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in the Field
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Conflicting and inconsistent reports of the efficacy
of various molluscicides in field trials have usually
been accepted at face value, and the different results
explained as being due to local conditions. In some
cases this explanation has been confirmed by ade-
quate experimentation, but in others the supposed
cause of the inconsistent results seems poorly
supported by data.
Some of the difficulty of interpretation could be

avoided if field workers were aware of the impor-
tance of stating the error of measurement involved
in their estimates of snail densities both before and
after treatment. It is the purpose of this note to
explore some of the causes of error and to suggest
both methods of reducing the error and methods of
estimating its magnitude. It is emphasized that
there is no substitute for a skilled and dedicated
investigator.

Requirements for preliminary studies
It is a truism that one should know his opponent

before engaging in a campaign against him, but in
many anti-bilharziasis campaigns it is a truism that
receives only lip service.

Maps. Before accurate plans for any snail popula-
tion study can begin, it is necessary to have detailed
maps of the entire area. These should show as many
features as possible, but priority should go to waters,
both natural and artificial. After that, houses,
contours, vegetation types, soil types and geological
formations are next in importance. The most
desirable scale will vary, depending upon the extent
and nature of the snail habitats. For the small
amphibious oncomelanias, maps on a scale of
1: 5000 or 1: 10 000 are most useful but for some of
the aquatic schistosome vectors, particularly in
irrigation systems, maps on a smaller scale will
suffice.

Location of snail habitats. In any such study all
snail habitats must be located and delimited with
precision. This may prove to be extraordinarily
difficult for several reasons.
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The first reason may be the remoteness or in-
accessibility of some of the habitats. For nearly
all cases this can be overcome by persistence and
energy.
A more subtle problem may arise when the tech-

nicians involved have been working in the area for
some time before the actual start of the study. Such
personnel often feel that because they have located
snails in a number of places they know where all
the snails are, and the investigator in charge of the
work may find it very difficult to persuade them
really to search the entire area.
A third difficulty may arise because of seasonal

changes in the extent and even in the location of
habitats. Such changes are more common among
aquatic vectors than among amphibious ones and,
of course, are more likely to occur when there are
pronounced differences between the seasons. They
can occur anywhere, however. In Leyte, Philippines,
where seasonal changes are slight, four snail colonies
appeared spontaneously during the course of five
years.

Needless to say, all snail habitats found should be
carefully recorded and entered on maps.

Studies on snail ecology. Ecological studies may be
divided into those concerned with the individual and
those concerned with the population, although the
division is somewhat artificial.
The ecology of the individual involves studies on

the following items:
(a) The physical and biological characteristics

of areas inhabited by snails and those where no
snails can be found. It may as well be admitted
that in many instances all the consistent differences
will be obvious and that the detailed analysis of the
habitats will not reveal any really useful information.

(b) The behaviouristic responses of individuai
snails to such stimuli as temperature, light, moisture
(for amphibious snails), food and the various plants
in their habitats. These studies will provide an
understanding of some features of the distribution
of snails within their habitat and also of such move-
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ments as may occur daily, seasonally, or in response
to changes in the weather. This information may
be of considerable use in the timing of control
operations.

(c) The life history of the snail. This includes the
time and duration of egg-laying, the duration and
conditions of existence of the various life-history
stages, and the conditions under which egg-laying
is stimulated or inhibited.

(d) The causes of death. In many cases these will
be difficult or impossible to determine, but could
well provide a break-through on possible biological
control mechanisms. If any causes of death are
found it is valuable to discover the proportion of the
total deaths that is involved.

The ecology of the population wil require the
following information:

(a) Natality. This involves the age at which egg-
laying begins and the number of eggs produced per
unit of time as the snail becomes older. Ordinarily,
snails start by laying relatively few eggs and increase
the rate with age. They may or may not show a
subsequent decline in the rate of egg-laying. This
information can nearly always be obtained from
laboratory studies but every effort should be made
to relate laboratory data to the situation in the field.

(b) Mortality. From the moment an egg is laid
it is subject to hazards. These hazards change as
the snail hatches and grows. In any population
study it is essential to know the proportion of
individuals lost to the population during each time
interval from egg-laying on until a completely
negligible fraction remains. Again, this information
is readily obtained in the laboratory but more
difficult to obtain in the field. The best method for
field studies is to work out some means of determin-
ing the age of any snail taken from the field. Some
snails produce growth rings at fairly regular inter-
vals and these may be used. For others, the size
of the snail may be used, provided that an accurate
average growth curve can be obtained and also
provided that large complete samples are available
from the field.a
From age-specific natality and mortality rates, a

life table may be drawn up and this is useful and
instructive. As a check upon the data the life table
should balance, if all data are from the field and if

a Pesigan, T. P., Hairston, N. G., Jauregui, J. J., Garcia,
E. G., Santos, A. T., Santos, B. C. & Besa, A. A. (1958) Bull.
Wld Hlth Org., 18, 481.

the population is not increasing or decreasing. That
is, each snail should exactly replace itself in one
generation.
The life table is also very useful in calculating rates

of increase following molluscicide operations or
during normal seasonal changes.

(c) Population trends in the field. It is highly
desirable, if not essential, that before molluscicide
operations begin the investigator should know what
to expect in the way of population changes in the
absence of control operations. Although for most
areas there is already a general impression of the
course of events, convincing data on the exact
changes are generally lacking. To measure these, a
year's study is necessary and it is absolutely essential
that a careful sampling programme be worked out
(see below).

Requirements for accurate population estimates
Necessity for comparison areas. It should be

unnecessary to point out that no experiment is
valid unless it is accurately controlled. In spite of
this, perhaps the majority of field tests of mollusci-
cides have been performed without comparison
areas, or at least without such areas being reported.
The comparison area should be as similar to the

experimental one as it is possible to obtain. This
is not easy and such areas often turn out later to be
even more different than was at first supposed.
However, the general conditions of the experimental
area can usually be matched sufficiently well for a
valid experiment.
Once selected, the comparison area should be

sampled simultaneously with the area in which the
molluscicide is to be applied and the results reported
in the same detail. Such studies provide assurance
that no unusual circumstance has influenced the
estimate of the effectiveness of the molluscicides.

Accuracy of the sample itself. All field population
estimates are based upon some kind of sample. The
sample may be taken in units of area (quadrats,
" dips " or " scoops "), in units of time (man-hours)
or in more or less arbitrary units (trap-counts). It is
obvious that population estimates can be no more
accurate than the samples from which they are
compiled, but rarely is any effort made to discover
the accuracy and constancy of the sample itself.
This is distinct from the problem of " sampling
error" to be discussed below. A sample may be
inaccurate in a number of ways. The simplest and
most acceptable error is in missing a constant pro-
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portion of the snails present. Thus, quadrat samples
of amphibious snails of the genus Oncomelania
have been shown to miss many snails shorter than
2.5 mm. This often amounts to about half of the
snails present, as determined by a more exhaustive
technique.a To the extent that the error is reasonably
constant, it can be tolerated for many kinds of
studies.
A less acceptable kind of error occurs when the

efficiency of the sampling technique varies from
time to time or from place to place. The author found
that the shallow " dip-net", widely used for estimating
populations of aquatic snails, yielded counts that
varied by a factor of 150 in the same location a few
days apart.b The difference was due entirely to
changes in water level and not to any appreciable
change in the number of snails actually present. In
terms of molluscicide evaluation this means that
one which killed 50% of the snails and one which
killed 99.7% of the snails could be estimated as
being equally effective, even on the assumption
that there is no " sampling error" at all. Similarly,
palm-leaf traps have been shown to vary greatly
in effectiveness. In a survey of a canal in Iraq, made
in May 1956, and using both dip-nets and palm
leaves, the author found that 94% of the snails
collected came from the palm leaves, when 10 dips
were taken at each collecting site.c In March 1958,
Najarian & Radawyd were unable to obtain a single
Bulinus from palm leaves in the same canal, although
snails could be demonstrated by the use of a scoop,
which effectively sampled the bottom mud.
From these examples it can be seen that the mi-

nimum requirement for a sampling technique is that
it obtains a consistent proportion of the snails
actually present. It is crucial that this be demon-
strated before a sampling programme is initiated,
and the demonstration may require patience and in-
genuity. The first requirement is a technique that
always obtains all, or very nearly all, snails actually
present in the area covered by a sample. When
such a method is devised it may be too cumbersome
and time-consuming for routine work but it is
essential as a standard against which less exhaustive
methods can be tested. Specific sampling techniques

b Hairston, N. G., Hubendick, B., Watson, J. M. &
Olivier, L. J. (1958) Bull. Wld Hith Org., 19, 661.

c Hairston, N. G. (1956) Essay on sampling techniques
(unpublished working document WHO/Bil. Ecol./I 1).

d Najarian, H. H. & Radawy (1959) Field and laboratory
studies on Bulinus truncatus in Iraq (unpublished WHO
working document EM/BIL/14; IRAQ 15/TA).

and their advantages and disadvantages have been
discussed elsewhere.b, c

Placing of samples. It will be apparent to anyone
who has done field work that the sampling pattern
used will have a great effect upon the estimates of
population density. From the purely mathematical
point of view, the most desirable pattern is a com-
pletely random placement of samples in the whole
area to be covered. In practice, however, there are
serious drawbacks to the use of random patterns.
The selection and location of sample sites is very
time-consuming, since every possible site must have
an equal chance of being chosen each time a site
is picked, and finding the correct location of each
site in the field is difficult. Moreover, it is not easy
to explain to even well-trained technicians.

In practice, then, a regular, repeatable pattern will
nearly always be used. This has no serious draw-
backs provided certain precautions are taken. Line
transects of samples at regular intervals are satis-
factory for sampling in canals or narrow streams,
and grid patterns are best employed where wide
areas are to be sampled. Two precautions should
be observed. The first is that different parts of the
area are properly represented in the samples. This
should cause no difficulty so long as the total extent
of potential habitat is known (see below). The
second precaution is that areas of unusual density
or scarcity do not coincide or alternate with tran-
sects or rows of samples. Proper spacing, based on
preliminary observations, should enable the field
worker to avoid this difficulty.

In general, the widespread practice of trying to
estimate snail populations from collections made
at a few selected sampling sites should be avoided.
The establishment of the sites implies a confidence
that they are in some unspecified way " typical " and
this confidence is nearly always misplaced. Further-
more, the use of such sites will rarely reveal spon-
taneous changes in the distribution and abundance
of the snails. Najarian & Radawy (1959) found a
marked seasonal shift in both density and distribu-
tion of Bulinus truncatus. In July, the snails occurred
over nearly twice as much of the canal as they had
in April. This was completely unexpected, in spite
of several previous studies in the same area. The
sampling technique was improved both in method
and in the distribution of samples and this was
directly responsible for the discovery.

The problem of sampling error. Snails, like other
animals, are not distributed in conformity with the



734 NOTES

wishes of statisticians. To the author's knowledge,
only one adequate set of sampling data has ever
indicated a uniform or a random distribution within
the habitat and in this case water currents appeared
to have a randomizing influence.e Clumping is the
universal situation, and this has a severe effect upon
the accuracy of any estimates of mean density.
Consider the accompanying table, in which are given
four possible arrangements of 24 specimens among
10 samples.

POSSIBLE ARRANGEMENTS OF 24 SNAIL SPECIMENS
AMONG 10 SAMPLES

Number of samples
Number Nearly NearlyExrmof snails uniform random Clumped clumping

(1) (2) (3) (4)

0 1 4 9

1 2 2

2 6 3

3 4 2 1

4 1 1

5

6 1

71

81

241

Mean num-
ber per
sample 2.4 2.4 2.4 2.4

Variance 0.27 2.9 9.2 57.6

Although the mean number per sample is constant,
it is obvious that another set of 10 samples from each
kind of distribution would be less and less likely to
give the same mean as we proceed from column 1
to column 4. This is clearly because in 10 samples a
chance finding or missing of a single clump would
make a great difference in our estimate of the mean.
The chances of thus incorrectly estimating the mean

e Hairston, N. G., unpublished monthly report on Bil-
harzia Control Project Philippines 9, dated 26 May 1954.

are best expressed as the variance, and this figure
has been included for each column. In the author's
experience, the distribution of snails among samples
shown in column 3 is representative of data on both
amphibious and aquatic schistosome vectors. The
only method of gaining greater confidence in the
estimate of the mean is to increase the number of
samples. In most circumstances, no less than 30
samples in a habitat are required for the data to be
repeatable with confidence, and 50-100 samples
would be preferable.
An almost necessary consequence of the require-

ment that a large number of samples be taken is
that the samples be small in size. The labour
involved in taking and analysing a large sample is
too great to be repeated with sufficient frequency.
Moreover, the efficiency of a sampling method may
decline remarkably with a increase in sample size.
Thus the author f found that quadrats covering
1/70 m2 were 1 l2-8 times as efficient as those cover-
ing 1 m2 even when the same technicians collected
the samples.

Small samples impose one problem which has
caused undue worry. This is that a significant
proportion will contain no specimens at all. Provided
that they really fall within an acceptable habitat,
however, negative samples should not cause concern,
as they result simply from the known clumping
tendency and represent areas of scarcity between the
clumps. One should expect 20 %-40% of the smaller
samples to be negative. Moreover, the proportion
of negative samples can be used in some of the
methods of analysing the data.g
Once the data have been obtained, and it is

assumed that they have been correctly obtained and
recorded, there remains the problem of analysis.
This note is not the place for a detailed discourse
on statistical methods (nor is the author qualified
to present such a discourse), but it cannot be
emphasized too strongly that workers engaged in
field experiments should be sufficiently familiar with
statistics to report their data in a usable form. This
requires that they report not only the total number
of snails collected or the mean number per sample
but also the distribution of snails among samples
in the manner of the table above. If the data are
presented in this form, statisticians can then analyse
them in an appropriate manner.

f Hairston, N. G., unpublished quarterly field report on
Bilharzia Control Project Philippines 9, dated 15 June 1954.

g Bliss, C. & Fisher, R. A. (1953) Biometrics, 9, 176.
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Investigators who are familiar with statistics will
appreciate the difficulties encountered in applying
the variance analysis to data of the kind which they
obtain. These difficulties are due primarily to the
mathematical assumptions inherent in the variance
analysis, and considerable manipulation of the data
may be necessary before they are in a suitable form.
The relatively new field of non-parametric statistics h
offers great possibilities for avoiding the cumber-
some methods used in the past, and should be
investigated by anyone interested in efficient analysis
of field data.

Statistical analysis of the data has been emphasized
for the simple reason that it provides the only non-
intuitive method of stating the amount of error con-
tained in the data after they have been assembled.
It should, however, be realized that statistical
methods are no panacea and, as indicated above, the
conclusions derived from statistical analyses are no
more valid than the sampling data on which they are
based. There is no substitute for accurate data
obtained from a carefully planned field study.

Requirements for the measurement of snail infection
rates
In many, if not all, experiments on the effective-

ness of molluscicides, it is desirable to discover the
effect of the operation upon the proportion of snails
infected. This apparently simple problem involves
several sources of error which are ignored in many
studies. The accurate estimation of infection rates
in snails requires more than collecting large numbers
and crushing them. Everything stated in the fore-
going section about the non-randomness of snail
distribution is doubly true of the distribution of
infected snails. In many cases a distance of only a
few metres may separate snails with almost no
infection from a group that is heavily infected. Such
a phenomenon may continue for weeks or months,
and then no longer obtain. For situations such as
these, the practice of using a few " typical " collecting
sites (which in practice often means that they are
readily accessible to motor transport) is likely to
give particularly poor data. Such a site often shows
erratic and unpredictable fluctuations in the pro-
portion of snails infected, even when the snail-
inhabited area as a whole gives consistent and
interpretable results. It can be concluded that a
sampling arrangement in which the whole area is

h See, for instance: Siegel, S. (1956) Non-parametric
statistics for the behavioural sciences, New York, McGraw-
Hill.

covered by as many small samples as possible will
be most likely to yield accurate information on the
distribution and frequency of infected snails.

In reporting snail infection rates too little atten-
tion has often been paid to statistical requirements.
A simple rule that may be useful is that the X2 test
in an ordinary 2 x 2 table is not valid if the lowest
expected number is less than 10, and for more
elaborate tables the lowest expected number may
not be less than 5. This means that for most studies
to be safe statistically not less than 30 infected snails
must be obtained on the pre-treatment survey,
regardless of the number of uninfected ones found.
This is because the expected value is the mean of
the observed ones, and if the infection rate drops
to zero a mean of 15 would still be satisfactory. This,
of course, is under the assumption that the same
total number of snails is obtained both times. This
being very unlikely in a molluscicide experiment,
the total collected and the proportion positive in the
pre-treatment survey will indicate the number which
must be collected after treatment before statistically
satisfactory data are obtained. Since the lowest
expected number will nearly always be the expected
number positive, the total number which must be
collected after treatment can be solved from the
following:

a + c 10
a+b+c+d c+d()

where a is the number positive before treatment
b ,, ,, negative , ..
c ,, ,, positive after
d ,, ,, negative ,

Since c+d is the number to be collected after
treatment, the maximum may be obtained on the
assumption that none will be positive. Setting c=O,
and solving for d,

a 10
a+b+d d

ad > 10 (a + b) + lOd,
d(a- 10) . l0(a+b),

10 (a + b)
a-10

This method will meet the minimum requirements
for the x2 test. The significance of the difference
will, of course, depend upon the observations, which
may require a still larger sample. The assumption
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here is that the test is whether the two proportions
are different; i.e., it is a "double-ends" test. If
adequate controls are performed, it may be possible
to test whether the second proportion is significantly
lower than the first (" single-end " test). The require-
ment here is that the initial proportion positive can
be treated as a parametric value-one that is exactly
correct and that would not have changed had the
experiment not been done. This requirement is
hardly ever met, because infection rates generally
do change seasonally and annually. If, however, an
adequate sampling programme has been performed
in an uncontrolled area and if these data show
no changes in the infection rate, then the single-end
test may be used. In this case the number of snails
that must be collected in the second survey may be
obtained from:

a 10
a+b - c+d

10 (a + b). (2)
c+d>2

a

The terms are the same as in equation 1 above.
Again, the equation only gives the number of snails
required for a valid x2 test. It does not guarantee
that the difference in infection rates will be signi-
ficant.

Recommendations for sampling procedure with
aquatic snails

Sampling pattern. The entire area of water
surface (or length of canal or stream) that is to be
surveyed must be sampled according to a regular
repeatable pattern. Samples should in no case be
taken in clusters as this decreases the number of
locations that can be sampled, and hence decreases
the over-all amount of information that can be
obtained. The samples should be taken at regular
intervals and care must be taken that the interval
remain constant. Otherwise the possibility of re-

peating the pattern is lost. It is emphasized that data
covering thousands of snails collected in an un-
satisfactory manner are inferior to data covering
300-500 snails properly collected.
Samples may be placed 10-20 metres apart along

narrow irrigation canals and narrow streams, but
in no case should less than 30 samples be taken in
any area where repeatable data are desired. For
long water courses, over 1 km in length, 100 or

more samples must be taken.
In wider bodies of water parallel transects should

be made so as to give a grid pattern of samples. To

give worth-while data on the two-dimensional
distribution of snails, each transect should contain
at least five samples, and wider areas will require
considerably more samples per transect.

Sampling method. It is very important to select
a technique which takes all snails in the unit of area
to be sampled, and it is equally important to know
the exact extent of this area.

(a) In irrigation canals no wider than 4 m, the
"drag " scoop is used if the bank inclines from the
bottom at an angle of 45° or more; a " push " scoop
is used for canals whose banks are less steep. In
both cases it is essential that the scoop be sufficiently
deep to contain all mud, debris and aquatic plants
in a strip covering the width of the instrument and
extending from the water's edge to the centre of the
canal. Population estimates may then be made of
the number of snails per linear metre of canal. This
method will also be effective in narrow streams with
well-defined banks and few or no large stones.

(b) In wide irrigation canals, streams and shallow
ponds up to 4 m deep, a boat is essential. Using a
boat, a series of transects can be made across the
snail habitat, with samples taken at regular intervals.
The sampling instrument of choice is probably

the Dendy bottom sampler (see the accompanying
figure). Starting at the surface of the water, the
sampler is let down vertically and pushed into the
bottom mud. A pull on the wire inverts the cylinder,
which may then be raised to the surface and dumped,
and the contents searched for snails. Rubber gloves
are necessary.

(c) For areas which do not fit the foregoing
descriptions, such as streams with stony bottoms
or places where aquatic vegetation is dense and
deeply rooted, no method has yet been devised that
will give an accurate sample. The use of ingenuity,
combined with a clear concept of the kind of
information sought, should overcome most problems.

Recommnendations for sampling procedure with
amphibious snails

Sampling pattern. The same principles apply for
amphibious snails as for aquatic ones. Samples may
be smaller because of the high average density and
should be placed no more than 5 m apart.

Sampling method. The relative accessibility of
amphibious snails makes sampling a simpler pro-
cess than it is for the aquatic species. Quadrats are
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DENDY BOTTOM SAMPLER

Hanle

Ring fo passep
of win X

Hing ,

Brass or shet steel
yllndr (30.50 cm long)
(130 cm diameter)

Open end WHO 6355

the method of choice, except where there is more
than 1 cm of water, or where the vegetation is densely
matted. In order to maintain a uniform sample, a
metal ring is carried by the worker and dropped in
the habitat. All snails inside the ring are collected.
It is important that the sample be small, 1/50-1/70 m2
in area.

In situations where quadrats are inefficient, the
tube sampling technique will give excellent results.
This method employs a sharpened brass pipe,
13.5 cm in diameter, which is pushed into the mud
with the help of handles. The plug of habitat is
removed to the laboratory and washed through a
series of sieves. The snails are collected from the
sieves of finer mesh (16 and 20 meshes per inch, in
the case of Oncomelania quadrasi). Difficulties due
to soft mud can be overcome by tilting the pipe
after it has been pushed into the mud and inserting
a hoe or similar instrument under the open end. -

Recommendations for recording and reporting data

Records. Once the sample is collected it should be
kept separate from others and identified as to exact
location. Numbered paper envelopes, each number
corresponding to a sample site, are convenient for
temporary transportation of snails to the laboratory.

In the laboratory a record should be made of the
number of snails in each sample. For many purposes
the size of each snail should be recorded. Broods
may thus be followed through all or part of a season
and an accurate picture obtained of the breeding
pattern.
The final record of each sampling should include:
1. A sketch map of the area sampled, showing

the location of each sample.
2. The number of snails in each sample.
3. The size of each snail collected (also sex, where

these are separate).
4. The existence of any infection in each snail.
With this information it is possible to locate areas

of high density, rapid breeding and more intense
infection. This is not possible if snails from different
samples are pooled.
While the foregoing list of items is sufficient for

control operations, ecological studies will ordinarily
require the recording of a number of other factors.
These will include:

5. Time of day and weather conditions.
6. Water level, water temperature, and rate of

flow.
7. Amount of shade and types of plants.
8. Any information on physico-chemical cha-

racteristics of the soil or water.
9. Species and numerical abundance of non-

vector snails.
These items should, of course, be recorded separately
for each habitat, or even for separate parts of the
same habitat if these are noticeably different from
each other.

Reports. In reporting data on snail populations it
is necessary to present them in such a way that they
can be analysed statistically. The statistician must
at least know how many samples were negative,
how many contained one snail, how many two, etc.
The data may be tabulated as shown in the general
comments on sampling error above. It is not suffi-
cient merely to report the total number of snails
collected, or the average number per sample.
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