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The Development in the Laboratory of Resistance
to Sodium Pentachlorophenate in

Australorbis glabratus
WALTER L. NEWTON1

Although reports-some of them conflicting-have been published on the development of
resistance to molluscicides in species of Oncomelania, little or nothing is known of the
potential of pulmonate snails to develop such resistance, in particular to the much-used
compound, sodium pentachlorophenate. This paper describes efforts made between 1952 and
1961 to developed increased resistance in two laboratory-reared strains of Australorbis
glabratus. Two lines were eventually establishedfrom 10 successive generations ofsurvivors
of a 24-hour exposure to LD90 dosages of pure sodium pentachlorophenate. Each line
showed an increase of50 % in the 24-hour LD50 dosage of chemical over that of the parent
strain (e.g., from 1.09 p.p.m. to 1.70 p.p.m. for one strain). While this increase seems low
in comparison with dosages recommended for application in the field, it does indicate that
colonies of A. glabratus with an increased level of resistance to NaPCP can be developed.

Sodium pentachlorophenate (NaPCP) has been
one of the most successful of the molluscicides used
to any great extent during the past decade. However,
as with other chemical agents used in the control of
invertebrate pests or disease vectors (e.g., insecti-
cides), the continued use of a molluscicide poses the
question whether snails can develop a tolerance or
resistance to the chemical. While this question in
general, and with regard to NaPCP in particular, has
received some attention, the amount of information
available on which to assess this potential is rather
limited.

There have been a few studies, both in the labora-
tory and in the field, relating to the possible develop-
ment of resistance by species of Oncomelania to
molluscicides. Recently Komiya et al. (1961a) have
reviewed some of these studies, as well as presenting
data of their own. Okabe et al. (1956) compared the
LD50 of sodium pentachlorophenate for 0. nosophora
collected from areas which had been treated for
several years with the molluscicide with that for
specimens from other areas which had never been
treated. They obtained higher values for specimens
from the treated area than for those from the
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untreated, and interpreted their results to indicate
the development of resistance to the chemical. In
contrast were the findings of Walton et al. (1958),
who conducted immersion tests with NaPCP on
0. nosophora collected from treated and untreated
areas in Japan in much the same fashion as Okabe
et al. (1956). They were unable to demonstrate that
any resistance had developed in snails from areas
which had been treated for four to seven years.
Of interest was the fact, however, that they did note
increased resistance to dinitro-o-cyclohexylphenol
(dinex) in snails from an area which had been
treated with this chemical for six years. Komiya et al.
(1961b) have also compared LD50 levels of NaPCP
for snails in treated and untreated localities. Their
results indicated that resistance had not developed
in the former.
Ota et al. (quoted by Komiya et al., 1961a) con-

cluded that snails exposed to increasing concentra-
tions of both of these chemicals at intervals of one
week tended to become more resistant than those not
similarly treated. On the other hand, Gancarz
(1958) concluded that snails which were exposed to
increasing concentrations of NaPCP proved to be
no more resistant at subsequent challenge than the
control group. Komiya et al. (1961b) obtained some
differences between control snails and those which
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had been repeatedly exposed to low doses of the
chemical in the laboratory prior to the challenge.
Their results, however, suggested that previous
exposure to small amounts may have even made the
snails more susceptible, at least under the conditions
of their studies. Finally, they were unable to show
any increased resistance in second-generation snails
from survivors of either an LD50 or LD90 dosage.

Thus, it would appear that, while there may be
some evidence that development of resistance to
sodium pentachlorophenate can occur in Onco-
melania, findings have not been consistent in this
regard. Obviously there are many factors, including
temperature, strain variation, condition of the snails
the chemical, experimental set-up, etc., which can
affect the results of a given study. Until these
variables are fully controlled and experimental con-
ditions are standardized, it is, as pointed out by
Ritchie & McMullen (1961), difficult to evaluate this
inconsistency.

Oncomelania species seem to be the only snails on
which data are generally available. The author has
been unable to find any report, particularly of an
experimental nature, of studies on resistance to
NaPCP in pulmonate snails. There have been reports
which demonstrated that differences in the degree of
susceptibility to NaPCP can occur among geographic
strains of Australorbis glabratus, including those of
Newton & Haskins (1953) and Olivier et al. (1962).
The author has been engaged in laboratory studies

directed towards determining whether more resistant
lines could be developed in a colony of A. glabratus
through selection of offspring from survivors of
LD90 doses of NaPCP. These studies have been
going on since 1952 and were recently discontinued
because of other assignments. This report will
summarize the results of these studies, which clearly
indicate that it is possible to develop lines of A. gla-
bratus that show a significant increase in resistance
to sodium pentachlorophenate as compared with
the parent colony.

MATERIALS AND METHODS

The technique for exposure, the snail strains, and
the source of chemicals were the same as those
reported previously by Newton & Haskins (1953).
Two strains of A. glabratus were studied. These were
described in the report referred to above; they
included a Brazilian strain and a strain from
Venezuela. The snail colonies were reared in stand-
ing tap-water in I-US gallon (3.7-litre) battery jars
and maintained on Romaine lettuce.

Snails were tested for susceptibility to NaPCP in
1-gallon battery jars which were filled to within

1/4 inch (6 mm) of the top with an aqueous solution
of the chemical. The jars were covered with a
notched glass plate to prevent escape of the snails.
During exposure of the latter, air was bubbled slowly
into the bottom of the jars by means of a pipette
inserted through the notch in the plate. This kept
the solution agitated and uniform. NaPCP was
freshly prepared from commercial grade penta-
chlorophenol and sodium bicarbonate. The exposure
period was 24 hours, during which time the snails
were always in contact with the chemical. At the
end of the exposure period the snails were transferred
from the jar to a beaker and rinsed with fresh water.
The obviously live snails were separated from those
which seemed to be dead, and each group was placed
into fresh water, along with a piece of lettuce, for
another 24-hour period. At the end of the latter,
mortality was determined.
Twenty snails of a measured size (14-16 mm in

diameter) were used in each battery jar, which con-
tained 3700-3800 ml of chemical solution. A total
of six jars of 20 snails each (120 snails in total) were
generally used for determining the susceptibility of a
given strain or line at a particular concentration.
From 4 to 12 jars of snails were usually exposed in
a single day's test. Efforts were made to include as
many as different lines and concentrations as possible
in a single test. The temperature of the room in
which the tests were conducted was maintained
rather steadily at 800 F (26.6° C). Occasionally,
slight variations occurred within the range 78°-82° F
(25.5°-27.8° C). The temperature was recorded con-
tinuously during the exposure period and if it left
this range for an appreciable time, the results of the
test were not used. -

The selection procedure was as follows. Groups of
20 snails each from colonies of the two strains were
exposed to concentrations of NaPCP which were
known from the previous studies (Newton &
Haskins, 1953) to kill 90% or more. This was
1.5 p.p.m. for snails of the Venezuelan strain, and
1.0 p.p.m. for those of the Brazilian strain. The few
survivors were then used as parents of a " line ", on
the possibility that they might happen to be more
resistant than the rest. Several groups of 20 of their
offspring were then exposed to the same concentra-
tion. If they exhibited lower mortality, on the
average, than that of the original colony, additional
members of this line were exposed to an increase of
0.25 p.p.m. While this usually resuilted in the death
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of all, survivors were occasionally obtained. These
formed the parents of the next generation in this
line. Their offspring were exposed to the higher
concentration. If, after several tests, there did not
appear to be any evidence that this line, on the
average, could tolerate the 0.25 p.p.m. increase any

better than the parents it was discarded. If a line
showed promise-i.e., a significant increase in
survival at the higher concentration-sublines were

developed, and the subsequent generations eventually
exposed to another 0.25 p.p.m. increase, and so on.

Several such lines were followed simultaneously for
each of the two strains. During the latter part of the
study, two lines were eventually concentrated upon,
one from each strain. When it became necessary

to discontinue this study, the susceptibilities of these
two lines to NaPCP were then compared, in simul-
taneous tests, with those of the parent colonies.
The latter had been maintained along with the lines
in similar fashion, without, of course, exposure to
the chemical. At the time of this comparison the two
lines had undergone 10 generations of selection in
the manner described above.

RESULTS

As in the previous study, some snails were dead at
the end of exposure to the chemical, and some died
during the 24-hour " recovery " period in water.
Only rarely did a snail die after this time. This, then,
seemed to be a reasonable method for estimating
molluscicidal effect. However, it is likely that some

survivors were adversely affected in that they failed
to produce offspring from which to develop sub-
sequent generations. This often necessitated several
tests besides those required to establish the mortality
rate, in order to keep a particular line going.
Numerous lines were followed for a few genera-

tions, at the end of which time they were abandoned
because of a lack of convincing evidence of increased
resistance. The fact that a few snails survived a given
exposure did not, of course, necessarily mean that
they were more resistant. Or, even if they were, it
was not necessarily true that this resistance would
continue to be manifested in subsequent progeny

under the methods of selection employed. In the
process, an estimated total of more than 25 000 snails
were tested for their susceptibility to NaPCP.
The results of the comparisons between the

selected lines and the original stock are shown in
Table 1. As can be noted, the snails of the selected
Brazilian line showed a significant increase in resist-

TABLE 1
COMPARISON OF SUSCEPTIBILITY TO SODIUM

PENTACHLOROPHENATE OF CONTROL AND SELECTED
LINES OF TWO STRAINS OF AUSTRALORBIS GLABRATUS

Mean percentage mortality ± SE after
24-hour exposure a

NaPCP
applied Brazilian strain Venezuelan strain
(P.p.m.)

Control Selected Control Selected
colony line colony line

0.50 10.8 2.6

0.75 53.3 ± 4.6 4.0 ± 2.0 10.0 ± 4.7

1.00 85.0 i 3.2 21.4 ± 3.9 40.8 ± 4.5

1.25 78.3 ± 3.8 71.7 ± 4.1 19.2 ± 3.6

1.50 89.2 i 2.8 92.5 ± 2.4 34.2 ± 4.3

1.75 60.8 4.4

2.00 60.8 4.4

2.25 93.3 + 3.2

a Usually based on 6 tests; 20 snails in each test.

ance over the original colony. It required a 50%
increase in chemical concentration to obtain ap-
proximately 90% kill among the selected Brazilian
line in 24 hours, as compared with that required for
snails of the control colony. The concentration that
resulted in about 90% mortality among the latter
killed, on the average, only about one-fifth of the
selected line.

Similar results were obtained in the comparison
between the selected Venezuelan line and its original
colony. An average mortality of about 90% was not
obtained with the selected line until the applied
concentration was increased to 50% above that
required to get this amount of kill in the parent
colony (1.50 p.p.m.). And, as can be noted from
Table 1, the latter concentration killed only about
one-third of the selected Venezuelan line.
The difference in susceptibility between the parent

colony and selected line in both strains is further
pinpointed in Table 2. The latter contains the
calculated LD50 values for the chemical for the
various groups. Among the Brazilian snails, the
values were 0.75 p.p.m. for the control colony and
1.14 p.p.m. for the selected line. With the Vene-
zuelan snails, the LD50 values were 1.09 and 1.70 for
the control colony and selected line respectively.
Of further interest is the comparison of the

susceptibilities of each colony as determined in 1952
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TABLE 2
COMPARISON OF THE ESTIMATED 24-HOUR LDso VALUES
OF SODIUM PENTACHLOROPHENATE FOR CONTROL

COLONY AND SELECTED LINES OF TWO STRAINS OF
AUSTRALORBIS GLABRATUS

Strain
Slope a

LDso (probits per
(p.p.m.) a 0.25-p.p.m.

dose unit)

Brazilian control colony b (1952) 0.80 + 0.013 1.79 ± 0.112

Brazilian control colony (1961) 0.75 l 0.015 1.21 0.089

Brazilian selected line (1961) 1.14 ± 0.011 1.12 t 0.095

Venezuelan control colony b (1952) 1.06 - 0.020 0.79 z 0.29

Venezuelan control colony (1961) 1.09 ± 0.20 0.87 ± 0.047

Venezuelan selected line (1961) 1.70 ± 0.023 0.62 ± 0.059

a LDso values and probit slopes were computed by Karber's
method, as described by Cornfield & Mantel (1950).

b From Newton & Haskins (1953).

and almost 10 years later. As can be seen from the
LD50 values in Table 2, and the response at the
various dosages in Table 3, the control colonies
seemed to remain rather stable in so far as their
average susceptibilities were concerned. As a result
of an increase in heterogeneity, the Brazilian colony
gave somewhat different values at a given con-
centration, although the over-all susceptibility and

TABLE 3
COMPARISON OF THE SUSCEPTIBILITIES OF TWO
LABORATORY-REARED STRAINS OF AUSTRALORBIS

GLABRATUS TO SODIUM PENTACHLOROPHENATE AFTER
A 9-YEAR INTERVAL

NaPCP
applied
(p.p.m.)

0.50

0.75

1.00

1.25

1.50

1.75

Percentage mortality ± SE
after 24-hour exposure

Brazilian strain

1952 a

3.3 ± 1.7

33.3 10.3

94.2 1.6

1961

10.8 ± 2.6

53.3 ± 4.6

85.0 ± 3.2

Venezuelan strain

1952 a 1961

3.3 2.1

16.7 ± 3.3

49.2 ± 7.3

68.4 ± 4.2

90.8 ± 3.0

a From Newton & Haskins (1953).

the LD,50 value in the more recent tests were quite
similar to those obtained in 1952. With the Vene-
zuelan colony, the stability was even more remark-
able. The LD50 value was essentially the same, and
the average mortalities at individual concentrations
in 1961 (see Table 3) were surprisingly close to
those obtained in 1952.

DISCUSSION

It is apparent from these data that a line of snails
which is significantly more resistant to sodium
pentachlorophenate than the colony from which it
was derived has been developed from each of the
two strains of A. glabratus. As it is highly improbable
that this was due to fortuitous change, we must con-
clude that the selecting process led to the establish-
ment of the more resistant line.

It must be recognized that, while this increase in
resistance (as measured by the increase in LD50, for
instance) is real and statistically significant, it is of a
comparatively low order of magnitude- approxi-
mately 500%. An increase of only 0.25 p.p.m. in a
24-hour exposure period effected large increases in
mortality, depending upon the location on the
dosage-mortality curve, even among the more
resistant snails. Only occasionally did we get any
survivors at concentrations as high as 3.0 p.p.m.
In the field, good results have been reported in still
waters when NaPCP was applied at a concentration
of 5.0 p.p.m. (WHO Expert Committee on Bil-
harziasis, 1961). Application to still waters (as
against flowing streams) generally results in exposure
periods at least as long as those used in this study.
What, then, would be the importance of an increase
of 0.4-0.6 p.p.m. in the 24-hour LD50 of NaPCP
in the field?
From the practical point of view, a shift of this

order of magnitude in the susceptibility of a snail
population may be of small consequence, particularly
since the concentrations and exposure periods usually
employed seem to be in excess of those considered
lethal for the snails. However, from the biological
aspect, the fact that more resistant populations can
be selected is probably important. Crow (1960)
discusses the genetic basis for the development of
resistant lines of insects (e.g., Drosophila) to insecti-
cides such as DDT. He points out that the bulk of
the evidence indicates that the establishment of
resistant lines is an example of natural selection, in
which the proportion of previously occurring
resistance " genes is increased in a population by
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selective killing. This seems to apply particularly in
instances of polygenic control. According to Crow
(1960), in the usual laboratory experiment designed
to select for insecticide-resistance, there is a period
of several generations during which there is little
apparent change in resistance. This is followed by a
rapid increase once the latter reaches a certain level.
The number of generations required will vary with
such factors as the number of genes involved, the
degree of inbreeding, the type of chemical used, etc.
If our studies could have been continued through
several more generations of selection, lines exhibiting
even greater resistance might have been developed.
Another important point may be the level of

selection intensity. Exposure to LD90 concentrations
of chemical should provide the most rapid-build-up
of a resistant line if only a gene or two were involved.
Our findings suggest that, if resistance to NaPCP in
A. glabratus is under genetic control, several genes
are probably involved. If so, a less intensive selection
pressure (e.g., exposure to LD50 concentrations)
might have resulted in a more rapid increase in
resistance. King (1954) developed lines of Drosophila
melanogaster resistant to DDT by treating and
breeding the survivors over a span of 20 generations
of selection. He observed that the build-up of

resistance was somewhat more rapid at the lowest
level of selective intensity (50%). It appeared to be
his feeling that the higher levels of selection reduced
the gamut of genetic variability from which to select.

Further studies could provide additional informa-
tion on how rapidly lines of A. glabratus with
increased resistance to NaPCP can be built up
under various selection pressures. However, it is
obviously difficult to anticipate and duplicate the
various dosage/exposure-time situations that might
exist under natural conditions following mollusci-
cide treatment of a stream lined with marginal
vegetation and with a variable flow-rate, for example.
Thus, we can only speculate on the practical signific-
ance of, and what should be done about, the various
levels of resistance one can develop experimentally
in the laboratory. Reports from the field of the
failure of the chemical to destroy A. glabratus, under
conditions of application which were well-controlled
and which had proved to have been adequate in the
past will, if they appear, undoubtedly be the most
urgent indicator of the possibility of resistance.
Meanwhile, these laboratory findings can serve as a
warning that, under certain circumstances, lines of
A. glabratus with increased resistance to NaPCP can
be developed.
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RItSUMIt

On sait que la possibilite d'une resistance des mol-
lusques au pentachlorophenate de sodium (PCP) com-
mande la vigilance. Toutefois, les faits experimentaux
rapportes a ce sujet sont contradictoires. C'est pourquoi
une etude destinee a 'tablir des lignees de resistance
croissante de deux souches cultivees au laboratoire de
Australorbis glabratus a ete effectu6e de 1952 A 1961. Des
mollusques appartenant a ces deux souches, l'une pro-
venant du Bresil, l'autre au Venezuela, ont et6 immerges
pendant 24 heures dans des solutions chimiquement
pures a une concentration susceptible d'entrainer la mort
de 90% des mollusques. Les concentrations utilisees
etaient de 1,0 p.p.m. pour la souche bresilienne et de
1,5 p.p.m. pour la souche venezuelienne. Les survivants
ont ete utilises pour donner naissance a de nouvelles
lignees qui ont ete exposees A des concentrations crois-
santes (accroissement egal a 0,25 p.p.m. de PCP). Les

survivants ont ete a leur tour utilises comme parents
d'une nouvelle generation et ainsi de suite.

Lorsqu'il fallut arreter l'experimentation, une lign6e
de chaque souche a et etudiee. Chaque lignee represente
10 generations de selection a une concentration de
DL90. Les sensibilites des deux lign6es ont ete compar6es
a celle des souches parentes t6moins entretenues dans des
conditions pratiquement identiques. Des lignes de regres-
sion dose-mortalite ont et etablies grAce A 6 tests au
cours desquels l'on a utilise 120 mollusques.
La lignee bresilienne selectionnee a montre une DL50

de 24 heures de 1,14 p.p.m. de PCP, alors que pour la
colonie originale elle n'etait que de 0,75 p.p.m. Une
augmentation analogue de la resistance a ete observ6e
pour la souche venezuelienne. La DL50 de la colonie
originale etait de 1,09 p.p.m. alors que pour la souche
selectionnee elle etait de 1,70 p.p.m. I1 est int6ressant de
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noter que dans chaque colonie la valeur de la DL50 est
demeuree relativement stable de 1952 A 1961. Dans la
souche bresilienne cette valeur etait de 0,80 p.p.m. en 1952
et de 0,75 p.p.m. en 1961. Pour la souche venezuelienne,
Ja DL50 etait egale a 1,06 p.p.m. en 1952 etA 1,09 en 1961.

L'auteur souligne que bien que la resistance de
A. glabratus offre pour le moment sur le terrain peu de
dangers, le fait d'avoir pu, au laboratoire, obtenir des
lignees de plus en plus r6sistantes au PCP doit rendre
vigilant.
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