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Schistosomiasis vector snails are subjected to extreme seasonal changes, particularly in ephemeral rivers and
lentic waterbodies. In the tropics, aestivation is one of the adaptive strategies for survival and is used by snails in
times of extremely high temperatures and desiccation. Aestivation therefore plays an important role in maintaining
the transmission of schistosomiasis. This review assesses the possible impacts of climate change on the temporal
and spatial distribution of schistosomiasis-transmitting snails with special emphasis on aestivation, and discusses
the effect of schistosome infection on aestivation ability. The impacts of parasite development on snails, as well
as physiological changes, are discussed with reference to schistosomiasis transmission. This review shows that
schistosome-infected snails have lower survival rates during aestivation, and that those that survive manage to get
rid of the infection. In general, snail aestivation ability is poor and survival chances diminish with time. Longer dry
periods result in fewer, as well as uninfected, snails. However, the ability of the surviving snails to repopulate the

habitats is high.

Keywords: climate change, schistosomiasis transmission, vector ecology

Introduction

Schistosomiasis is caused by blood trematodes of the
Schistosoma genus, which are internal parasites of
vertebrates. The three main species infecting humans are
Schistosoma haematobium, S. japonicum and S. mansoni.
Two other species, more localised geographically, are
S. mekongi and S. intercalatum. The life cycle involves
two hosts. The primary host, where the flukes sexually
reproduce, is the human host and asexual reproduction
occurs in snail intermediate hosts.

Intermediate host snails play a central role in the transmis-
sion of schistosomiasis. Hence it is crucial that the ecology
and the role of snails in transmitting schistosomiasis are
seriously considered in designing control programmes.
The currently recommended strategy for control of schisto-
somiasis is anchored on mass drug administration, using
praziquantel as the drug of choice (WHO 2006; Utzinger
et al. 2009). While this strategy significantly lowers the
prevalence and intensity of the disease, and reduces the
force of transmission through reduced contamination levels,
it does not stop treated individuals from being reinfected
(Chimbari 2012). It is therefore important to understand the
ecology of the snail intermediate hosts.

For many decades in the past snail ecology was seriously
studied (Appleton 1978; Brown 1994) and schistosomi-
asis control programmes were centred around snail control
(Yuan et al. 2005), in combination in some instances with
treatment and water and sanitation (Chandiwana and Taylor

1990; McCullough 1992; Souza 1995). Much success was
registered through these strategies. These studies focused
on defining snail distribution, abundance, infection status
and interactions with humans and animals (Chandiwana
and Taylor 1990; Makura and Kristensen 1991; McCullough
1992). Efforts were made to understand the schistosome/
snail interactions (Morand et al. 1996), survival strategies
of snails (Storey and Storey 2012), biological control
of the snails through various means including use of fish
(Moyo 1995; Chimbari et al. 1996; Chimbari et al. 1997),
competition with non-intermediate host snails (Ndlela et
al. 2007), susceptibility to both synthetic and plant mollus-
cicides (McCullough 1992; Chimbari and Shiff 2008), and
susceptibility to other natural infections in the waterbodies
(Chingwena et al. 2002). The advent of the safe single dose
of praziquantel, now used for treating both S. haematobium
and S. mansoni, and environmental concerns expressed
against the use of synthetic molluscicides (McCullough
1992; Engels et al. 2002), shifted research attention away
from snail studies. This shift downgraded the study of snails
(malacology) to an academic discipline more appropriate for
understanding biodiversity, rather than as a key component
of understanding disease transmission.

Eradicating snail intermediate hosts would be ideal to
curb reinfection. However, there is no doubt that indiscrim-
inate killing of snails from a biodiversity point of view is
unacceptable. Therefore, investing in molluscicides is not
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encouraged, particularly given that alternative environ-
mentally friendly, plant-based molluscicides have not been
developed to a point where they could be used sustainably.
However, it is important that the ecology of intermediate
host snails is taken into account when designing schistoso-
miasis control programmes. In particular, control managers
need to know when and where infected and non-infected
snails are present in water. They need to understand how
snail populations build up following periods of dry conditions
along ephemeral rivers and lentic waterbodies, and how that
influences schistosomiasis transmission locally.

Much of the information on the ecology of snails is based
on studies conducted during the 1950-1980 period. The
limiting ecological parameters found in literature are based
on these early studies and yet drastic ecological changes
have occurred since then due to many factors including
human population pressure (Voérosmarty et al. 2000), water
development projects (Vérosmarty et al. 2000; Steinmann
et al. 2006), land-use changes (Chaumba et al. 2003) and
climate change/variability (McCarthy et al. 2001; Parry et
al. 2007), to mention some. It is therefore imperative that
more research be conducted on snail ecology to understand
the current situation. For such research to be encouraged
and promoted there is need for an audit of what has been
done and what is known, and of what needs to be done to
provide a knowledge base for young scientists. It is against
this background that we conducted this review on aestiva-
tion, one of the key ecological phenomena of snails that
have implications on schistosomiasis transmission. This
review focuses on the freshwater planorbids, given their
relative abundance and medical importance to human
health.

Methods

This review is based on a systematic search in July 2014
for relevant literature on PubMed (http://www.ncbi.nim.
nih.gov/pubmed) electronic search engine, following the
method used by Simoonga et al. (2009). This search
considered studies in aestivation, schistosomiasis transmis-
sion, climate change and impact on parasitic diseases,
following a combination of terms and Boolean operations:
‘aestivation and schistosomiasis transmission’, ‘aestivation
and climate change’, ‘schistosomiasis and climate change’
(Table 1). The snowballing technique was used to obtain
more literature based on the bibliography or reference list
of previous reviews obtained using the search strategy
described above. The articles that were not relevant to snail
aestivation were left out.

Aestivation

Aestivation is defined as a survival strategy whereby organ-
isms lower their metabolic activities to survive season-
ally adverse conditions (hot and dry) with limited or no food
(Guppy et al. 1994; Guppy 2004; Secor and Lignot 2010;
Storey and Storey 2012). The word aestivation derives from
the Latin for summer (aestas) or heat (aestus) (Storey and
Storey 2012). While hibernation occurs in winter, aestiva-
tion occurs in dry summer months (Withers and Cooper
2010). Aestivation is achieved by metabolic depression or

Table 1: Articles of published literature related to aestivation
retrieved from PubMed (http://www.ncbi.nIm.nih.gov/pubmed)

Search word combination No. of articles No. of articles

retrieved considered
‘Snail aestivation’ 126 30
‘Snail aestivation + schistosomiasis’ 8 6
‘Schistosomiasis + climate change’ 41 14
‘Snails + climate change’ 77 15
‘Aestivation + climate change’ 2 0
‘Snail aestivation + climate change’ 1 0
‘Schistosomiasis + aestivation + 0 0

climate change’

hypometabolism. It is achieved by strong metabolic rate
suppression, strategies to retain body water, conservation
of energy and body fuel reserves, altered nitrogen metabo-
lism, and mechanisms to preserve and stabilise organs,
cells and macromolecules over many weeks or months of
dormancy (Storey and Storey 2012). Table 2 shows some
of the intermediate host snails for schistosomiasis and the
respective schistosome species.

Effects of aestivation on parasite development

Brown (1980) noted that aestivation was central to the
ecology of many African molluscs. At that time very little
was known about the parasite—host interaction. Several
studies have shown that infected snails are more likely to
die during aestivation (Woolhouse and Taylor 1990; Badger
and Oyerinde 1996; White et al. 2007). The studies showed
that, following exposure to the miracidia of S. mansoni,
Biomphalaria pfeifferi snails’ survival chances decreased
with time before being aestivated. That is, the longer the
snails stayed with an infection before being put into aestiva-
tion mode, the lower their survival chances. It has also been
demonstrated that there is a difference in mortality rate of
cercariae from aestivated and non-aestivated B. pfeifferi,
and that penetration, migration and maturation of cercariae
into adult worms are not affected by the aestivation in B.
pfeifferi snails (Badger and Oyerinde 2003). Barbosa (1956)
demonstrated that when Biomphalaria glabrata infected with
S. mansoni is in the phase of shedding cercariae, and is
kept out of water in the laboratory over a two-week period,
the surviving snails get rid of the infection. The same group
(Barbosa and Barbosa 1958) also showed that primary
sporocysts stopped their development at some point in their
90-day laboratory aestivating period to resume it as soon as
the snails returned to the water. The secondary sporocysts
were also able to enter into dormancy when the snails were
kept out of water. Thus, the largest proportion of snails that
survive desiccation is likely to be those without infection and
this translates to a low transmission potential.

Aestivation triggers

Most field-based studies have not pinpointed what triggers
aestivation. However, it has been noted that several
stresses, including conditions that restrict water and food
availability, are the common trigger for aestivation and that
these are usually accompanied by hot summer tempera-
tures (Guppy 2004; Storey and Storey 2012). Betterton et
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Table 2: Some snail species responsible for transmitting Schistosomiasis and their aestivation capabilities

Snail species

Schistosomiasis species

Aestivation ability and source

Biomphalaria glabrata . mansoni
Biomphalaria tenagophila mansoni
Biomphalaria pfeifferi mansoni

haematobium
haematobium
. heamatobium
. haematobium

Bulinus truncatus
Bulinus globosus
Bulinus senegalensis
Bulinus rohlfsi

Bulinus forskalii
Bulinus africanus
Oncomelania hupensis
Neotricula aperta

DODLLLLNOH®

. haematobium
S. japonicum
S. mekongi

. haematobium, S. intercalatum, S. guineensis

Yes (Barbosa 1956)

Yes (Ohlweiler and Kawano 2001)
Yes (Badger and Oyerinde 1996)
Yes (Chu et al. 1967)

Yes (Betterton et al. 1988)

Yes (Goll and Wilkins 1984)

Yes (Betterton et al. 1988)

Yes (de Kock et al. 2002)

Yes (Heeg 1976)

Yes (Hong et al. 2002)

No (Attwood 1999)

al. (1988) point to some inconsistencies, and yet very little
information relating to the stimulus for aestivation is given.
This is probably because, in their study, Bulinus rohlfsi did
not aestivate in the dry season, even although its habitat
was drying due to evaporation, yet earlier it had been shown
that snails aestivate before the pools dry up (Webbe 1962;
Goll and Wilkins 1984). Water evaporation due to high air
temperatures, and the resultant lower water temperatures
signalling the end of the rainy season, have been correlated
with a decline of Bulinus senegalensis populations (Vera et
al. 1995), suggesting that a decrease in water temperature
could be a stimulus for aestivation. Drying-off of a bloom of
unicellular algae and environmental changes associated with
this have also been cited as an aestivation trigger (Betterton
et al. 1988). Aestivation triggers may be species-dependent.
Cell signalling is crucial to achieving both a hypometa-
bolic state and reorganising multiple metabolic pathways to
optimise long-term viability during aestivation (Storey and
Storey 2012). However, rapid river drying is not good for
aestivation, as snails require gradually drying conditions to
prepare themselves for aestivation (Barlow 1935). Barlow
also noted that, if their habitat dried up suddenly, their
survival chances were low, compared to under gradual
drying. This may imply that the snails need time to prepare
for aestivation or that they respond to certain stimuli associ-
ated with gradual drying. It is important to understand
species-specific stimuli for aestivation mode triggers.

Physiological aspects of aestivation

Hypometabolism is controlled reversibly by controls that
suppress cell functions (e.g. inhibiting activities of enzymes
and functional proteins, and sequestering mRNA transcripts
into stress granules) and changes in the amounts of
selected proteins due to differential transcription, transla-
tion or degradation. This includes proteins that address
aestivation-specific issues, for example, upregulation of
urea cycle enzymes (Storey and Storey 2012). Protein
synthesis is down-regulated in concert with metabolic
depression (Guppy et al. 1994; Guppy and Withers 1999).
An understanding of the aspects of cell biology that control
metabolic depression therefore has widespread implica-
tions and applications, not only to the regulation of metabol-
ically depressed organisms, but also in explaining the
metabolic requirements of normal cells. But, to date, no
molecular mechanism or process associated with the control

of metabolic depression has been comprehensively deline-
ated, and the fundamental phenomenon of metabolic
depression remains biochemically obscure (Guppy 2004).
Barbosa and Barbosa (1958) observed that some snails
survived until their weight was as low as 47-50% of their
original weight, but that they usually died when their
weight approached 60% of the original. Aestivation affects
various metabolites. Polysaccharides, total lipids, lactic
acid and volatile acids have been shown to be depleted in
snails under aestivation as well as triglycerols (White et al.
2006) and phosphatidylcholine concentration significantly
decreased during aestivation of the infected snails (White
et al. 2007). Phosphatidylcholine has a structural role in
cell membranes, so depletion of this lipid could indicate
that the larval trematodes are somehow disrupting the cell
membranes of snails. In general, physiological regulation
of snail metabolism is vital for successful aestivation. It is
important to have good understanding of this vital process.

Resuscitation

In general, aestivation appears to be a fairly ‘light’ dormancy
involving no physiological changes that cannot be very
rapidly reversed. Torrential summer rains have been cited
as a stimulus for ending aestivation (Storey 2002). Studies
of Otala lactea showed that arousal occurred within
10 minutes when aestivating snails were sprayed with
water (Whitwam and Storey 1991). Uric acid is accumu-
lated during aestivation of Pomacea canaliculata and
may act as an antioxidant during the subsequent arousal
to cope with harmful effects of reoxygenation (Giraud-
Billoud et al. 2011). Very few studies have been carried
out to understand the physiology of schistosomiasis-
transmitting snails during aestivation. However, it has been
established that the time taken to revive snails depends on
species (Barlow 1935) and can range from two minutes to
two hours. It has also been shown that there is differen-
tial mortality of different various size groups soon after the
snails are revived (Betterton et al. 1988). Young snails tend
to die off soon after revival, while old snails are more likely
to die during aestivation (Hira 1968; Betterton et al. 1988).

Host—parasite interactions

Numerous studies have demonstrated the negative effects
of larval trematodes on the fecundity, survival and growth
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of the snail hosts. Immature S. mansoni larvae were shown
to survive and develop within aestivating Biomphalaria
tenagophila (Ohlweiler and Kawano 2001). However,
the survival of the infected snails was lower than that of
uninfected snails. Barbosa (1956) also demonstrated that
S. mansoni can stop its development in B. glabrata when
the snail aestivates in natural habitats that are subjected to
annual drought. They confirmed the phenomenon, which
had been observed under laboratory conditions (Barbosa
and Barbosa 1958), in the field in aestivating snails found
on the soil. The conditions created in the host tissues
during the aestivation period make the trematode stop its
development. The phenomenon is seasonal and is charac-
terised by the temporary failure of growth and reproduction
of the trematode during a change of the environment when
the snail is subjected to adverse climatic factors. Gérard
(2001) suggested that parasites had a regulatory impact
on host populations based on a mathematical model which
demonstrated an inverse relation between the frequency of
the snails and the rate of parasitism.

Differential species aestivation abilities

Snails have different strategies for surviving long drought
periods. Survival rates depend on many factors, including
the species of the snail, whether habitats dry up gradually
or rapidly, soil moisture and relative humidity (Appleton
1978; McCreesh and Booth 2013). Survival may be lower
for snail populations with little history of previous desicca-
tion (Appleton 1978; McCreesh and Booth 2013). Aestivation
is more common in Bulinus species than in Biomphalaria
species, and therefore plays a greater role in the transmis-
sion of S. haematobium than S. mansoni (Brown 1994;
Appleton and Madsen 2012). Biomphalaria glabrata and
Biomphalaria straminea, vectors for S. mansoni, were shown
to survive by seeking protection under ground-level vegeta-
tion and not burrowing under the soil to avoid desicca-
tion (Olivier 1956). The majority of the surviving snails
were at the soil surface or in the top centimetre of the sail,
possibly left stranded there when the water level fell and
the pools dried up. However, Betterton et al. (1988) showed
that B. rohlfsi and Bulinus globosus aestivated towards the
bottom of their drying-out habitats. The authors noted that
this behaviour is adaptively advantageous for temporary
pool dwellers, since it prevents them from being revived
too early after the first isolated rainfall of the season and
enables them to emerge only when the pool is fairly full and
well established. It has indeed been shown that different
species have different tolerance to drought (Barlow 1933).
The authors noted that, for B. globosus, survival rates
during desiccation compared favourably with survival rates
of free-living snails in the field. Differential species ability
will no doubt influence schistosomiasis species distribution
geographically if length of drought changes as some snail
species will be pushed to extinction while others will thrive.

Implications of aestivation on schistosomiasis

The success of schistosomiasis control programmes
depend to a great extent on an understanding of the

ecology of snails and subsequent schistosome transmis-
sion. It is essential to understand how aestivation affects
the time necessary for the re-establishment of communi-
ties in a freshwater habitat after disturbance. Thus, a
long-term study on the level of individual snails, popula-
tions of one species and complex snail communi-
ties is necessary to have a better understanding of the
functioning of trematode—mollusc systems in the field.
Bulinus globosus survival rates during desiccation were
found to be similar to survival rates of free-living snails
in the field (Woolhouse and Taylor 1990). Similarly Vera
et al. (1995) found that another snail species, B. senega-
lensis, survived in two persistent and three ephemeral
pools, including one that only had water for one month
following an eleven-month dry period. This observed
period of aestivation exceeded the six to seven months
recorded in Gambia (Smithers 1956). This demonstrates
the good adaptation of B. senegalensis to temporary
waterbodies in Niger and confirms its classification as a
good aestivator. This information is particularly important
in cases where attempts to control snails in irrigated
areas by the periodic draining of water courses. Periodic
drainage of irrigation canals along with tailored engineering
designs to increase water flow has been implemented to
reduce snail densities (Thomson et al. 1996; Chimbari
2012). However, under drought conditions the survival
rates of adult B. globosus are sufficiently high to call into
question the effectiveness of drainage (to the extent that
this simulates natural drought conditions) in control-
ling snail populations (Barlow 1933; Vera et al. 1995).
Drainage may, however, interfere with snail breeding, and
thus may be effective in reducing the density of snails with
patent infections (owing both to reduced survival rates and
loss of infection), and subsequently in temporarily reducing
schistosomiasis transmission (Vera et al. 1995; Thomson
et al. 1996; Chimbari 2012). Appleton (1978) noted that
during the rainy season, the snail densities are low, with
little or no breeding and that egg laying is increased just
after aestivating snails are revived. Thus, treatment of
ponds with molluscicide at the end of the rainy season and
upon onset of rains, when the snails would be trying to
repopulate, would be effective in controlling snails, thereby
reducing transmission of schistosomiasis, as suggested by
Senghor et al. (2015).

There are contradictory reports on the effect of infectivity
on the survival of the snails. In a study involving 1 200 B.
glabrata snails (Lancastre et al. 1989), there were no
differences between snails infected for 3 days or 12 days
before aestivation. However, when snails were either put
on soil or buried in sealed or ventilated boxes, survival was
better for the ‘on soil’ snails than for ‘buried’ snails. The
surviving desiccated B. glabrata had a lower death rate
and lesser cercarial production than infected snails kept in
water. A statistically significant inferior production of male
cercariae compared to female and to mixed cercariae was
demonstrated. There were also no surviving snails in sealed
boxes. Most importantly, it was demonstrated that a signifi-
cantly large portion of snails die and do not make it through
the dry period (Barbosa and Barbosa 1958). In short,
aestivation ability is very poor.
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Snail ecology and climate change

Climate change is now generally accepted as fact
(Mas-Coma et al. 2008). It is conceivable then that, with
climate change, the duration of dry/wet seasons has been
changing over time and may become shorter or longer in
the future. This may reduce or increase the chances of snail
survival and breeding. An understanding of these dynamics
is critical in formulating intervention control strategies.
Climate variables are able to affect the prevalence, intensity
and geographical distribution of helminths by directly
influencing free-living larval stages, as well as indirectly
influencing mainly the invertebrate, but also the vertebrate,
hosts (Mas-Coma et al. 2008). Mature cercariae shed by
post-aestivated B. pfeifferi and B. glabrata were shown
to be as infective as those shed by non-aestivated snails
(Eveland and Ritchie 1972; Badger and Oyerinde 2003).
However, cercariae from post-aestivated B. pfeifferi became
less motile more quickly during the first 12 hours after
release. This was attributed to reduced energy reserves,
which could have been due to the host itself having been
starved and had its reserved energy depleted (Eveland and
Ritchie 1972; Badger and Oyerinde 2003). It appears that
snails occurring where there are longer drought periods
have adapted to the drought conditions (Barlow 1933; Vera
et al. 1995).

The abilities of snail species to survive different lengths
and severities of desiccation in natural conditions are not
well understood (McCreesh and Booth 2013). Droughts
can lengthen the time that temporary waterbodies are
without water and may result in permanent drying of some
waterbodies. Climatic factors affect several ecological
processes at different levels — from the performance of
individual organisms, to the dynamics of populations and
community interactions, up to the distribution of species
(Mas-Coma et al. 2009a). The development and transmis-
sion rates of parasitic organisms are particularly sensitive
to weather conditions. Climate change (global warming) is
likely to affect the distribution and survival rate of parasite
vectors and intermediate hosts and also directly influence
the reproduction and maturation rate of parasites carried
by them (McCarthy et al. 2001). The expansion of suitable
habitats for invertebrate hosts of waterborne parasites
could result in risk of waterborne infections in humans and
animals and increased distribution of the disease. There
are different environmental factors that impact on the distri-
bution of schistosomiasis. Temperature, waterbody type,
rainfall, water velocity and altitude can all have a signifi-
cant effect on the schistosome life cycle and survival of
the intermediate snail host (Fenwick et al. 2006). Climatic
changes are likely to affect the known geographical distri-
bution of freshwater snails such as Biomphalaria spp., the
invertebrate hosts of Schistosoma spp. transmissible to
humans, livestock and other animals (Morgan et al. 2001).
For example, high temperatures may explain the absence
of Biomphalaria spp. from coastal East Africa and the
consequent absence of S. mansoni transmission (Sturrock
1966). Similarly, high mortality of B. pfeifferi in South Africa
is associated with periods of continuous high tempera-
tures (Appleton 1977). However, cercarial production may

increase at higher temperatures and the snail physiolog-
ical processes also increase markedly at high temperatures
(Mas Coma et al. 2009b). Thus, schistosomiasis is among
the diseases which may change both its local infection and
geographic expansion due to global warming. Populations
of freshwater snails are subjected to severe ecological
constraints imposed by large temporal fluctuations in their
environment. Their success depends on their physiolog-
ical capacity to tolerate these fluctuations (Hunter 1961).
Temperature can also act as a stressor on hosts and may
lead to an increase in parasite-induced mortality (Esch et
al. 1975; Studer et al. 2010). The impact on individual hosts
may then also translate into effects at the population level
which, in turn, may negatively affect the parasite’s success
at completing its life cycle. Esch et al. (1975) noted that
the varied response to the stressor input at the individual
or population levels is dictated by the capacity for adapta-
bility present at each level, and also that response may
be modified, by the unique combination of environmental
characteristics at the time of stressor input. Field observa-
tions have suggested that there is interspecific competition
among snails in the waterbodies (Vera et al. 1995) when
a temporary pool colonised by both B. senegalensis and
Bulinus truncatus was studied. It was also shown that B.
senegalensis was present in the temporary pools whatever
their duration, whereas B. truncatus was only found in
the more persistent pools. Bulinus senegalensis popula-
tions developed mostly during the rainy season when the
water temperature was warm while B. fruncatus was more
abundant after the rainy season when the water tempera-
ture was cooler, but occasionally increased when the water
temperature was warmer during unusual rainy seasons with
low and intermittent rainfall. This has greater implications
for intermediate host snails. The ability to aestivate and wait
for the next season or to be modulated by water tempera-
ture can result in different temporal and spatial distribution
and abundance. In unfavourable climatic conditions there is
a possibility that the interspecies competition may be tilted
in the favour of one species at the expense of the other.
This would result in an increased presence of the other. If
the favoured species is a parasite vector, this would lead
to increased transmission. Thus climate change will have
important implications on snail ecology and schistosomiasis
transmission.

Climate change scenario

The Intergovernmental Panel on Climate Change (IPCC
2007) predicts an overall increase in the amount of rainfall
at high altitudes and an overall decrease in most subtrop-
ical regions. The annual mean rainfall increase in tropical
and East Africa, winter decrease for southern Africa, likely
annual mean decrease in North Africa, northern Sahara,
and likely summer mean increase in southern South-East
Asia and south-eastern South America have been predicted
(IPCC 2007). If these predictions become a reality, that will
inevitably influence both the distribution and incidences
of schistosomiasis (McCreesh and Booth 2013). Several
models have indicated the importance of the length of the
rainy season in determining the survival and breeding of
snails (Martens et al. 1997; Douglas et al. 2008; Zhou et al.
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2008; Stensgaard et al. 2013). Fecundity and survival are
influenced by drastic alterations of the habitat (Appleton
1978). Increased surface water may result in an increase
in schistosomiasis transmission. However, flash floods are
likely to wash away the snails or dislodge them from their
preferred habitats. Fast-flowing water is also not ideal
for snail and cercariae survival. Thus, rainfall patterns
may result in an increase or decrease of schistosomiasis
transmission. The length of dry season has an impact on
chances of successful aestivation and only snails capable
of adapting to longer drying periods may survive.

Conclusion

Aestivation is an important step in the life of many
schistosomiasis-transmitting snails, especially in ephemeral
waterbodies. Studies so far have not fully shown how
climate change may affect spatial and temporal distribu-
tion of these snails. There are contradictory reports on the
effect of infectivity to survival of the snails. Climate change
is likely to have a profound effect on snail population
densities and inevitably transmission. Longer dry periods
will negatively impact on survival of snails and may lead
to elimination of some vector species. Aestivation capabili-
ties between different species in the context of interspecies
competition have not been clearly studied, while aestiva-
tion triggers have not been clearly spelt out. However, it
has been shown that snails generally prepare themselves
for aestivation by altering their physiology, and their survival
chances are increased if the waterbodies dry up gradually.

It should be noted that much of the literature on snail
aestivation studies is now old. Most of the field studies were
carried out from 1930 to 1980. There is a need to revisit
some of the studies carried out, especially those done in the
1950s, with a view to filling some of the gaps, given the new
information at our disposal, especially in the physiological
aspects that have been recently unravelled.
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