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Trials with N-Tritylmorpholine (Shell WL 8008)
as a Molluscicide in Southern Rhodesia

C. J. SHIFF1

In the course ofresearch into the effectiveness ofnew molluscicides for bilharziasis con-
trol, a recently developed compound, Shell WL 8008 (N-tritylmorpholine), has been tested
in Southern Rhodesia, both in the laboratory and in the field. It is highly toxic to Bulinus
(Physopsis) globosus, Biomphalaria pfeifferi and Lymnaea natalensis, all of which suc-
cumbed to the compound at a concentration of 1.0 ppm in a contact time ofonly 15 minutes.
In experiments in reservoirs and natural watercourses, a concentrated aqueous suspension
was sprayed on or just under the water surface, forming a white " blanket " that sank at a
rate depending on temperature, amount of vegetation, and so on. The period ofcontact with
snails is sufficiently long for the molluscicide to kill them as it sinks; this characteristic is
ofgreat importance in the economic treatment oflarge stagnant water bodies or slow-moving
streams. The compound is highly piscicidal, but has littl effect on a wide range ofmicrofauna.

Several years have passed since the WHO Expert
Committee on Bilharziasis (1961) drew attention to
the need for further research into the production and
perfection of molluscicides. It is fortunate for those
concerned in the control of bilharziasis and other
snail-borne trematode diseases that this has stimu-
lated the chemical industry to produce new com-
pounds to control snails. The purpose of this paper
is to discuss one of these compounds, N-tritylmor-
pholine (Shell WL 8008), in relation to snail control
in Southern Rhodesia.

Snail control is still the most effective single weapon
in the campaign against bilharziasis, and in Southern
Rhodesia it has been used on a wide scale (Clarke et
al., 1960; Clarke, 1963) for the past six years. The
experiment reported by these authors aims at the
economical control of snail populations in natural
watercourses and in dams and reservoirs which vary
in size from several hundred to over one million cubic
metres. The extent of the task can be understood
when it is realized that, in one region of the experi-
mental area, the Norton-Selous district, farmland
covering some 2000 km2 is involved; there is a total
of 1060 km of minor streams (intermittent, seasonal,
1-1.5 m wide), 71 km of major streams (perennial with
seasonal ponding) and 88 km of major rivers. Also
in the area there are 102 dams which, when full,
contain 5.8 million m3 of water.

1 Deputy Director, Blair Research Laboratory, Salisbury,
Southern Rhodesia.

The assessment of results based on the examination
of single urine specimens in another experimental
area, the Serima-Zimutu-Chikwanda district, has
been reported by Clarke (1963). The results are most
encouraging. The difficulties of applying mollusci-
cides to natural watercourses have been outlined by
Clarke et al. (1960) and need not be mentioned here.
The significant factors in the discussion of this new
molluscicide are the problems that arise when
reservoirs and large ponds are sprayed.

In a large control area, snail destruction must be
achieved in the most efficient and economical manner.
Often it is not possible to treat all water bodies with
a calculated quantity of molluscicide so as to achieve
a recommended concentration. The compound may
not mix satisfactorily within the biotope and pene-
tration into all parts of the water body may be im-
peded, resulting in an uneven distribution of the
compound in the water body. This often leads to
wastage of expensive chemical. The technique adop-
ted by the spraying teams in Southern Rhodesia is to
apply the molluscicide as a concentrated suspension
to the shallow vegetated water which comprises the
majority of snail habitats within most water bodies.
The aim is not to achieve total elimination of the
snails, but rather to keep the population low enough
to interrupt the transmission of parasites.
The compound WL 8008 (N-tritylmorpholine) has

been shown to be highly molluscicidal in laboratory
trials (Boyce, Crossland & Shiff, 1966) and has been
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formulated in many ways, including as bait. The
formulation considered in this paper is the 18%
emulsifiable concentrate, FX 28, which forms a
milky suspension in water. The concentrate is sticky
and it is essential to keep equipment scrupulously
clean if it is to function efficiently.
As the emphasis in Southern Rhodesia is on snail

control in natural waterways, this compound has
been tested under such conditions after preliminary
laboratory evaluation. In addition, preliminary work
using low dosages, as suggested by Crossland et al.,'
has been carried out in a long irrigation canal. Apart
from the influence of the chemical on snail popu-
lations, the toxicity to fish, insects, microfauna and
flora has been noted.

LABORATORY TRIALS

In this series of trials attention was paid to the
toxicity ofWL 8008 to the three species of snails that
are of economic importance in Southern Rhodesia,
using exposure periods of 1, 5 and 24 hours. The
snails used in the trials were all mature, wild-caught
specimens of Bulinus (Physopsis) globosus (Morelet),
Biomphalaria pfeifferi (Krauss) and Lymnaea nata-
lensis (Krauss). They were all maintained at about
22°C for several days, exposed to molluscicide at
that temperature and allowed to recover, generally
for 48 hours, under the same conditions. The water
used was Salisbury municipal tap-water (see Table -1)
that had been allowed to stand for several days in a
glass reservoir tank. Small fish (Lebistes sp.) were
kept in the tank to help mature the water.
The snails were exposed to various concentrations

of the molluscicide in cylindrical glass dishes of one
litre capacity and 145 mm internal diameter. The
appropriate quantity of WL 8008 was placed in the
dish and the volume made up to one litre with ma-
tured aquarium water. Ten snails were used in each re-
plicate. When the contact period had elapsed the
dish was rinsed out and refilled with matured
aquarium water. The snails were then allowed a
48-hour recovery period. Two or more replications
were carried out at each molluscicide concentration.
Controls were established for each test condition and
if mortality in these exceeded 10% the test was re-
peated. Death was presumed to have occurred when

1 Crossland, N. O., Beesley J. S. S. & Mesmer, E. T. (1965).
Small-scale field trials to evaluate the effectiveness of low,
continuous dosages ofthe molluscicide WL 8008 (Miscellaneous
report No. 499 from the Tropical Pesticides Research Insti-
tute, Arusha, Tanzania; unpublished).

TABLE 1
ANALYSES OF HUNYANI TREATED WATER SUPPLIED

BY SALISBURY MUNICIPALITY

Concentration (ppm)
Component in sample

I 1 2 1 3

Total solids 108.0 88.0 84.0

Dissolved solids 108.0 87.8 84.0

Alkalinity P (CaCO3) trace 4.0 nil

Alkalinity M (CaCO3) 30.0 36.0 28.0

Total hardness (CaCO3) 38.0 42.0 34.0

Permanent hardness (CaCO3) 8.0 6.0 6.0

Temporary hardness (CaCO3) 30.0 36.0 28.0

Dissolved oxygen 6.7 6.2 6.8

Albuminoid (N) 0.21 0.10 0.12

Free NH3 (N) trace 0.05 0.10

Iron (Fe) trace trace trace

Aluminium (Al) 0.03 0.15 0.10

Calcium (CaCO3) 26.0 32.0 24.0

Magnesium (CaCO3) 12.0 10.0 10.0

Sulphate (SO4) 18.6 17.9 16.2

Chloride (CI) 12.0 8.0 6.0

Fluoride (F) 0.10 0.25 trace

Phosphate (P04) trace trace trace

Silicate (SiO2) 13.3 13.6 12.5

pH L 8.0 8.5 7.8

stimulation with a seeker or pin elicited no movement
or response in the animal. At times this proved dif-
ficult to assess with Biomphalaria, which reacted to
the molluscicide by withdrawing into its shell, making
it difficult to touch the body. Under these circum-
stances complete immobilization for 24 hours was
taken as the criterion for death.

Snails were not fed during the contact period, but
during the recovery period small quantities of lettuce
prepared according to the method of Claugher (1960)
were offered. Dead snails were removed to prevent
fouling of the aquarium.

Results
Short contact periods. It has been reported (Boyce,

Crossland & Shiff, 1966) that relatively low con-
centrations of WL 8008 produce a high mortality
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in a short exposure period. To test this, all three
species were exposed to various dilutions from
0.25 ppm to 2.0 ppm at exposure times varying
from 15 minutes to 5 hours. The results are
shown in Table 2. At concentrations of the order of
1.0 ppm, very short exposure times (15 min) are com-
pletely effective, even with B. globosus. This is a most
important characteristic of the compound and may
assist considerably in the control of snails in the
larger water bodies, where it may be feasible and
economic to obtain a narrow, highly concentrated
layer of compound in the snail habitat. Only a short
contact with this would be required to kill the snails.
For example, if the molluscicide could be kept in the
surface layers of the water body at a time when the

TABLE 2
RESULTS OF LABORATORY MORTALITY TRIALS WITH

SHELL WL 8008 AT VARIOUS CONCENTRATIONS
AND EXPOSURE TIMES

(TEMP. 22°C ± 1.0°C)

Conc. Mortality a after exposure forof
WL 8008
(ppm) 15 min 3o min 1 hour 2 hrs 4 hrs 5 hrs

B. (P.) globosus

0.25 8/20 13/20 13/20 25/30

0.5 15/20 13/20 19/20 30/30

1.0 20/20 20/20 20/20

2.0 20/20 20/20 20/20

Control 1/30

B. Pfeifferi
0.25 46/50 19/20 20/20

0.5 20/20 20/20 20/20

1.0 20/20 20/20 20/20

2.0 20/20 20/20 20/20

Control 0/30

L. natalensis

0.25 19/20 20/20 20/20

0.5 20/20 20/20 20/20
1.0 20/20 20/20 20/20

2.0 20/20 20/20 20/20

Control 2/30

a Numerator refers to the number of snails killed and de-
nominator to the total number of snails exposed.

snails come to the surface for some reason, probably
as a response to a stimulus which initiates either a
positive thermotropism or a negative geotropism,
high mortalities should be achieved.

One-hour contact period. The results of exposing
both B. globosus and B. pfeifferi to various concen-
trations of WL 8008 for a period of one hour are
shown in Table 3. B. pfeifferi is the more susceptible,
with the LD50 in the range 0.10 ppm - 0.15 ppm,
whereas for B. globosus the LD50 is 0.17 ppm - 0.25
ppm.

TABLE 3
EFFECT ON SNAIL MORTALITY OF VARYING WL 8008
CONCENTRATION IN 1-HOUR EXPOSURE AT 22°C±0.5°C a

Bulinus globosus Biomphalaria pfelfferi
Conc. of
WL 8008 Mortality Mortality
(ppm)

Number5 % Number %

1.0 20/20 100

0.5 15/20 75 20120 100

0.25 22/40 55 46/50 92

0.125 13/30 43 12/30 40

0.06 6/30 20

a Control mortality was less than 10 %.
b Number of snails killed/number of snails exposed.

Five-hour contact period. The results of this ex-
posure are given in Table 4. L. natalensis and B.
pfeifferi react to the molluscicide in a similar manner,
but for B. globosus a significantly greater amount of
the chemical is needed to produce the same level of
mortality.

24-hour contact period. The results of this exposure
trial against B. globosus and B. pfeifferi are given in
Table 5. The difference in the susceptibility of the
two species is demonstrated.

FIELD TRIALS

The field trials were designed to investigate the
properties of WL 8008 within the compass of the
snail-control operations carried out in Southern Rho-
desia. The methods of snail control in natural waters
have already been outlined (Clarke, 1963; Clarke et
al., 1960) and need not be discussed further. The
only innovation in this series of trials was the intro-
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TABLE 4

EFFECT ON SNAIL MORTALITY OF VARYING WL 8008 CONCENTRATION
IN 5-HOUR EXPOSURE AT 22oC ± 1.0oC a

Conc. of B. (P.) globosus B. pfeifferi L. natalensis
WL 8008 Mortality Mortality Mortality

Numberb % Numberb % Number b %

0.5 30/30 100

0.25 25/30 83

0.125 40/40 100 40/40 100

0.0625 10/30 33 37/40 82 40/40 100

0.05 17/20 85 15/20 75

0.032 2/30 7 8/20 40 23/40 57

ED50 C 0.105 0.034 0.033
(ppm) (0.07-0.16) (0.03-0.05) (0.03-0.04)

ED.. C 0.62 0.099 0.125
(ppm) (0.26-1.46) (0.06-0.16) (0.06-0.29)

Slope 2.21 1.58 1.79
function (1.64-2.98) (1.53-1.62) (1.37-2.33)

Potency 3.1 1.0 d
ratio

3.18

a Control mortality nil.
b Number of snails killed/number of snails exposed.
c Figures in parentheses are confiJTence limits for 95 % probability.
d Difference not statistically significant.

TABLE 5

EFFECT ON SNAIL MORTALITY OF VARYING WL 8008
CONCENTRATION IN 24-HOUR EXPOSURE AT 22°C+0.5°C a

Mortality
Conc. of
WL 8008 B. globosus B. pfeifferi

(ppm) Number b % Number b %

0.125 20/20 100 30/30 100

0.06 14/20 70 30/30 100

0.03 29/30 97

0.02 0/20 0

0.015 20/30 67

a Control mortality was less than 10 %.
b Number of snails killed/number of snails exposed.

duction of a knapsack sprayer which, in some circum-
stances, is better suited to the application of liquid
formulations than the stirrup pump. The apparatus
used was the Galeazzi OM 12-litre pressure sprayer.
It was found to be ideal for the application of the
compound to streams and, particularly, to reservoirs.
For the drip-feed experiments a device (shown in
Fig. 1) was used to regulate the flow of molluscicide
from a large drum.

Trials in storage dams

Storage dams or reservoirs are very common in the
rural areas of Southern Rhodesia. These water bodies
comprise a large proportion ofthe snail habitats in the
country and are a major problem when economical
snail-control measures are planned. They vary in
capacity from a few hundred to several million cubic
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FIG. 1
FLOW-REGULATING DEVICE USED IN DRIP-FEED EXPERIMENTS

Apparatus is screwed into 44-(UK) gal (200 1.) drum laid horizontally on stand. After filling, drum is sealed and flow switched
on at main valve; air enters system via air inlet and rate of flow is regulated by small tap at far end of device. In principle, apparatus
is similar to that described by Crossland et al. (op. cit.)

metres, but with the majority ranging from 1000 m3
to 80 000 m3.

Five water bodies were treated to achieve an over-

all molluscicide concentration of 0.25 ppm. The
results in the first, on Visa Farm, were assessed not
only by random sampling of the snail population, but
also by the analysis of fauna samples taken both
before and after treatment. In addition, water samples
were taken to determine the distribution and con-

centration of the compound within the water body.
In the other trials, only snail populations were

estimated, by means of a scoop used for one man-

hour just before spraying and again one week after
spraying. All the water bodies chosen were in the
Umvukwes or Glendale districts, 30 km-50 km north
of Salisbury.

Visa dam (Table 6). The pond was approximately
triangular in shape, with the wall 35 m long and the
maximum length 32 m; the estimated volume was

530 m3. The water was muddy, the mud being kept
in suspension by ducks that inhabited the pond. The
dominant aquatic plants in the main body of water
were Nymphaea and Potamogeton, while the shallow
perimeter was well covered by emergent grasses,
Typha sp., Scirpus sp. and others. Before the mol-
luscicide was applied, 20 samples were taken by means

of a modified Eckman grab (Garnett & Hunt, 1965).
The sampling was repeated one week after spraying.
A total of 650 ml of emulsion FX 28 was applied

to the water body by means of a Galeazzi sprayer, the
--surface of the pond being completely covered. Water
samples for analysis were taken one hour after spray-
ing. At a depth of 0 cm - 5 cm the average WL 8008
concentration was 0.22 ppm; at a depth of 40 cm it
was 0.20 ppm (averages of 6 and 5 samples, respec-

tively).
The snail population in the reservoir was drastically

reduced (from 120 per m3 before spraying to 9 per ms
one week afterwards for B. globosus and from 9 per
m3 to 0 for L. natalensis) but it was by no means elimi-
nated, probably because the concentration of mol-
luscicide was not high enough. It is possible that a
contributory factor may have been adsorption of the
chemical by the extremely muddy water. Large
numbers of fish, mainly Barbus spp. and Clarias sp.,

succumbed to the molluscicide, but, as can be seen in
Table 6, there was no drastic effect on a wide range

of microfauna. This is an important point because
it indicates that the compound is not generally bio-
cidal but is selective in its effect.
The other storage dams were sprayed in a similar

manner, using a Galeazzi knapsack sprayer operated

Air imld

Off-on Volvo

Flow edlust_in

Oseflow
Tasmc

WHO i0O26
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TABLE 6
EFFECT OF MOLLUSCICIDE TREATMENT

ON MICROFAUNA IN VISA DAM

Microfauna Number before Number one week
spraying a after spraying a

Turbellaria 10 6

Nematoda 43 10

Rotifera 3 78

Oligochaeta 7 6

Cladocera 145 103

Ostracoda 12 3

Copepoda 2 521 1 367

Ephemeroptera 302 206

Chironomidae 54 27

Acarina 22 3

a Number obtained in 9 composite samples, each of 3
sweeps with 12-cm-diameter plankton net.

from a small rowing dinghy, supplemented by a

stirrup pump operated from the shore. Three litres
of compound were mixed with nine litres of water in
the sprayer and the nozzle was adjusted to give a jet
rather than a spray of molluscicide, which was

directed on the water surface. When the compound
was applied in this manner, an oily fraction floated
on the surface for approximately one hour after the
treatment, although the main blanket of molluscicide
sank through the water fairly rapidly. In clear water
the white " billowy " cloud sank to the bottom at a

rate of approximately 1 metre in 20 minutes. This
does not appear to be a disadvantage, because of the
satisfactory results obtained. It is probable that the
concentration was sufficiently high to be lethal within
the short contact period.

For use in the stirrup pump, 200 ml of the com-

pound were mixed with 12 litres of water and the
mixture was sprayed with considerable force among
the vegetation on the periphery of the reservoir.

O'meath dam (Table 7). Being in a stream, the
water body was long and narrow, except near the wall,
which was 57 m long; the maximum length of the
pond was 165 m. Vegetation consisted of large beds
of submerged aquatic plants, such as Otellia and
Chara in the deeper water and Nymphaea, emergent
grasses and sedges nearer the shore. The central
portion of the dam was deep (approximately 3 m) and
was clear of vegetation.

Moorfields dam (Table 7). The water body was

squat, being 110 m long at the wall and having a

maximum length of 90 m. The water was clear and
fairly shallow, the greatest depth being 1.5 m. Except
in a small region in the centre, the vegetation was

dense; it consisted of submerged aquatic plants such
as Otellia and Nitella and emergent plants such as

Polygonum salicifolium, Typha, Scirpus and thick
beds of the grass Leersia sp.

Whitfield dam (Table 7). The water body was

narrow and rapidly tapering. It was approximately
30-m wide at the wall and then followed a tortuous
watercourse for several hundred metres, finally end-
ing in a dense bed of Phragmites. Apart from a

narrow central region, the pond was covered with
dense submerged, surface and emergent vegetation.
Total coverage with molluscicide was effected.

Glendevon dam (Table 7). This was a fairly large
water body, somewhat over one hectare in area; the
length of the wall was 100 m and the maximum
length of the pond 150 m. Almost the entire surface
was covered with a dense tangle of Potamogeton
richardi, and the grass Leersia sp. formed dense mats
along the wall. The edges of the pond were very

TABLE 7
EFFECT OF SPRAYING DAMS WITH WL 8008 AS FX 28 CONCENTRATE

Volume of No. of snails before spraying No. of snails after spraying
Dam Capacity m ollus-(mi) cicide B. tropicus B.(P ) B. pfeifferi L. natalensis B. tropicus | (P) B. pfeifferi L. natal-(litre) globosus globosus ensis

O'meath 10 000 10.3 10 0 2 20 0 0 0 0

Moorfields 4 000 7.0 40 8 4 46 1 1 0 0

Whitfield 3 000 5.6 11 7 25 5 0 0 0 0

Glendevon 10 000 18.4 315 0 99 32 39 0 0 0
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FIG. 2
DISTRIBUTION OF MOLLUSCICIDE WITHIN WATER BODIES

Time (hours) wHo 60827

Prospect pond: samples taken among vegetation.
Chapman pond: samples taken In large water body devoid of surface vegetation.

shallow and this made spraying from the boat diffi-
cult. As the shallows were extensive, adequate treat-
ment with a stirrup pump was also difficult. It was in
these shallow regions that the surviving snails were
found.

Dispersal ofFX 28 in waterbodies

When a molluscicide is applied to static water
bodies, its efficacy against snail populations will to a
large extent depend on how it becomes distributed
in the water. In order to investigate this aspect with
FX 28, three series of experiments were carried out
in static water bodies harbouring snails.
The first experiment was carried out on a large

pond (100m long, 10m wide and 2 m deep) in a river
bed. It was sprayed with a concentrated suspension
ofFX 28 (1: 10 with water), using a jet nozzle attach-
ed to the Galeazzi sprayer. Photographs taken at 20-
minute intervals after spraying showed that, whether
it is sprayed on the surface or under the surface, the
cloud of emulsion sinks completely through the
habitat.

In the second and third experiments different ponds
were used and the WL 8008 content of the water was

determined. Water samples were drawn offby means
of rubber tubes set at various levels on a rod placed
in the water before spraying began. The results are
given in graphic form in Fig. 2. The Henry Chapman
pond is large, some 20 m wide, 100 m long and 1 m
deep at the point of sampling and has little surface
vegetation. In contrast, the Prospect pond is covered
by dense patches of vegetation with clearings in the
deeper water; it is rectangular, some 600 m2 in area
and 1 m - 2 m deep.
The results show that the behaviour of the emulsion

is dependent on several factors. In the absence of
vegetation it sinks rapidly from the surface, but in its
downward movement it is attenuated and the move-
ment can be arrested, as in the Henry Chapman pond,
by some barrier, e.g., a thermocline. In the open
water in the Prospect pond the molluscicide took 10
minutes to penetrate 24 cm and the concentration
there rapidly fell away, while in the deep water the
concentration rose to 0.1 ppm after 2 Y2 hours and
then fell slightly. The presence of vegetation causes
the molluscicide to be held near the surface for a
long period, with very slow release into the water
beneath.
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Trials in an irrigation canal
It has been suggested (Crossland, personal com-

munication) 1 that a low concentration of WL 8008
may result in effective control of snails if applied over
a long period of time. If the duration of application
exceeds the incubation time of the eggs, the non-ovi-
cidal property of the molluscicide will be of little
significance. Crossland et al.1 have shown that the
compound is effective against planorbid snails in
canals up to 6 km long. The trial reported here was
carried out in a concrete-lined canal 23.7 km long to
determine whether 0.02 ppm of WL 8008 applied at
the head of the canal for 21 days would destroy snails
throughout its length. The canal is of varying gra-
dients and carries 5 ft3/s (141.5 litres/s) of water from
Dutchman's Pool on the Sebakwe river to the Um-
niati power station. The canal includes several in-
verted siphons and small weirs where deposits of fine
silt 10 cm - 20 cm deep have formed.

Large numbers of snails of the species Lymnaea
natalensis, Biomphalaria pfeifferi and, especially,
Bulinus tropicus occurred along the length of the
canal, predominating in the upper 6 km (average 6
snails per scoop) and in the vicinity of the siphons in
the lower reaches of the canal (10 - 30 snails per
scoop).
The molluscicide (as the FX concentrate) was

dispersed in water at the rate of 678 ml FX 28 to 208
litres water and this was dispensed, by means of a
drip feed (see Fig. 1) over a 12-hour period and the
application continued for 21 days. Unfortunately
the 0.3 % suspension of FX 28 in water was not stable
over 12 hours and some of the compound settled to
the bottom of the dispenser. This resulted in a fluc-
tuation in the concentration of the molluscicide, but
there appeared to be no adverse effect on the mol-
luscicidal activity.
Immediately after the treatment, a thorough hand

survey of 6 km of the canal in the regions previously
found to harbour most snails yielded no live snails.
A follow-up survey 30 days after treatment was under-
taken and, although no snails were found in the
upper reaches of the canal, several adult B. tropicus
were collected in the regions of the siphons and weirs
in the lower reaches. All these snails showed on the
shells a pattern indicative of arrested growth followed
by a period of recent growth on the final section of the

1 See also Crossland, N. O., Beesley, J. S. S. & Mesmer,
E. T. (1965) Small-scale field trials to evaluate the effectiveness
of low, continuous dosages of the molluscicide WL 8008
(Miscellaneous report No. 499 from the Tropical Pesticides
Research Institute, Arusha, Tanzania; unpublished).

shell. This suggests that these snails may have been
in the mud at the bottom of the canal during the time
the molluscicide was applied and then emerged after
the treatment, or else that they were rendered in-
active, but were otherwise unaffected, by the mol-
luscicide.
The lack of general biocidal properties was shown

by the stability of the insect fauna. Large numbers
of chironomid larvae, waterbugs of the genus Lacco-
coris, caenid dragonflies and frogs survived the treat-
ment. Larger numbers of fish, mainly Barbus sp.,
were killed during the treatment.

Trials in a natural watercourse
A small branched watercourse, approximately 20

km long, known as the Kanowna catchment, was
selected for the experiment. The northern arm com-
menced at a small dam and flowed along a region
densely overgrown and shaded by trees, with inter-
mittent pools that sometimes were obscured by
Phragmites. Ponding increased towards the bottom
of the catchment, especially after the junction of the
two tributaries. Flow in the northern arm was ap-
proximately 28 litres/s, although, because of the
large number of ponds, the retention time was fairly
long.
The southern arm of the catchment was similar to

the northern arm, except that the ponds were some-
what larger, in some cases 200 m - 300 m long, 4 m -
6m wide and 1.5 m - 2 m deep. The flow of water was
approximately 4 litres/s.
The watercourse was sprayed from the bank by

two teams, one equipped with a stirrup pump and the
other with a Galeazzi OM knapsack sprayer, and the
molluscicide was applied in such a way as to effect
complete coverage of the water surface, in a con-
centration calculated to achieve a final dose of 0.5
ppm. When the stirrup pump was used, either 200
ml or 400 ml of emulsion FX 28 was mixed in 13 litres
of water and sprayed into the habitat. With the knap-
sack sprayer, however, the technique was different.
Two to three litres of FX 28 were mixed with nine
litres of water, and this concentrate was applied to the
water surface in the form of a jet; criss-cross spraying
enabled the operator to achieve an even coverage.
A total of 52 litres of FX 28 was used in the experi-
ment; this involved the application of 9.3 kg of active
ingredient.

Snails were distributed along the length of the
catchment, except where the tree growth was dense
enough to cause almost permanent shade on the
water. Bulinus globosus was the predominant species,
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TABLE 8
SURVEY OF SNAIL POPULATION IN KANOWNA CATCHMENT

BEFORE AND AFTER SPRAYING WITH WL 8008

Localities examined Snail No. of localities with stated
Date ____________ population ______population of

of survey tl No. in
Total with snails localities B. globosus B. pfeifferi L. natalensis

23 June 33 20 1-5 5 1 3
(before

spraying) 6-10 11 0 0

11+ 2 0 0

3(July 33 1 1-5 1 0 0
(after

spraying)

21 July 39 0
(after

spraying)

with Biomphalaria pfeifferi and Lymnaea natalensis
occurring occasionally along the stream. An estimate
of the snail population was made by carrying out a
set number of scoops with a standard scoop-net in
each of a series of localities, selected at random,
throughout the catchment. The first survey was done
prior to spraying and the assessment surveys were
carried out one week and one month after spraying.
The result of the treatment is shown in Table 8. As

can be seen from the two post-treatment surveys, the
snail population was drastically reduced.

DISCUSSION

The use of molluscicides in the control of fresh-
water snails is now approaching the highly developed
state of insect control with insecticides. It is apparent
that different molluscicidal compounds formulated
in a variety of ways will provide a series of weapons
to be used under widely differing field conditions. By
the selection of the best available material for the
particular habitat to be treated, control methods will
become more efficient and economical.
As a molluscicide, WL 8008 has two important

properties. At a relatively high concentration (1.0
ppm) contact for as little as 15 minutes will result in
a high snail mortality, while at lower dosages
long contact periods (24 hours or more) produce
similar results. As the compound is non-ovicidal it
should be used at a time when the egg production of
the snails is minimal or incorporated in a regime that
will destroy the adults and hatching young. This can

be done either by two applications at an interval of
14-21 days, which will allow the eggs to hatch but not
provide sufficient time for the young snails to mature,
or by a treatment of sufficient duration to destroy all
hatching young; at normal summer temperatures
(22°C - 26°C) this should extend for 21 days. Un-
fortunately, the molluscicide appears to be unable to
penetrate silt and any snails that remain beneath the
mud in treated water bodies will survive to repopulate
them. This is a real danger and it may be necessary
to apply the treatment in two or more stages with an
interval that will allow the snails to emerge from the
mud between successive treatments. This method is
not altogether without value; as long as it is eco-
nomical it can be used in irrigation schemes where a
single large main canal leads into the area. This is
the case in Southern Rhodesia, where a single canal
with a flow of 700 ft3/s (21.2 m3/s) provides the
water for irrigating some 80 000 acres (32 375 ha)
of land.
The formulation of WL 8008 known as FX 28 was

used in this series of trials. When applied to a water
body as a concentrated suspension (1: 3 or 1: 5 with
water) by means of a sprayer with a jet nozzle, the
molluscicide spread as it hit the water and formed
layers that sank slowly or rapidly, depending on the
amount of vegetation or the thermal conditions of the
water body. When the molluscicide was applied under
the surface, the layer sank fairly rapidly.

Thus, in the treatment of large static water bodies,
application can be designed to produce a lethal layer
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of molluscicide that will sink through the biotope,
destroying snails as it progresses, and finally mingling
with the substrate in such a way as to remain lethal
on the surface of the mud.
The molluscicide N-tritylmorpholine (WL 8008) in

the formulation FX 28 has characteristics which differ
greatly from those of other currently used mollusci-
cidal compounds. The results of the tests described
in this paper indicate that, if used properly, it could
prove a most powerful weapon in snail control.
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REISUMmt

L'activite molluscicide d'un nouveau compose, le
Shell WL 8008 (N-tritylmorpholine) a ete examinee au
cours d'une s6rie d'essais en Rhodesie du Sud.
Au laboratoire, trois especes de mollusques, Bulinus

(Physopsis) globosus, Biomphalaria pfeifferi et Lymnaea
nataknsis, ont ete expos&es 'a des concentrations variables
du produit. Ce dernier se montre tres actif et, a la concen-
tration de 1 partie par million, entraine la destruction de
tous les mollusques apres 15 minutes de contact. Des
resultats similaires sont obtenus a la suite d'un contact
prolonge de 24 heures ou davantage a de plus faibles
concentrations. On note cependant dans ce cas une
toxicite moindre du produit pour B. globosus.
Des essais pratiques au moyen d'une suspension

aqueuse concentr6e de WL 8008 ont ete effectu6s dans

les r6servoirs d'eau, tres nombreux dans la r6gion, ainsi
que dans des etangs, des canaux d'irrigation et des cours
d'eau. Applique a la surface de 1'eau, le produit s'etale
d'abord en une couche uniforme qui sombre ensuite
plus ou moins rapidement, en fonction notamment de la
temperature de l'eau et de l'importance de la vegetation.
Dans ces conditions, le WL 8008 determine 6galement
une forte mortalit6 chez les especes de mollusques
pr6citees. I1 fait preuve en outre d'une forte activit6
piscicide, mais n'altere pas la vitalit6 de la microfaune
aquatique.

Selon l'auteur, les particularit6s d'action du WL 8008,
tres differentes de celles des molluscicides courants,
rendent son utilisation int6ressante dans les collections
d'eau stagnantes ou les rivieres a cours lent.
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