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The Susceptibility of Biomphalaria glabrata
throughout its Life-History to N-Tritylmorpholine
C. B. C. BOYCE,' J. W. TIEZE-DAGEVOS 2 & V. N. LARMAN 1

This study was undertaken as part of a detailed investigation of the molluscicidal properties ofN-tritylmorpholine (Frescon, WL 8008). It is shown that the stage of development of Biomphalaria glabrata has a pronounced influence on its susceptibility to N-tritylmorpholine. As the snails grow from hatching to a diameter of 3 mm, the LC50falls from
0.04 ppm to 0.02 ppm, but further growth results in a progressive increase in LC50 until, at
a shell diameter of 20 mm, it is 0.17 ppm. N-Tritylmorpholine is much less toxic to snail
eggs when used in short exposures. However, young embryos in capsules treated with 5 ppm
for 24 hours developed abnormally and died without hatching. Older embryos developed
normally but died after hatching. This delayed effect is attributed to contact, during hatching, with N-tritylmorpholine which is associated with the jelly. The difference in susceptibility between snails and eggs is attributed to a slow rate of penetration of the egg membrane.

N-Tritylmorpholine is very toxic to the intermediate-host snails of the Schistosomatidae and promises
to be a valuable chemical for interrupting the transmission cycle of these parasites (Boyce, Crossland &
Shiff, 1966). As part of a detailed study of the properties of this compound, we have examined its
effectiveness against the various stages of Biomphalaria glabrata,3 an intermediate host of Schistosomna
mansoni in South America and the Caribbean. This
has been done by determining the susceptibility of
snails to N-tritylmorpholine as a function -of their
shell diameter, using snails ranging from the newly
hatched, 1 mm in diameter, to old specimens 20 mm
in diameter.
N-Tritylmorpholine is much less toxic to snail
eggs than it is to adult snails and we have now
attempted to find the reason for this. It might be, for
example, because N-tritylmorpholine has weak
intrinsic toxicity to embryos or because it fails
to reach its site of action. The former possibility
is unlikely because, as will be described in this paper,
embryos isolated from their capsules are as susceptible to N-tritylmorpholine as newly hatched
snails. In fact, even a single micropuncture, which
gives some direct contact between the embryo and
1 Shell " Research Ltd, Woodstock Agricultural Research Centre, Sittingbourne, Kent, England.
'Department of Zoology, Vrije University, Amsterdam,
Netherlands.
' Formerly Australorbis glabratus (Say).
"
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the molluscicide in the medium, markedly enhances
the effects of N-tritylmorpholine. We have therefore
attempted to establish what retards the accumulation of toxic amounts of N-tritylmorpholine in the
embryo and why, in some cases, death is delayed
until hatching; this was done by removing various
parts of the capsule before or after treatment with
molluscicide.
MATERIALS AND METHODS

Biomphalaria glabrata (of Brazilian origin) were
reared in a constant-temperature room at 250Cd
1°C in glass aquaria, each containing 30 litres of
water and approximately 250 snails. The water was
circulated through a bed of gravel and then through
a charcoal filter by means of compressed air. The
snails were fed daily with fresh lettuce and once a
week with Standen's food (Standen, 1951). Additions of calcium carbonate (10 g) were made to each
aquarium weekly. Under these conditions the shell
diameter of the snails increased by approximately
1 mm per week until it reached 12 mm-15 mm, when
the rate of growth decreased. Sexual maturity was
attained 5-6 weeks after hatching.
Egg capsules were collected on polyethylene
sheets placed in stock aquaria. The sheets were
examined twice a week and discs supporting the
capsules were cut out and placed in aerated tap water
until required.
1 3-
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All experiments were conducted at 21'C± 1C,
and tap water (pH 7.8), previously aerated for
48 hours, was used throughout.

FIG. 1
MORPHOLOGY OF AN EGG CAPSULE
OF BIOM. GLABRATA

Experiments with snails
Snails were separated into size-groups by measuring the maximum diameter of their shells; those
within each size-group were within 10 % of the stated
values. Specimens less than 2 mm in diameter were
measured by means of an ocular micrometer,
whereas larger snails were measured with callipers.
As the rates of growth of individual snails of this
species vary considerably, even under standardized
breeding conditions, specimens of similar age were
selected within each group.
The weights of snails of each size-group were
determined after extraneous water had been removed
with tissue paper and the.snails had been left to dry
on filter-paper for 2 hours at 25°C. At least 50 snails
were weighed together in each group and these snails
were not used for tokicity determinations.
Mortality data for each size-group were determined in triplicated experiments by exposing snails
to 5 concentrations chosen to give mortalities in the
5 %-95 % range. In each experiment, at least
20 snails were exposed to each concentration at a
density of 20 snails per litre of test solution, except
that snails of shell diameter 5 mm and less were
exposed at a density of 50 per litre. Separate toxicity
determinations to check the effect of population
density showed that densities up to 10 times higher
than these could be used without affecting the dosemortality relationships. The snails were exposed to
molluscicide for 4 hours and were then rinsed and
transferred to clean water; 24 hours later survivors
were transferred again to clean water, and total
mortalities were recorded 48 hours after the end of
the treatment.
Each test solution (strictly, a colloidal suspension)
was prepared directly from a 10-ppm suspension of
N-tritylmorpholine, which, in turn, was prepared
freshly from an emulsifiable concentrate in tetrachloroethylene (FX 28-C) containing 16.5% (w/v)
active material.

Experiments with eggs
The terminology of Bondesen (1950), which is
illustrated in Fig. 1, is used for egg-morphology. The
egg capsules were classified into blastula, gastrula,
" trochophore ", " veliger ", " hippo " and " mature "
stages (Raven, 1958) prior to use. These were easily
recognized by the characteristics outlined in Table 1.

MEDIUM-SIZED EGG CAPSULE (approximately 0.5 cm X 0.1 cm)

Soft jelly-mass

Basal membrane

I
Egg membrane

psule membrane
Polyethylene
support

WHO 70941

"Mature" embryos (6 days old) were isolated by
cutting the egg membrane with a dissecting needle,
lifting off the capsule membrane and carefully pushing the embryos out into the water. Their susceptibility to N-tritylmorpholine was assessed by
exposing them, 20 at each concentration, to
0.05 ppm, 0.1 ppm or 0.2 ppm of the molluscicide for
4 hours. Two replicates were used and the conditions were similar to those used for newly hatched
snails, so that a direct comparison of susceptibility
could be made.
In all other experiments with eggs the technique
was altered in at least two respects. First, the solutions of N-tritylmorpholine were prepared from an
emulsifiable concentrate (5 % w/v) in tetrahydrofurfuryl alcohol with Gafac HM 710 (50% w/v) as
emulsifying agent. This formulation was specially
prepared to avoid precipitation of N-tritylmorpholine, which otherwise occurs at the relatively high
concentrations (5 ppm to 50 ppm) required in these
tests. Secondly, the exposure time was increased
from 4 to 24 hours.
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TABLE 1
CLASSIFICATION OF STAGES OF DEVELOPMENT OF
BIOMPHALARIA GLABRATA EMBRYO

Stage

Age
(hours)

Characteristics

Blastula

10-30

From the stage at which a
blastula can be distinguished
until the first signs of invagination.

Gastrula

30-60

The young gastrula is characterized by its size and its
invaginated yolk-rich cells.
The older gastrula shows
differentiation of the ectodermal edges, terminating in the
formation of a prototroch.

60-72

The embryo becomes slightly
motile.

72-90

Differentiation of the head and
foot region.

"Veliger"

90-100

A definite head region can be
distinguished with ganglia primordia. The visceral part is
covered by a tiny shell and a
protruding lobe (pseudobranch) is visible at the margin
of the presumptive mantle
collar.

"Hippo"

100-120

The shell is more obvious, the
eye spots are visible, but the
appearance is still embryonic.

"Mature"

120-170

A young snail is found, which
remains inside the egg for one
or two days before it starts to
hatch.

"Trochophore"

The effect of an artificial contact between the
embryo and the solution of molluscicide was
examined using embryos less than 6 days old. A
single micropuncture with a hypodermic needle
(Steriseal 18) afforded such contact without causing
damage to the embryo, provided that it was more
than 60 to 70 hours old and that the puncture was
made under water. The punctures were restricted to
the outer ring of eggs in a capsule (see Fig. 1). In a
triplicated experiment, capsules from five different
age-groups (from gastrula to " mature ") were
exposed to 0.5 ppm, 5 ppm, 25 ppm or 50 ppm of
molluscicide, using 2 capsules each containing approximately 20 punctured eggs. One intact capsule
of each age-group was included at each concentration for direct comparison.
The effect of removing the capsule membrane
either before or after treatment with molluscicide
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was assessed in two series of experiments. In the
first, " veliger " and "hippo " capsules were immersed in a 0.25 % solution of hyaluronidase for
10 minutes, after which the capsule membrane could
be peeled off easily with watchmaker's forceps. The
capsules, without the membranes, were rinsed
several times in clean water and left for several
hours before being exposed, 2 per concentration, to
1 ppm, 5 ppm or 10 ppm of N-tritylmorpholine.
In the second series of experiments, 6 capsules with
embryos at the " veliger " and " hippo " stages were
exposed to 5 ppm, 10 ppm, 25 ppm or 50 ppm of
N-tritylmorpholine. After 24 hours the capsules
were rinsed in clean water and the capsule membrane
of one capsule of each stage was removed by mechanical means. The treatment of the remaining
capsules is described later.
The effect of N-tritylmorpholine on isolated eggs
was examined with embryos at various stages of
development (blastula to "hippo "). These were
initially isolated by immersing capsules in a 0.1 %
solution of hyaluronidase for 10 minutes, peeling off
the capsule membrane and separating the jelly from
the eggs with a pair of fine needles under a binocular
microscope. Addition of a trace of Triton X-100
(Chernin, 1957) assisted the separation and killed
damaged eggs immediately, leaving the completely
sealed eggs unaffected.
Eggs, with embryos at the blastula and gastrula
stages, that had been isolated by this procedure were
exposed to 1 ppm, 5 ppm or 10 ppm of N-tritylmorpholine, using 8 to 10 eggs per concentration.
However, it proved to be very difficult to remove the
jelly completely and since this operation was critical
an alternative means of isolation was sought. If egg
capsules were first peeled from their polyethylene
support and then left in water for several days, the
basal part of the capsule membrane could be removed
easily and the jelly, which was softer and more fluid
than normal, could be separated from the eggs
cleanly. Gastrula, " veliger " and "hippo " eggs
isolated in this way were treated with 5 ppm or
10 ppm of N-tritylmorpholine, using 10 eggs at each
concentration.
In a series of experiments in which various components of the capsules were removed after treatment
with molluscicide (the first part-the removal of the
capsule membrane-was described above), eggs were
separated just before the embryos were due to hatch
from capsules previously treated with N-tritylmorpholine at 5 ppm, 10 ppm, 25 ppm or 50 ppm.
The treatment with molluscicide facilitated removal
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TABLE 2
ESTIMATED CONCENTRATIONS OF N-TRITYLMORPHOLINE REQUIRED
FOR 50% AND 90% MORTALITIES OF VARIOUS SIZES OF BIOMPHALARIA GLABRATA
AFTER 4 HOURS' EXPOSURE
Mean snail dimensions
Shell diam.
Total weight

(mm)

(mg)

0.9

0.070

1.2

0.24

2

1.6

3

6.0

5

17

6

38

9

110

10

160

12

240

16

580

20.5

870

Mean LC,0 and 95 %
confidence limits

Mean LC9, and 95 %
confidence limits

0.042
(0.028-0.064)
0.056
(0.047-0.068)
0.024
(0.014-0.040)
0.019
(0.016-0.022)
0.024
(0.021-0.028)
0.036
(0.032-0.041)
0.071
(0.064-0.078)
0.062
(0.049-0.079)
0.094
(0.087-0.10)
0.14
(0.13-0.16)
0.17
(0.14-0.20)

0.12
(0.077-0.22)
0.16
(0.12-0.25)
0.068
(0.042-0.13)
0.062
(0.052-0.076)
0.08
(0.069-0.098)
0.12
(0.094-0.16)
0.24
(0.20-0.29)
0.21
(0.16-0.28)
0.31
(0.27-0.37)
0.46
(0.38-0.59)
0.56

(ppm)

of the jelly, and isolation of the eggs by mechanical
means was easy. As part of the same experiment,
" veliger " embryos were isolated 24 hours after the
treatment with the same concentrations of N-tritylmorpholine.
In all experiments, observations of the effect of
treatments were made daily for up to 14 days. Control groups were set up in clean water and in water
treated with a blank formulation (i.e., without
toxicant). Unless stated otherwise, these were
unaffected.
RESULTS

Analysis of mortality data
The LC50 and LC,5 values were calculated under
the assumption of a logistic tolerance distribution
(Finney, 1964). A comparison of the heterogeneity
(x2) about the regression lines fitted with and without
the restraint of parallelism gave no evidence that they
were not parallel and, therefore, estimated LC50 and

(ppm)

(0.43-0.75)

LC,,/snail weight
0.60
(0.40-0.92)
0.23
(0.20-0.28)
0.015
(0.011-0.025)
0.0031
(0.0027-0.0037)
0.0014
(0.0012-0.0017)
0.00095
(0.00084-0.0011)
0.00065
(0.00058-0.00071)
0.00039
(0.00031-0.00049)
0.00039
(0.00036-0.00042)
0.00024
(0.00022-0.00028)
0.00020
(0.00016-0.00023)

LC,5 values were calculated under the restraint of
parallelism. These values are listed in Table 2.
x2

Deviations from parallelism
Residual

24.78
114.76

Degrees Frai
Of freedom F rato

9
59

1.41

Response of snails exposed to molluscicide
The relation between LC50 and the shell diameter
of Biom. glabrata is presented in Fig. 2. The relation
between shell diameter and susceptibility of snails,
expressed as the LCQ0 value per, unit weight (total
weight including the shell), is presented in Fig. 3.
It can be seen from Fig. 2 that there are two
distinct phases in the relation between LC50 and
shell diameter. As snails grow to a diameter of 3 mm
they become more susceptible, but further growth
results in a reversal of the correlation and snails
then become less susceptible. However, if the LC50
is corrected to unit body-weight, susceptibility increases continuously as snails grow (as can be seen
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FIG. 2
RELATION BETWEEN SHELL DIAMETER OF BIOM.
GLABRATA AND LCs0 OF N-TRITYLMORPHOLINE
FOR A 4-HOUR EXPOSURE PERIOD
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Snails near the surface of the water sank and then
remained inactive. The onset of these responses
depended on the concentration of molluscicide: at
0.1 ppm it was usually observed after 2 hours but at
0.5 ppm it occurred after as little as 15 minutes and
at this concentration there was often loss of redpigmented blood in addition to the other symptoms.
An interesting phenomenon occurred when the
concentration was increased still further. At concentrations between I ppm and 10 ppm the snails
appeared to be narcotized and did not respond in the
way already described until they were placed in fresh
water; then the response followed as though the
treatment had started from the time of the change.
However, if the snails were moved into fresh water
FIG. 3
LOGARITHMIC RELATION BETWEEN SHELL DIAMETER
OF BIOM. GLABRATA AND SUSCEPTIBILITY
(LC,,IBODY-WEIGHT) TO N-TRITYLMORPHOLINE
FOR A 4-HOUR EXPOSURE PERIOD a

from Fig. 3), but the tendency for the relation to
change slope at a shell diameter of 2 mm to 4 mm
remains. Significantly, snails smaller than 3 mm
responded differently after treatment with N-tritylmorpholine.
Treatment with lethal concentrations of N-tritylmorpholine quickly immobilized young snails (less
than 2 mm to 3 mm in diameter) and caused them to
extend from their shells with the head-foot swollen.
However, their external cilia, e.g., on the pseudobranch and the tentacles, continued to beat and their
hearts continued to function (although at a reduced
rate) for as long as 24 hours after treatment. After
a total of 48 hours in clean water they were opaque
and dead.
The response of older and larger snails (more than
3 mm in diameter) was much more violent. These
suddenly withdrew into their shells and expelled
copious amounts of mucus containing bubbles of gas.

.
*
I 0. 01

0.001

..

ooooI

Shell dioa,etr (,mi)
The limits shown are the 95% confidence limits for

the LC.. value.
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that contained 10 ppm of tetrachloroethylene they
did not exhibit the typical fast response even within
24 hours of the beginning of the treatment. On the
other hand, it was found in separate experiments that
when the molluscicide was formulated in other
solvents, e.g., acetone or dimethylformamide, the
snails responded after 5 to 10 minutes at concentrations above 1 ppm.
Narcotic substances, such as tetrachloroethylene,
are known to alter the distribution of drugs, and, as
we have observed this delayed response only with
solvents used at narcotic concentrations (e.g., with
100 ppm of carbon tetrachloride), we suggest that
narcosis is responsible for the delay. As the effects of
any particular concentration of N-tritylmorpholine
on snails were quantitatively and qualitatively similar
after the snails were transferred to clean water,
regardless of which solvent was used to dissolve the
molluscicide, it is clear that the uptake of molluscicide was not affected when the snails were narcotized.

Effect of N-tritylmorpholine on eggs
Normal egg capsules. When capsules less than
60-70 hours old were exposed to concentrations of
5 ppm to 50 ppm of N-tritylmorpholine for 24 hours,
an increasing proportion of the embryos showed
deformities and delayed development. Hatching
rarely occurred, but when it did it took place at least
a day later than in the control group.
Older embryos exposed to concentrations in the
range 5 ppm to 50 ppm of molluscicide for 24 hours
developed normally until hatching, but less than
10 % of the snails survived for more than 2 days
after that. The results with " veliger " embryos are
illustrated in Fig. 4A.
No effect was found after 24 hours' exposure to
0.5 ppm of molluscicide.
Egg capsules without their capsule membrane. Embryos at the " hippo " and " veliger " stages developed normally after removal of the capsule membranes with the aid of hyaluronidase. However,
removal of this membrane and subsequent exposure
to 1 ppm, 5 ppm or 10 ppm of N-tritylmorpholine
resulted in normal development until hatching but,
respectively, 70%, 100% and 100% mortality had
occurred 5 days later. Similar effects were observed
when the capsule membrane was removed immediately after exposing normal capsules to 5 ppm,
10 ppm, 25 ppm or 50 ppm of N-tritylmorpholine for
24 hours. The final mortalities, which were 84%,
90 %, 100 % and 100 %, respectively, for " veliger"
capsules, are illustrated in Fig. 4B.

FIG. 4
PERCENTAGE OF " VELIGER " EMBRYOS KILLED BY
EXPOSURE TO N-TRITYLMORPHOLINE FOR 24 HOURS
A.
A, Normal capsules

removed

Capsule

B. Capsule membrane removed
after exposure
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eggs. There were slight difference, in
N-tritylmorpholine between eggsisolated
with hyaluronidase and those isolated solely by
mechanical means, particularly with embryos at the
" trochophore " stage. For example, " trochophore "
embryos developed normally when eggs were
exposed to 5 ppm or 10 ppm N-tritylmorpholine
after mechanical isolation but, respectively, 25 % and
63 % of the embryos isolated using the enzyme technique showed delayed development at 5 ppm and
10 ppm of molluscicide. However, embryos that
were more than 90 hours old when the eggs were
isolated developed normally, regardless of the isolation technique, when the eggs were exposed to 5 ppm
or 10 ppm of molluscicide.
The results for " veliger " embryos are illustrated
in Fig. 4C.
When individual eggs were separated just before
the embryos were due to hatch from capsules that
had been pretreated with 5 ppm, 10 ppm, 25 ppm or
50 ppm of molluscicide, all the embryos hatched successfully and only 5 out of a total of 36 young snails
died during a 17-day observation period. In these

response to

5

cases

death did not

appear to

be related to the

FIG. 5
MICROPUNCTURED EGGS WITH " DWARFS " AMONG NORMAL
"MATURE" EMBRYOS IN A CAPSULE

_-1
Ei.
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concentration of molluscicide to which the embryos
had been exposed.
Isolated embryos. The mean mortalities of
isolated 6-day-old embryos exposed to 0.05 ppm,
0.1 ppm or 0.2 ppm N-tritylmorpholine for 4 hours
were, respectively, 25%, 52% and 100%, whereas
the corresponding control mortality was 5%. In
contrast, if whole egg capsules with embryos at the
" veliger " stage were treated with 5 ppm, 10 ppm,
25 ppm or 50 ppm for 24 hours, left in clean water
for 24 hours, and the embryos were then isolated,
only 10% mortality occurred in the group treated
with 50 ppm of molluscicide; 4% mortality was
found in the 10-ppm and 25-ppm groups and no
deaths occurred in the 5-ppm group; the results are
shown in Fig. 4D.

Micropunctured eggs. The blastula and early
gastrula stages did not survive micropuncture, but
later stages (more than 60 to 70 hours old) were unaffected. Generally, the albumen fluid of the affected
eggs became cloudy and development ceased 1 to 2
days after treatment.
When the micropunctured " trochophore " stage
was exposed to 5 ppm of N-tritylmorpholine for
24 hours, a definite patternof events could be traced.
Growth was retarded and the embryos were smaller
than normal at all stages of development. These
dwarf embryos, which were only half the size of the
control embryos (Fig. 5), behaved normally and
remained alive, inside the capsule, for 14 to 18 days.
They eventually died without showing further
growth and it has not proved possible to culture them
axenically. In addition, a number of embryos
became deformed. In one capsule, for example, 4
were deformed, 11 dwarfed and 4 normal. The head
region of these snails developed into a comparatively
large shapeless structure with parts of the nervous
system clearly visible. The mantle cavity occupied
most of the space inside the egg and the shell was
never more than thinly developed.
The effects with the "veliger" and "hippo"
stages were not so well defined. Retarded development, deformities and some premature deaths occurred. In one "veliger" capsule 10 dead, 2 deformed
and 2 normal embryos were found, whereas in a
" hippo " capsule there were 9 dead, 2 deformed and
6 normal embryos.
" Mature " embryos in micropunctured eggs
treated with N-tritylmorpholine became grossly
swollen. The mantle collar bulged out of the shell,
the head-foot was rigid with an excess of water and
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could not be withdrawn, the tentacles were swollen
and shortened, and the heartbeat was reduced to a
quarter of its normal rate (from 100 to 24 beats per
minute), with the contractions sometimes barely
detectable. There was a loss of transparency and
mobility; some embryos died in this state, and others
after a very prolonged hatching process. The syndrome was in fact very similar to that already
described for newly hatched snails treated with
N-tritylmorpholine.
DISCUSSION

We have chosen size as the parameter of snail
development for this study because it is the most
practical way of assessing the age structure of a
natural population of snails and therefore of translating the results of laboratory studies to the natural
situation. In addition, Perlowagora-Szumlewicz &
von Brand (1958) obtained evidence that size is more
important than age in governing the metabolism of
Biom. glabrata.
These workers, who studied the rate of growth and
oxygen consumption of Biom. glabrata, suggest that
there is a phase of " pre-juvenile growth " in this
species which lasts for approximately 7 to 8 days
after hatching. The change of slope of the relationship between shell diameter and susceptibility to
N-tritylmorpholine, as well as the differences in the
response syndrome that is produced by this chemical,
could therefore be associated with metabolic and
physiological changes that occur during the " prejuvenile " stage of development.
The difference in the age of snails at the point of
inflexion, which in our experiments occurred between 14 and 21 days and in the experiments of
Perlowagora-Szumlewicz & von Brand between 7
and 9 days, could be attributed to the use of different
strains of snails or to the fact that cultural conditions
have a profound effect on the rate of growth of Biom.
glabrata (Chernin & Michelson, 1957; Michelson,

1961).
It would be speculative to suggest more precise
reasons for the change in susceptibility, but it is
known that N-tritylmorpholine affects the central
nervous system of rats, causing rapid rigor after
injection intravenously.' It may therefore be profitable to examine its effects on snail ganglia, particularly as histological studies (unpublished) of
"pre-juvenile " snails have shown that the ganglia
1 See
the paper by Brown, Stevenson & Walker on page 73
of this issue.
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In an attempt to answer these questions, egg
are remarkably primitive and that their development
is very slow.
capsules were treated with N-tritylmorpholine after
The large differences in susceptibility between a micropuncture had been made through the capsule
snails of various sizes have obvious importance in and egg membrane, the object of the- experiment
laboratory evaluations of N-tritylmorpholine and being to show, with as little mechanical disturbance
the knowledge could be used to advantage in control as possible, whether improving the chance of contact
measures against snails.
between the embryo and the medium would enhance
Compared with snails, eggs are very tolerant to the effects of N-tritylmorpholine. It was found, as
N-tritylmorpholine. For example, they were not the results presented in Fig. 6 show, that this was in
perceptibly affected by treatment with 0.2 ppm of fact the case. A substantial proportion of the
the compound for 4 hours, whereas high snail embryos in micropunctured eggs were affected after
mortalities occurred after a similar treatment. 24 hours' treatment at 0.5 ppm and most had died
However, when the concentration was increased to after a further 48-hour recovery period. Therefore,
5 ppm and the treatment of egg capsules continued it appears that embryos survive in normal capsules
for 24 hours, the development of embryos was largely because N-tritylmorpholine fails to reach
retarded and most died without hatching if they were them.
less than 60 hours old when treated.
A series of experiments, designed to show which
If they were older, development was normal until of the potential barriers (the capsule membrane, the
the hatching process started, but the young snails jelly and the egg membrane) were involved in predied shortly after it was complete. There are, there- venting access of N-tritylmorpholine to the embryo,
fore, two interesting questions. First, why is there was therefore undertaken. The first of these experisuch a large difference in susceptibility between ments showed that the capsule membrane was not
embryos prior to and immediately after hatching? involved, because removal of this membrane made
Secondly, why is the lethal effect of N-tritylmorphol- no difference to the effects of N-tritylmorpholine,
ine delayed until after hatching when embryos more regardless of whether the membrane was removed
before or after treatment with molluscicide. In the
than 60 hours old are treated?
FIG. 6
PERCENTAGE OF "MATURE " EMBRYOS AFFECTED AT VARIOUS TIMES AFTER TREATMENT OF NORMAL
AND MICROPUNCTURED CAPSULES WITH N-TRITYLMORPHOLINE
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next experiment, when the jelly, as well as the capsule
membrane, was removed mechanically, the usual
effects of N-tritylmorpholine were not observed
when the individual eggs were exposed to 10 ppm of
the molluscicide for 24 hours. A comparison of the
results illustrated in Fig. 4A, 4B and 4C shows that
the delayed toxicity of N-tritylmorpholine must
therefore be associated with the jelly. When contact
with the jelly of treated capsules was prevented, by
isolating the embryos just before they were due to
hatch, the embryos survived (see Fig. 4D). This
suggests that the jelly is not involved until the
hatching process starts.
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Embryos that were completely isolated from
6-day-old capsules were as susceptible to N-tritylmorpholine as newly hatched snails, and if this result
is compared with the lack of effect of N-tritylmorpholine on isolated eggs the significance of the
egg membrane in preventing N-tritylmorpholine
from reaching the embryo is clear. This could happen in a number of ways: for example, by detoxification, by adsorption by the membrane, or because the
physical characteristics of N-tritylmorpholine are
not suited to an efficient penetration of this membrane, and further work is required to resolve which
of these factors is involved.
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RISUMI
Biomphalaria glabrata fait preuve d'une sensibilite tres
variable a la N-tritylmorpholine suivant le stade de developpement des sp6cimens traites. Lors d'une exposition
d'une duree uniforme de quatre heures, on note deux
phases distinctes dans la relation existant entre le diametre de la coquille et la sensibilite au molluscicide. La
concentration letale diminue d'abord proportionnellement a l'augmentation de la taille du mollusque, la CL80
variant de 0,04 partie par million pour les mollusques
recemment 6clos a 0,02 partie par million pour les specimens dont la coquille a un diametre de 3 mm. Mais
ensuite, la CL80 augmente progressivement en fonction
de la taille et atteint 0,17 partie par million lorsque le
diametre de la coquille est de 20 mm. I1 se pourrait que
la sensibilit6 accrue des jeunes mollusques d'une taille
inferieure a 3 mm soit le reflet des modifications metaboliques et physiologiques observees chez Biomphalaria

glabrata durant la premiere semaine de sa croissance.
Les ceufs sont beaucoup plus resistants a l'action de la
N-tritylmorpholine. Cependant, appliqu6 a la concentration de 5 parties par million pendant 24 heures a des
capsules ovigeres contenant de tres jeunes embryons, le
produit retarde le developpement du mollusque et
determine certains anomalies. Dans la plupart des cas,
1'eclosion n'a pas lieu. Lorsque l'on applique le produit
a des embryons deja plus developpes, la croissance se
poursuit, mais la majorite des specimens traites meurent
peu apres l'&losion. Cette toxicite retardee semble etre
due au contact du mollusque avec la N-tritylmorpholine
presente, au moment de l'eclosion, dans la gel6e intracapsulaire. La faible action ovicide de la N-tritylmorpholine, contrastant avec son efficacit6 chez Biomphalaria
glabrata apres l'eclosion, est attribuee a la lenteur de la
diffusion du produit a travers la membrane ovulaire.
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