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A Preliminary Statistical Analysis of Snail Counts
by D. YEO, Director, International African Migratory Locust Organization, Macina, Republic ofMali a

One problem in research into the epidemiology
and control of bilharziasis is the adequate statistical
examination of snail counts. This note describes
a semi-empirical approach to the problem, which
may be of value and may tempt a trained statistician
into a more comprehensive and informed study.

It seems certain that most snail populations are
aggregated, and preliminary calculations at Arusha,
Tanganyika, and elsewhere b, C have suggested that
the negative binomial might adequately describe the
distribution of snail populations. The negative
binomial (see, for example, Anscombe dZ) gives the
frequency of occurrence of 0, 1, 2, 3 ... snails in
separate samples as the consecutive terms of the
series

(q - p)-k
m

where P =
m

and q = 1 + p,

m = mean number of snails per sample,
and k = a constant for a given distribution and

is usually interpreted as an indication
of the degree of aggregation of the
population.

It was found that k tended to increase with popula-
tion level, and a somewhat more empirical approach,
outlined by Taylor,e appears to give a more workable
method of analysis without contradicting the
validity of the use of the negative binomial.

Taylor's approach and its application to snail counts
Taylor examined counts of a wide variety of

animal populations, and found that the arithmetic
variances of groups of samples were related to their
arithmetic means by an equation of the form

variance = P2 = a.ab (1)
where f = arithmetic mean of the sample counts,
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and a and b = constants for a given set of sample
groups.
Such a relationship may be used to indicate the

transformation required to obtain a new variable
whose variance is independent of its mean. Thus y,
the new variable that satisfies this condition, is
given by

x

dm (2)
Z- m b/2

For random, Poissonian data, b = 1, leading
to the transformation

y = x 2 (3)

a form in common use, while for b = 2 equation (2)
becomes

y= log x, (4)
which is also often used. For other values of b,
equation (2) leads to

y = Xj12/ (5)

If the original counts x are distributed according
to a negative binomial, then

:2 +as (6)

and if equation (1) is also applicable, then
a (7)

a. ab -1 1

Crossland f has described a mud-sampler for
removing a plug of the snail habitat, based on a
standard limnological device but incorporating a
hinged hoe which efficiently retains the sample.
With this instrument a plug 10.5 cm in diameter is
removed and examined in detail, after wet-sieving,
to obtain the number of snails in the plug. Crossland
chose a systematically arranged series of sampling
sites along the length of an irrigation channel, and
took three plugs at random at each of these sites;
the three plugs were combined to form the sample
from the site and therefore represented a plug of

f See the article on page 125 of this issue.
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mud 260 cm2 in surface area. Each population
estimate involved about 100 sampling sites.

In the irrigation channel the following species of
snail were present: Biomphalaria pfeifferi, Bulinus
globosus, Cleopatraferruginea and Lymnaea caillaudi.
Sampling was carried out over a period of twelve
weeks (January to March 1961) and a molluscicide
was applied about half-way through the period,
greatly reducing the snail populations, which had,
however, largely recovered in numbers by the end
of the period.

Crossland's data have been studied in terms of
Taylor's approach. Not all his groups were exa-

mined, but sufficient was done to indicate the rela-
tionship between 2 and a for each species, and as a

matter ofinterest the counts of Bulinus and Cleopatra
were combined for each sample and the distribution of
this combined count was also examined. The results
are summarized in Fig. 1, where arithmetic variance
is plotted against arithmetic mean, using log-log
paper. The data are fitted well by a linear regression

2= 3.59 al.29 (8)
with fiducial limits for b = 1.29 of 0.09 at the
P = 0.95 level of significance. At this level b is not
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significantly different from 1I/3, which leads to the
relatively convenient transformation

y = X113 (9)

Discussion
There are some striking points arising from Fig. 1,

although it would be wise not to attempt to interpret
them in precise biological terms until much more
work has been done.

First, the populations are evidently not randomly
dispersed throughout the irrigation channel, but
are notably aggregated.

Second, while the populations of the different
species have different general levels, a common

regression line fits all data quite well, so that a

common equation (1)
fl2 = a ab

fits the counts for the different species; this is equi-
valent to saying that the form of distribution of the
snail population, as expressed by the arithmetic
variance, does not vary among the species found
in this particular irrigation channel.

Third, the lowest means for a particular species
are associated with samples taken soon after (in
some cases only 24 hours after) a molluscicidal
application had greatly reduced the populations,
but nevertheless these low counts are also fitted
well by the common regression line; mathematically,
therefore, the distribution of these greatly reduced
populations were not distinguishable from untreated
populations of a comparable level.

Finally, the combined counts of Bulinus and
Cleopatra, two species which had comparable
population densities, give results which lie close to
the common regression line; mathematically, this
implies that snails of the two species are indistinguish-
able as far as distribution is concerned.
Although Fig. 1 suggests that the transformation

of the individual count, x, into a new variable, y,-
by means of the formula

y = xI/,
would yield data which follow approximately the
normal distribution, it was considered more con-

venient in practice to apply this transformation to
group totals of snail counts. However, it seemed
most probable that the latter would be valid only if a
sufficient number of samples was taken and if the
group mean was not too low. This aspect of the
problem was tackled in an entirely empirical fashion.
For a given sampling of a snail population, Crossland
supplied 94 individual counts. Random selections,
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with replacement, were made of these individual
counts and arranged into groups containing equal
numbers of individual counts until 100 such groups
were obtained; this procedure was adopted for
group sizes up to 15 individual counts per group.
These small groups, composed as they were of
randomly chosen samples, were then made the
basis for obtaining, by random selection with
replacement, further groups, each composed of up
to several hundred random selections of the original
counts.

Typical distributions, using what are in effect plots
of xil against probit, are illustrated in Fig. 2 and 3,
where it is evident that the transformation begins
effectively to normalize the counts at group sizes
which depend upon the population level as given
by the mean count. In an attempt to rationalize
such data, the median points y5o were taken from
graphs such as are shown in Fig. 2 and 3, and also
the Y2.5 and y97.5 points, thus giving the limits
within which 95% of the group counts might be
expected to lie. The results are summarized in Fig. 4;
along the ordinate scale y5o is recorded, while the abs-
cissae show Y2.5, Y50 and Y9.75. Apart from the ringed

data, which were obtained from groups consisting of
less than ten individual counts, the limits lie close to
one of two lines, which have been fitted by eye and
which are symmetrical about the Y50 line for medians
above about 3.
The approach is admittedly empirical and some-

what incomplete, but it appears that if groups of
at least 10 individual counts are taken, and if the
number of snails per group averages not less than
about 30, then valid normal statistics are possible
by using

y = x V3
as the transformed variable. Fig. 4 also suggests
that some reasonably valid conclusions are possible
about low populations even if the total number of
snails in a group of counts is less than about 30,
provided that the group contains not less than
about 10 counts. To illustrate this last point,
suppose that a large number of counts yielded only
8 snails (i.e., Y5o = 2); it may be deduced that, at
the P = 0.95 level of significance, the true value lies
between 1 and 19 snails, while if only one snail is
found the true value lies, at this level of significance,
between 0 and 8.

FIG. 2
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FIG. 3
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FIG. 4

FIDUCIAL LIMITS OF THE MEDIAN yso AT THE P
LEVEL OF SIGNIFICANCEa

a The broken lines show the limits within which lie 95% of the
values of y50.

In molluscicide work, where estimates of kill
are based upon counts of live snails before and after
treatment, the assignment of fiducial limits to these
estimates remains a difficult problem, particularly
when post-treatment counts are low, as is likely
after an effective treatment. This is a problem
upon which informed advice is required. Some
crude estimates may be made by ensuring that errors
in pretreatment counts are proportionately small
because the sampling is extensive enough for high
numbers to be found; then if high kills are achieved
it will be errors in post-treatment counts that will
contribute most of the errors in estimating percentage
kill. For example, suppose that the pretreatment
group were to yield 1000 snails; the 95% fiducial
limits would be 835 and 1190. If comparable
sampling were carried out after treatment, and only
10 snails were found, the fiducial limits for this
figure would be 2 and 23. The errors in the pre-
treatment figure are proportionately small, and one
may say that at the P = 0.95 level of significance,
the percentage kill lies approximately between

977 x 100 998 x 100
and = 97.7 and 99.8.1000 1000
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This approach could be made the basis of an
approximate sequential method to indicate the scale
of sampling which would be required to specify
reasonably precisely any degree of control. Thus, in
the example quoted above it is possible to say that
the kill was 9900 rather than 99.9%. If, however,
only 1 snail was found in comparable sampling after
treatment, suggesting a 99.9% kill, the post-treat-
ment sample would probably have to be increased
tenfold, compared with the pretreatment regime, to
enable one to say with reasonable precision that the
kill did in fact exceed 99.8 /.

Perhaps a useful variation in approach is to
consider the implications of not finding any snails
in the post-treatment sampling. Fig. 4 suggests that
there is one chance in 40 (i.e., P= 0.025) that the
true figure should be 3 or greater. If the pretreatment
sampling were to yield 100 snails, then the assump-
tion that the kill exceeded

97 x 100
100 9

would be approximately correct at the P = 0.975
level of significance. Extending this example, sup-
pose that a post-treatment sampling yielded no
snails although it was ten times greater in effort than
the pretreatment regime which yielded 100 snails.
Again, there is one chance in 40 that the post-
treatment figure should have been 3 or more, but
this must now be compared with an expected figure
of 1000 for a comparable pretreatment sample, i.e.,
the assumption that the kill exceeded

997 x 100
1000 - 9*7o

would be approximately correct at the P = 0.975
level of significance. Quite evidently such arguments
could be extended to indicate, at any desired level

of significance, the minimum kill that can be inferred
from the data.
The question of eradication raises special difficul-

ties, in that, despite the absence of snails in post-
treatment sampling, there is always a finite probabil-
ity that some snails have survived unless the entire
habitat has been examined and shown to be free
from infestation. This problem is implicit in the
arguments of the preceding paragraph. Crossland's f
data, however, suggest that the small residual
populations left after molluscicidal application might
increase in numbers quickly even when immigration
is not very likely and kills have been very high. This
suggests that sampling over an extended period,
rather than a massive sampling immediately after
treatment, would be most suited for deciding whether
or not there had been eradication, because if eradica-
tion had not in fact been achieved there would be a
progressively increasing population and individuals
would be more likely to be found in the later samples.

Taylor's e approach thus seems to have consider-
able possibilities in the analysis of snail counts.
The value of b is related to the degree of aggregation
of the snail populations, and for the four species
studied in this work a common value of b seems
applicable. It would be unwise, however, to assume
that similar values of b would apply to populations
in other habitats. Indeed, there is the interesting
possibility that calculation of b may help in ecological
studies, since it seems logical to suppose that its
value in some way reflects the heterogeneity of an
area's suitability for infestation by snails.

* *

I am very grateful to Mr N. 0. Crossland for his
original statement of the problem and for permission
to use his data. His comments have also been most
helpful.
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