
RESISTANCE OF FOUR SNAIL SPECIES TO EXPERIMENTAL DESICCATION 507

practical application. Tilapia mossambica is indige-
nous to Africa and can be cultured in most water-
bodies. If this species is introduced into fish farms
in areas where snail-control procedures are necessary,
the problem of the accidental destruction of fish by
molluscicide can be obviated, because the recom-
mended dose to destroy both Biomphalaria and
Bulinus is between 0.04 ppm and 0.06 ppm for pro-
longed application (Blair Research Laboratory, un-
published report). At this dosage an insignificant
proportion of the T. mossambica population would
be killed, but almost all (90%) of the T. melano-
pleura would succumb.

Alternatively, the use of a granular formulation of
N-tritylmorpholine has considerable promise for use
in static water where fish mortality has to be avoided.
The potential uses of the granules need further field
evaluation.

* *
*
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An important factor influencing measures to
control those aquatic snails that are intermediate
hosts of schistosomes in Africa is their ability to
survive seasonal drying up of their natural habitats.
Previous workers, including Humphreys,b Archi-
baldc and Barlow & Abdel Azim,d have observed
this phenomenon in the field. Shiffe has made
similar observations using Biomphalaria pfeifferi
(Krauss), Bulinus (Physopsis) globosus (Morelet)
and Lymnaea natalensis (Krauss) in his studies.
Olivierf and Olivier & Barbosag have shown that
Tropicorbis centimetralis (Lutz) and Australorbis
glabratus (Say)h can survive long periods of desic-
cation under laboratory conditions. This paper
records the results of experimental studies on the
ability of four species to survive in the absence of
water for periods up to 90 days.
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ment of Zoology, University College of Rhodesia, Salisbury,
Southern Rhodesia.
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report of the Bilharzia Snail Destruction Section, Ministry
of Public Health, Egypt, for the year 1943, Cairo, Govern-
ment Press.

e Shiff, C. J. (1960) J. trop. Med. Hyg., 63, 89.
f Olivier, L. (1956) J. Parasit., 42, 137.
g Olivier, L. & Barbosa, F. S. (1956) J. Parasit., 42, 277.
h Since renamed Biomphalaria glabrata.

Although the main series of experiments was con-
cerned with survival in dry soil, observations were
also made, under controlled conditions, of the snails'
ability to survive on a moist surface. This followed
the finding of live snails on moist mud after natural
pools had dried up.

Material
Experimental snails. Large samples of the follow-

ing species, collected near Salisbury, Southern
Rhodesia, were used: Bulinus (Physopsis) globosus
(Morelet), Bulinus (Physopsis) africanus (Krauss),
Biomphalaria pfeifferi (Krauss) and Lymnaea nata-
lensis (Krauss).

Experimental containers. These were 7 waterproof
wooden boxes, size 95 cm x 95 cm x 30 cm (length,
width and depth). Each box was partitioned into
4 equal sections and placed on an open roof exposed
to sun and wind. The boxes were raised on small
wooden supports to allow air to circulate underneath
and to avoid excessive heat from the roof. Care
was taken that no snail could escape from one section
to another.

Substrata. Black (" cotton ") soil was collected
in swampy ground near Salisbury, where a series of
pools had been used for field studies on aestivation.
In view of the possibility that snails might have been
left in the flooded area round these pools, the soil
was taken from as close to the area as possible to
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eliminate any risk of live snails being present in the
soil. One series of experiments was carried out using
" sandy soil " made of a 2: 1 mixture of river sand
and the black soil.

Methods
The black soil was placed in boxes numbered 1

to 6 to a depth of 20 cm. In each of these boxes
section No. 3 was planted with a small species of
Cyperus, and other small reeds which had been
collected with the soil from the field station.
The last box, No. 7, had sections No. 1 and No. 4

filled with the sand-soil mixture and sections No. 2
and No. 3 with the black soil, all to a depth of
20 cm. The soil in sections No. 3 and No. 4 was
covered with large, flat stones to test the effect of
this type of cover on aestivation in the two soil types.
Water was added to all boxes until the soil was

covered to a depth of about 5 cm.
Three of the four species, Bul. (Ph.) globosus,

Bul. (Ph.) africanus and L. natalensis, were grouped
into three sizes: 10 mm and over, 5 mm to 9.9 mm,
and under 5 mm (height). All these snails were
collected from field stations where desiccation had
occurred and were reared in the laboratory.
The fourth species, Biom. pfeifferi, was also

grouped into three sizes: 7 mm and over, 4 mm to
6.9 mm and under 4 mm (greatest diameter). The
large and medium size-groups of this species were
" clean " snails-i.e., reared in the laboratory-and
the small size-group was collected in the field.
The boxes were used to study the aestivation

ability of more than one species at once and snails
were introduced as shown in Table 1.

If snails died before the surface water had eva-
porated (a period of 9 days), they were replaced.
The experiment was carried out during the winter-
spring dry season, when natural precipitation was
insignificant.
Boxes 1-6. The snails found on the surface or

partly buried were examined 4 days after surface
water had evaporated to observe how many were
alive in each section. This was repeated after a
further 3 days and then at 14 days, 21 days and 30
days. After this period the soil in section No. 1 of
all boxes was removed and washed through sieves
to recover the snails. Section No. 2 was examined
after 60 days, and sections No. 3 and No. 4 after
90 days. The temperature and moisture percentage
were recorded as indicated below.
Box No. 7. The surface snails from sections

No. 1 and No. 2 were examined only on the 30th

TABLE 1
DISTRIBUTION OF SNAILS IN EXPOSURE BOXES

Sz- No. of snails
ToaSnail Box Size- exposed in each Total

species No. group of 4 sections snails
(mm) of box in box

Boxes 1-3 (2 species)

L. natalensls I >10 25 100

2 5-9.9 25 100
3 <5 100 400

600

Biom. pfeifferl 1 >7 25 100
2 4-6.9 75 300
3 <4 100 400

800

Boxes 4-8 (1 species)

Bul. globosus 4 .10 25 100
5 5-9.9 100 400

6 <5 75 300
800

Box 7 (3 species)

L. natalensis >10 25 100
7 5-9.9 50 200

<5 50 200

500

Biom. pfeifferl .7 25 100
7 4-6.9 40 160

<4 50 200

460

Bul. africanus .10 15 60

7 5-9.9 35 140

<5 35 140

340

day, and the soil in all four sections was left un-
touched for 90 days before the same method of
recovering snails was used, and temperatures and
moisture percentage were recorded.

Temperatures. Maximum and minimum tempera-
tures were recorded during the 9-day period before
the surface water evaporated. The highest maximum
was 24.4°C and the lowest minimum was 4.9°C.
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TABLE 2
RECORDED SOIL MOISTURE AND TEMPERATURES IN SOIL EXPERIMENTS (BOXES 1-6)

Interval Moisture ( Mean soil temperature (IC) Air temperature (OC)
after Box Section Morning Afternoon

disappearance No. No.___________________
of surface water 4 cm Bottom 4 cm Bottom 4 cm BoKtom Max. Min.

1 10.8 14.0

2 9.0 13.1

3 9.3 13.6
30 days 4 1 10.0 13.9 13.0 10.7 29.8 24.1 32.0 6.6

60 days 4 2 4.1 9.90 14.0 12.1 33.0 26.0 38.5 -2.2
1 3.5 7.8

2 3.6 7.4

3 3.4 6.9

5 3.3 7.0

3 2.0 2.3
90 days 3 16.4 14.7 35.0 30.3 45.0 0.5

4 1.8 3.1

5 (reeds) 1.7 2.3

6 2.3 2.1

1 1.2 3.5

2 1.3 3.5

3 1.5 4.4
90 days 4 16.2 15.0 34.2 30.7 45.0 0.5

4 1.7 3.6

5 1.3 2.8

6 2.1 3.7

Subsequently, daily maximum and minimum tem-
peratures were taken in sun and shade from the
surface of the soil. Temperatures were also recorded
4 cm down and at the bottom (Table 2).

Moisture percentage. The moisture percentage by
weight of the soil was determined by drying samples
to constant weight at 110°C. Moisture percentage
of the surface soil was recorded in all sections 4 days
after the surface water had evaporated and thereafter
at intervals of one week up to 30 days. At the time
of examination of the soil, i.e., on the 30th day, the
moisture percentage was recorded at a depth of 4 cm

and at the bottom of each section, and this was
repeated on the 60th and 90th days (Table 2).

Snail survival tests. In surface experiments snails
were examined in situ and left undisturbed.

In soil experiments all snails in the sample at
the end of the test period were placed in water for
at least 24 hours, after which the active snails were
counted. The other shells were also examined care-
fully to make sure that the snails were dead.
Results

Surface experiments (Boxes 1-6). Table 3 shows
the percentage of snails remaining alive on the

11
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TABLE 3
SNAIL SURVIVAL ON SURFACE AFTER DISAPPEARANCE OF SURFACE WATER (BOXES 1-6)

Air temperature (°C) Mean Snail survival (%)

Max. moisture No. of days' Snail
Min. at surface interval species

Sun Shade (%) > 10 mm 5-9.9 mm < 5 mm > 7 mm 4-6.9 mm < 4 mm

Bul. globosus 47.8 40.5 7.0

29.3 22.2 7.1 31.2 4 L. natalensis 48.0 65.9 11.4

Biom. pfeifferi 56.3 76.0 24.9

Bul. globosus 35.8 20.7 0.9

34.9 24.4 3.8 24.4 7 L. natalensis 37.0 48.9 0.4

Biom. pfeifferi 53.1 68.8 5.0

Bul. globosus 19.4 5.4 0

35.5 24.0 2.7 14.3 14 L. natalensis 13.0 12.5 0

Biom. pfeifferl 46.9 17.8 4.1

Bul. globosus 9.0 1.5 0

35.5 23.3 2.2 8.8 21 L. natalensis 5.0 2.3 0

Blom. pfeifferl 28.1 5.8 0.8

Bul. globosus 4.5 0.6 0

32.0 22.0 6.6 4.5 30 L. natalensis 0 0 0

Biom. pfeifferi 20.3 1.4 0

surface from 4 to 30 days after the disappearance
of the surface water, at intervals of one week.
With Bul. globosus, the small size-group were

almost all dead after 7 days but some individuals
of the medium and large size-groups were still alive
after 30, the large size-group being the most resistant.

L. natalensis gave similar results but was less
resistant. Some individuals of the large and medium
size-groups were still alive after 21 days but none
after 30 days.

Biom. pfeifferi was more resistant than the other
2 species. A few of the small size-group were
still alive in the surface after 21 days and a few of
the medium size-group and 20.3% of the large
size-group after 30 days.

Surface experiments (Box 7). Table 4 gives the
percentage of live snails on the surface at 30 days
and 90 days for different soil conditions.

After 30 days on sandy soil, no L. natalensis sur-
vived, but a few large Bul. africanus and a few large
and medium Biom. pfeifferi were still alive.

After 30 days on black soil, only a few medium
Bul. africanus and Biom. pfeifferi were still alive.

After 90 days, there were no living snails on open
soil but some were still alive under stones.
On sandy soil under stones, no L. natalensis sur-

vived but nearly a third of the medium-sized Bul.
africanus and Biom. pfeifferi were still alive as well
as a few of the large size-group of the latter species.
On black soil under stones, again, no L. natalensis

survived but nearly all of the medium-sized Bul. afri-
canus were still alive. There were also a few medium-
sized Biom. pfeifJeri still living.

Experiments in soil (Boxes 1-6). Table 5 shows
the percentage of snails surviving after periods of
30, 60 and 90 days in the 4 different box sections.
At 30 days L. natalensis showed the lowest survival

rate, and only members of the small size-group were
still alive. The other 2 species showed high survival
rates, specially in the large size-group.
At 60 days there were still a few small L. natalensis

alive but the other 2 species showed fairly high sur-
vival rates in the large size-group. A few of the
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TABLE 4

SNAIL SURVIVAL ON SURFACE AT 30 AND 90 DAYS AFTER DISAPPEARANCE OF SURFACE WATER (BOX 7)

Air temperature (OC) Mean Snail survivalmoisture Section No. of S
Max. at and soil days' Snail species

Min. surface condition intervals > 10 5-9.9 < 5 > 7 4-6.9 < 4
Sun Shade _ (%) mm mm mm mm mm mm

No. 1, BuI. africanus 7.1 0 0

45.0 38.0 0.5 1.9 sandy, 30 L. natalensis 0 0 0exposed
to sun Biom. pfeifferi 4.2 7.9 0

No. 2, Bul. africanus 0 7.7 0
45.0 38.0 0.5 1.8 black, 30 L. natalensis 0 0 0exposed

to sun Biom. pfeifferi 0 4.8 0

No. 3, Bul. africanus 0 29.6 0
50.0 45.0 1.6 0.7 sandy. 90 L. natalensis 0 0 0under

stones Biom. pfeifferi 8.0 32.5 0

No. 4, Bul. africanus 0 87.5 0
56.0 45.0 1.6 1.3 black, 90 L. natalensis 0 0 0under

stones Biom. pfeifferi 0 2.8 0

TABLE 5

SNAIL SURVIVAL IN SOIL AFTER DISAPPEARANCE OF SURFACE WATER (BOXES 1-6)

No. Section Snail survival (%)
of days' Neto. Snail species
intervals > 10 mm 5-9.9 mm <5mm >7mm 4-6.9 mm <4mm

Bul. globosus 70.0 28.6 23.8

30 1 L. natalensis 0 0 6.5

Biom. pfeifferi 66.7 47.8 45.2

Bul. globosus 33.3 0 10.0

60 2 L. natalensis 0 0 3.1

Biom. pfeifferi 28.6 14.3 0

Bul. globosus 30.8 02 6.7

90 3 L. natalensis 0 0 4.8
Biom. pfeifferi 66.70 420.5 40

Bul. globosus 14.3 0 06.3

90 4 L. natalensis 0 0 40.

Biom. pfeifferi 0 8.3 0



small Bul. globosus were still alive but no medium-
sized specimens, whereas the reverse was the case for
Biom. pfeifferi.
At 90 days on bare soil there were no living

L. natalensis but a fair survival of Bul. globosus in
the large and small size-groups. There were also a

few Biom. pfeifferi still alive in the medium-sized
group.

At 90 days on soil covered with reeds the pattern
was on the whole much the same but with higher
survival rates. Some small L. natalensis were still
alive.

Experiments in soil (Box 7). Table 6 shows the
survival rates after a period of 90 days under different
soil conditions.

In section 1-bare sandy soil exposed to sun-

22.2% of the medium-sized Bul. africanus survived;
no L. natalensis or B. pfeifferi were still alive.

In section 2-bare, black soil exposed to the sun-
there were a few of all 3 species alive, L. natalensis
in the small size-group and the other 2 species in the
medium size-group.

In section 3-sandy soil, under stones-But. afri-

canus showed high survival rates in the large and
medium size-groups; none of the other 2 species
survived.

In section 4-black soil under stones-there was a

high survival rate of Bul. africanus in all 3 size-
groups; a quarter of the medium-sized Biom.
pfeifferi and a few small L. natalensis were still alive.

Discussion and conclusions
The results of these experiments confirm previous

findings that the snails which are intermediate hosts
to Schistosoma can survive the drying up of their
habitats for long periods. It has also been shown
that L. natalensis, the intermediate host of Fasciola
gigantica, also has this ability, but to a lesser extent.

Experiments at the soil surface. When aquatic
habitats dry up, not all snails which have escaped
their natural predators are able to make their way
into the bottom mud or into sheltered spots, and it
was assumed that such individuals all died within
a short period when exposed to the sun. This study
has shown that this is not the case as snails were able
to survive exposure up to 30 days in the sun and
wind, with maximum soil surface temperatures in
the sun of 45°C (shade 38°C). Some were still alive
when the surface moisture content of the soil had
fallen to 1.8% (Table 4).

L. natalensis was less resistant than the other 2
species tested but larger individuals survived up to

TABLE 6
SNAIL SURVIVAL IN SOIL AT 90 DAYS AFTER DISAPPEARANCE OF SURFACE WATER (BOX 7)

Mean soil Moisture
temperature(C) (%) Section Snail survival (%)

Morning | Afternoon |5urfacej 4 cm Bottom and soil Snail species | __c _ | - | < 4Morning Afternoon
rf

condition > 10 5-9.9 < 5 > 7 4-6.9 < 4
4 c otm4cmBottom c44cmBottom mm mm mm mm mm mm

No. 1, Bul. africanus 0 22.2 0
24.6 23.1 42.5 37.2 0.4 1.3 8.2 sandy, L. natalensis 0 0 0exposed

to sun Biom. pfeifferi 0 0 0

No. 2, Bul. africanus 0 13.6 0
26.1 24.2 39.4 34.2 0.8 1.3 3.5 black, L. natalensis 0 0 4.5exposed

to sun Biom. pfeifferi 0 10.5 0

No. 3, Bul. africanus 40.0 50.0 0
21.3 20.4 36.0 30.5 0.7 1.9 11.6 suandye L. natalensis 0 0 0

stones Biom. pfeifferi 0 0 0

No. 4 Bul. africanus 42.9 81.5 66.6
20.1 19.0 37.3 34.5 1.3 5.0 6.2 black, L. natalensis 0 0 4.2under

stns Biom. pfeifferi 0 25.0 0
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21 days after soil surface temperatures had reached
35.5°C in the sun (shade 23.3°C) and surface moisture
content had dropped to 8.8 %.
Some individuals of Bul. (Ph.) globosus, a species

typical of temporary pools and streams, were still
alive after 30 days' exposure. Small individuals were
all dead by 14 days, most medium-sized individuals
had died by 21 days, but 4.5% of the large size-
group still survived at the 30th day.
For Bul. (Ph.) africanus (Table 4) only 30-day

observations were available, but this species seems
to show much the same survival pattern as Bul. glo-
bosus. It is interesting to note that only members of
the large size-group survived for 30 days on sandy
soil whereas only those from the medium size-
group survived on black soil, both at approximately
the same percentage. The very low values for sur-
face-soil moisture-content of 1.9% and 1.8% and
the maximum soil surface temperature of 450C
show the remarkably adverse conditions under which
this species can survive. Bul. globosus (Table 3)
had a lower 30-day survival rate under less severe
conditions.

Over 20% of the largest size-group of Biom.
pfeifferi survived up to 30 days in boxes 1 to 6
(Table 3) but the medium and small groups were less
resistant. In a second experiment (Table 4) fewer
survived under more rigorous conditions and, in
this case, survival was greater on sandy soil than on
black soil.
The results with the 90-day experiments with

surface stones were interesting (Table 4, Box 7,
sections 3 and 4). Bul. africanus showed a high
survival rate but in the medium size-group only;
most of this group survived under stones on the
black soil. The author has found that the favourite
aestivation site in nature is under stones (unpub-
lished data).

Biom. pfeifferi showed a higher survival rate under
stones on sandy soil than on black soil; in fact the
survival of this species was better on sandy soil
with or without cover. Here again, it was mostly
the medium size-group that survived; a few of the
large snails lived on the sandy soil but none on the

black soil. All L. natalensis were dead after 90 days
under stones.
The results of these surface experiments are of

importance in the design of snail control measures.
They indicate that snails cannot be eliminated from
irrigation canals and storage dams by short periods
of drying out.

Experiments in the soil. Of the 4 species investi-
gated, L. natalensis gave the lowest survival rates, the
smallest size-group being the most resistant. This
agrees with observations by Shiff.e A few of the
small individuals survived up to 90 days in exposed
black soil (Table 6) and also in soil covered with
reeds (Table 5) or stones (Table 6) for the same
period. In all cases the moisture content of the soil
had dropped to very low values.
The other 3 species showed much higher survival

rates, but mostly in the medium or large size-groups.
Survival rates were surprisingly high in exposed soil,
baked hard in the sun and most remarkable was
the high survival rate of Bul. africanus in sandy soil.
Field studies have shown that, in nature, there is
usually reed or stone cover available in most drying-
up pools, and in these experiments survival rates
were higher under such cover. The reeds seem to
have had no significant influence on the moisture
content or the temperature of the surface soil;
observations suggest that they assist the snails to
pull themselves down into the soil, and it is also
possible that they make it easier for snails to plug
their shell openings. Stone may act in the same way
to some extent, but the figures in Table 6 suggest
that they may preserve moisture in the soil layers
just under the surface. In soil at 4 cm depth the
moisture percentage under stones was 5.0% in
black soil and 1.9% in sandy soil whereas in exposed
soil of both types it was 1.3 %. All buried snails were
found in the upper layers round about this depth.

* *
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