefasciatus.
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Fig 3: Multiple bar plots of experiments representing percent oviposition preference of Anopheles stephensi. 

 
 
Table 9: Two way ANOVA test for oviposition preference between 

mosquito species. 
 

Source df F p-value 
SPECIES 2 2.76 0.10NS 

TRAPS 1 0.97 0.34NS 

SPECIESS * TRAPS 2 0.65 0.53NS 
 

NS =Not significant. 
 
From the data obtained (Fig. 3), it was observed that An. 
stephensi gravid females showed preference for water 
containing snail secretion and filtrate than the control bowl 
containing tap water only (Experiments 1 and 3). In 
experiment 2 the tap water was preferred over unfitrable 
matter in tap water. Two-way ANOVA test (Table 9) show 
that there is no significant difference between the three 
mosquito species with regard to egg-laying and the traps used 
and there is no interaction.  
The shells and mucus solution of A. fulica were found to act as 
preferred breeding site for mosquitoes and can be considered 
as oviposition traps based on further field trials and studies 
involving larger sample size. The mucus of dormant snails has 
been found to be an oviposition attractant, though statistically 
insignificant in the three mosquito species viz., Ae. aegypti, C. 
quinquefasciatus and An. stephensi. Further work is required 
to test the use of snail secretion obtained from active snails as 
well, as ovipositional trap under field conditions with more 
trials.  
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