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Variation in Susceptibility to Three Molluscicides Shown
by Three Species of Aquatic Snails

by C. J. SHIFF and DENNISE WARD, Bilharziasis Research Laboratory, Salisbury, Southern Rhodesia

Since variation is the very essence of life, it is not
unreasonable to presume that, among the species
of aquatic snails that are intermediate hosts for
trematode parasites, there will be differences in
susceptibility to molluscicides. In a report to WHO
in 1964, E. Paulini drew attention to the many
pitfalls that are encountered in the routine testing
of molluscicides, and L. S. Ritchie, also reporting
to WHO in the same year, proposed standardized
procedures that would assist industrial personnel
in the screening and evaluation of new or potential
molluscicides. Nevertheless, attention should be
drawn to some of the problems that might arise
from over-simplification of molluscicide-testing
procedures.

In the report mentioned above, Ritchie suggested
that, for reasons of convenience or expediency, the
snails Australorbis glabratus or Helisoma sp. could
be used as test animals, since all of them have been
found about equally susceptible to the molluscicides
Bayluscide and ICI 24223 (Molucid). However,
there is no present evidence that snails of other
genera will respond to these or other molluscicides
in a similar manner. It may therefore be important
to draw the attention of workers who are not fami-
liar with the various species of aquatic snails to the
fact that susceptibilities differ, especially between
the subfamilies Planorbinae, which includes the
two genera Biomphalaria and Australorbis, and
Bulininae, which includes the genus Bulinus. The
genus Lymnaea, however, is included in neither of
these subfamilies.

In the field, the differences between the various
genera and species of snails become even more
pronounced. The ecology of the various snails
differs inherently, as does their response to water
chemistry and temperature; thus there are differences
in distribution of the various species, not only
between habitats but within a single habitat.

It is as well to be forewarned that standardized
procedures may be misleading; care must be exer-

cised when extrapolating toxicity data from one
species to another. Before it is used on a field scale,
a molluscicide should be thoroughly tested against
local snail species, using concentrations and expo-
sure periods that are realistic in their association
with the problems arising from the practical applica-
tion of molluscicides.

Materials and methods
In Southern Rhodesia, the snails that are of eco-

nomic importance are Butlinus (Physopsis) globosus,
Biomphalaria pfeifferi and Lymnaea natalensis. In
the present study, snails of these three kinds were
tested against Bayluscide, Moluscid (emulsifiable
compound) and N-tritylmorpholine (Shell WL
8008, formulation Fx 28). In all instances, dosage
was calculated on the active-ingredient content of
the molluscicides.
The snails were exposed to various concentrations

of the three test chemicals under similar conditions,
as follows. The appropriate quantity of the test
chemical was placed in a cylindrical glass dish of
145-mm inside diameter and 1-litre capacity, and
the volume was made up to 1 litre by the addition
of matured a aquarium water. (Analyses of samples
of the tap-water of the Salisbury municipality are
presented in Table 1.) Ten wild-caught snails of
the appropriate species were used for each replicate
experiment, and a contact period of five hours was
allowed, after which the dish was emptied, rinsed
and refilled with matured aquarium water, and the
snails were allowed a 48-hour period of recovery.
Two or three replications, performed at similar
temperatures, were carried out for each test con-
centration. Controls were established for each test
condition and, if mortality among the control snails
exceeded 5 %, the series was repeated.
Death was presumed to have occurred in a snail

when stimulation with a pin or probe elicited

a Claugher, D. (1960) Ann. trop. Med. Parasit., 54,
333-337.
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TABLE 1
ANALYSES OF THREE SAMPLES OF THE WATER
SUPPLIED BY THE SALISBURY MUNICIPALITY

Findings Parts per million

pH 8.0 8.5 7.8

Total solids 108.0 88.0 84.0

Dissolved solids 108.0 87.8 84.0

Alkalinity " P (CaCO3) trace 4.0 nil

Alkalinity " M" (CaCO3) 30.0 36.0 28.0

Total hardness (CaCO.) 38.0 42.0 34.0

Permanent hardness (CaCO3) 8.0 6.0 6.0

Temporary hardness (CaCO3) 30.0 36.0 28.0

Dissolved oxygen 6.7 6.2 6.8

Albuminoid (N) 0.21 0.103 0.12

Free NH3 (N) trace 0.05 0.10

Iron (Fe) trace trace nil

Aluminium (Al) 0.03 0.15 0.1

Calcium (CaCO3) 26.0 32.0 24.0

Magnesium (CaCO3) 12.0 10.0 10.0

Sulfate (SO4) 18.6 17.9 16.2

Chloride (Cl) 12.0 8.0 6.0

Fluoride (F) 0.1 0.25 trace

Phosphate (P04) trace trace trace

Silicate (SiO2) 13.3 13.6 12.5

no movement or other response in it. With some
species, especially B. pfeifferi, this is difficult to
assess, since these snails react to molluscicides by
withdrawal into their shells and cannot be touched.
Under these conditions, complete inactivity for
24 hours was used as the criterion of death. Dead
snails were removed to prevent fouling of the
aquaria. The test snails were not fed during the five-
hour period during which they were in contact
with the molluscicide. During the recovery period,
however, they were offered small quantities of lettuce
that had been prepared according to the method of
Claugher.a

Results

The data indicating the concentrations of mollus-
cicides used and the mortality of the various species
of snails, together with the dose-effect parameters,
which were calculated according to the method of

TABLE 2
COMPARISON OF THE EFFECTS OF THREE

DIFFERENT MOLLUSCICIDES ON THREE DIFFERENT
SPECIES OF AQUATIC SNAILS a. b

Aquatic snail species

giob. u
(Ph

B. Pfeifferi L. natalensis

Bayluscide

ED.o (ppm) 0.17 0.08 0.125
(0.13-0.22) (0.06-0.10) (0.09-0.18)

ED9. (ppm) 0.75 0.24 0.34
(0.41-1.38) (0.16-0.36) (0.17-0.68)

Slope function c 1.91 1.55 1.56
(1.60-2.27) (1.49-1.61) (1.23-1.96)

ED5o ratio 1.4 0.6 1.0

WL 8008

ED.o (ppm) 0.105 0.034 0.033
(0.07-0.16) (0.03-0.05) (0.03-0.04)

EDs. (ppm) 0.062 0.099 0.125
(0.26-1.46) (0.06-0.16) (0.06-0.29)

Slope function 2.21 1.58 1.79
(1.64-2.98) (1.53-1.62) (1.37-2.33)

ED5o ratio 3.2 d 1.0 1.0

Molucid

ED.. (ppm) 0.095 0.055 0.059
(0.07-0.13) (0.047-0.064) (0.034-0.105)

ED.. (ppm) 0.59 0.13 ± 0.12
(0.30-1.05) (0.085-0.20) -

Slope function 2.21 1.47 1.35
(1.66-2.94) (1.43-1.52) (0.84-2.16)

EDso ratio 1.6 d 0.9 1.0

a After five hours of exposure and 48 hours of recovery, at a
temperature of 221C (+ 1°C).

b The figures in parentheses are confidence limits (5 %
probability level) according to Litchfield & Wilcoxon (1949).

c The slope function is defined as ED&4/EDso+ EDWEDis
d Statistically significant at the 5 % probability level.

Litchfield and Wilcoxon,b are shown in Table 2.
The effects of the three molluscicides on the three

b Litchfield, J. T. & Wilcoxon, F. (1949) J. Pharmacol.
exp. Ther., 96, 99-113.



SUSCEPTIBILITIES OF AQUATIC SNAILS TO THREE MOLLUSCICIDES

snail species in the present study are shown gra-
phically in Fig. 1-3.

Inspection of these data reveals that B. (Ph.)
globosus is consistently more tolerant to all of the
molluscicides than are the other species, but the
degree of tolerance varies with the different com-
pounds. Furthermore, as shown in Table 3, WL 8008
and Bayluscide do not differ significantly in their
toxicity to snails of this species, nor does WL 8008
differ from Molucid in this respect, but there is a
difference (at the 5% probability level) between
Bayluscide and Molucid, the latter compound being
1.79 times more toxic than the former one.
As shown in Table 2, B. pfeifferi is significantly

more susceptible than B. (Ph.) globosus to all three
molluscicides; also, it succumbs more easily to
WL 8008 than to either of the other two chemicals
(Table 3). L. natalensis is very much (3.8 times)
more susceptible to WL 8008 than to Bayluscide
and is also more susceptible to Molucid than to the

FIG. 1
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TABLE 3
COMPARISON OF THE POTENCY RATIOS (PR)

OF THREE MOLLUSCICIDES
AGAINST THREE SPECIES OF AQUATIC SNAILS

Aquatic snail species

Molluscicides B (Ph.)
globosus B. Pfeifferi L. natalensis

WL 8008 to
Bayluscide 1.62 2.35 a 1.52 a

Molucid to Bayluscide 1.79 a 1.35 2.12 a

WL 8008 to Molucid 1.11 1.62 a 1.79

a Statistically significant at the 5 % probability level.

latter compound, but this snail does not differ in
response to WL 8008 and to Molucid. Thus, each
of the three snail species tested responds differently

FIG. 2
DOSE-EFFECT CURVES FOR WL 8008
AGAINST THREE SNAIL GENERA
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FIG. 3
DOSE-EFFECT CURVES FOR MOLUCID
AGAINST THREE SNAIL GENERA
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from the other two for each chemical, and in most
cases these differences are statistically significant.
Discussion

Paulini, in his report to WHO cited above,
referring to the toxicity of carbaryl, mentioned that

interspecific variation occurred within the genus
Oncomelania, but he drew attention to the paucity
of information on this subject with regard to other
snails, as well as to other molluscicides. In the study
reported here, comparisons carried out under similar
conditions have revealed that there is often a
statistically significant variation in the response
between different snail species and the molluscicides,
and that in some cases the difference is considerable.
Results such as this may have to be taken into
consideration when molluscicide campaigns are
planned.
Although the parameters used in the present

study are essentially crude, the results clearly
indicate dangers of excessive standardization. This
conclusion is probably the most important one that
can be drawn. It must be made clear that over-
standardizaion of molluscicide-testing procedures
may result in the passage of misleading informa-
tion to workers in the field. Nothing can be substi-
tuted for an intimate knowledge of the snails con-
cerned, their biology, their preferences as to habitats
and their responses to molluscicides or, indeed, for a
complete understanding of the problems involved
in the control of bilharziasis. There is no likelihood
that a rule of thumb will be forthcoming that will
simplify molluscicide trials beyond a certain point.
Workers in each area should realize this and con-
tinue to investigate all aspects of the bilharziasis
problem.
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