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Statistical Analysis of Molluscicide Field Trials*
NELSON G. HAIRSTON 1

The paper describes the methods used in the statistical analysis offield trials ofacrolein,
Bayluscide, ICI 24223 and NaPCP molluscicides. The study shows the importance of
adequate sampling of the snail population both before and after the application of the
molluscicide and the necessity of obtaining equally complete data from the controls. For
kills above 99 %, if the pretreatment collection contains fewer than 400-500 snails, the
range between the confidence limits exceeds 5 % and, if the pretreatment sample contains
fewer than 1200-1500 snails, the range exceeds 2 %. For all the molluscicides except
acrolein, a cube-root transformation was found to be applicable. After treatment with
acrolein, the snails were distributed at random. In most of the trials there were significant
changes in the snailpopulations in the control canals, possibly due to sampling. No significant
differences were observed between samplings taken 48 hours and one week after treatment;
one of these could be omitted in future trials.

INTRODUCTION

The purpose of this paper is to state with a specified
precision the performance of acrolein,2 Bayluscide,3
ICI 24223 4 and NaPCP 5 under field conditions in
Egypt and the Sudan. The degree of precision most
commonly used in biostatistics is the 950 confidence
level. Confidence limits are easily established on the
basis of data from laboratory experiments because
the sources of variance are known- and to a large
extent controllable.

In the field, it is necessary to use sampling to
estimate the number of snails present before and
after the application of a molluscicide, and this
introduces several sources of variance, at least one
of which is completely beyond the control of the
investigator. These difficulties are:

(1) the problem of obtaining complete and
accurate samples under all conditions,

(2) the problem of obtaining sufficient numbers
of snails from such samples, both before and after
application of the molluscicide, and
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(3) the clumped distribution of snails in natural
habitats, which makes the mathematical analysis
more difficult and also causes the confidence limits
of the mean number present to be very wide.

BRIEF DESCRIPTION OF THE DATA

The experiments analysed were conducted in the
Sudan in November 1961 and in Egypt from April
to July 1962. The detailed data are to be found in
the papers by Ferguson, Dawood & Blondeau
(1965) (for the Sudan) and by Unrau et al. (1965)
and Dawood et al. (1965) (for Egypt).6 Complete
repetition is thus unnecessary, but some of the data
will be repeated as required to illustrate certain
points.

Snail populations were estimated by means of
repeated samplings with the drag scoop. The
numbers of the two vectors Bulinus and Biomphalaria
were recorded separately for each sample. Dead
specimens of each were also recorded. For each test,
a control canal was selected and sampled in the same
manner as the treated canal.
One of the most vexing problems was the failure

of the control canals to yield constant data. In five
of the seven experiments (Sudan, second acrolein in
Egypt, Bayluscide and both formulations of ICI
24223), the control canal showed a statistically
significant and important decline in snail population
during the course of the experiments. It has been

6 See articles on pages 243, 249 and 261 of this issue.
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suggested by Ferguson that this decline is a result
of the repeated sampling at short intervals. It
appears possible that this is the correct explanation,
but this conclusion may be questioned on the basis
of the fact that two of the control canals showed
non-significant changes during the experiments.
These two cases also provide hope that the sampling
procedure may be changed in a way that will permit
most future field experiments to be performed so
that they will be free of the problem of radically
changing populations in the controls.

ANALYTICAL METHODS USED

If the act of sampling has caused a reduction in
the snail population as is suggested by the results of
five of the experiments, this factor must be taken
into account in estimating the effectiveness of the
molluscicides. This approach has been used in the
papers by Unrau et al. (1965) and Dawood et al.
(1965). The method, as in Abbott's formula for
laboratory experiments, is to use the controls as a
basis for estimating an " expected " value for the
treated canal. This expected value, rather than the
original number collected, is then used to estimate
the percentage mortality. The formula for the
percentage killed would then be:

[ Control ( Experimental ]
(before treatmentJ xafter treatmentJ

100- I-x 100100({ Control ( Experimental I
kafter treatment) x .before treatment)

If the same number of samples were collected before
and after treatment in both control and experimental
areas, the total snails collected at the appropriate
sampling may be used in the formula. If the number
of samples varied, then the mean number of snails
per sample should be used. Unfortunately, this
method does not permit the calculation of confidence
limits for the percentage killed.

It is theoretically possible to use the proportion
of living to dead snails in the post-treatment count
as the basis for calculating the percentage killed.
This is standard procedure in laboratory experi-
ments, but the total number of snails (dead plus
living) collected in each post-treatment count
appears to be never more than about 30% of the
pretreatment total. It thus appears that dead snails
are much less likely to be collected than living ones-
a factor that causes the method to give an under-
estimate of the proportion killed.
The method used below, while strictly speaking

valid only for the experiment on NaPCP and most

of the first acrolein experiment in Egypt, does yield
the confidence limits of the kill. If further experi-
mentation can give a timing and pattern of sampling
that does not disturb the population, this method
will be the one of choice for future molluscicide tests
in the field.

In order to estimate the confidence limits of the
percentage of snails killed, it is necessary to calculate
the confidence limits of the mean number present
before and after the application of the molluscicide,
or in other words, it is necessary to calculate the
sampling error involved. Methods of calculating
these limits are available in almost any textbook of
statistics, but for the method to be valid, the assump-
tion must be made that the data are drawn from a
normal distribution, or at least a distribution that is
reasonably symmetrical around the mean. Inasmuch
as these conditions are never encountered in snail-
sampling data, the latter must be subjected to a
statistical process known as " normalization " before
valid normal statistics may be used. Normalization
is analogous to obtaining the geometric mean by
the use of logarithms, and the exact procedure
depends on the original distribution of snails
among samples. Yeo (1962), following a study by
Taylor (1961), has shown that for certain counts
analysed by him, satisfactory normalization could
be achieved by using the cube roots of the individual
counts. Since most of the current data show a
relationship between variance and mean that agrees
well with Yeo's graph, this simple transformation
has been used in preference to the complicated
manipulations required by other distributions, such
as the negative binomial. The statistical acceptability
of this procedure is shown by the homogeneity of
variances (after transformation) of the separate
samplings in both sets of data tested-the controls
for the NaPCP and the first Egypt acrolein experi-
ments.
Where an appreciable number of samples were

negative, as occurred in most of the data, it is
necessary to add 0.5 to each count before normalizing,
thus eliminating zero values.

After each count is normalized, the mean and its
confidence limits are calculated by routine statistical
procedures. For reasons that will become apparent
below, the 97.5% limits of the value of t in the
Student distribution should be used. The mean and
its upper and lower confidence limits should be
cubed, and then the 0.5 subtracted from each of
them. It will be noted that this new mean is lower
than that calculated from the raw data. This results

290



STATISTICAL ANALYSIS OF MOLLUSCICIDE FIELD TRIALS

from the normalization, which has a greater effect
on high counts than on low ones. The loss can be
thought of as the price of sampling from a non-
normal distribution.

In post-treatment counts, the numbers are ordina-
rily very low, and frequently no snails at all are found.
In such cases, it is not possible to use the data for
estimating the confidence limits of the mean count,
in the manner described above, and even where 100
or more samples are taken, the method should not
be used unless the mean count per sample is 0.3 or
more. For 30 samples (the minimum number that
should be taken), the average count should approach
0.5 for satisfactory results to be obtained. In the data
under consideration, the counts for the ICI 24223
(base) experiment and the Sudan experiment on
acrolein are the only ones with sufficiently large
numbers of snails after treatment to warrant their
use in calculating the confidence limits of the mean
values. The difficulty imposed by very low counts
in the post-treatment samplings can be overcome
provided that the distribution of snails among
samples is known or can be assumed to have a
certain form. From the data available, the distribu-
tion of Bulinus can be analysed in four different
stations both 48 hours and one week after treatment.
One of these stations, that from the acrolein experi-
ment in the Sudan, gave data unlike any other data
on aquatic snails available either before or after
mollusciciding. As shown in Table 1, both samplings
indicate a distribution that is not significantly
different from random.

Samplings after the application of Bayluscide and
ICI 24223 in Tanganyika (Yeo, 1962, and Crossland,
1962) and in Egypt (Table 2) indicate that the form
of the distribution is unchanged after treatment.

TABLE 1
EL SHATI CANAL, GONDAL, SUDAN

Number of samples 1 Number of samples
48 hours after acrolein I week after acrolein

No. of treatment treatment
snails Expected

Observed (random Observed Expected
distribution) (random)

0 19 17.83 15 15.39

1 6 8.12 11 10.26

2 2 1.37 3 3.42

3 or 1 0.68 1 0.93
more

TABLE 2
EL OMARA CANAL, EGYPT 49 PROJECT AREA

Number of samples Number of samples
48 hours after 1 week after

No. of snails ICI 24223 ICI 24223

Observed Expected Observed Expected
(random) (random)

Station 1

0-1 4 0.99 5 0.44

2-3 9 5.94 6 3.59

4-5 5 10.26 5 8.39

6-7 5 7.92 4 9.06

8-9 4 3.41 6 5.57

more than 9 3 1.48 4 2.95

Station 2

0 21 17.58 19 12.61

1 6 9.38 2 10.93

2 1 2.50 4 4.73

3 or more 2 0.64 5 1.73

Station 3

0 23 17.58 24 16.37

1 3 9.38 1 9.87

2 1 2.50 2 2.97

3 or more 3 0.64 3 0.79

Analysis of all six sets of data given in Table 2 shows
good conformity with Yeo's graph relating variance
to mean abundance. It can be concluded that there
is a marked redistribution of living snails after
treatment with acrolein, but not after treatment with
other molluscicides. The reason for the difference
cannot be stated with certainty, but it is probably
related to the very marked herbicidal property of
acrolein. Destruction of the aquatic vegetation
would be expected to disrupt snail distributions,
since the relations between snail abundance and the
presence of aquatic plants is well established. With
the vegetation killed, the entire habitat would be
more or less equally attractive (or unattractive) to
the survivors, and the natural randomizing influences
(wandering, water movement, etc.) would become the
principal determinants of the post-treatment distri-
bution. The other molluscicides, although generally
biocidal, have little lasting effect on the vegetation,
and one would thus not expect the snails to become
redistributed following an application of Bayluscide,
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ICI 24223 or NaPCP. It is concluded, therefore,
that samples taken after an application of acrolein
are drawn from a randomly distributed population.
For such samples, the confidence limits of the total
count may be found by reference to statistical tables,
such as those of Pearson & Hartley (1954).

Samples taken after application of other mollusci-
cides have presumably been drawn from populations
distributed in the same manner as the pretreatment
populations. Yeo's paper is sufficiently complete to
permit one to obtain the approximate confidence
limits for total counts in samples drawn from popula-
tions distributed in this manner. These are given in
Table 3 for total counts of up to 20.
For both random and clumped distributions it

should be noted that the confidence limits can
be obtained even when the post-treatment count

TABLE 3
APPROXIMATE 95 % CONFIDENCE LIMITS

FOR SNAIL COUNTS a

Total snails Lower confidence Upper confidence
collected limit limit

0 0.00 4

1 0.00 8

2 0.00 10

3 0.00 13

4 0.00 15

5 0.00 16

6 0.06 17

7 0.28 18

8 0.81 19

9 1.16 21

10 1.86 23

11 2.35 25

12 2.92 26

13 3.51 28

14 4.49 29

15 5.36 31

16 5.83 32

17 6.33 34

18 7.42 35

19 8.00 36

20 8.62 38

a After Yeo (1962).

is nil. This is important because common sense
indicates that a zero count does not necessarily
mean that there were no snails present, but that
the average number was less than one snail per
30, 90 or 120 scoops, depending upon the number
of scoops taken. It is therefore useful to have an
estimate of the maximum number likely to be
present without any being collected in sampling.
Once the mean counts and their confidence limits

have been obtained before and after mollusciciding,
the percentage killed and its confidence limits must
be calculated. The method is simple. The percentage
killed is equal to [1-(post-treatment mean divided
by "new" mean)] x 100. The upper confidence
limit of the kill is equal to [1-(lower confidence
limit after treatment divided by upper confidence
limit before treatment)] x 100. The lower confidence
limit of the kill is equal to [1-(upper confidence
limit after treatment divided by lower confidence
limit before treatment)] x 100.
The exact level of confidence permitted by this

procedure is difficult to calculate, but a conservative
estimate may be obtained by the following calcula-
tion:
level of confidence = percentage confidence before
treatment+percentage confidence after treatment-100.

Thus, if we have 95% confidence limits on both
means, the confidence level for the kill is 95+95-100
=90%.
The confidence level for pretreatment means can

be set at almost any desired figure because of the
completeness of tables of t, but for low post-
treatment counts, only a limited range of confidence
levels is readily available for the random distribution,
and only the 95% level is available from Yeo's
calculations. For this reason, the confidence levels
for the kills given in Tables 4-8 range from 92.5% to
95.5%.
The results of the calculations are given in

Tables 4-8. The three acrolein experiments are
compared in the accompanying figure.

In the tables presented below, the results of
samplings taken one and two months after treatment
are given as " percentage killed ". This is, of course,
completely unrealistic and has been done only to
keep the figures on a basis comparable with those
from the 48-hour and one-week samplings.

DISCUSSION

The desirability of establishing the confidence
limits of an observed percentage kill will scarcely
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EFFECT OF ACROLEIN ON POPULATION OF BUUNUS TRUNCATUS

WHO 50189

- Old Abis canal (100 ppm-h). _ _ El Shati canal (75 ppm-h). ----- Geziret El Gama canal (100 ppm-h).
95.5% confidence limits. -- 95.5% confidence limits. 95.5% confidence limits.
Nazeer canal (control for _ - Gabarona canal (control for .. El Beida canal (control for
Old Abis). El Shati). Geziret El Gama).
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TABLE 4
ACROLEIN TRIALS

Snail species Time after Percentage 95.5 % confidencetreatment killed limits

El Shati canal, Gondal, Sudan; 13 November 1961; 70 ppm-h;
30 scoops

Bulinus truncatus 48 hours 99.83 99.45-99.95

7 days 99.75 99.19-99.91

Biomphalaria sp. 48 hours 98.32 91.91-99.82

7 days 98.95 93-68.99.94

Old Abis canal, Egypt 49 project area; 2 May 1962; 100 ppm-h;
90 scoops

TABLE 6
TRIAL OF ICI 24223 HYDROCHLORIDE

(DISPERSIBLE POWDER) a

Snail species Time after 1 Percentage 94 % confidence_____ ~~~treatment killed limits

Bulinus truncatus 48 hours 100 62.62-100

7 days 100 62.62-100

Biomphalaria 48 hours 99.20 88.80-100
alexandrina

7 days 100 94.33-100

a Khurshid canal, Egypt 49 project area; 22 July 1962;
6.48 ppm-h; 90 scoops.

Bulinus truncatus 48 hours 99.88 98.51-99.999 experiments, even when the experiments are excep-
8 days 99.63 97.74-99.97 tionally well planned and executed. The implication

35 days 98.89 95.79 99.74 is that in experiments where less precise methods are
used for sampling the snail population, the estimates60 days 99.51 97.40-99.94 of the kills are likely to be of a low order of

El Gama canal, Egypt 49 project area; 9 May 1962; 100 ppm-h; reliability.
120 scoops Some idea of the accuracy of the method used

Bulinus truncatus 48 hours 99.45 94.97-99.996 and of the confidence limits may be obtained by
8 days 100 96.51-100 comparing the data at 7 days with the data at 48

30 days 99.45 94.97-99.996
TABLE 7

64 days 97.79 91.21-99.65 TRIAL OF ICI 24223 BASE (IN TOLUENE) a

be questioned, but the amount of time required to
obtain and analyse the data may seem excessive.
It is therefore worth while to review the information
gained by these methods from the current experi-
ments.

First, the confidence limits calculated from these
experiments show how wide these limits are in field

TABLE 5
BAYLUSCIDE TRIAL a

Snail species
Time after Percentage 92.5 % confidence
treatment killed limits

Bulinus truncatus 48 hours 100 99.31-100

8 days 99.74 98.36-100

29 days 99.47 96.47-100

Biomphalaria 48 hours 100 74.60-100
alexandrina

8 days 100 74.60-100

29 days 100 74.60-100

a Old Ganabiet Zohra canal, Egypt 49 project area; 11 June
1962; 8 ppm-h; 90 scoops.

Snailse
Time after Percentage 95 % confidenceSnail species treatment killed limits

Station 1; 4 ppm-h (estimated); 30 scoops

Bulinus truncatus 48 hours 76.32 50.42-89.18

7 days 71.75 42.34-86.42

29 days 86.57 72.67-93.67

Station 2; 16 ppm-h; 30 scoops

Bulinus truncatus 48 hours 94.88 84.57-99.17

7 days 91.36 75.87-97.95

29 days 98.56 96.21-99.72

Station 3; 16 ppm-h; 30 scoops

Bulinus truncatus 48 hours 99.59 98.93-99.95

7 days 99.57 98.82-99.97

29 days 96.93 92.76-98.99

Biomphalaria 48 hours 100 98.92-100
alexandrina

7 days 100 98.92-100

29 days 100 98.92-100

a El Omara canal, Egypt 49 project area; 3 June 1962.
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TABLE 8
NaPCP TRIAL a

Snail species Time after Percentage 92.5 % confidenceSnailpecies treatment killed limits

Bulinus truncatus 48 hours 100 99.02-100

7 days 100 99.02-100

Biomphalaria 48 hours 100 97.32-100
alexandrina

7 days 100 97.32-100

a El Kolliah canal, Egypt 49 project area; 23 June 1962;
85.5 ppm-h; 90 scoops.

hours for each of the 14 sets examined. The one-
week data may be considered a repeat observation on
the kill, since there is little evidence that the introduc-
tion of new snails from outside the habitat was
important, even over two months. The lowest
confidence level used, 92.5 %, would indicate one
chance in 131/3 that the observed kill would fall
outside the stated limits; the highest level, 95.50%,
would indicate one chance in 22 2/9. Among the
14 observations, one kill was observed to be 100%
when the expected upper confidence limit was
99.996%. This difference is not detectable with the
120-scoop samples that were taken, and it can be
concluded, tentatively, that the analysis is internally
consistent.
A second finding of considerable interest is the

relationship between the total number of snails
collected before treatment and the range between
the upper and lower confidence limits. These figures
are listed in Table 9.

In assembling the table, only those results pertain-
ing to subsequent kills of more than 99% were used.
This is necessary because there is a tendency imposed
by the mathematics for lower kills to give wider
confidence limits, regardless of other factors.
The analysis shows the importance of having very

large pretreatment counts in order to obtain a
reasonably narrow confidence interval for the kill.
The figures suggest that if the observed kill is
expected to exceed 99% at least 400-500 snails
must be collected in pretreatment sampling before
one could be reasonably sure that the kill was in fact
greater than 95 %. To be sure that at least 98% were
killed, the pretreatment total should be at least
1200-1500. Some compensation can be made by
increasing the number of post-treatment samples
(Yeo, 1962), but the relationship between the number
of samples required and the decrease in range between

TABLE 9
RELATIONSHIP BETWEEN PRETREATMENT SAMPLING

AND CONFIDENCE LIMITS

No. of snails collected before Range of confidence limits
treatment W(%

9 998

2 354

2 339

1 582

720

584

533

275

214

70

35

15

0.5

1.49

1.02

0.98

2.68

1.08

0.69

5.03

11.20

25.40

37.38

86.02

confidence limits is a multiplicative one, and the
extra effort soon becomes excessive. A dense
population of snails is thus shown to be an important
requirement for statistically sound field experiments
on molluscicides.

CONCLUSIONS

A method has been developed whereby confidence
limits can be set for the percentage of snails killed
during molluscicide experiments in the field. The
requirements are:

(a) Adequate sampling data before treatment and
one week or less afterwards. (No fewer than 30
samples containing no fewer than 1200 living
specimens of the vector should be taken in the
pretreatment sampling.)

(b) Equally complete data for an untreated
control, showing no significant changes.
For all counts, except those from post-treatment

samples following the use of acrolein, Yeo's suggested
use of a cube-root transformation was found to be
effective and convenient. After the use of acrolein,
snails appear to be distributed at random.
For kills above 99 %, the range between the

confidence limits exceeds 5% when fewer than 400-
500 snails are collected before treatment and
exceeds 20% when fewer than 1200-1500 snails are
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collected before treatment. Therefore, dense popu-
lations are a requirement for successful field experi-
ments.

In the data analysed, only two of the seven
experiments showed that the controls remained
unchanged during the first week. It is recommended
that further research be undertaken on the effect

of sampling on snail populations. Two factors that
should be investigated are the spacing of samples
and the time between samplings.
No significant differences were observed between

samplings taken 48 hours after treatment and those
taken 7 days after treatment. In future experiments,
one of these samplings can be omitted.
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xtRJU,SUMt

Cet article decrit les m6thodes d'analyse statistique
utilis6es lors des essais sur le terrain de molluscicides
(acroleine, Bayluscide, ICI 24223, pentachlorophenate
de sodium).
La determination du pourcentage de mollusques tu6s

doit se baser sur un 6chantillonnage suffisant avant
l'emploi du molluscicide (30 6chantillons au moins, avec
au minimum 1200 individus vivants) et sur un deuxieme
6chantillonnage dans la semaine suivant le traitement.
Une enquete analogue, dans une zone t6moin non trait6e,
ne doit pas montrer de variation notable du nombre des
mollusques.

II est indispensable que l'experimentation porte sur
une population de mollusques suffisamment importante:
pour une destruction superieure a 99%, l'intervalle de
variation entre les limites de confiance depasse 5 %

lorsque 1'6chantillonnage, avant le traitement, comprend
moins de 400-500 individus, et d6passe 2% lorsque moins
de 1200-1500 mollusques sont r6colt6s.

I1 n'y a eu aucune difference sensible entre les r6sultats
d'6chantillonnages effectues 48 heures ou 7 jours apres
1'emploi du molluscicide, et l'une de ces deux op6rations
pourrait etre supprim6e lors des enquetes ult6rieures.
La repartition des mollusques survivants n'est pas
modifi6e apres le traitement par les differents produits,
sauf lorsqu'on utilise l'acroleine, en raison vraisembla-
blement de son action herbicide marqu6e.

Dans la plupart des essais d6ja r6alis6s, on a constat6
par ailleurs une variation importante du nombre des
mollusques dans les zones non trait&s, due peut-etre
aux operations d'echantillonnage.
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