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A Mud-Sampling Technique for the Study of the
Ecology of Aquatic Snails, and its Use in the
Evaluation of the Efficacy of Molluscicides in

Field Trials *
N. 0. CROSSLAND1

The author describes a sampling technique suitable for estimating the population
densities ofAfrican aquatic snails in the field by the removal ofa plug ofmud and its sub-
sequent detailed examination. This device has been used infield trials with the molluscicides
ICI 24223 and Bayer 73. Estimates of percentage kills were based on counts of live and
dead snails in each mud sample before and after molluscicide treatment. Statistical analysis
of these counts suggests that most snails killed by the molluscicides were subsequently
recovered, thus providing some confirmatory evidence of the validity of these estimates.

Hairston et al. (1958) have given a comprehensive
account of techniques available for estimating popu-
lations of snails in the field. Exhaustive techniques,
involving the removal of a plug of the habitat and
its subsequent detailed examination, are favoured
by these authors, such techniques being more
objective and more sensitive than other quadrat
methods. Pesigan et al. (1958) compared a ring-
sampling method with a tube-sampling method for
estimating population densities of the amphibious
snail Oncomelania quadrasi in the Philippines. In the
ring-sampling method a brass ring 13.5 cm in dia-
meter was dropped, and all the snails inside it
collected with the aid of forceps. When the tube-
sampling method was used a brass tube, of the same
diameter as the ring, was pushed into the mud and
the plug of habitat so obtained washed through a
series of sieves. In six series of trials tube-sampling
added 32.2% to the number of living snails found by
ring-sampling. To be balanced against this advantage
was the fact that, in the hands of these authors,
ring-sampling was ten times quicker than tube-
sampling.
The vector snails of bilharziasis in Africa are

aquatic, and for this reason the ring-sampling
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method described above could not be used in many
habitats. The tube-sampling method, on the other
hand, appears to be adaptable to the majority of
habitats known to the author. Tube-sampling was
therefore carried out using a device essentially similar
to that described by Hairston et al. (1958), but
modified to incorporate a hoe, hinged near the base,
for ease and quickness in obtaining samples.
Two molluscicide field trials are described where

the tube-sampling method with this modified device
was used to evaluate the effect of chemical treatments
on the densities of snail populations. The experiments
were carried out on a sugar estate at Arusha Chini,
in the Northern Province of Tanganyika, where
about 7000 acres (2830 ha) of sugar are irrigated by
water taken from the Weru-Weru river.

MATERIALS AND METHODS

Tube-sampling technique
A sharpened brass tube, 10.5 cm in diameter, is

pushed into the mud with the aid of handles and at a
depth of about 7 cm the hoe mentioned above is
manipulated into position to cut off and retain the
mud sample (Fig. 1). The mud is washed through
sieves, the snails are collected and counted, and the
results are expressed as the number of snails per
sample or as the arithmetic mean number per square
metre of habitat.
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FIG. I
MUD SAMPLER
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Field trial with ICI 24223
In a field trial with the molluscicide ICI 24223

(isobutyltriphenylamine), a 94% water-dispersible
powder formulation was applied to an irrigation
channel at a dosage of 0.75 p.p.m. for 8 hours, using
the constant flow applicator devised by Foster
& Poulton (1960). The channel was fed from a
reservoir and, during the period of application, the
water was flowing at 1.5 cusecs as measured by a
Cipoletti measuring weir. The bottom of the channel
was composed of fine silt; the velocity of the water
was 1 foot (30 cm) per second; and the water tem-
perature was 22°-25°C. Very little aquatic vegetation
was present, the channel having been cleared of
weeds just prior to the experiment.

Markers were placed along the channel at 20-yard
(18-m) intervals from near the reservoir to 1060
yards (969 m) downstream, and a plug of mud was
taken at random near each marker, making a total
of 53 mud samples for each series of samples.
Both live snails and dead snails were collected and
counted from the sieving of a plug at each site. Only
very obviously dead snails, including empty shells,
were considered to be " dead snails ". A series of
samples was taken ten days before mollusciciding
and a second series of samples seven days after

mollusciciding. Biomphalaria pfeifferi, Bulinus glo-
bosus and Melanoides tuberculata tuberculata were
present in sufficiently large numbers for an assess-
ment to be made of the effect of the treatment on
each of these three species. Lymnaea caillaudi and
Anisus natalensis were also present.

Field trial with Bayer 73
In a subsequent field trial the test chemical was a

70% water-dispersible powder formulation of Bayer
73 (the ethanolamine salt of 5,2'-dichloro-4'-nitro-
salicylicanilide), and the techniques employed were
similar to those described for the experiment with
ICI 24233. This field trial was carried out on an
irrigation channel containing luxuriant growths of
Potamogeton schweinfurthii and the alga Chara
kraussiana. During the application the water was
flowing at 4 cusecs, and was fed from a large supply
canal via a sluice gate. The velocity of the water was
approximately 1 foot (30 cm) per second, and the
water temperature was 20°-23°C. Bayer 73 was
applied at a dosage of 0.5 p.p.m. for 8 hours. Markers
were placed at 20-yard (18-m) intervals along the
channel, which was 1800 yards (1645 m) long, and
three plugs taken at random near each marker. The
combined sievings from the three plugs were con-
sidered to be a sample, making a total of 270 plugs
or 90 samples. This sampling pattern was repeated
weekly for a period of 12 weeks. In an untreated
canal, similar in character to the treated canal,
180 plugs, or 60 samples, were taken weekly over
the same period, and this canal served as a control.

RESULTS

The results of mud-sampling in the trial with
ICI 24223 are shown graphically in Fig. 2-5 and
are summarized in Table 1.
The results of mud-sampling in the trial with

Bayer 73 are shown in summarized form in Table 2,
and are expressed as the arithmetic mean number of
snails per square metre of bottom mud. From the
data in Tables 1 and 2 the following estimates of
percentage kills have been made; these are based
on counts of live snails for the sampling dates
immediately before and after treatment:

Percentage kills
Bayer 73 l.C.L 24223

Snail species (dosage = (dosage =
4 p.p.m.-hours) 6 p.p.m.-hours)

B. pfeiffeeri 100 100
B. globosus 98 92
M. t. tuberculata 61
C. ferruginea
L. caillaudi

68
100
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FIG. 2

NUMBERS OF SNAILS OF ALL SPECIES FOUND PER SAMPLE IN CHANNEL TREATED WITH ICI 24223
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Although no confidence limits can be set, some
confirmatory evidence for the validity of these
estimates is provided by the summation of counts of
live and dead snails and their statistical analysis.
The data in Table 1, and for the dates 16.2.61 and
23.2.61 in Table 2, suggest that, in both experiments,
there may be no significant difference between counts
of live+dead snails before and after treatment.
Yeo 1 has shown that normal statistics may be
applied to data of this kind after using a transforma-
tion of the form y = x 1/3. When the individual

I See the note on page 183 of this issue.

sample counts were thus transformed a " t " test
for each species of snail and for the total snail
populations showed no significant difference at the
P = 0.10 level of significance.

In both experiments large numbers of fish, frogs
and tadpoles were killed, but no phytotoxic effects
were observed.

Results in an untreated control channel are given
in Table 3.

DISCUSSION

In molluscicide work, as in much insecticide work,
the concentration (c) of the chemical multiplied
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FIG. 3
NUMBERS OF BIOMPHALARIA PFEIFFERI FOUND PER SAMPLE IN CHANNEL TREATED WITH ICI 24223
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by the time of its exposure (t) to the test animals is
often more useful than a measure of concentration
alone. Since these two field trials were carried out
in relatively short stretches of flowing water, the
ct product is known, and valid comparisons can be
made with laboratory results. Experiments by
Muller (personal communication, 1961) show that
toxicity levels for Bayer 73 and ICI 24223 are of
the same order and indicate an L(ct)99 for both
molluscicides of about 6 p.p.m.-hours for Austral-
orbis glabratus. Results of the trials reported here

suggest that these laboratory results are reproducible
in the field.

Fig. 2-5 refer to the field trial with ICI 24223.
Examination of Fig. 2 shows that 70 dead snails
were collected before treatment, all within 550 yards
(503 m) of the reservoir at the upstream end of the
channel. The live snails, on the other hand, were
collected mainly from the downstream portion of
the channel. Thus it seems unlikely that the dead
snails represent a population originating in the
channel, and it is suggested that most of them were
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FIG. 4
NUMBERS OF BULINUS GLOBOSUS FOUND PER SAMPLE IN CHANNEL TREATED WITH ICI 24223
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washed in from the reservoir. Since there were two
successive drops, each of about 2 feet (60 cm), as the
water flowed from the reservoir, many snails may
have died whilst passing through the turbulent
water. After treatment dead snails were distributed
throughout the length of the channel in a form
which, when compared with the pre-treatment
figures, suggests uniformity of molluscicidal action.
The data in Fig. 3 suggest that the vector snail
B. pfeifferi was eradicated. However, a method
of sequential sampling must be employed to be

reasonably certain that a few specimens did not
survive.
The series of samples reported in Table 2 refer

to the trial with Bayer 73 and show that, despite
the 100% kills estimated for B. pfeifferi and L. cail-
laudi, populations of these two species were ap-
proaching pre-treatment levels only six weeks after
treatment. Eleven specimens of B. pfeifferi and five
of L. caillaudi were collected only two weeks after
treatment. These snails reappeared in the channel in a
distribution similar to that observed before treat-
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FIG. 5
NUMBERS OF MELANOIDES TUBERCULATA TUBERCULATA PER SAMPLE IN CHANNEL TREATED WITH ICI 24223
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ment, suggesting that repopulation occurred owing
to recolonization by survivors rather than by inva-
sion from upstream. The estimated kills, quoted
above, are evidently too high. It is not possible to
obtain better estimates of percentage kill without
increasing the number of samples taken to an in-
ordinately large number, but by a method ofsequential
sampling, such as described here, it should at least
be possible to distinguish between very high kills and
eradication.

Tube-sampling is the only method which reveals
appreciable numbers of dead snails (Pesigan et al.,
1958), and it has been shown that the counting of
dead snails can, under certain conditions, provide
useful confirmatory evidence in the evaluation of
molluscicidal effects and involves little extra work.
The fact that there was no significant difference
between counts of live + dead snails before and
after the treatments is a strong indication that most
of the snails killed by the molluscicides were subse-
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TABLE I
RESULTS OF MUD-SAMPLING FOR SNAILS IN CHANNEL

TREATED WITH ICI 24223 ON 25 AUGUST 1960

Before treatment After treatment
Species (15.8.60) (1.9.60)
of snail Live Dead T Live Dead

snails snails| ToU snails| snails Total

Biomphalaria
pfeifferi 124 70 194 0 208 208

Bulinus
globosus 205 99 304 16 351 367

Melanoides
t. tuberculata 249 0 249 98 148 246

Total snails a 620 181 801 132 730 862

a Includes some Lymnaea caillaudi and Anisus natalensis.

quently recovered. A pertinent criticism of the tube-
sampling method is that it takes no account of those
snails living amongst aquatic weeds, and therefore
always misses a certain proportion of the popula-
tion. It has been found that, in the irrigation
system where the present experiments were carried
out, large numbers of egg masses and hatchlings
were present on weeds. It may be mentioned here
that 647 specimens of B. pfeifferi, mostly young
snails, have been collected from only 120 g wet
weight of the alga Chara kraussiana ! Admittedly
mud-sampling cannot provide, in itself, a means of
defining comprehensive population parameters, but
in so far as an attempt is made to estimate absolute
population densities within a large portion of the
total habitat, the technique is perhaps superior to
most others currently in use.

TABLE 2
RESULTS a OF MUD-SAMPLING FOR SNAILS IN CHANNEL TREATED WITH BAYER 73 ON 21 FEBRUARY 1961

Biomphalaria Bulinus Cleopatra Lymnaea Total
Sampling pfeifferi globosus ferruginea caillaudi Tota

date
Live Dead Total Live Dead Total Live Dead Total Live Dead Total Live Dead Total

11.1.61 90 30 120 480 62 542 535 19 554 57 40 97 1162 151 1 313

18.1.61 40 17 57 279 31 310 256 16 272 32 34 66 607 98 705

25.1.61 70 29 99 457 34 491 510 13 523 63 45 108 1 100 121 1 221

2.2.61 45 18 63 384 23 407 485 23 508 54 47 101 968 111 1 079

9.2.61 38 37 75 260 28 288 347 26 373 49 34 83 694 125 819

16.2.61 76 29 105 230 28 258 236 57 293 29 57 86 571 171 742

21.2.61 Bayer 73 applied at 0.5 p.p.m. for 8 hours

23.2.61 0 103 103 4 298 302 75 218 293 0 98 98 79 717 796

2.3.61 11 125 136 25 117 142 92 140 232 5 89 94 133 471 604

9.3.61 5 61 66 72 70 142 160 204 364 16 70 86 253 405 658

16.3.61 10 74 84 70 73 143 176 120 296 3 50 53 259 317 576

23.3.61 12 47 59 179 52 231 239 76 315 27 37 64 457 212 669

30.3.61 22 35 57 176 72 248 337 32 369 25 36 61 560 175 735

a Expressed as the arithmetic mean number of snails per m2 of bottom mud.
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TABLE 3
RESULTS a OF MUD-SAMPLING FOR SNAILS IN AN UNTREATED CHANNEL

Blomphalaria Bulinus Cleopatra Lymnaea Total
Sampling pfeifferi globosus ferruginea caillaudi
dateI

Live Dead Total Live Dead Total Live Dead Total Live Dead Total Live Dead Total

7.1.61 35 24 59 68 140 208 237 4 241 63 49 112 403 217 620

14.1.61 38 14 52 116 43 159 299 4 303 56 35 91 509 96 605

21.1.61 37 20 57 560 22 582 449 14 463 81 64 145 1 127 120 1 247

28.1.61 45 31 76 149 97 246 257 20 277 27 88 115 478 236 714

4.2.61 43 13 56 417 19 436 441 6 447 57 40 97 958 78 1036

11.2.61 38 22 60 316 33 349 260 11 271 37 36 73 651 102 753

18.2.61 50 8 58 222 48 270 305 12 317 24 48 72 601 116 717

25.2.61 19 33 52 215 43 258 279 14 293 36 67 103 549 159 706

4.3.61 27 88 115 221 90 311 298 18 316 59 74 133 605 270 875

11.3.61 9 23 32 38 31 69 175 5 180 8 45 53 230 104 334

18.3.61 - - - - - - - - -i- - - - - -

25.3.61 J 17 26 43 - 269 97 366 259 29 288 45 65 110 590 217 807

a Expressed as the arithmetic mean number of snails per m2 of bottom mud.
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RtSUMt

L'article d6crit une technique d'echantillonnage de la pres de chaque marqueur au moyen d'un tube de cuivre
boue en vue d'evaluer sur le terrain la densite des popula- A bords tranchants de 10,5 cm de section, enfonce A 7 cm.
tions de mollusques. L'analyse des r6sultats obtenus au Dix jours avant de faire agir les molluscicides et sept jours
cours d'essais pratiques avec deux molluscicides, ICI apres, il a et6 ainsi recueilli 52 6chantillons de boue. Apres
24223 et Bayer 73, a demontr6 la valeur de cette passage au crible, le denombrement des mollusques morts
m6thode. et vifs a donne les pourcentages de destruction suivants:
Le ICI 24223 a et6 utilise a la dose de 0.75 p.p.m. pour Biomphalaria pfeifferi 100Y%, Bulinus globosus 92% et

traiter pendant 8 heures un canal d'irrigation. Apres Melanoides tuberculata tuberculata 61 %.
avoir 6chelonne des marqueurs tous les 18 m6tres le long La meme technique a 6te appliquee A des essais sur le
du canal, on a preleve au hasard des carottes de boue terrain de Bayer 73 utilise a la dose de 0.5 p.p.m. pendant
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8 heures. Calcules selon la meme methode sur 90 echan-
tillons, les pourcentages de destruction ont 6te les sui-
vants: B. pfeifferi 100%, B. globosus 98% et Cleopatra
ferruginea 68%. En fait, l'analyse sequentielle de series
d'Wchantillons montre que le chiffre de 100% trouve pour
B. pfeifferi et Lymnea caillaudi est en realite trop eleve.
Mais atteindre une plus grande precision exigerait l'exa-
men d'un nombre d'echantillons consid6rable.

L'analyse statistique a montre qu'il n'exista ipas de
difference significative dans le total des mollusques
(morts +vifs) denombre avant et aprbs application du

traitement chimique. I1 en resulte que la plupart des
mollusques d6truits par les traitements ont bien ete
recuperes, et ce fait confirme la validite des pourcentages
de destruction indiques.

Cette technique d'echantillonnage de la boue neglige
dans la population de mollusques la fraction qui vit sur
les plantes aquatiques. Neanmoins, si l'on veut evaluer
la concentration absolue des colonies dans la majeure
partie de i'habitat total, elle donne probablement des
r6sultats superieurs 'a la plupart des procedes couramment
utilises.
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