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(Mollusca: Helicidae), Introduced Pests in Australia
G.H. Baker

Division of Entomology, CSIRO, Private Bag No. 2, Glen Osmond, S.A. 5064

Abstract

Introduced white snails (Helicidae) such as Theba pisana, Cemuella virgata,
Cochlicella acuta and C. barbara have long been regarded as significant agricultural
pests in Australia. They feed upon and foul crops and pastures. White snails have,
however, attracted little research either to demonstrate the degree of damage they do or
how they can be controlled.
The native distributions of white snails in Europe and north Africa are reasonably
well documented, as are their distributions in Australia. In Europe their life histories
vary between habitats (e.g. T. pisana can be annual or biennial). Very little is known of
their life histories in agricultural habitats in Australia. Techniques are available for
rearing cultures of white snails in the laboratory but need to be developed for measuring
the abundance of their eggs in the field and also for measuring age, growth rate and
maturity.
The impact of current agricultural practices such as minimum tillage, continuous
cropping, crop-pasture rotation and permanent grazing on the numbers of snails is
unknown. An understanding of the timing and sites of activity and inactivity (aestiva
tion) of each species of snail is required as well as measures of their dispersive
abilities.
Improved weed control may reduce snail numbers by reducing their food or sites for
aestivation. This needs to be tested. Appropriate use of currently available mollusci
cides, such as border treatments of fields to prevent seasonal invasion, needs to be
researched. Surveys should be conducted within the snails’ native distributions to find
natural enemies suitable for use as biological control agents in Australia. A few
promising agents, such as parasitic sciomyzid flies, are already known. Their impact on
snail populations in Europe should be assessed. Host-specificity testing of potential
agents will be hindered by the current lack of knowledge of native Australian snails.
1.

Introduction

Two introduced snails, Theba pisana (Muller) (often referred to as the white Italian
snail) and Cemuella virgata (da Costa) (often referred to as the vineyard or Mediter
ranean white snail) (Mollusca: Helicidae), have long been serious agricultural pests in
South Australia (Lim and Jenkins 1972, Cawthome et al. 1984) (Fig. 1). T. pisana is
also an important pest in Western Australia (Rimes 1968) and C. virgata was
discovered there for the first time in 1984 (P. Davis pers. comm.). Both species are of
economic significance in Australia because they climb on to the heads and stalks of
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Fig. 1

Some of the variously banded morphs of (a) Theba pisana and (b)
Cemuella virgata in South Australia.

3

Illi

CM 1
Fig. 2

2

3

4

Young Cochlicella acuta aestivating on a cereal stem.

cereals in late spring/early summer to aestivate. They then clog machinery and con
taminate grain during harvest. Considerable time can be lost cleaning the machinery.
The contaminated grain is either unacceptable to grain bulk handling authorities or
down-graded because of the impurity and increased moisture content attributable to the
squashed snails. During seasons with abundant snails, substantial areas of crops are not
harvested because of the likely rejection of the fouled cereal. The harvests of other
crops besides cereals (e.g. oil seeds, peas, beans) are also fouled by these snails. Some
snails pass intact into the seed bins during harvest. During 1984, shipments of barley
from South Australia were rejected by quarantine authorities in South America
because living C. virgata were included with the grain.
T. pisana feeds on seedling crops in Australia (e.g. wheat, barley, oil seeds, seed
carrots) and legume-based pastures (e.g. annual medics, lucerne, clovers) causing
severe damage and occasionally total destruction. Stock reject pasture and hay which is
heavily contaminated with snails (because of the slime trails). T. pisana is a minor pest
in some citrus orchards, feeding on leaves and fruit. Vegetables and ornamental plants
(native and introduced) are also eaten. According to Pomeroy (1969) and Butler
(1976), C. virgata feeds primarily on decayed organic matter. Nevertheless some
farmers have reported severe feeding damage due to this snail on crops of wheat,
barley, peas, beans and oil seeds as well as ornamental plants.
Two other species of introduced helicid snails, Cemuella neglecta (Drapamaud)
and Cochlicella acuta (Muller) (Fig. 2), also aestivate on cereal heads and foul
harvests in Australia. They have not, however, been considered as economically

4

important as T. pisana and C. virgata. C. neglecta and C. virgata are very similar in
appearance and very probably there has been some taxonomic confusion in the past
(Butler and Murphy 1977). Cemuella vestita (Rambur) and Candidula intersecta
(Poiret) (= Helicella caperata} are also introduced helicids in Australia and somewhat
similar to C. virgata and C. neglecta. Neither species has been reported as a pest.
Cochlicella barbara (Linnaeus) (= C. ventrosa and C. ventricosa} has been reported
to damage legume-based pastures in south-eastern South Australia and the Adelaide
Hills in recent years, but information on the extent of the problem is particularly vague.
C. barbara is not unlike a small C. acuta and again there is a possibility of previous
mis-identification.
The intention of this paper is to indicate what is known about the biology of these
pest snails (known collectively in Australia as white snails) that is relevant to future
research aimed at their control, in particular their biological control. Topics examined
include distribution, polymorphism, pest status in countries other than Australia, life
history, the influence of extremes of weather on population numbers, inter- and intra
specific competition, dispersal and methods for rearing laboratory cultures, estimating
abundance in the field and measuring age, growth rate and maturity. Current tech
niques of cultural and chemical control are discussed. Previous attempts at biological
control of terrestrial snails are reviewed, the natural enemies of white snails are listed
and the taxa most worthy of scrutiny as potential biological control agents are
identified.
2.

Distribution and Sub-specific Variation

2.1 Theba pisana
T. pisana is widely distributed in the coastal regions of the countries bordering the
Mediterranean and along the coasts of western Europe, with northern limits in Ireland,
England and the Netherlands (Taylor 1894-1921, Burch 1960, Deblock and
Hoestlandt 1967, Mienis 1969,1971, Sacchi 1971, Bar and Nevo 1976, Seixas 1976,
Kemey and Cameron 1979, Heller 1981,1982). The snail also occurs on the Atlantic
coast of North Africa and on Atlantic islands such as the Salvages, Madeira, Azores,
Bermuda, Cape Verde and the Canaries (Taylor 1894-1921, Quick 1952, Sacchi 1971,
Backhuys 1972, Cook et al. 1972, Bar and Nevo 1976). Whilst undoubtedly most
abundant in coastal habitats, T. pisana can be found in large numbers far from the sea
(e.g. central Spain) (Taylor 1894-1921). Burch (1960) lists it from Switzerland and
Godan (1983) from oases in Saudi Arabia. Taylor (1894-1921) tentatively suggested
T. pisana originated in the Lusitanian region and later Sacchi (1971) suggested
Morocco. T. pisana has not been found in well studied Pleistocene deposits in coastal
areas of Israel although it is the most abundant species living there now. Heller and
Tchemov (1978) suggested T. pisana was introduced into Israel during historic times.
T. pisana was introduced to California (first noticed in 1914) but eradicated
(Basinger 1923, Quick 1952, Burch 1960, Mead 1971). In South Africa, it was first
recorded at Cape Town in 1881 and is now widespread (Connolly 1939, Diirr 1946,
Barnard 1951, Joubert and Walters 1951, Quick 1952, Hickson 1972, McQuaid et al.
1979).
The introduction and spread of T. pisana (and other species of white snails) is
reasonably well-documented in South Australia. The first record is 1928 at Port
Adelaide (Pomeroy and Laws 1967). T. pisana is now common in coastal areas
throughout the state occurring in large numbers in the south-east, near the mouth of the
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River Murray, on Yorke Peninsula and Eyre Peninsula (Cotton 1937, Lim and Jenkins
1972, Butler and Murphy 1977, Smith and Kershaw 1979 and unpublished records of
the South Australian Department of Agriculture). In Western Australia, T. pisana is
widespread in coastal areas of the south-west ranging from Northampton in the north
around to Eucla in the east (Serventy 1949, Serventy and Storr 1959, Rimes and
O’Donnell 1970, Johnson and Black 1979, G.D. Rimes and P. Davis pers. comm.). T.
pisana has also been recorded in Victoria, New South Wales and Tasmania (Quick
1953, Smith 1967, Smith and Kershaw 1979) (Fig.3).

Fig. 3

Distribution of (a) Theba pisana and (b) Cernuella virgata in
Australia.
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2.2 Cemuella species

Like T. pisana, C. virgata is widespread throughout western Europe and countries
bordering the Mediterranean (Taylor 1894-1921, Boycott 1934, Seixas 1976, Kemey
and Cameron 1979). It is, however, not as restricted to coastal habitats. The first
record for C. virgata in South Australia is at Millicent in 1920-21 (Pomeroy and Laws
1967) and it is now widespread throughout temperate regions of the state as well as
present in Victoria and Western Australia (Quick 1953, Pomeroy 1967, Pomeroy and
Laws 1967, Lim and Jenkins 1972, Butler and Murphy 1977, Smith and Kershaw
1979, unpublished records of the South and Western Australian Departments of
Agriculture) (Fig. 3).
Pomeroy (1967) surveyed the Adelaide Plains, Mt Lofty Ranges, Lower and Mid
north, Yorke Peninsula, Lower and Upper Murray in South Australia for snails. He
found the abundance of C. virgata was strongly correlated with the amount of organic
matter in the soil at the sites he sampled. Significant correlations were also obtained
between abundance and the calcium and moisture content of the soil.
C. neglecta has a primarily Mediterranean distribution, with scattered records in
northern and central Europe (Taylor 1894-1921, Kemey and Cameron 1979). It was
first recorded in South Australia in 1891 at Levens on Yorke Peninsula and is still
mainly confined to that Peninsula (Pomeroy and Laws 1967, Butler and Murphy 1977,
Smith and Kershaw 1979). There is a small population in Sydney, New South Wales
(P.Coleman pers. comm.).

2.3 Candidula intersecta
C. intersecta occurs in western Europe, southern Scandinavia and Mediterranean
countries (Kemey and Cameron 1979, Godan 1983). It was first recorded in South
Australia at Robe in 1912 and is now widespread in the south-east of the state
(Pomeroy and Laws 1967, Smith and Kershaw 1979).
2.4 Cochlicella species

C. acuta and C. barbara are both Mediterranean species, C. acuta also occurring
along the Atlantic coast of Europe whilst C. barbara has been recorded at scattered
locations throughout western Europe (Aubertin et al. 1930, Seixas 1976, Kemey and
Cameron 1979). C. acuta has been introduced to Bermuda and California whilst C.
barbara has been introduced to the Azores, Bermuda, South Africa and Japan (De
Smet 1983, Godan 1983). C. acuta was first reported in South Australia in 1953 at
Minlaton on Yorke Peninsula and is now found throughout the Peninsula, along the
River Murray and in Western Australia. C. barbara was first reported in South
Australia at Mt Gambier in 1921 and is now widespread throughout South Australia,
Victoria, Tasmania, New South Wales and south-western Western Australia (Pomeroy
and Laws 1967, Smith 1970, Smith and Kershaw 1979, P. Davis pers. comm.). C.
barbara has also been reported from Alice Springs, Northern Territory (P. Coleman
pers. comm.). C. acuta is most common in sandy habitats where vegetation is sparse
(Boycott 1934, Lewis 1977, Tattersfield 1981).

2.5 Sub-specific Variation

The morphologies of helicid snails such as T. pisana and C. virgata are highly
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variable (e.g. shell shape, banding pattern, denticulation of the mandible and radula,
shape of reproductive organs) and numerous varieties/sub-species have been named,
some specific to restricted areas (Taylor 1894-1921, Diirr 1946, Mienis 1969,
Backhuys 1972, Richardson 1980, Lazaridou-Dimitriadou and Daguzan 1980, Cowie
1984a). This raises the prospect that if a limited number of varieties of the snails occur
in Australia (due to founder effects) they may be traced back to parent “populations”
within small areas of the very broad distributions in the northern hemisphere. Quick
(1953) considered specimens of C. virgata collected in South Australia more closely
resembled varieties of the species found in Mediterranean regions than in Britain
(based on the shape of the shell and umbilicus and the pattern of the bands). Smith and
Kershaw (1979), however, considered it was impossible to trace the origins of the
Helicidae introduced in Australia, but did not elaborate. Recently, M.S. Johnson,
University of Western Australia (pers. comm.) began comparative studies of allozymes
and DNA in Mediterranean and Australian T. pisana. His results may well assist in
tracing the origins of Australian populations of this species.

3.

World significance

In Mediterranean countries (e.g. Portugal, France, Italy, Algeria and Israel), T.
pisana is a popular food in summer (Taylor 1894-1921, Bar 1977, Baker pers.
observ.). However, it can also be a severe pest. Harpaz and Oseri (1961) considered T.
pisana the worst among the economically important snails in Israel. T. pisana feeds on
ornamental and vegetable gardens in Israel, on the fruit and young foliage of citrus trees
and also on grape-vine leaves, thereby exposing the grapes to excessive solar radiation
(Avidov and Harpaz 1969, Cheng et al. 1980). When T. pisana is found on agri
cultural products intended for export from Israel, the entire consignment is rejected
(Cheng et al. 1980). Severe damage to ornamental flowers and shrubs, a wide variety
of vegetables (e.g. cabbage, carrot, cauliflower, celery, beans, beet, tomato, brussels
sprouts, lettuce, mangel, onion, peas, radish and turnips), citrus, stone fruits, vines,
almond and olive trees has also been reported for Spain, Portugal, Sicily, Libya, Saudi
Arabia, South Africa and America (Basinger 1923, Diirr 1946, Burch 1960, Del
Rivero and Roca 1969, Mead 1971, Swart et al. 1976, Sharaf and Ghaleb 1978,
Godan 1983). T. pisana is a significant pest of seed lucerne in southern France,
especially around the edges of fields (Cairaschi and Lecomte 1973) (similar edge
effects are common in crops in Australia). The snail feeds on the flowers, its slime
inhibits pollination of undamaged flowers, crushed snails block harvesters and the
fouled seeds are unmarketable. T. pisana is a serious pest of improved pasture, veld,
legume crops and cereals in South Africa due to feeding and fouling damage (Diirr
1946, Joubert and Walters 1951, Pomeroy and Laws 1967). Hasan (1976) demon
strated that T. pisana assists the dispersal of the fungus Colletotrichum lagenarium, a
pathogen of melons. T. pisana is also an intermediate host of the lungworm Muellerius
capillaris and several other nematodes (e.g. Neostrongylus linearis, Cystocaulus
ocreatus, Angyostrongylus vasorum, and Bronchostrongylus subcrenatus} which can
be significant parasites of sheep and cattle (Cordero del Campillo and MangaGonzalez 1976, Cabaret 1979,1982a, Godan 1983).
Like T. pisana, C. virgata is a popular food in France and other Mediterranean
countries (Taylor 1894-1921) but there are far fewer records of it as a pest. Notably,
Godan (1983) reported it causing feeding damage to fodder plants such as lucerne and
clover in Germany.
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C. acuta has caused feeding damage to clover and turnip seeds in Europe (Godan
1983) and Pomeroy and Laws (1967) warned that C. barbara could become a serious
pest of improved pastures and legume crops in Australia as has happened in South
Africa.
C. virgata, C. neglecta, C. acuta, C. barbara and C. intersecta are intermediate
hosts of several nematodes of veterinary importance such as those reported above as
parasites of T. pisana. They are also intermediate hosts of the lancet fluke
Dicrocoelium dendriticum (Tarry 1969, Kalkan 1971, Rojo-Vazquez and Cordero del
Campillo 1974, Cordero del Campillo and Manga-Gonzalez 1976, Morrondo-Pelayo
et al. 1980,1982, Cabaret 1979,1982b, Cabaret et al. 1980, Alunda and MangaGonzalez 1982, Manga-Gonzalez and Morrondo-Pelayo 1982, Morrondo-Pelayo and
Manga-Gonzalez 1982, Godan 1983).

4.

General Biology

4.1 Life History
Like most pulmonates, T. pisana is hermaphrodite. It is an obligate outcrosser
(Cowie 1984b). According to Heller (1982), T. pisana is semelparous and annual in
southern Israel. Young snails hatch from their eggs in early winter, stay in the ground
for a few weeks, then emerge in late winter to feed. They grow rapidly in spring and by
summer they reach first adult shell-size, then adult shell weight (Heller 1982).
Towards the end of spring T. pisana climb vegetation to avoid temperature
extremes that prevail near the ground surface (Heller 1982). McQuaid et al. (1979)
showed that T. pisana in South Africa selected optimum heights in different vegetation
types, settled in the coolest compass sectors, orientated their shell mouth upwards and
clustered to reduce heat (see also Sacchi (1972) for T. pisana in Sicily).
Towards mid-summer, T. pisana “enters aestivation” (Heller 1982), a period of
suspended activity when an epiphragm is secreted across the mouth of the shell, the
shell is secured to the vegetation by hardened mucus and respiration and metabolism
are reduced (Godan 1983). Harpaz and Oseri (1961) suggested that high temperatures
are more important than low humidity in inducing aestivation. At the onset of rain after
summer, the snails become active, their gonads mature and they copulate. Heller
(1982) suggested that decreases in atmospheric pressure (rather than the rain which
follows it) induce T. pisana to emerge from aestivation.
T. pisana sometimes digs a few “sham” holes, perhaps to discourage egg-eating
predators, before finally depositing its eggs in the last hole (Heller 1982). According to
Avidov and Harpaz (1969) eggs are laid in holes 3-4 cm deep. The snail seals the hole
with a mixture of slime and soil. In a heated laboratory, Heller (1982) recorded a mean
clutch size of 80 eggs (range 60-107). He stated each pair of snails laid up to five
clutches and each snail laid an average of 120 eggs in a season (presumably Heller
equated one breeding season irrespective of the number of clutches laid with
semelparity — see earlier). In California, Basinger (1923) recorded a mean clutch size
of 120 per T. pisana (range 52-226) and in England, Cowie (1984a) recorded means of
five clutches per pair, 77 eggs per clutch (range 3-269) and a total production per pair
of 368 (= 678 if poor producers were ignored). McLean (1922), Diirr (1946), Joubert
and Walters (1951) and Pitchford (1954) have published lower estimates of
fecundity.
In southern Israel, T. pisana dies in mid-winter after the breeding season (Heller
1982). Where sheltered by vegetation, mortality is prolonged over a few months.
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According to Avidov and Harpaz (1969), however, the life cycle of T. pisana is
variable in Israel (c.f. Heller 1982). On irrigated land they state development to
maturity takes about a year whilst on non-irrigated land development is completed only
after about two years (Heller’s sites were on sandy uncultivated land!). Harpaz and
Oseri (1961) considered adult T. pisana to live for at least two years. According to
Nevo and Bar (1976), T. pisana is biennial in Israel.
In France, T. pisana has a two year life cycle in some localities (Bonavita and
Bonavita 1962, Cairaschi and Lecomte 1973) and is an annual in others (Deblock and
Hoestlandt 1967, Lazaridou-Dimitriadou and Daguzan 1980). In Italy also, the length
of the life cycle varies (Sacchi 1971,1972,1977,1978, Sacchi and Violani 1977). In
Britain, T. pisana is essentially a biennial, breeding in summer and autumn and dying
soon after (Cowie 1984b). Occasionally, precocious breeding occurs (Cowie 1980a).
Late season clutches are smaller than early ones. Large snails lay earlier and produce
larger clutches than small snails (Cowie 1984b).
Clearly the life cycle of T. pisana is variable throughout its Mediterranean and
European range. Cowie (1984a,b) regarded this variability as environmentally rather
than genetically controlled. He suggested that the biennial/annual life cycles were
responses to the length of time the snails were forced into aestivation by hot, dry
summers (e.g. in the Mediterranean) or into hibernation by cold winters (north-western
Europe). He also considered that the availability of food and calcium might influence
the length of the life cycle.
In South Africa, T. pisana oviposits after the first rains in autumn through winter
until spring. Snails mature after one year and may live up to 4 years (Durr 1946,
Joubert and Walters 1951, Swart et al. 1976).
Pomeroy (1966,1967,1968,1969) studied the life history of C. virgata in a shrub
land and a grassland (with a few bushes included) in South Australia. He concluded
that C. virgata normally had one generation per year. Mating occurred after late
summer and early autumn rains and egg-laying began after several days if the rains
continued (Pomeroy 1966). Each snail laid 100-200 eggs. The eggs hatched in autumn
and the young grew rapidly until spring. Growth rates were higher in the grassland than
in the shrubland. Some snails lived more than one year but most died after reproducing
as one year olds.
Like T. pisana, C. virgata climbs vegetation to aestivate and thereby avoids
temperature extremes (Pomeroy 1968, Hodson 1969). Pomeroy (1968) argued that
aestivation above ground also removed C. virgata from the effects of summer dews and
light falls of rain thus preventing activity and wastage of necessary food reserves.
In southern France and in the Netherlands C. virgata is an annual (Taylor 18941921, Mienis 1969). However according to Taylor (1894-1921), C. virgata is not fully
grown until in its second year (although it may reproduce after one year). In Europe, C.
virgata breeds from late summer to winter, depositing its eggs just beneath the surface
of the soil or simply beneath leaf litter (Taylor 1894-1921, Boycott 1934, Mienis 1969,
Cowie and Cain 1983).
C. intersecta is an annual in Britain breeding from early summer to winter (Ellis
1926, Boycott 1934, Baker 1968). A similar life cycle has been attributed to C. acuta
in Belgium (De Smet 1983), England (De Leersnyder and Hoestlandt 1957) and
northern France (De Leersnyder 1958). Aubertin et al. (1930) considered C. acuta is
longer-lived in England. Studies of the life histories of C. neglecta and C. barbara have
to my knowledge not been made.
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4.2 Weather, Food and Competition

Heavy mortality of C. virgata can occur during summer in South Australia,
especially if the snails are unable to climb off the ground (Pomeroy 1966,1968, Hodson
1969). Pomeroy and Hodson studied various aspects of the physiology and behaviour
of C. virgata and suggested that this mortality during summer is not due to direct
eflFects of extreme weather nor accumulation of undesirable metabolic products in body
tissues. Rather, the mortality seems due to starvation. Butler (1972,1976) recognized
that the availability of food in winter and the accumulation of sufficient reserves for the
coming summer could be crucial in determining population densities. He questioned
whether or not C. virgata might experience winter food shortages in a grassland in
South Australia. He gave data which suggested a relative shortage of food (food always
accessible but of low nutritional quality) rather than an absolute shortage. Butler
(1976) suggested that the lower numbers of C. virgata found in cereal crops and native
vegetation, as opposed to roadside weeds such as Cynara cardunculus and Echium
plantagineum, might be due to differences in the availability of nutritious food.
The water and temperature relationships of T. pisana have been studied
(Lazaridou-Dimitriadou and Daguzan 1978a, McQuaid et al. 1979). LazaridouDimitriadou and Daguzan (1978b) gave a detailed analysis of the energetics of T.
pisana and proposed a nutritional budget for laboratory colonies. Whether or not
significant numbers of T. pisana die from extreme weather or starvation in the field is
not, however, known, although McQuaid et al. (1979) suggested that the snail’s various
physiological and behavioural adaptations should ensure a high probability of survival
through summer.
Shell size of T. pisana, C. acuta and C. intersecta is negatively related to popula
tion density (Tattersfield 1981, Lazaridou-Dimitriadou and Daguzan 1981, Heller
1982) (but c.f. De Smet (1983) for C. acuta in Belgium). In populations of C. virgata,
the numbers of young produced, their rates of feeding and growth and the length of life
of adults all decrease with increasing density (Pomeroy 1966,1969, Butler 1972,1976).
Pomeroy and Butler explained this as due to a shortage of food. Similar negative effects
of density on activity, survival, growth and reproduction in other helicid snails, notably
Cepaea nemoralis and Helix aspersa, have been reported by Herzberg (1965),
Williamson et al. (1976), Oosterhoff (1977), Cameron and Carter (1979), Cook and
Cain (1980), Tattersfield (1981), Dan and Bailey (1982), Lucarz (1984), Carter and
Ashdown (1984) and Tilling (1985a) but these authors have generally considered food
supply to be ample and suggested either direct behavioural interaction and/or stimuli
transmitted through the mucus of slime trails as the mechanism for such density
dependent effects.
Lim and Jenkins (1972) surveyed the south-east of South Australia and found that
T. pisana and C. virgata tended not to occur at high densities together. Pomeroy and
Laws (1967) had earlier noted that the numbers of T. pisana increased whilst those of
C. virgata decreased during a brief monitoring of snails near Adelaide. Pomeroy and
Laws (1967) suggested T. pisana may replace C. virgata by competition for food.
Their data, however, were not convincing and the mechanism by which a herbivore
could displace a detritivore (primarily) by competition for food seems implausible.
Nevertheless, Butler and Murphy (1977) found some evidence to suggest that as T.
pisana became more established on Yorke Peninsula between 1973-1975, C. virgata
became rarer. Pomeroy and Laws (1967) and Butler and Murphy (1977) noted that C.
neglecta was contracting its distribution on Yorke Peninsula whilst C. virgata was
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expanding. There was some suggestion that C. virgata might be displacing C. neglecta.
Cameron and Carter (1979) and Dan and Bailey (1982) have shown that the slime of
C. nemoralis can inhibit the activity of C. hortensis and H. aspersa. Tilling (1985a)
demonstrated that the survival of C. hortensis in cages can be reduced by the presence
of C. nemoralis. In mixed populations, C. hortensis is displaced into less favourable
habitat by C. nemoralis (Tilling 1985b). The possibility of interspecific interactions
mediated through slime, leading to changes in the relative densities of white snails in
Australia seems worthy of consideration.

5. Dispersal

Man assists the dispersal of snails such as T. pisana and C. virgata through his
activities (e.g. sea, air, road and rail transport) (Pomeroy and Laws 1967, Butler and
Murphy 1977, Godan 1983). Johnson and Black (1979) mapped the spread of the
population of T. pisana on Rottnest Island, Western Australia, as it colonized new
habitats. Where dispersal seemed unimpeded physically and man’s influence was
probably small, the population expanded by approximately 20 m per year. Johnson
(1981) also marked T. pisana (adults in sand dunes in Western Australia) and
measured their movement. During summer (November to February) the snails moved
an average of 1.1 m in Acacia thicket and 0.3 m in open vegetation; no snails were
recorded more than 5 m from their release point. During autumn/winter (February to
July) greater distances were recorded (x of 6.9 m for Acacia and 7.3 m for open
vegetation) with several snails moving 20 m or more. Due to sampling procedure,
Johnson (1981) regarded his data as underestimates of T. pisana'^ movement. Godan
(1983) regarded T. pisana as one of the most mobile snails, surpassing other helicids,
but Diirr (1946), Humphreys (1976) and Cowie (1984c) regarded it as a rather
sedentary species. Humphreys (1976) suggested that the activity of T. pisana was
primarily determined by moisture and wind. Temperature was less important. T. pisana
is essentially nocturnal (Diirr 1946, Humphreys 1976).
Pomeroy (1966) marked C. virgata and released them in grassland and shrubland
in South Australia. He could find only 20-30% marked snails within 5 m of the places
of release after two weeks in winter. Pomeroy (1969) noted that areas where local
populations of C. virgata had become extinct (no details given of the habitats) were
recolonized at a rate of about 50 m a year. Juvenile C. virgata moved further than
adults. Activity was dependent on moist conditions.
Cowie (1980b) marked C. virgata and C. intersecta in a British grassland. C.
virgata moved further than C. intersecta (maximum distances of 300 cm and 120 cm
respectively/24 hours from the point of release). C. virgata^ movement (N.B. it is
measured horizontally only) varied according to habitat (e.g. the snails moved less if
thistles were present).
The dispersion of T. pisana as well as that of C. virgata and C. intersecta is highly
aggregated (Bigot 1967, Baker 1968, Pomeroy 1969, Lazaridou-Dimitriadou and
Daguzan 1981, Cowie 1984c). This aggregation may reflect limited dispersal of young
snails away from oviposition sites. There may be some benefit in clustering together
(e.g. for shade or increased chance of mating) (McQuaid et al. 1979, Cameron and
Carter 1979, Lazaridou-Dimitriadou and Daguzan 1981). On the other hand, Cowie
(1982,1984c) suggested that T. pisana might simply prefer certain plants as resting
sites or food.
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6.

Methods for Laboratory and Field Studies

6.1 Rearing
Cowie (1984a) and Cowie and Cain (1983) describe a laboratory rearing method
for helicid snails. The snails are kept in plastic boxes with part of the lid replaced with
gauze. Food (a ground-up mixture of dried, skimmed milk, instant breakfast cereal and
powdered calcium carbonate) is sprinkled on the dampened plastic section of the lid
about twice per week. Uneaten food is removed. Moist soil (4 cm deep) is provided for
breeding snails — otherwise only absorbent paper is included in the boxes. Normal
laboratory temperature and light regimes are adequate. Overcrowding in boxes can
lead to stunting of growth, but T. pisana is more tolerant of high densities than other
species. Snails can be fed lettuce, cabbage or carrot but this does not improve their
growth (Cowie and Cain 1983), such food is likely to decay, is subject to seasonal
availability and variable in suitability (e.g. T. pisana prefers the green leaves of
cabbage to the white leaves (Diirr 1946)). C. virgata however benefits by the addition
of leaf litter under which it often lays its eggs (Cowie and Cain 1983).
Godan (1983) describes in detail other techniques for mass-rearing snails both in
the laboratory and in the field. Pomeroy (1969) and Butler (1976) describe wire mesh
cages in which they confined C. virgata for field experiments.

6.2 Estimates of Abundance
Density estimates of T. pisana, C. virgata and C. acuta have usually been made by
direct counting of snails within quadrats (Pomeroy 1969, Johnson 1980,1981, Tattersfield 1981, Cowie 1984b,c). Direct counting is of course liable to underestimate small
and cryptic snails. Estimates of some helicid snails, notably Cepaea spp., have been
made by the technique of mark-release-recapture (Williamson et al. 1976,1977).
Southwood (1978) has dealt in depth with the problems such as random mixing of
marked and unmarked snails associated with this technique. Marking methods for
snails have mostly involved enamel paint or drilled holes in various codes and positions
on the shell (Wolda 1963, Hickson 1972, Cairaschi and Lecomte 1973, Pollard 1975,
Williamson et al. 1976,1977, Oosterhoff 1977, Cowie 1980b,1984c, Johnson 1981).
Johnson et al. (1955) suggested sampling snails by suction, the modem versions of
this technique being described by Southwood (1978). Such sampling is limited by the
weight of some snails and their adhesion, especially when aestivating, to vegetation.
Phillipson and Abel (1983) sampled the snails of a British woodland using a
modified version of the Vagvblgyi technique described by Mason (1970) (series of
flotation of soil, litter and snails in hot water, sieving, oven-drying and further flotation
in water and detergent) and also infra-red heat extraction. They found the former
method more efficient but very time-consuming. Fortunately, few helicid snails appear
to burrow (Humphreys 1976, Tattersfield 1981) and sampling soil for them can
probably be ignored.
Little information is available for sampling snail eggs from soil. Probably, the soil
washing techniques developed for slug-eggs (South 1964, Hunter 1968) are equally
appropriate for snails. The marked aggregation of snail eggs, the similarity of eggs of
different species in mixed populations and the habit of some species (e.g. C. virgata) of
laying amongst the root mat in pasture represent some of the difficulties likely to be
faced.
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6.3 Age, Growth Rate and Maturity

Various methods have been used to determine ages and growth rates of helicid
snails. Size frequency distributions have often been used for separating juvenile year
classes (Wolda 1963,1970, Baker 1968, Chatfield 1968, Potts 1975, Williamson 1976,
Williamson etal.
Cowie 1984b). Sizes are usually measured as diameters (to an
accuracy of 0.1 mm) but Baker (1968) working with C. intersecta measured height.
Cowie (1984b) measured both diameter and height on T. pisana believing that a
combination of both measurements would take more account of variations in shell
shape. Some workers have counted discontinuities in shell growth assuming that they
are caused by annual interruptions in shell formation at hibernation to identify age
classes (Oosterhoff 1977, Pollard et al.
According to Williamson (1979) neither
size frequency distributions nor discontinuities in shell growth are completely reliable.
Size frequency distributions can give misleading results for small samples, particularly
if cohorts overlap, or if some are poorly represented (Haskin 1955) whilst growth
breaks in the shell may not be clearly formed in the first winter after hatching
(Oosterhoff 1977), are obscured by subsequent shell growth, and can also result from
shell damage, summer drought, or any other factor causing recession of the mantle edge
(Comfort 1957).
In general, adult helicid snails cannot be aged by the same methods as juveniles,
because lip formation at the shell mouth prevents further increase in shell diameter
(Williamson 1979). Shell growth may however not entirely cease. Pollard (1973,1975)
and Pollard et al. (1977) described annual layering in the lip of Helix pomatia and
used this to determine age classes. Williamson (1979) could find no such growth rings
in C. nemoralis and C. hortensis. He aged adults by measuring the erosion of the
protein periostracum that covers the shell and the continued increase in shell weight
after lip formation. This updated earlier qualitative indices of age based on
periostracum wear which simply separated adult C. nemoralis into “young” and “old”
(Goodhart 1962, Williamson 1976, Williamson et al. 1976). Earlier Oosterhoff (1977)
had also split adult C. nemoralis into “young”, “intermediate” and “full” on the basis
of lip thickness and colour.
Lip formation at maturity is not as obvious in T. pisana and C. acuta as in some
other helicids (e.g. Cepaea spp.) (Taylor 1894-1921, Lewis 1975). Cowie (1984b)
scored the presence of spermatozoa in the hermaphroditic duct (Mordan 1978) as
indicating reproductive maturity in T. pisana. He also recorded the size of the female
albumen gland and the presence of a thickened shell-mouth edge (peristome). The
female reproductive system as indicated by the albumen gland developed later than the
male system. A thickened peristome did not necessarily indicate reproductive maturity
but did indicate periods of no growth. Both Taylor (1894-1921) and Diirr (1946) noted
the presence of sub-marginal rib inside the aperture of the shell of T. pisana. Neither
author commented further on this structure, but perhaps it is an indicator of reduced
growth as well.
Little attempt has been made to identify age classes or measure growth rates in C.
virgata. Pomeroy (1969) separated some of the age classes of C. virgata by shell
colour. He relied on fresh weight (despite variations in water content) for measuring
growth rates.
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7.

Control

7.1 Cultural
In Australia, outriggers similar to those described by Rimes (1968) have been
attached to harvesting machines to act as rakes and knock snails off the cereal heads
before they foul the machinery, but recently they have been little used (Lim and
Jenkins 1972). Particularly with barley, the rakes were found to dislodge the cereal
head prematurely. Other methods used to control snails with limited success have
included crushing with heavy rollers (only suitable where the soil is reasonably hard
and flat) and burning of pasture and stubble prior to sowing (undesirable for some
farmers because of loss of stock fodder and erosion problems and unreliable because of
patchiness in vegetation and hence intensity of bum). The recent use of wind-rowing in
barley crops on Yorke Peninsula is rumoured to have reduced the numbers of snails
fouling the harvest, but the reason for this, if it is true, is not known.
The numbers of T. pisana in countries other than Australia have been reduced by
eliminating surface leaf litter, controlling the growth of vegetation in areas adjacent to
crops, burning and tillage (Gammon 1943, Diirr 1946, Joubert and Walters 1951,
Cairaschi and Lecomte 1973). Raut and Ghose (1983) suggested that invasion of the
giant African snail, Achatina fulica, into crops in India might be reduced by sowing a
row of non-crop plants, which the snails preferred, around the borders of fields. T.
pisana moves towards large rather than small objects when given the choice in the
laboratory (Zanforlin 1976). Perhaps white snails could be prevented from entering
crops by “trapping” them in appropriate border vegetation.
More efficient weed control than is currently practiced in Australian agro
ecosystems may markedly reduce white snail numbers, either by removing aestivation
sites (e.g. in pastures) or reducing available food (e.g. in cereal crops). It should be
appreciated however that removal of weeds may stimulate more active feeding on the
crop itself (Godan 1983). Reported damage to seedling barley by C. virgata in very
sandy soils on southern Yorke Peninsula might well be due to a lack of alternative food
for the snails.
7.2 Chemical
Many chemicals have been used to kill snails in the field (Godan 1983). They
include metaldehyde, carbaryl, isolan, mexacarbate, methiocarb, calcium arsenate,
calcium cyanamide, copper sulphate, ioxynil, malathion and gusathion. The most
useful chemicals for killing snails appear to be metaldehyde and methiocarb
(Mesurol®), particularly the latter because it is more effective under damp conditions,
when snails are most likely to be active and contact it.
Molluscicides have been applied as sprays, pelleted baits and dusts. Baits, normally
broadcast, are most commonly used at present (Rimes 1968, Rimes and O’Donnell
1970, Sharaf and Ghaleb 1978, Godan 1983).
Godan (1983) discusses the many problems associated with chemical control of
snails in the field. For example, the toxicity and attractiveness of baits varies between
species of snails and with the size, age, nutritional and physiological status of
individuals. The degree of control varies with soil type, vegetation, prevailing weather
(temperature, humidity, soil moisture content, solar radiation) and the daily and
seasonal behaviour of the snails concerned (when and where they are active and feed
and how far they travel — in essence how likely they are to make contact with the
molluscicide). Some snail species are known to have developed resistance to
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metaldehyde. Metaldehyde and methiocarb are toxic to earthworms and beneficial
arthropods.
Godan (1983) stated “it is almost impossible to destroy any significant number of
terrestrial gastropods by use of bait”. Cairaschi and Lecomte (1973) found they could
not adequately control T. pisana using metaldehyde and methiocarb in lucerne in
France. On the other hand, Harpaz and Oseri (1961) killed large numbers (90%) of T.
pisana in field trials of metaldehyde baits in citrus in Israel and Swart et al. (1976)
recommended methiocarb and carbaryl for the control of T. pisana in vineyards in
South Africa. Control is probably most easily achieved in orchards and vineyards
where molluscicide can be concentrated around the bases of trees and vines.
Farmers in Australia, generally regard the broadacre use of molluscicides at
currently recommended rates (e.g. Mesurol baits at 5.5-11 kg/ha) (Cawthome et al.
1984) as prohibitively expensive. There is a need to assess more efficient applications
of molluscicides, such as the judicious use of border treatments to prevent invasions of
snails into fields in which their numbers have been reduced by other means (e.g. by
burning).
Methyl bromide, ethylene oxide and carbon dioxide (the latter two as a mixture —
Carboxide®) have been used to kill helicid snails in stored products (Godan 1983).
Richardson and Roth (1963,1965) recommended carboxide fumigation rather than
methyl bromide to kill T. pisana and C. barbara. They found C. barbara was more
resistant than T. pisana. Aestivating snails were more resistant than active snails.
Eversole (1971) suggested freezing motor vehicles in Morocco prior to shipment to the
U.S.A, to kill T. pisana and C. barbara which were adhering to them. The potential of
carbon dioxide and phosphine fumigation and exposure to high temperatures to kill
white snails in stored barley is currently being investigated in Australia (P. Annis, H.J.
Banks and D. Evans pers. comm.). Clearly, killing snails in stored products should
alleviate quarantine problems in selling exports, but will not alter the quality of the
product which remains infested with dead remains.

7.3 Biological

There have been no attempts to control the numbers of white snails in Australia
using natural enemies (predators, parasites, diseases). The importance of natural
enemies in controlling the numbers of white snails in Europe and north Africa has not
been assessed. A variety of birds including ducks, crows, kestrels, magpies, owls,
curlews, bulbuls, blackbirds and thrushes have, however, been reported feeding on T.
pisana in Europe and Israel (Taylor 1894-1921, Wild and Lawson 1937, Mienis
1970,1971,1978, Heller 1981). Lizards, gerbils, hedgehogs, carabid beetles (e.g.
Carabus rugosus, C. impressus}, staphylinids {Staphylinus olens), silphids (Ablattaria
arenaria}, cantharids {Nictophila conspicua}, lampyrids {Lampyris noctiluca, L.
reichii) and predatory molluscs {Testacella sp.. Rumina decollata) are also predators
(Taylor 1894-1921, Wild and Lawson 1937, Durr 1946, Burch 1960, Avidov and
Harpaz 1969, Moran 1979, Mienis 1979,1980,1981, Heller 1981, Baker pers.
observ.). The sarcophagid flies Sarcophaga pumila, S. camaria and Theria muscaria
and the sciomyzids Salticella fasciata and Pherbellia grisescens are parasites of
T.pisana (Blair 1933, Wild and Lawson 1937, Avidov and Harpaz 1969, Bratt et al.
1969, Knutson et al. 1970, Berner 1973, Godan 1983). Sacchi (1972) and Berner
(1973) argued that daily resting and aestivation above ground exposed T. pisana to
greater parasitism by sarcophagids.

16

Several birds, mammals, the carabid beetle C. rugosus, staphylinid 5. olens,
lampyrids L. noctiluca and L. reichii and the predatory mollusc R. decollata also prey
upon C. virgata in Europe (Taylor 1894-1921, Boycott 1934, Wild and Lawson 1937,
Lewis 1977, Baker pers. observ.). C. virgata is parasitised by a calliphorid fly {Onesia
cognata), sarcophagids (S. nigriventris, S. crassimargo, Melinda cognata, M.
coerulea, M. gentilis, Eggisops (= Engyzops?)pecchioli} and sciomyzids (S. fasciata,
Coremacera marginata, P. knutsoni, P. grisescens, P. cinerella) (Taylor 1894-1921,
Boycott 1934, Wild and Lawson 1937, Mienis 1969, Bratt et al. 1969, Knutson et al.
Knutson 1973,1976, Cameron and Disney 1975, Godan 1983).
C. acuta is known to be attacked by S. fasciata and an unidentified sarcophagid, C.
barbara by birds and 5. setipennis and C. intersecta by birds, S. fasciata and S.
nigriventris (Aubertin et al. 1930, Wild and Lawson 1937, Knutson et al.
Cameron and Disney 1975, Godan 1983).
It should be noted that there has been no systematic survey of the natural enemies
of white snails in Europe. There is very little information available at all for Mediter
ranean countries. What information there is has accumulated from incidental
observations or detailed surveys of the natural enemies themselves (e.g. the work of
Knutson, Berg and their associates on the Sciomyzidae). Very probably there are other
natural enemies of the snails which have gone unnoticed. For example, phorid flies (e.g.
Phora spp.) are known to parasitise other helicid snails such as Helix and Cepaea spp.
(Wild and Lawson 1937). It seems quite possible that these or other phorids might
parasitise T. pisana and C. virgata as well. The diseases of terrestrial snails are poorly
known but bacterial epizootics have reduced the numbers of Helix spp. in Mediter
ranean France (Meynadier et al. 1964) and possibly in England (Pollard 1975). Mead
(1979) reviewed in detail the diseases of the giant African snaiMc/zaZzna fulica.
Marsh flies (Sciomyzidae) have been tried several times as biological control agents
of aquatic snails with mixed success (see Mead 1979 and Godan 1983 for several
references). However, no attempt has been made to use these flies against terrestrial
snails, although Knutson et al. (1970), Berg and Knutson (1978) and Godan (1983)
suggested they could prove useful. Sciomyzidae are not attracted to people, to human
foods or to domestic animals and they rarely enter buildings (Berg and Knutson 1978).
They are relatively easy to rear in the laboratory (Knutson 1976). Almost all
sciomyzids only feed on molluscs and, whilst some parasitise a variety of snails in the
laboratory, indications are that in the field they are very much more specific (Knutson
et al. 1970, Knutson 1976, Berg et al. 1982).
There is a rich fauna of terrestrial Sciomyzidae in Europe and Mediterranean
countries (Knutson and Freidberg 1983). Salticella fasciata, for example, is wide
spread in coastal areas in Europe and north Africa (Knutson et al. 1970). It appears to
prefer dry habitats with low sparse vegetation, such as sand dunes and wheat stubble. It
is only known to parasitise helicid snails in the field. Adults can be found in the field in
all months except February and March. Probably there are four or five generations per
year in Mediterranean countries, two or three per year in more northerly countries.
Diapause is not known to occur. Knutson et al. (1970) considered the genus Salticella
to have originated in Africa and recently invaded Europe (post glacial). S. fasciata
seems worthy of close scrutiny as a biological control agent for use in Australia against
helicid snails, T. pisana in particular (Godan 1983). Coremacera marginata and
Pherbellia spp. also seem worthy of attention (Bratt et al. 1969, Knutson 1973).
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The Indian glowworm Lamprophorus tenebrosus has been introduced in large
numbers to Mauritius, Indonesia, West New Guinea, Guam and Hawaii in attempts to
control A. fulica but has failed to establish (Mead 1979). According to Godan (1983),
Lampyris noctiluca was introduced from England to New Zealand for biological
control of Helix aspersa. New Zealand entomologists are, however, not aware of this
introduction having occurred (N.A. Martin pers. comm.). Small numbers of L.
noctiluca were on the other hand introduced from England to Canberra, Australia to
attack//, aspersa (CSIR Annual Reports 1936-1939). The beetles failed to establish,
perhaps understandably, in view of the climatic change they faced. L. noctiluca is
widespread in northern and Mediterranean Europe and Schwalb (1961) describes its
biology in detail. L. noctiluca feeds preferentially on helicid snails (Godan 1983) and
might prove beneficial against white snails in Australia if introduced from climaticallymatched areas in the northern hemisphere.
The staphylinid S. olens has been suggested as a potential biological control agent
of//, aspersa in California in particular in citrus orchards (Orth et al. 1975a,b, Fisher
et al. 1976). There have, however, been problems in rearing this cannibalistic beetle in
large numbers in captivity (R. Orth pers. comm.). The numbers of H. aspersa in a
daisy field in California were significantly reduced by the introduction of the carabid
beetle Scaphinotus striatopunctatus and invasion of garter snakes, Thamnophis
elegans, from nearby habitats (Altieri et al. 1982). As well as feeding on snails, S.
olens and the carabid C. rugosus are predators of the Portuguese millipede,
Ommatoiulus moreletii, also an introduced pest in Australia (Baker 1985). These
polyphagous predators could be of general use if introduced in Australia but their lack
of specificity for prey may make them unacceptable risks.
Predatory snails have been widely used in biological control programs aimed at
terrestrial snails, principally Gonaxis spp. and Euglandina rosea against A. fulica
(Mead 1961,1979, Krauss 1964), In some cases, control has been achieved (Fisher et
al. 1980, Godan 1983), but problems have been encountered due to lack of specificity
of the predators, Colman (1977), commenting on a recent discovery of A. fulica in
Australia, stated experience gained from control attempts in Hawaii indicated that on no
account should biological control methods using carnivorous snails such as Euglandina
rosea (from Florida) and Gonaxis quadralateralis (from Kenya) be used. Where these
2 predators have been introduced they have eliminated many native species and seem
to have made no appreciable impact on Achatina fulica''. Clarke et al. (1984) con
sidered E. rosea responsible for the extinction of Partula aurantia (and a threat to
other Partula spp.) on the French Polynesian island of Moorea following its intro
duction to control A. fulica. A recent proposal to introduce predatory snails to control
H. aspersa in citrus orchards in South Australia was unsuccessful due to fears of
possible impact on native snails (G. Furness pers. comm.).

8.

Polymorphism

Helicid snails are very suitable for research into evolutionary genetics. They are
easy to capture, mark, are common in a variety of habitats and often show a great
degree of polymorphism (Jones 1980). Cepaea nemoralis has been particularly
extensively studied, but other snails including T. pisana have also attracted attention
(Hickson 1972, Bar and Nevo 1976, Nevo and Bar 1976, Johnson 1980,1981, Heller
1981,1984, Heller and Gadot 1984, Cowie 1983,1984a, Cain 1984). Some of these
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studies have demonstrated differences in habitat selection by different morphs whilst
others have demonstrated differential morph selection by natural enemies. Such
findings are of relevance to the control of white snails in Australia and are summarised
here.
In Western Australia, the frequency of unbanded T. pisana is higher in exposed
habitats (e.g. open vegetation of low grasses) than in sheltered ones (e.g. thickets of
Acacia scrub) (Johnson 1980,1981). Butler and Murphy (1977) reported that T.
pisana on Yorke Peninsula, South Australia were monomorphic for unbanded shells on
inland grassy sites, but polymorphic in more bushy coastal vegetation. Two obvious
candidates for selective agents favouring the different forms of T. pisana are micro
climate and predation. In the absence of any apparently effective predators in
Australia, the simplest explanation is in terms of climate. Selection should favour pale
shells in hot, dry situations. Nevo and Bar (1976) and Bar and Nevo (1976) favoured
such an explanation for the polymorphic patterns they observed in T. pisana along
climatic gradients in Israel. Heller (1981), however, refuted a simple relationship
between the shell banding of T. pisana and climatic gradients in Israel. He suggested
that the presence/absence of perennial vegetation was the important factor. He argued
that dark (banded) shells were cryptic whilst light snails were (in most cases) obvious.
Heller suggested that perennial vegetation shielded snails from solar radiation and
enabled them to by cryptic. Annual vegetation did not offer the shading and therefore
snails had to be light-coloured. Later, Heller and Gadot (1984) reported a situation
where the proportion of banded T. pisana increased with a decrease in perennial cover
(i.e. the opposite to their expectations). They then argued that, in this case, predatory
gerbils were especially abundant where perennials were rare (unlike in Heller’s (1981)
report) and that predation rather than vegetation is therefore most important. In
addition, Heller (1984) found that only two of the 22 species of snails living in the
Negev Desert, Israel are white. He concluded from this that climatic selection is
overridden by other forces, e.g. predation by rodents.
Lewis (1975,1977) gave a very detailed analysis of polymorphism in C. acuta and
to a lesser extent C. virgata in Britain, Ireland and France. He showed that in some
habitats (note not all) cryptic forms predominated (e.g. heavily banded forms on dark
substrates). Lewis argued that this cryptic bias was due to selective bird predation. De
Smet (1983) on the other hand could show no association between morphs and
habitats. Aubertin et al. (1930), Lewis (1975,1977) and De Smet (1983) found lati
tudinal variation in morph frequency of C. acuta from northern Europe. Lewis and De
Smet suggested this variation might be related to climate.
Cowie (1983) reported variation in the colour of the mantle collar of T. pisana from
England, northern France and Mediterranean countries. He found the mantle collar
was paler in hotter regions and argued this was probably a response to climatic
selection, although visual selection by predators might also be involved.
Rensch (1932) found that the weight of the shell of T. pisana was greatest in
populations exposed to the highest solar radiation or greatest aridity in countries
around the Mediterranean. Bar (1978) also argued that shell thickness in T. pisana was
greatest in populations exposed to highest aridity in Israel. The most obvious adaptive
value of thick shells in arid situations is a restriction of water loss but the relative
susceptibilities of thick and thin shelled snails to desiccation has not been tested.
Protection from predators could also be considered. Cowie (1984d), however, could
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find no relationship between aridity and the shell thickness of T. pisana in England,
northern France and Mediterranean countries. He suggested that calcium availability
might be more important in influencing shell thickness.
Cabaret (1982a) showed that the albino morph of T. pisana was more receptive to
infection by protostrongylids in Morocco than other morphs. There have been no other
studies which have directly tested the susceptibility of the various morphs of white
snails to natural enemies. The larvae of lampyrid beetles, however, have been shown to
feed preferentially on certain morphs of C. nemoralis (O’Donald 1968). Therefore, if a
biological control program against white snails is attempted in Australia, care should be
taken to first document the morphs which have been introduced and become pests.
Such morphs should then receive preferential treatment when searching for appropriate
natural enemies in Europe and north Africa.
Not all the morphs of white snails introduced in Australia need necessarily be pests.
Jaremovic and Rollo (1979) argued that the various morphs of C. nemoralis have
different tolerances to temperature extremes and climb to different heights in the field
(Wolda 1965) to optimize their survival. The behaviours of white snails might vary
similarly such that certain morphs are more significant pests (e.g. in the harvesting of
grain). In pastures, as opposed to bushy habitats, certain morphs may not survive due
to an inability to escape lethal climatic extremes. Biological control attempts should be
biased towards those morphs, if any, which are the most important pests.

9.

Native Australian Snails

Burch (1976) and Bishop (1981) listed the families and genera of native Australian
terrestrial snails and reviewed the limited knowledge of the biogeography of the fauna.
They listed no native Helicidae. Recently, Smith (1985) and Anderson (1985) listed
the native species of South Australia and gave broad descriptions of their distributions.
There are very few studies published on the ecology of native Australian snails (e.g.
McLaughlan 1951, Main and Carrigy 1953, Warburg 1965, Bishop 1981, Solem and
Christensen 1984).
The Helicidae belong to the order Stylommatophora which includes many native
Australian families. The relationships between the families of the Stylommatophora are
not well known (Bishop 1981) and, therefore, it is difficult to indicate the closestrelated families to helicid snails in the Australian fauna. A necessary prerequisite to
implementing a biological control program against white snails will be host-specificity
testing of proposed agents against taxonomically and ecologically similar species to the
target pests. The current lack of knowledge of the biology of the native Australian fauna
will therefore hinder this. The Camaenidae, however, is the largest family in Australia
(Smith 1985) and is generally regarded as occupying a similar niche to that of the
Helicidae in Europe and north Africa. The Camaenidae should certainly form an
integral part in any program of host-specificity testing.
According to Connolly (1916) and Quick (1952), T. pisana exterminated some
native species in South Africa due to competition for available food. The only evidence
of white snails competing with native snails in Australia is that of Serventy and Storr
(1959) who reported that the native Bothriembryon melo was rare or extinct in areas
invaded by T. pisana on Rottnest Island but quite common where T.pisana was
absent.
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10. Discussion and Conclusions

White helicid snails are significant introduced pests of crops and pastures in
Australia and there is a need to control them. Indeed, a working party appointed by the
Standing Committee on Agriculture in 1982 to comment on the Biological Control of
Arthropod Pests in Australia” recommended that, along with several insects, white
snails (treated as honorary arthropods) should receive high priority for future studies.
However, it is very unclear how much damage the snails are doing. There are few or no
data available that allow the assessment of: (1) the degree to which crops are fouled
and downgraded or rejected at delivery to bulk handling authorities, (2) the amount of
crop not harvested because of snails (feeding damage, dense infestations of snails on
crops avoided by farmers at harvest), (3) the feeding damage to desirable pasture plants
or (4) the inhibition of pollination and stock grazing due to slime. Jones (1962) and
Keymer and Ellis (1978) demonstrated that H. aspersa and C. acuta selected only
certain genotypes of Lotus comiculatus as food in Britain. Selective grazing by white
snails in Australia and the impact of this on productivity merits attention.
The native distributions of the white snails in Europe and north Africa are welldocumented and reasonably so in Australia, especially South Australia. Factors con
trolling these distributions are however poorly understood. Many sub-species/varieties
of each species are known, many of which are geographically isolated within the native
distribution. It may be possible to trace the origins of varieties present in Australia
using morphological attributes or perhaps electrophoretic analysis of proteins.
In several countries (e.g. Israel, South Africa, U.S.A.), T. pisana is or has been a
particularly important pest of citrus and vines. This has not yet proved to be the case in
Australia. The reason for this is not clear. T. pisana is certainly present in some citrus
and wine-producing areas of South Australia (e.g. Murray Bridge, Coonawarra,
McLaren Vale).
There is very little information available on the life histories and ecologies of white
snails in Australia, especially in agricultural habitats. Such information is basic to
future attempts to control the snails. Studies of T. pisana elsewhere in the world have
suggested variation in its life history (e.g. annual and biennial life cycles in different
climatic zones of Europe). White snails occur in a variety of habitats and climates in
Australia and variation in their life histories might well occur here.
Laboratory rearing techniques suitable for white snails are available but methods
for aging individuals, assessing growth rate and maturity are poorly developed. The
abundance of large snails can be measured directly in the field using quadrats or
indirectly using mark-release-recapture techniques. However, efficient means of
sampling small snails and especially eggs, which are highly aggregated in the soil, have
not been developed.
There is a need for information on the timing of the activity and aestivation of white
snails in Australia and whether or not the various species, life cycle stages and morphs
show differences in their behaviour (e.g. height and plant species selected for feeding
and aestivation, distances moved in crops and pastures). The conical shape of
Cochlicella spp. is quite different from that of the more globular T. pisana and
Cemuella spp. Cain (1977), Cain and Cowie (1978) and Cameron (1978,1981) have
argued that the sites of activity of snails are related to shell shape, tall snails preferring
vertical surfaces, flat snails preferring horizontal surfaces and globular snails showing
little specificity. Cook and Jaffar (1984) have demonstrated such differences with
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several snails including C. acuta and C. virgata. Differences in the behaviour/spatial
distribution of white snails in Australian ecosystems are to be expected therefore.
There is also a need for information on where the large numbers of white snails are
generated in Australian agro-ecosystems (e.g. in the pasture or crop phases of a
rotation or both), why populations vary greatly from one year to another (availability of
food, climatic extremes, density dependent interactions mediated perhaps through
slime?) and why some fields are widely covered with snails whilst others have only
border populations (availability of food, oviposition and aestivation sites?). Such
information would assist in determining the most appropriate control methods (cultural,
chemical, biological).
Some long-established cultural techniques, such as burning pasture prior to sowing
cereal crops, can reduce snail numbers. Such methods are not always acceptable
however (e.g. where erosion is a problem). The influence of some recently developed
techniques such as minimum tillage, stubble retention and permanent cropping on snail
numbers is not known. More efficient weed control than is currently practiced may
remove necessary aestivation sites or food for some species of snails. Variations to
harvesting techniques, such as wind-rowing of barley, or the planting of border traps of
preferred plants may also reduce the problem.
Broad acre use of molluscicides at currently recommended rates is regarded as
uneconomical by most farmers. The appropriateness of these chemicals and their rates
of application needs critical appraisal in view of the variety of crops, pastures, climatic
regimes and species of snails involved. The effectiveness of strategic baiting along
borders of fields to reduce invasion needs to be assessed. Methods of disinfesting
harvested grain using fumigants or heat are currently being researched to avoid
quarantine rejections of exports.
There have been no detailed surveys specifically aimed at documenting the natural
enemies of white snails within Europe and north Africa. Nevertheless, many natural
enemies of some species (e.g. T. pisana} are already known. Very probably detailed
surveys would discover more, some of which may prove useful for a biological control
program. Certain taxa, such as parasitic sciomyzid flies, seem especially worthy of
close scrutiny. Studies in Europe and north Africa should concentrate on finding
natural enemies of those morphs/sub-species of the white snails which are pests in
Australia. Such bias, coupled with climatic matching, should maximize the likelihood
of success if biological control is attempted.
Before natural enemies could be introduced to Australia to combat white snails, an
assessment of their host/prey specificity would have to be made. This would neces
sitate identifying the native mollusc fauna most likely to be at risk and therefore most
worthy of testing. Given the current scarcity of information available on the general
biology of native molluscs, this could not be done with much confidence at present.
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