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ABSTRACT. Habitat descriptions for vector larvae of public health importance are fundamental to the design
of cost-effective control measures. Faced with the invasion of the giant African snail, Lissachatina fulica, the
objective of the present study was to determine the role of empty giant African snail shells as mosquito breeding
sites. Three experiments were performed under field conditions in four microenvironments on the banks of the Lili
River in the city of Cali. Additionally, two artificial containers (motorcycle tires and plastic cups) were placed in
each microenvironment. In experiments 1 and 2, the empty giant African snail shells of different sizes, which con-
tained a previously determined water volume, were positioned in 4 selected microenvironments. In experiment 3,
empty giant African snail shells of different sizes were also located in the four microenvironments during the rainy
season, and the water volume in each shell was the result of natural rainfall accumulation. The variables final water
volume, shell size, and mosquito density were evaluated in the three experiments, using a total of 92 shells. The
dominant mosquito species identified were Limatus durhamii, Aedes albopictus, and Ae. aegpti. Experiment 1
revealed that giant African snail shells measuring less than 60 mm had limited breeding potential, whereas experi-
ment 3 showed that shells larger than 100 mm had higher numbers of mosquito larvae. There was a significant
association between shell size, water volume, and mosquito density. A total of 757 mosquitoes were identified.
This is the first exploratory study under field conditions in Colombia to evaluate empty giant African snail shells
as breeding sites for mosquitos of public health importance. Results of this study provide new information that
should be considered in control strategies in areas with concomitant presence of giant African snails. Entomologi-
cal findings and their epidemiological importance are discussed.
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INTRODUCTION

Mosquitoes are considered a threat worldwide
because of their ability to transmit the pathogens of
interest to human and veterinary health. More than
80% of the global population lives in large cities, where
diseases transmitted by mosquitoes cause approxi-
mately 700,000 deaths each year (WHO 2017, 2022).
Mosquitoes are obligatory hosts of several infectious
agents and can adapt to a wide range of ecological con-
ditions. The transmission patterns of arboviral diseases
as well as their geographical expansion are related
to environmental changes, including urbanization
(Gubler 2011, Weaver 2013). Land use changing
mainly through agricultural activities and the construc-
tion of large urban areas to meet human needs can neg-
atively affect the ecological dynamics of ecosystems
and biodiversity (Shochat et al. 2006). The presence
and quality of larval breeding sites are among the most

important determinants of the abundance and distribu-
tion of adult mosquitos. Therefore, understanding the
dynamics and productivity of these sites could allow
the improvement of in situ control strategies (Rejman-
kova et al. 2013, Nihad et al. 2022). In urban ecosys-
tems, synanthropic mosquitoes use a wide range of
aquatic environments that are associated with housing
and public spaces, mainly artificial containers made of
plastic, metal, glass, rubber, cement, clay, and ceram-
ics (Zahouli et al. 2017, Alarcón-Elbal et al. 2021).
Other natural microhabitats found in cities include
tree holes, rock hollows, wells, bromeliads, bamboo
stumps, empty snail shells, coconut husks, etc. (Fonte-
nille and Toto 2001). Some changes affecting the bio-
diversity of species in urban environments respond to
1) the accidental introduction of species through
aerial, terrestrial, and maritime transport, and 2) the
intentional introduction of species with different pur-
poses such as biological controls, pets, medicinal use,
and other human uses (McKinney 2001). The number of
generalist species can increase as a consequence, result-
ing in the loss of native species and the establishment
and colonization of opportunist and invasive species
(Chaves et al. 2011, Johnson and Munshi-South 2017).
An example of biological invasions in South America
has been the arrival of the giant African snail Lissacha-
tina fulica. Boditch in Brazil at the end of the 1990s
(Teles and Fontes 2002). This terrestrial gastropod,
originally from eastern Africa, is considered one of
the 100 most important invasive species worldwide
(Bequaert 1950, Lowe et al. 2000). The presence of L.
fulica represents an epidemiological risk to human
health, as it participates as intermediary host for several
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parasites such as Angiostrongylus cantonensis (Chen)
and Angiostrongylus costaricensis Morera and Cés-
pedes, which can cause meningoencephalitis and gas-
trointestinal angiostrongyliasis in humans, respectively
(Maldonado et al. 2012, Londoño et al. 2013). The vet-
erinary importance of L. fulica is related to the isolation
of some feline nematodes such as Aelurostrongylus
abstrusus (Railliet) and Cruzia tentaculata (Rudolphi)
(Travassos 1917), a parasite reported in marsupials
(Valente et al. 2017, Ramos-de-Souza et al. 2021).

In 2008, L. fulica was classified as an exotic inva-
sive species in Colombia by the Ministry of the Envi-
ronment and Sustainable Development (MAVDT
2008). The first source of infection was recorded in
2010 in the Amazon region, and the species later dis-
persed to 21 departments in Colombia, including the
Valle del Cauca department (De La Ossa-Lacayo
et al. 2012). Aquatic microenvironments in the shell
of dead mollusks (gastrotelmata) and their associa-
tion with mosquito species of public health impor-
tance have been little explored. Most studies on the
preference of this microhabitat have been restricted
to African countries and to the species in the genera
Culex, Aedes, Eretmapodites, and Toxorhynchites
(Van Someren et al. 1955, Rozeboom and Bridges
1972, Trips 1973, Lounibos 1980, Lounibos and
Munstermann 1981, Igbinosa 1989). In the Ameri-
cas, only two studies have recorded the presence of
Aedes albopictus (Skuse) and Limatus durhamii
(Theobald) in empty shells of the species Pomacea
insularum (D’orbigny), Megalobulimus oblongus
(M€uller), M. lorentzianus (Doering) and M. oblongus
musculus (Bequaert) in the state of Florida, USA,
and in Argentina, respectively (Burkett-Cadena and
Unnasch 2013, Mangudo et al. 2017). A better under-
standing of the breeding habitats used by synanthropic

mosquitoes could provide epidemiological information
with direct implications for public and environmental
health. Therefore, the present exploratory study had the
objective of determining the potential risk of empty
giant African snail shells as breeding sites for mosqui-
toes of public health importance under field conditions
in the city of Cali, Colombia.

MATERIALS AND METHODS

Study area

This study was undertaken in the city of Cali (3°
2700000N 76°3200000O), special district and capital of
Valle del Cauca department, divided geographically
into 22 communes. Cali is located at a mean height
of 1,000 m and has an average temperature of 24.5
0C. The annual precipitation is 1,480 mm and the cli-
mate is warm dry tropical. Three experiments were
undertaken under field conditions on the banks of the
Lili River, which crosses part of commune 22 at the
southern end of the city of Cali (Fig. 1). The ecologi-
cal corridor in the urban part of the Lili River pre-
sents protective vegetation on its banks, forming
patches of large trees, shrubs, and herbaceous and
bamboo plants, which help to support a biocenosis
that includes some mammal, bird, and reptile species.
The Lili River basin has been highly intervened by
mining activities, and we observed deposits of debris,
unusable materials, and garbage in the urban part of
the river course. The Lili River has a bimodal rainfall
regime, with a first rainy period from April to June
and a second from October to December. The dry
seasons occur from January to March and from July
to September. The study area comprised the right and
left riverbanks of the Lili River, and each bank included

Fig. 1. Sampling sites, zones 1 – 4, on the Lili River in Cali, Colombia.
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two zones (Fig. 2). Selection criteria of the microenvi-
ronments for the placement of giant African snail shells
were based on the following field observations on the
Lili riverbanks: trees bases with presence of empty giant
African snail shells and presence of resting mosquitoes.
This descriptive study evaluated the variables shell size,
water volume, and mosquito larvae in 3 experiments in
4 zones of the Cali riverbank according to the availabil-
ity of snail shells. The methodology was based on aver-
age shell size and observations during the collection of
empty snail shells in studies reported in the city of Cali.
Experiment 1: The assessment was carried out in

October 2023. In this experiment, the variations of
the final volume from a fixed standard volume added
to all the shells evaluated and the number of mos-
quito larvae recovered are carried out using the fol-
lowing methodology. An average fixed volume of 16
ml was evaluated according to the average volume of
water in the snail shells observed in the field, with a
minimum size of 93 mm and a maximum size of
109 mm. A total of 16 giant African snail shells were
distributed at the base of 4 trees. Five and eleven
African snail shells ranged in size from 93 to
100 mm and 101 to 109 mm, respectively. The 4
giant African snail shells placed at the base of each
tree were within the following size ranges: 93–
113 mm, 100–106 mm, 98–107 mm, 93–117mm,
with a fixed water volume of 16 ml per shell. A
motorcycle tire containing 450 ml water and an 8-oz
plastic cup containing 60 ml dechlorinated water
were placed at the base of each selected tree as posi-
tive controls for the presence of mosquitoes. Giant
African snail shells were installed 80 cm apart on the
shaded base of each selected tree, 3 m away from the
controls. All giant African snail shells were placed
with the materials and organic matter that had accu-
mulated inside them during the collection process.
An inspection for larval and pupal presence in each

microenvironment was performed every three days.
After 10 days, the final volume was measured, and
the entomological material from each snail shell and
the accumulated organic matter were deposited in
tagged 50-ml Falconw tubes. The contents of each
tube were then transferred to 8-oz (approx. 227 ml)
glass containers in the laboratory and the contents
were filled to a final 100 ml volume. Entomological
materials were kept under laboratory conditions and
observed for two weeks. Emerged adults were identi-
fied using taxonomic keys for mosquitoes by Darsie
(1985). This procedure was also followed for the ento-
mological contents recovered from the controls of the
tires and plastic cups placed in each microenvironment
Experiment 2: The assessment was undertaken in

November 2023. In order to identify in small African
snail shells that maintain a potential epidemiological
risk, with preestablished volumes of water and the
number of mosquito larvae that will develop, we pro-
ceeded with the following methodology. Based on the
information obtained from the previous field work we
placed 5 snail shells simultaneously at each of the four
selected trees, for a total of 20 snail shells. Snail shells
placed at the base of the trees had the following mea-
surements: tree no. 1, 43–82 mm; tree no. 2, 40–88)
mm; tree no. 3, (42–81 mm; and tree no. 4, 48–84 mm.
Sizes between 40 and 60 mm and 61 and 88 mm were
distributed in 10 snail shells, respectively.

The water volumes for the different sizes of snail
shells were 40–50 mm; (2.5 ml of water), 50–60 mm;
(4 ml), 60–70 mm; (5 ml), 70–80 mm; (6.5 ml) and
80–90 mm; (7.5 ml). For data analyses, two categories
of shell size were established: 40–60 mm and 61–
80 mm. Like in the previous experiment, a positive
control consisted of a motorcycle tire and a plastic cup
placed as urban microenvironments of mosquito
breeding at the base of the trees to establish the pres-
ence of mosquitoes in the area. After 10 days, all

Fig. 2. Selected microenvironments for installation of empty shells of the giant African snail in zones 1-4 along the
Lili River, Cali, Colombia.
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entomological material, final volume of each shell and
adult identification were performed under the same
conditions as in experiment 1.
Experiment 3: This phase of the study was under-

taken during the first week of January and May 2024,
which had high rainfall. In order to know the vol-
umes of water that accumulate in the shells of the
African snails under natural conditions, the variations
of the volume at the end of the evaluated period and
the number of mosquito larvae, the following proce-
dure was carried out. Seven giant African snail shells
were placed at the base of each of the selected trees.
Shell measurements by tree were as follows: tree no.
1 (99–112 mm); tree no. 2 (94–130 mm); tree no. 3
(93–111 mm); and tree no. 4 (84–113 mm). During
the two-month study period, a total of 56 snail shells
were used, of which 19 shells were between 84 and
100 mm in size and the remaining 35 between 101
and 115 mm. The water volume in each snail shell
corresponded to natural accumulation during the rainy
period. This phase of the study did not include con-
trols for the presence of mosquitoes. Four size catego-
ries were established for analysis: 1) 80–90 mm, 2)
91–100 mm, 3) 101–110 mm, and 4) 111–115 mm.
After 10 days, the water volume collected in each
shell was measured using 50-ml centrifuge Falcon
tubes. The collection of immature mosquitoes, shell
volume measurements, and entomological identifica-
tion were carried out as in experiments 1 and 2.
Statistical analysis: Analyses of results were per-

formed using descriptive tables and graphs for the
identification of relationships among the variables of
interest. The relationship between the categorical
variables, final water volume and mosquito presence
was assessed using Fisher’s exact test. The linear
relationship between the number of mosquitoes per
shell and the size and volume variables was ana-
lyzed, using Spearman’s correlation test. For all tests,
a P value , 0.05 denoted significant differences.
Graphs and tests were created using R version 4.3.2
(R Core Team 2023).

RESULTS

Experiment 1: As shown in Table 1, a total of 150
mosquitos were identified in 15 giant African snail

shells. Shell occupation was 93.3% (14/15). Under
laboratory conditions, 80% of the adults emerged
between days 7 and 10, which was also observed in
experiments 2 and 3. The dominant mosquito spe-
cies was Li. durhamii, with 118 specimens (71
$-47#), representing 78.7% of all identified individ-
uals. There were 31 Ae. albopictus specimens
(20.7%, 15$-16#), and 1$ Ae. aegypti (L.). There
was an average number of 8.4 (SD ¼ 6.2) mosquitos
per shell positive for Li. durhamii and 3.9 (SD ¼
2.6) individuals in shells positive for Ae. albopictus.
In this experiment, positive shells with sizes ranging
from 93 to 100 mm were examined. The water vol-
umes in these shells varied from 6.5 to 23.0 ml,
with an average of 16.5 ml (SD ¼ 6.8 ml). In con-
trast, a greater amount of water was recorded in pos-
itive shells with size 101 to 109 mm, with water
volumes ranging from 13 to 45 ml and an average
of 17.9 ml (SD ¼ 10.3). This shell size also resulted
in the greatest number of mosquitos (105 individu-
als, 70.0%) and an average of 7.7 (SD ¼ 6.1) Li.
durhamii specimens per shell.
The greatest number of mosquitoes per shell was

22 specimens: 14 Li. durhamii and 8 Ae. albopictus.
The cooccurrence of the species Li. durhamii and Ae.
albopictus was recorded in 8 shells, and 1 shell con-
tained specimens of Li. durhamii, Ae. albopictus, and
Ae. aegypti. The relative abundance of adult mosqui-
tos in motorcycle tires was 134 (70$-64#) adult Li.
durhamii, 30 (12$-18#) Ae. albopictus, and 7 (3
$-4#) Ae. aegypti adults. A total of 40 (15$-25#) Li.
durhamii and 31 (13$-18#) Ae. albopictus were
found in plastic cups. A total of 242 adult mosquitoes
were obtained in control containers, in the following
proportions: Li. durhamii (72.0%), Ae. albopictus
(25.2%), and Ae. aegypti (2.9%). In the 2 experi-
ments, we observed an accumulation of dry leaves
and unidentified dead ants in the motorcycle tires and
plastic cups.
Figure 3 shows the percent distribution of mos-

quito species found in giant African snail shells mea-
suring 101 to 109 mm, compared with mosquitoes
obtained in the control receptacles (motorcycle tires
and plastic cups). This graph shows a similar ovipo-
sition preference behavior, with 70% Li. durhamii
and a lower proportion of Ae. albopictus in the three

Table 1. Relative abundance of mosquito species in African snail shell and containers during October 2023.

No. shells
positive per

shells exposed

Mean of Li.
durhamii
per shell

Initial
volume
(ml)

Final volume
per positive
shell (ml)

Limatus
durhamii

(%)

Aedes
albopictus

(%)

Ae.
aegypti
(%) Total (%)

Size (mm)
93–100 4/5 10.2 16 6.5–22.0 41 4 0 45 (30)
101–109 10/10 7.7 16 13.0–45.0 77 27 1 105 (70.0)

Subtotal 14/15 — — — 118 (78.6) 31 (20.7) 1 (0.6) 150
Tire — — 450 ml — 134 30 7 171 (70.4)
Plastic cup — — 60 ml — 40 31 0 71 (29.2)
Subtotal 174 (72.0) 61 (25.2) 7 (2.9) 242
Total 15 — — 292 (74.5) 92 (23.4) 8 (2.0) 392
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container types. This suggests that giant African snail
shells measuring over 100 mm are as attractive as the
control container (motorcycle tire) as a breeding site
for these two mosquito species. A total of 392 mos-
quitoes were identified in the three container types
evaluated.
Experiment 2: Results of this experiment are shown

in Table 2. A total of 18 adult mosquitoes were identified
in the 20 giant African snail shells. The dominant species
was Li. durhamii, with 17 specimens (14$-3 #); 1 # Ae.
albopictus was also obtained. There was a 35% snail
shell occupation rate (7/20). Only two of the 10 (20%)
giant African snail shells in the 43 to 60 mm size range
showed a final volume above the initial volume. A
greater percentage was observed in the 60 to 88 mm size
range, with water in eight of the 10 shells (80%). A max-
imum of 22 ml was obtained in an 84 mm shell in this
size range. Although 50% of shells still contained water
after 10 days of observation, the number of mosquitoes
varied between 1 and 6, with an average of 2.4 (SD
¼ 1.8) per shell positive for Li. durhamii. The rela-
tive abundance of mosquitoes was low, although the

experiment was begun during the rainy season in
the city of Cali. A high proportion (50%) of shells
without water was recorded at the end of the 10-day
period, which could be associated with the shell size
and location at the base of the trees. We observed
the cooccurrence of Li. durhamii and Ae. albopictus
in a single shell measuring over 80 mm.

A total of 177 adult mosquitoes were identified in
control containers. Eighty-two (36$-46#) Li. durhamii,
59 (39$-20#) Ae. albopictus, and 8 (5$-3#) Ae. aegypti
were identified in motorcycle tires; 13 (6$-7#) Li. dur-
hamii, 14 (10$-4#) Ae. albopictus, and 1$ Ae. aegypti
were identified in plastic cups. No Ae. aegypti specimens
were found in the 20 giant African snail shells placed in
the study site, whereas 9 Ae. aegypti specimens were
found in the control containers. In this experiment, 195
mosquitoes were identified in the three containers used.
Fisher’s test showed that the relationship between the
final water volume in snail shells and the presence of
mosquitoes in the 61-88 mm shell size was 0.033. There-
fore, the final volume variable was significant to explain
the rate of mosquitos per shell.

Fig. 3. Percent distribution of the three mosquito species by container type used in the study.

Table 2. Relative abundance of mosquito species in African snail shell and containers during November 2023.

No. shells
positive per

shells exposed
Initial volume
per shell (ml)

No. shells with
final volume
of water

Limatus
durhamii

(%)

Ades.
albopictus

(%)

Ae.
aegypti
(%) Total (%)

Size (mm)
40–61 1/10 2.5 - 4.0 - 4.5 2 /10 1 0 0 1
61–88 6/10 5.5 - 6.5 - 7.5 8/10 16 1 0 17

Subtotal 7/20 17 (94.4) 1 0 18 (9.2)
Tire 450 82 59 8 149
Plastic cup 60 13 14 1$ 28
Subtotal 95 (53.6) 73 (41.2) 9 (5.0) 177
Total 112 (57.4) 74 (38.0) 9 (4.6) 195 (90.8)
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Experiment 3: Results of this experiment are shown
in Table 3. Water was recorded in 39 of 54 giant Afri-
can snail shells collected (72.2%). A total of 29 shells
contained immature mosquito stages, with a total of
170 mosquitoes identified. The dominant species was
Li. durhamii (57.9%) with 98 individuals (64$-34#).
There were also 67 (21$-46#) Ae. albopictus individu-
als (39.4%) and 5 Ae. aegypti (3$-2#) individuals
(2.9%). Giant African snail shells containing water had
56.4% Li. durhamii and 25.6% Ae. albopictus speci-
mens. Of the 39 snail shells containing water, only 29
shells (74.3%) were positive for mosquito larvae. The
mean size of shells was 100.7 mm. The average num-
ber of mosquitoes per shell increased as the size range
of the shells increased. The mean number of mosquito
larvae per shell in the 101–110 mm and 111–115 mm
size ranges was 5.7 (SD ¼ 5.4) and 9.1 (SD ¼ 8.8),
respectively. The average number of Li. durhamii per
shell positive for mosquito larvae was 4.3 (SD ¼ 3.8),
with the number of individuals ranging between 1 and
15. The average volume of water in snail shells positive
for mosquito larvae was 9.4 ml (SD ¼ 6.7 ml). Water
volume varied from 1 ml with presence of one Li. dur-
hamii larva to a maximum of 27.5 ml with 26 Ae. albo-
pictus larvae. We observed the co-occurrence of Li.
durhamii and Ae. albopictus in three giant African
snail shells measuring over 100 mm, and there was

cooccurrence of Li. durhamii, Ae. albopictus, and Ae.
aegypti in one snail shell. Spearman’s correlation test
was used to analyze the linear relationship between
the number of mosquitoes per snail shell; shell size
and volume; P values obtained were significant (P ¼
0.040 for size, Figure 4, and P ¼ 0.014 for volume,
Fig. 5). Additionally, we found, as expected, that the
volume and shell size have a positive association
(Fig. 6). Under the conditions of this experiment, these
results suggested that water storage capacity was
greater at larger shell sizes, with abiotic conditions
that allowed greater larval density.
Finally, a total of 757 mosquitoes were identified in

this study in the three evaluated containers during the
three experiments, as follows: 233 Li. durhamii, 99 Ae.
albopictus and 6 Ae. aegypti in giant African snail shells,
216 Li. durhamii, 89 Ae. albopictus, and 15 Ae. aegypti
in motorcycle tires; and 53 Li. durhamii, 45 Ae. albopic-
tus, and one Ae. aegypti specimen in plastic cups. The
percent distribution in the three containers was as fol-
lows: Li. durhamii 66.3% (n ¼ 502), Ae. albopictus
30.8% (n¼ 233), and Ae. aegypti 2.9% (n¼ 22).

DISCUSSION

Information on the habitat of the larvae of medically
important mosquito species is essential to understand

Table 3. Relative abundance of mosquito species in African snail shell during January and May 2024.

No. shells
positive per

shells exposed
No. shells
with water

Mean of
mosquitoes per
positive shell

Volume (ml)
per positive

shell

Limatus
durhamii

(%)

Aedes
albopictus

(%)

Ae.
aegypti
(%) Total (%)

Size (mm)
80–90 1/4 2.0 1 0–4.0 1 0 0 1 (0.005)
91–100 6/15 8.0 3.3 1–11.0 19 1 0 20 (11.7)
101–110 15/27 22.0 5.7 4–25.0 41 39 5 85 (50.0)
111–115 7/8 7.0 9.1 1–27.5 37 27 0 64 (37.6)

Total 29/54 (53.7) 39 (72%) 98 (57.9) 67 (42.1) 5 (2.9) 170

Fig. 4. Relationship between mosquito numbers and snail shell size (r ¼ 0.3297; P ¼ 0.0404).
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population dynamics and to design cost-effective vector
control strategies. During the three experiments using
empty giant African snail shells, motorcycle tires, and
plastic cups undertaken on the banks of the Lili River,
we observed the presence of three species that are
important vectors in public health. Li. durhamii was the
dominant species in this study. This species is distrib-
uted in South America from Argentina to Central
America, including Mexico, and it is also found in
West Indies countries such as Trinidad and Tobago.
Taxonomically, it is included in the Sabhetine tribe,
Subfamily Culicinae. Due to its ecological plasticity,
this species has adapted to anthropogenic environments
and its immature stages have been collected in bamboo
cavities, tree holes, coconut husks, cocoa pods, snail

shells, rock hollows, tires, and a wide variety of small
artificial containers (Campos et al. 2011, Chaverri et al.
2018). Although there are several studies on the bio-
nomy of Li. durhamii, research on the ecology of
breeding sites in snail shells are limited to three studies
undertaken in 2012 in Yungas, Argentina, an area of
subtropical rainforest (Mangudo et al. 2017). The snail
species M. oblongus, M. lorentzianus, and M. oblongus
musculus were recorded in the three studied sites. We
compare the results of that study with results of experi-
ment 3 for Li. durhamii, given the field conditions in
which the tests were performed. Some differences in
results could be related to the shell sizes in the two
studies. The average number of Li. durhamii larvae was
11.6 larvae for species in the genus Megalobulimus,

Fig. 5. Relationship between mosquito numbers and snail shell volume (r ¼ 0.3876; P ¼ 0.0148).

Fig. 6. Relationship between snail shell volume and shell size (r ¼ 0.3352; P ¼ 0.028).
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compared with 4.3 Li. durhamii mosquitos per giant
African snail shell in experiment 3. The study in Argen-
tina reported between 1 and 27 immature larvae per
snail shell, in contrast with results in experiment 3, in
which between 1 and 16 Li. durhamii mosquitoes were
found. This difference could be because of the simulta-
neous presence of sympatric species such as Ae. albo-
pictus and Ae. aegypti, which could be competing for
breeding site selection, space, and nutrient content in
the shells. The average water volume recorded of 9.4
ml per giant African snail shell (range ¼ 1 to 27.5 ml
per shell) was greater in experiment 3 than what was
found for the species in the Megalobulimus genus
(mean¼ 3.5 ml and range ¼ 0.5 to 10 ml per shell).

The epidemiological importance of the Li. durhamii
findings in this study resides in vectorial susceptibility,
with the isolation of viruses that comprise serogroups
Guama and Group C of the genus Orthobunyavirus
(subfamily Bunyaviridae) in the Amazon region of
Peru and during entomovirus monitoring in an urban
forestry reserve in Brazil, with the Zika virus (Turell
et al. 2005, Barrio-Nuevo et al. 2020). Li. durhamii
has a wide distribution in Colombia and recent studies
identified this mosquito species in 15 ecoregions, with
presence of mosquitoes from the Sabhetini tribe (Nar-
anjo-Díaz et al. 2022); however, research on the role of
Li. durhamii in the transmission of some flaviviruses
with potential health risk have not been reported.
Another vector of interest was Ae. albopictus, an inva-
sive species from southeast Asia, whose geographical
distribution includes all continents except Antarctica. Its
introduction to the Americas was associated with the
international trade in vehicle tires, and there is informa-
tion on its presence in 21 countries (Huang 1968, Gar-
cia-Rejon et al. 2021). In Colombia, it was reported for
the first time in the city of Leticia in 1998 and in the city
of Cali in 2006. It is currently recorded in 23 of 32
departments in Colombia (Vélez et al. 1998, Cuéllar-
Jiménez et al. 2007, Hoyos et al. 2023). In the Americas
and Colombia, it is considered a competent vector in the
transmission of the arboviruses dengue, Zika, and chi-
kungunya (Martínez et al. 2020, Garcia-Rejon et al.
2021). Aedes albopictus shares the same ecotypes as Li.
durhamii. Its success as an invasive species and ability
to displace other species is linked with a gonotrophic
cycle that is shorter than that of Ae. aegypti by approxi-
mately 3.2 to 3.7 days (Casas-Martínez et al. 2020) and
the ability to lay eggs without the need for blood intake
(Klowden and Chambers 1992). Aedes albopictus larvae
have the ability to decelerate growth and resist hunger
under limited food conditions (Barrera 1996). Addition-
ally, eggs can enter diapause because of environmental
conditions such as temperature, prolonged dry periods,
and increased solar radiation, which is a characteristic
that Ae. aegypti does not share (Lacour et al. 2014).

The productivity of Ae. albopictus larvae was
reported for P. insularum aquatic snails on the Hillsbor-
ough River banks in the state of Florida, USA, in 2012.
A total of 108 shells were collected over 3.5 km, only
25 of which were positive for mosquitoes, yielding 367

Ae. albopictus larvae. An average of 14.6 Ae. albopic-
tus larvae per shell and a maximum of 56 larvae in a
shell containing 15 ml of water were recorded. These
results on the Hillsborough River were greater than
those found in experiment 3 in this study, with a total
of 67 Ae. albopictus adults in nine shells positive for
mosquito presence, and an average of 6.7 mosquitoes.
The maximum number of mosquitoes in one snail shell
was 26 specimens in 27.5 ml of water. Another investi-
gation where the objective was entomological monitor-
ing in natural and artificial containers, Rozeboom and
Bridges (1972). found the dominant presence of Ae.
albopictus in L. fulica shells on Guam Island, in the
Mariana Islands archipelago in Oceania. In that study,
the presence of only 50 Ae. albopictus larvae in 9 Afri-
can snail shells was reported.
Aedes aegypti is a domestic species originally from

sub-Saharan Africa that was introduced to the Ameri-
cas during the slave trade in the 16th and 17th centu-
ries. It is distributed over 80% of the Colombian
territory, in populations located up to 2,300 m (Ruiz-
López et al. 2016, Powell et al. 2018). Aedes aegypti
is considered a primary vector in the transmission of
dengue, chikungunya and Zika viruses, and a principal
urban vector of yellow fever (Souza-Neto et al. 2019).
The evolutionary history of Ae. aegypti is strongly
linked to human settlements and it probably evolved
and adapted to the domestic environment (Powell
et al. 2018). The domestic habitat and most artificial
containers built by humans using plastic, metal, mud,
glass, cement, clay, tires, etc., are considered the main
breeding sites for Ae. aegypti, although natural con-
tainers should also be taken into account (Chadee
et al. 1998, Maciel-de-Freitas et al. 2007). The pres-
ence of Ae. aegypti larvae in L. fulica shells was also
described in a study undertaken in the city of Dar es
Salaam and in the Msasani Peninsula of Tanzania in
1970. In that study, three species were identified in
207 shells: Ae. aegypti, Ae. simpsoni Theobald, and
Eretmapodites quinquevittatus Theobald. The average
size of snail shells was 95.9 mm, and water volumes
per shell ranged between 140 and 250 ml in the two
study sites, with an average of 56.5 ml. The number
of larvae per shell ranged from 1 to 35, with records
of 40 Er. quinquevittatus, 14 Ae. simpsoni, and 32 Ae.
aegypti specimens per shell. The latter species was
dominant, with 223 specimens. In experiment 3 in this
study, the average size per shell was 100.7 mm. The
number of larvae per shell ranged from 1 to 26 individ-
uals and the average volume per shell positive for
mosquito presence was 9.4 ml. The relative density of
Ae. aegypti in experiment 3 was low, and only one
108 mm shell with a volume of 23 ml was recorded,
with only five individuals.
The low density of Ae. aegypti in this research, in

snail shell containers, motorcycle tires and plastic
cups, may be related to the requirements of this spe-
cies during the selection of oviposition sites such as:
their occupancy, biological conditions of the water
and availability of food. (Chadee 2009). Additionally,
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the low presence of Ae. aegypti could be explained if
we take into account the domesticated behavior of ovi-
position inside and outside housing and the offer of
rainwater drains in the streets surrounding the study
area, considered one of the greatest artificial hatcheries
in the city that offers a high volume of water and
available organic matter year-round (Obando et al.
2007). The entomological percentages of Li. durhamii
(66%) and Ae. albopictus (32.7%) recorded in the
motorcycle tire and plastic cup containers in the first 2
experiments confirmed the ecological plasticity of the
2 species.
Results of a study on the morphological variations

of giant African snails undertaken in Cali in 2018 in
different communes found that the average size of
giant African snail shells was 53,71 6 12,97 mm,
classified as a young - adult population (Patiño-Mon-
toya et al. 2018). These observations on the average
size of snail shells were related to, among other fac-
tors, the continuous collection of live giant African
snails by the environmental authorities of the city of
Cali. These results on the average size of snail shells,
according to the authors, are due, among other factors,
to the continuous collection of live snails by the envi-
ronmental authorities of Cali. Comparison of the
above information and the potential of snail shells
larger than 80 mm suggests that monitoring of African
snail empty shells should be included in vector control
activities.
Finally, the results of our exploratory research

raise the need to address control methodologies for
giant African snail shells that could include 1) con-
tinuing the systematic collection by environmental
authorities in municipalities endemic to this invasive
mollusk, and 2) creation of community cooperatives,
with the support of local mayors, for the collection
and marketing of snail shells, which are currently
used to extract calcium carbonate and its derivatives
for medical and industrial applications.
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