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(24 hours x 0.1 p.p.m.m) and 6.6 (6 hours x 1.1
p.p.m.), respectively.n This disproportionately greater
chemical demand for the shorter interval did not

m An approximate value, as the LC. for mature snails
was not computable; actually the LC,. was less than
0.1 p.p.m.

nThese results, which were obtained during the period
August-December 1961, were confirmed in March-April 1963
by means of parallel 6-hour and 24-hour tests on the same
stock of Australorbis. In the recent tests LC,, computations
were possible, yielding values of 0.7 and 0.073 p.p.m. for
6-hour and 24-hour exposures, respectively. Although the
current stock of snails appears to be more susceptible to
Bayluscide, the ratio of chemical demand is consistent with
the original results.

prevail for 3-5 mm and younger stages, including
eggs; that is, the increased chemical demand did
not exceed the expected fourfold increase com-
mensurate with reduction in exposure time. The
newly laid eggs were unique in that they were killed
in 6 hours by the same molluscicidal concentration
required for 24-hour exposures. Whether this
relationship between exposure time and mollusci-
cidal efficiency will be apparent in field evaluations
remains to be seen. Thus far field tests have not
been set up in a way that would reveal such a
molluscicidal characteristic.

Egg Clutches as against Individual Eggs of Australorbis glabratus
as Test Units in Molluscicide Evaluation *

by LYMAN P. FRICK and WILMA Q. DE JIMENEZ, US Army Tropical Research Medical Laboratory, Fort Brooke,
San Juan, Puerto Rico

Australorbis glabratus eggs that have been in-
cubated for four days are used as the representative
egg group in molluscicidal evaluation at this labora-
tory. In tests as usually performed, individual eggs
are the test unit since mortality rates are based on
the proportion of eggs that are killed at each con-
centration of molluscicide. Thus, in effect, individual
eggs can be compared with individual snails in a
complete evaluation.
The examination of each egg in a number of

clutches to determine deaths or survivals and the
recording of these data are tedious and time-
consuming operations. Therefore we have been
prompted to modify the test procedure so that an
entire clutch is considered as an individual and thus
becomes the test unit. With this change it is necessary
to stipulate that a dead clutch is one in which all
eggs have been killed; conversely, if at least one
living egg is found in a clutch, that clutch is recorded
as a survivor. This in itself greatly simplifies the
assembly of results.
The modified procedure has been tested with

tri-n-propyl tin oxide a and tri-n-butyl tin acetate a

* This investigation was supported in part by a contract
between the World Health Organization and the University
of Puerto Rico.

a These chemicals were furnished by the courtesy of Pure
Chemicals Ltd., England.

according to general, standardized methods de-
veloped in this laboratory.b Parallel tests were
performed; in one series groups of 10 egg clutches
were exposed to serial dilutions of chemical, while
in the other single clutches were similarly exposed
and handled in the usual manner as controls. Both
6- and 24-hour exposure periods were used, and all
tests were replicated three or four times. LC50 and
LC,0 values were computed by the method of
Litchfield & Wilcoxon.c

Results of these tests, which are summarized in
the table, show that LC50 and LC9o values for
clutches as test units were almost invariably higher
than the corresponding figures for individual eggs
as test units. Differences between respective LC50
or LC9o values for clutches and for eggs were tested
statistically by the method given by Litchfield
& Wilcoxon.C The concentration of chemical
required to yield either an LC50 or LC9o for clutches
was significantly greater (P = 0.05) than that for
eggs in the case of propyl tin in the 24-hour exposure
and butyl tin in the 6-hour exposure. Only in the
latter instance, however, was the difference numeri-

b See the note by L. S. Ritchie, L. A. Berrios-Duran,
L. P. Frick & I. Fox on page 281 of this issue.

c Litchfield, J. T. & Wilcoxon, F. (1949) J. Pharnacol.
exp. Ther., 96, 99.
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SNAIL EGG CLUTCHES AS TEST UNITS IN MOLLUSCICIDE EVALUATION

COMPARISON OF RESULTS FROM TWO MOLLUSCICIDAL TEST SYSTEMS, USING RESPECTIVELY EGG CLUTCHES
AND INDIVIDUAL EGGS OF AUSTRALORBIS GLABRATUS AS TEST UNITS

24-hour exposure 6-hour exposure
Molluscicide Test

unit LCso (p.p.m.) LC.o (p.p.m.) LCso (p.p.m.) LC.o (p.p.m.)
(and 95 % conf. limits) (and 95 % conf. limits) (and 95 % conf. limits) (and 95 % conf. limits)

Clutch 0.17 a 0.21 0.37
(0.081 to 0.120) (0.128 to 0.225) (0.17 to 0.26) (0.28 to 0.50)

Tri-n-propyl tin
oxide

Egg 0.059 0.12 0.20 0.29
(0.054 to 0.064) (0.11 to 0.13) (0.19 to 0.21) (0.27 to 0.30)

Clutch 0.23 0.45 0.56 a 1.17 a
Clutch (0.18 to 0.30) (0.32 to 0.63) (0.48 to 0.65) (0.95 to 1.45)

ri-n -b ty tin_

acetate
0.20 0.355 0.27 0.63

Egg (0.18 to 0.23) (0.31 to 0.41) (0.24 to 0.31) (0.51 to 0.77)

a Significantly greater at 5 % level than corresponding value for egg.

cally as great as twofold; for propyl tin, LC50 and
LCgo values for clutches were respectively 1.67 and
1.4 times greater than those for eggs.
The higher concentration of chemicals required

to yield LCQ0 and LC,o values when clutches were
used as the test units is most probably due to the
rigorous definition set up for death of a clutch, i.e.,
all eggs comprising it must have been killed. This
results in a certain degree of underestimation of
ovicidal efficacy, but this in turn may have important

practical implications when a candidate molluscicide
is finally tested in the field.
The discrepancies in results obtained from the

test system based on the use of egg clutches as test
units are not considered to be so serious as to
preclude the use of that system as a standard pro-
cedure. Its possible disadvantage of underestima-
tion of efficacy is thought to be off-set by its distinct
advantages of convenience and freedom from
tediously detailed operations.
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