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diagnostic value of egg size, at least in West
Africa.

Discussion. In contrast to its previously reported
prevalence,k the A. melas-like egg form was found
to be rare at lbadan, as was also another unusual
egg form previously described from Brazil.' Although
wide variations of climate do not occur in Southern
Nigeria, some influence of environmental factors
on the incidence of both of these aberrant forms
cannot be ruled out.

It is shown that the A. melas-like egg form can
occur in species A and also in another member of
the complex, probably species B. The divided deck
form has only been observed so far to occur in
species A.

These observations have shown that considerable
variation can occur in the eggs of species A, even
within a local population. This natural variation
can range from wide-decked eggs with the character-

istic morphology of A. melas, through all the inter-
mediate forms, to eggs in which the deck is so re-
duced as to be split into islands on the upper surface
of the egg.
Deane & Causey I produced evidence to show that

the frequency of eggs at one end of this range may be
influenced by environmental factors, but this could
not be confirmed experimentally in Nigeria (L. J.
Bruce-Chwatt-personal communication). There is
no information on factors influencing the frequency
of eggs at the other end of the range (A. melas-like).
As the distribution of species A includes the
West African coast, identifications of A. melas on
egg morphology alone may not be completely
reliable unless confirmed by physiological tests.

* *
*

The help of Mr E. Ogbonnaya and Mr P. Agbude in
collecting and rearing the material used in these studies
is gratefully acknowledged.
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The importance of having a molluscicide with low
fish toxicity has long been recognized. This is be-
cause some waterbodies which are habitats for the
intermediate-host snails of various trematode dis-
eases are used for fish culture-a source of animal
protein for the human population. In addition, it has
been pointed out by Harrison & Rattray, a that the
most drastic effect on the biota of a stream under
periodical molluscicide treatment would appear to be
caused by the destruction of fish; in consequence of
which there is an upsurge in the numbers of many
species of insect larvae, including chironomids and
mosquitos. Although the effects are short-lived, the
fish population becoming re-established with the next
seasonal rains, the implications of such an ecological
imbalance cannot be overlooked.
With the use of N-tritylmorpholine in prolonged

low doses to control snails in irrigation systems, it

a Harrison, A. D. & Rattray, E. (1966) S. Afr. J. Sci., 62,
238-240.

has become necessary to investigate the effects on fish
populations of various dosage regimes, since under
certain conditions snail control has been achieved
without killing fish, whereas under other conditions
a high kill of fish has been observed.b The piscicidal
activity ofN-tritylmorpholine (Frescon) has therefore
been investigated against various species of fish at
different exposure times in the laboratory and after
attenuated exposure in field trials. The laboratory
evaluation was undertaken with the following aims:

(a) to establish a satisfactory procedure for fish
susceptibility tests in the laboratory;

(b) to investigate the effects of various concentra-
tion x time (ct) relationships on fish susceptibility;

(c) to evaluate the susceptibilities of different
species of fish; and

(d) to examine differences in snail: fish suscepti-
bility ratios for different formulations of N-trityl-
morpholine.

b Crossland, N. 0. (1967) Bull. Wid Hlth Org. (in press).
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The field trials were undertaken with similar aims,
but under conditions which were likely to obtain with
field-scale use of the molluscicide.

Materials and methods

Five species of fish were used in the trials:

Tilapia melanopleura
T. mossambica
Rasbora heteromorpha (harlequin)
Carassius auratus (goldfish)
Lebistes reticulatus (guppy)

Fam. Cichlidae
Fam. Cichlidae
Fam. Cyprinidae
Fam. Cyprinidae
Fam. Poeciliidae

The laboratory bioassays with R. heteromorpha
and L. reticulatus were carried out in a constant-
temperature room at 22°C-24°C, and before the fish
were exposed they were allowed to acclimatize there
for 30 minutes. Aerated tap-water, pH 7.8, was used
in all these tests. The fisX were exposed to the mollu-
scicide in 2-litre beakers, each containing 1 litre of
the test solution. Carassius auratus were maintained
at 20°C-22°C and exposed to molluscicide under con-
ditions similar to those described above, but since
these fish were considerably bigger than either the
harlequins or the guppies, the bioassays were carried
out using 6-litre aquaria.

Fish of the genus Tilapia are very popular as a food
throughout the whole of Africa, particularly in the
east, central and southern regions of the continent.
They are easily cultured and are thus a prime source
of animal protein. They become rapidly established
in irrigation systems, favouring the small earthern
" night-storage " dams. The field trials with these
fish were carried out in a series of 6 identical concrete-
lined fish-ponds, 6.02m long, 3.02m wide and 0.92m
deep, but with an overflow orifice 2.5 cm in diameter,
0.79 m from the bottom. The calculated full capacity
of each pond was 14 500 litres. They were filled and
stocked with fish 2 weeks before the experiment to
allow for acclimatization. During this period, and for
the duration of the experiment, the ponds were kept
full by the continuous flow from a 1.9-cm polyethy-
lene pipe which siphoned water from an adjacent
furrow at the rate of approximately 9 litres per mi-
nute. At this flow there would be a complete change-
over of water every 27 hours. A partial analysis of
the water showed that it was moderately hard, with
a pH of 8.1, containing 233 ppm calcium bicarbonate,
79 ppm magnesium bicarbonate and 11 ppm magne-
sium carbonate.

Fish were supplied by the Fisheries Research
Centre and each pond was stocked with the following
(approximate numbers):

50 Tilapia melanopleura fry
10 Tilapia melanopleura large
50 Tilapia mossambica fry
10 Tilapia mossambica large

(28-56 g)
(113-226 g)
(28-56 g)

(113-226 g)

Formulations
In preliminary tests, it was found that fish differ in

their susceptibilities to different formulations of N-
tritylmorpholine. A wide range of formulations was
therefore screened for piscicidal activity and two of
these were examined in detail:

(a) FX 28: a 16.5% emulsifiable concentrate, re-
presentative of the most piscicidal of N-tritylmorpho-
line formulations; and

(b) FX 727: 3% effervescent granules, represen-
tative of the least piscicidal formulations.

Dilutions were generally prepared by making up
an intermediate suspension of 10 ppm and then di-
luting this to the required concentration. The emul-
sifiable concentrate was pipetted out using an Agla
syringe. The granules were weighed out, added to
the water in a measuring cylinder and allowed to
stand for half-an-hour before being thoroughly
shaken.
For the field trials a continuous dose ofFX 28 was

added to the inflow water of each pond for 10 con-
secutive days by means of a constant-flow, drip-feed
apparatus.b The following concentrations were used:
0.02 ppm, 0.04 ppm, 0.06 ppm, 0.08 ppm, 0.10 ppm
of active ingredient. The sixth pond was kept un-
treated as the control. The build-up of the concen-
tration of the molluscicide was followed by chemical
analysis, and in all cases the desired concentration
was achieved after approximately 60 hours.

Results of laboratory trials
Effect offish density. Table 1 summarizes the re-

sults of exposing harlequins to FX 28 at densities of
2, 5 and 10 fish per litre. The density of the fish had
an appreciable influence on their mortality, especially
during the 24-hour exposures. Higher mortalities
were observed when 2 fish per litre were exposed than
when 5 or 10 fish per litre were exposed. Probably
the fish actively remove the toxicant from the water
during respiration and the amount of available tox-
icant per fish may be a limiting factor. However,
sufficient data have been collected to suggest that the
density of harlequin fish should be restricted to 2 per
litre and this procedure was followed in all the sub-
sequent tests.

Comparison of the susceptibility of harlequins to
two formulations of N-tritylmorpholine (FX 28 and

10
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TABLE 1
SUSCEPTIBILITY TESTS WITH RASBORA HETEROMORPHA USING 2, 5 OR 10 FISH PER LITRE EXPOSED

TO FORMULATION FX 28a

Exposure

Concentration 1 hour 4 hours 24 hours

2 fish 5 fish 10 fish 2 fish 5 fish 10 fish 2 fish 5 fish 10 fish
per litre per litre per litre per litre per litre per litre per litree per litre per litre

0.2 5/14 5/5 5/5

0.16 5/5

0.1 2/14 0/5 5/5

0.08 0/5

0.08 3/10

0.05 0/10 0/5 13/23 1/5 2/10 18/20

0.04 1/2 0/10 2/2 0/15

0.035 .0/10

0.03 0/10

0.025 0/10 0/20 9/32 0/10 0/10

0.02 0/10 0/5

a FX 28 is a 16.5 % emulsifiable concentrate. Test temperature, 22°C-24°C; pH 7.8. Mortality expressed as Number deadiTotal
number of fish tested.

FX 727). The results of exposing harlequins for 1
hour, 4 hours and 24 hours are given in Table 2. The
LD50 values were calculated from these data and have
been plotted on a log/log scale in Fig. 1. There was a
considerable difference between the susceptibilities
of fish to FX 28 and to FX 727. In 1-hour exposure
tests, FX 727 was about 20 times less toxic to harle-
quins than FX 28. However, as the exposure period
was increased, the differences became progressively
less marked.

In preliminary tests it was found that the results of
72-hour exposures were not significantly different
from the results of 24-hour exposures. Few tests were
therefore carried out with long exposures. However,
to test whether the granules (FX 727) might be used
to kill snails and not fish, they were applied to two
" balanced " aquaria at doses of 0.05 ppm and 0.1
ppm of active material. Each aquarium contained
25 litres of water, various aquatic plants, 25 Biom-
phalaria glabrata,c 25 Bulinus truncatus and 5 Rasbora
heteromorpha. In the aquarium treated with a dose
of 0.05 ppm, there was 100% mortality of B. glabrata
within 24 hours. After 5 days, 20 of the B. truncatus
had died but the 5 surviving snails were still alive 2

c Formerly Australorbis glabratus.

weeks later. Remarkably, all of the harlequins sur-
vived in this aquarium. In the other aquarium (0.1
ppm treatment) there was 100% mortality of B. gla-
brata, 100% mortality of B. truncatus after 48 hours,
and 4 out of 5 harlequins died. However, the sur-
viving fish was still alive 2 weeks later.
Two weeks after the aquaria had been treated with

the granules 25 B. glabrata were introduced into each
ofthem. There was 100% mortality in each aquarium
within 24 hours.

Comparison of the susceptibilities of various species
offish. When goldfish (C. auratus) were exposed to
toxic doses of N-tritylmorpholine there was often an
increase in the rate of gill movements, sometimes
followed by a brief but agitated, violent burst of
activity before the fish stopped swimming. The rate
of the gill movements then gradually decreased over
a more or less protracted period of time. If the fish
were transferred to fresh water at any time before
they died they generally recovered, even if in a mori-
bund condition before transfer.
The response syndrome of harlequins (R. hetero-

morpha) to toxic doses was rather different. The first
symptom to be observed was the onset of body trem-
ors. These were generally followed by a brief period
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SUSCEPTIBILITY
TABLE 2

TESTS WITH RASBORA HETEROMORPHA IEXPOSED TO TWO DIFFERENT FORMULATIONS a

Exposure
Concentration 1 hour 4 hours 24 hours

FX 28 FX 727 FX 28 T FX 727 FX 28 FX 727

5 20/20

4 3/6 15/20
3 5/20

2 0/6

1 0/6
0.5 016
0.4 4/4

0.3 4/6
0.25 6/6 16/20 15/20 2/2

0.2 5/14 9/20 10/20 3/4

0.175 5/14

0.15 0/14 9/20 4/20 10/10

0.125 4/14 9/20 10/10
0.1 2/14 13/16

0.075 0/10 17/20 0/10 17/20 19/20

0.06 13/20

0.05 0/10 13/20 0/10 18/20 6/12 13/20

0.04 13/20 2/2 5/20

0.03 13/20

0.025 0/10 0/20 0/10 9/32 8/12

0.02 0/10 0/2

0.015 0/10 0/2

0.01 0/2

a FX 28 is a 16.5 % emulsifiable concentrate; FX 727 is 3 % effervescent granules. 2-litre beakers were used, containing 2 fish
per litre. Test temperature, 22°C-24°C; pH 7.8. Mortality expressed as Number dead/Total number of fish tested.

of violent activity and then death. There was no

gradual decrease in the rate of respiration such as

was observed with goldfish.
The results of exposing goldfish for 1 hour, 4 hours,

24 hours and 72 hours are given in Table 3. Using
these data, LD50 values were calculated and are given
in Table 4, (with confidence limits where applicable)
together with the LD50s for four other species of fish.

Results offield trials
The results of exposing the two species of fish to

N-tritylmorpholine according to the procedure de-
scribed on page 501 are detailed in Table 5. The two

species reacted very differently to the compound.
With T. mossambica there was very little difference
between the mortality of the fry and that of the larger
fish at all the concentrations tested, and the LD50 for
this species was 0.11 ppm. T. melanopleura succumbed
far more easily to this molluscicide, the LD50 for the
smaller fish being 0.023 ppm: thelargerspecimens of T.
melanopleura appeared to be slightly more resistant,
with the LD50 of the order of 0.03 ppm. However,
in this experiment the number of individuals was
too small for any proper conclusions to be drawn.

In Fig. 2 the percentage survival for T. melano-
pleura fry is plotted against time for each of the con-
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FIG. I
LDso VALUES FOR TWO FORMULATIONS OF N-TRITYLMORPHOLINE IN SUSCEPTIBILITY TESTS ON

RASBORA HETEROMORPHA
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centrations tested. There are two distinct patterns of
mortality. At the lower doses (0.02 ppm to 0.04 ppm)
there was a constant mortality rate following an
almost straight line for the duration of the experi-
ment. At the higher concentrations (0.06 ppm to
0.10 ppm) there was a rapid mortality of the majority
of the individuals, after which the curve assumed
an asymptotic value with the remaining individuals
surviving for an appreciably longer period of time.
This is, in fact, similar to the normal pattern seen in
life-tables.
The temperature in the ponds was recorded

throughout the experiment by means of a thermo-
graph. The extreme limits recorded were 180C and
22°C, the average temperature for the whole period
being 20.4°C.

Discussion
The experiments have demonstrated not only that

various species of fish differ widely in their suscep-
tibilities to N-trityhnorpholine, but also that the
response is different to various formulations (see
Fig. 1). This may be attributable to the effects of
the different kinds of solvents used. The emulsifiable
concentrate (FX 28) is based on tetrachloroethylene,
a solvent which is itself somewhat toxic to fish and
may aid the selective uptake of N-tritylmorpholine
through the gills. On the other hand, the granular
formulation is based on polyethylene glycol and an
entirely different principle is used to achieve disper-
sion of molluscicide particles in the water.
Marked differences have been shown between the

susceptibilities of various species of snails to N-

WHO 70270
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SUSCEPTIBILITY TESTS
TABLE 3

WITH CARASSIUS AURATUS EXPOSED TO
FX 28 a

Concentration Exposure
(ppm) I hour | 4 hours 24hours 72 hours

2.0 3/5

1.0 3/5

0.5 2/5 2/5, 5/5, 5/5 (12/15)
0.4 4/5, 4/5, 4/5 (12/15)
0.3 2/5, 4/5, 4/5, 4/5, 4/5 (18/25)

0.2 1/5,2/5,2/5, 2/5,2/5 (9/25)

0.1 1/5, 2/5, 2/5, 0/5, 0/5 (5/25) 4/5, 5/5 (9/10)
0.08 3/5, 3/5 (6/10)
0.06 0/5 0/5, 0/5
0.05 3/5, 1/5 (4/10)
0.04 0/5 0/5, 1/5
0.025 1/5, 0/5 (1/10)
0.02 0/5 0/5, 0/5
0.0125 0/5

0.01 0/5 0/5, 0/5
0.005 0/5 0/5, 0/5

a FX 28 is a 16.5 % emulsifiable concentrate. 6-litre aquaria were used containing 5 fish per
4 litres. Test temperature, 22°C-24°C; pH 7.8. Mortality expressed as Number dead/Total number
of fish tested.

TABLE 4
LDso VALUES FOR VARIOUS SPECIES OF FISH EXPOSED TO FX 28a

ExposureFish species
1 hour 4 hours 24 hours 10 days

Lebisfes reticulatus 3.0 0.25
(- 1) (- b)

Carassius auratus 0.22 0.067
(0.17-0.27) (0.054-0.088)

Rasbora heteromorpha 0.188 0.042 0.032
(0.154-0.274) (0.023-0.045)

Tilapia melanopleura 0.03

Tilapla mossamblca 0.11
(0.097-0.13)

a LDso values in ppm N-tritylmorpholine (95 % confidence interval is given in parentheses),
b Not applicable.

FORMULATION
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TABLE 5
DOSE EFFECT DATA FOR TWO SPECIES OF TILAPIA EXPOSED TO VARIOUS CONCENTRATIONS

OF N-TRITYLMORPHOLINE FOR 10 DAYS

T. melanopleura T. mossambica
Concentration Fry Large Fry Large(ppm) _____FrLag.1_____FyLre

Mortality a %mortality Mortality a % mortality Mortality a % mortality Mortality a % mortality

0.02 19149 38.8 0/8 0.0 0/39 0.0 0/7 0.0

0.04 40/47 85.1 5/8 62.5 0/43 0.0 0/8 0.0

0.06 49/51 96.1 6/7 85.7 2/36 5.6 1/10 10.0

0.08 49/49 100 6/6 100 9/42 21.4 2/9 22.2

0.10 43/43 100 5/5 100 13/32 40.6 3/7 42.9

Control 0/47 0.0 0/8 0.0 0/28 0.0 0/10 0.0

LDso 0.023 Approx. 0.03 0.11
(0.020-0.027) b(b) (0.097-0.13)

a Number dead/Number of fish tested.
b Not applicable.

FIG. 2
EFFECT OF LONG EXPOSURE TO N-TRITYLMORPHOLINE IN TILAPIA MELANOPLEURA FRY
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tritylmorpholine,c and it is not surprising to find that
there are also marked differences between various
species of fish. Particularly striking is the result of

c Shiff, C. J. & Ward, D. (1966) Bull. Wld Hlth Org., 34,
147-150.

the field experiment where, after prolonged exposure
over 10 days, there was a marked difference between
the susceptibilities of two closely related species of
fish to FX 28. No reason for this difference can be
suggested but it is most important in relation to
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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.

* *
*

Our sincere thanks are due to Mr I. van der Lingen,
the Chief Fisheries Officer, Henderson Research Sta-
tion, for providing the Tilapia and the fish ponds and
for assisting in the work.
Two of us (C. J. S. and D. R. M.) wish to thank the

Secretary for Health for permission to publish this
paper.

Resistance of Bulinus (Physopsis) globosus, Bulinus (Ph.) africanus,
Biomphalaria pfeifferi and Lymnaea natalensis to Experimental Desiccation

by C. C. CRIDLAND, Parasitologist, Danish Bilharziasis Laboratory, Charlottenlund, Denmark a

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.

a Formerly of the Snail Ecology Research Unit, Depart-
ment of Zoology, University College of Rhodesia, Salisbury,
Southern Rhodesia.

b Humphreys, R. M. (1932) Trans. roy. Soc. trop. Med.
Hyg., 26, 241.

c Archibald, R. G. (1933) J. trop. Med. Hyg., 36, 345.
d Barlow, C. H. & Abdel Azim, M. (1946) In: Annual

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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