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association with the cattle. S. dublin, S. anatum and
S. bovismorbificans were recovered from 3 workers.
This is of particular interest because it suggests that
animals in abattoirs may be sources of salmonellae
from which human infections can arise, directly or
indirectly.
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Ovicides in Simulium Control *

by R. C. MUIRHEAD-THOMSON & JUDITH MERRYWEATHER

It has long been recognized that the control of
Simulium, whether in its role as a biting pest or as
a vector of human onchocerciasis, can best be
achieved by regular applications of larvicidal chemi-
cals to the streams and rivers in which the immature
stages develop (McMahon, 1967). In the past, the
larvicide of choice has been DDT, and it is envisaged
that this chemical will continue to be the insecticide
of choice for some time to come (WHO Expert
Committee on Onchocerciasis, 1966). In the mean-
time, screening programmes are being carried out to
find a more suitable chemical to replace DDT, the
ideal compound being one which would not only be
more selective than DDT, but which would also be
free of the undesirable residual properties which lead
to is accumulation in aquatic habitats and aquatic
organisms.
When DDT is used as a larvicide, the average

concentration used in control operations is 0.1 ppm,
and the usual application period is 30 min (in the
case of aerial application, the application period may
be considerably reduced, to 5 min or less).

* From the Department of Entomology, London School
of Hygiene and Tropical Medicine, London, England.
This research was carried out with the support of the
Medical Research Council of Great Britain and the Ministry
of Overseas Development of the Government of Great
Britain and Northern Ireland.

General experience has shown, both in the control
of Simulium in Canada and in control operations
against S. damnosum in Africa, that these larvicide
dosages do not have any effect on Simulium eggs.
In most cases this has been inferred from the speed
of reinfestation of the habitat after larvicide applica-
tion (Fredeen et al., 1953). The difficulty of finding
Simulium eggs in large streams and rivers has made
it difficult to confirm this conclusion by direct obser-
vation, and has also limited the scope of controlled
laboratory tests on ovicidal properties (Hocking,
1950). For those reasons, ovicides have never really
received serious consideration in Simulium control,
and the subject received no mention in the second
report of the WHO Expert Committee Report on
Onchocerciasis (1966).

In the course of our present research programme
on the laboratory evaluation of Simulium larvicides,
the regular finding of egg masses of Simulium orna-
tum in field breeding sites in streams made it possible
to embark on a more systematic investigation on
the effects of a wide range of candidate larvicides on
eggs in the laboratory.

Materials and methods

Leaf blades of trailing vegetation with attached
egg masses were brought in from the field and cut
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into small pieces about 1 cm square. These were
distributed at random in a series of test jars con-
taining 10 litres of clean tap water to which freshly
prepared dilutions of larvicide formulation had been
added to produce the required concentrations.
According to the number and size of egg masses
available, 3-4 square pieces of leaf blade were
usually added to each test jar, as well as to an
untreated control. The water was not aerated during
exposure, but the contents of the test jar were
stirred from time to time to ensure adequate mixing.
Leaf sections with egg masses usually remained
floating on the surface throughout the exposure
period. All tests were carried out at 20°C.
At the end of the exposure period the egg masses

were transferred to bolting silk in a filter funnel and
thoroughly rinsed with running tap water. They
were then transferred to 1-litre beakers containing
clean tap water, which was vigourously aerated,
for a holding period. The length of the holding
period varied according to the rate of hatching.
In the controls, and in batches unaffected by chemi-
cal, hatching was frequently complete within 3 days,
and the experiment was terminated. In cases where
some inhibition of hatching was produced, the
holding period might be extended to 10 days to
allow for delayed hatching. Prior to exposure, and
at the end of the exposure period, each section of egg
mass was examined carefully under the stereoscopic
microscope, to ensure that premature hatching during
that period did not invalidate the results. As far
as possible recently deposited, pale-coloured egg
masses were selected for these tests to try to ensure
uniform age of material, although, in fact, the reac-
tions of older, darker-brown eggs were later found
to be much the same.

In assessing and interpreting these experiments,
it is necessary to consider the unusual nature of the
live test material. The egg masses of Simulium
ornatum, which resemble those of several other
species of Simulium, including S. damnosum, the
main vector of onchocerciasis in Africa, are com-
posed of thousands of eggs in a gelatinous matrix,
and are the result of communal oviposition by many
females. Because of the nature of the egg mass,
it is impossible either to separate out individual
" batches ", or to isolate-without risk of damage-
known numbers of eggs for experimental purposes.
All this makes it extremely difficult to obtain exact
quantitative data. In addition, hatching in the
communal egg masses does not take place synchro-
nously-at least not in the laboratory-the eggs in

the outer layer hatching first, even though they
must inevitably have been laid later than those in the
deeper layers. The possibility of determining exact
numbers of eggs at the end of the experiment was
also abandoned because vigorous agitation of the
water during the holding period led eventually to
disintegration of the egg masses and to fragmenta-
tion of dead larvae and hatched eggs. These tech-
nical difficulties may be overcome in the future,
and thus enable more precise mortality data to be
presented.
The chemicals, listed in the annex, were all tested

in the form of emulsifiable concentrates (EC), or
water-miscible concentrates (WMC), the kinds of
formulation that would normally be used in field
control. The initial exposure period selected-I hour
at 20°C-was an arbitrary one which had been used
in previous tests on larvae.

Results

The first series of tests was carried out with
3 chemicals which have actually been used, or are
in use, for control of Simulium in the field-DDT,
fenthion and methoxychlor-and 2 other well-known
mosquito larvicides, Abate and Dursban. Tests with
1 ppm of active ingredient showed that all egg masses
remained unaffected. The concentration was then
increased to 10 ppm, for 1 hour, but again the eggs
were quite unaffected, and hatching proceeded
normally during the subsequent holding period.

These findings appeared to provide strong sup-
port for the general finding in field experiments
that eggs are immune to larvicidal treatment, partic-
ularly in view of the fact that the use of 10 ppm
for 1 hour represents a concentration 100 times
greater, at double the exposure period normally
used for larvicides, at least for DDT. The matter-
might well have rested there but for the stimulus
provided by some recent work on molluscicides.
In the molluscicide screening and evaluation pro--
gramme considerable importance has been attached
to compounds which are equally effective against
eggs at normal snail control dosage. One of the
more recent and effective molluscicides, N-trityl-
morpholine (Frescon), is not ovicidal at the com-
paratively short exposures normally used in snail
control, but when snail eggs were treated with
5 ppm for 24 hours, the young embryos within the
capsule developed abnormally and died without
hatching (Boyce et al., 1967).
The exposure period in the Simulium ovicidaI

tests was now increased to 24 hours (at 20°C) and
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for the first time the ovicidal properties of some of
these compounds were seen. At 1 ppm for 24 hours
(at 20°C) the majority of the compounds listed in
the annex produced no obvious effects either on
the eggs or on hatching. Distinct inhibiting effects
were produced by 4 of the OP compounds, chloro-
fenvinphos, Folithion, fenthion and Dursban in
increasing order of lethal effect. In the case of
Dursban, inhibition was almost complete, and only
2-3 eggs hatched out of several thousands exposed,
and the few larvae that did hatch died, either during
hatching or very shortly afterwards. Attention was
therefore concentrated on Dursban and fenthion,
which were tested at 0.1 ppm for 24 hours. In the
case of Dursban, many eggs hatched at this concen-
tration, but nearly all the larvae died before they
were free of the egg shell. Several days after expo-
sure, the majority of eggs showed fully developed
embryos, but they remained unhatched. In the case
of fenthion at this concentration, a much higher
proportion of eggs hatched, and there was a high
survival rate among the larvae that hatched.

Further tests with decreasing concentrations were
therefore confined to Dursban, at 0.05 ppm,
0.02 ppm, 0.01 ppm, 0.005 ppm and at 0.001 ppm
for 24 hours. The inhibiting effect was still well
marked at concentrations as low as 0.01 ppm. Some
effect was still noted at 0.005 ppm, but at 0.001 ppm,
there was no difference from the untreated control.

Discussion

Before discussing the implications of these find-
ings, it should be pointed out that the terms " ovi-
cides " and " ovicidal effect " may perhaps be
misleading in the present context, as we are evidently
dealing with a gradation of effects. At one extreme,

LARVICIDES TESTED FOR OVICIDAL PROPERTIES

Chlorinated hydrocarbons
DDT, 25% EC; HCH, 20% EC; methoxychlor,

25% EC.

Organophosphorus compounds

Abate, 50% EC; Akton, 40% EC; fenthion, 50% EC
(Baytex); bromophos ethyl, 60%WM C; chlorfenvinphos,
50% EC (Birlame); diazinon, 25% EC; dichlorvos,
48% EC; Dursban, 41% EC; Folithion, 50% EC;
azinphosmethyl, 22% EC (Gusathion); SD-8211, 24%
EC [2-chloro-1-(2,5-dichlorophenyl)vinyldimethylphos-

embryos complete their development within the egg
casing, but further activity is arrested. In other cases
a small proportion of the eggs may hatch, but the
larvae die before they are free of the egg shell,
or larvae may hatch and become free of the egg
mass, but die within a day or two under conditions
in which control larvae are thriving.

Bearing these points in mind, the most significant
feature is that to achieve the maximum " ovicidal "
effect, a prolonged period of exposure to the insecti-
cide, of 24 hours or possibly more, is relatively much
more effective than exposure to high concentrations
for shorter periods, such as those currently used in
control of Simulium larvae. This may well neces-
sitate some further investigation of the most effec-
tive field procedure for applying chemicals which
combine both larvicidal and ovicidal properties.

These findings represent only the first stage of a
continuous investigation. The particular compound,
Dursban, which has emerged as outstandingly ovi-
cidal in the present series, is by no means the ideal
one for field use. There is every indication that even
at the very low effective concentrations, its general
biocidal properties would make a severe impact on
non-target stream fauna or food-chain organisms.
However, other compounds may yet emerge, equally
potent but more selective, perhaps better suited for
field trials or future control of Simulium.
The possibility that the inhibitory effect on devel-

opment produced by other " ovicidal " compounds
might not become apparent until a later stage in
larval life, must also be taken into consideration.
Evaluation of such compounds would be closely
dependent on another aspect of the present research
programme, namely, the development of improved
methods for the laboratory culture of Simulium.

nnex

phate]; Supracide, 20% EC; OMS 1211, 25% EC
[0-(2,5-dichloro-4-iodophenyl)O,O-dimethyl phosphoro-
thioate].

Carbamates

Dimetan, 20% EC (5,5-dimethyldihydroresorcin-dime-
thylcarbamate); dimetilan, 25% EC; Pyrolan 20% EC
(3-methyl-1-phenyl-5-pyrazolyl dimethylcarbamate); WL
18236, 40% EC (chemical details not available).

Others
Pyrethrins, 5%/piperonyl butoxide, 50% WMC.
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Where no mention is made of the chemical name, this
information can be obtained from the publication by
Kenaga & Allison (1969).
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Cost of Harvesting and Spreading Marisa cornuarietis
for Biological Control of Biomphalaria glabrata in Aibonito, Puerto Rico

by WILLIAM R. JOBIN 1 & Luis A. BERRIOS-DURAN 2

The ampullarid snail Marisa cornuarietis has been
used in ponds and lakes of Puerto Rico to control
populations of Biomphalaria glabrata, the inter-
mediate host of Schistosoma mansoni. Supplies of
M. cornuarietis for a control programme can be
harvested from natural habitats or the snail can be
raised in aquaria. The purpose of this study was
to determine the cost or the snails when harvested
in the field, and to study the effects on the yield of
snails when they were fed additional vegetation.

Materials and methods
Three ponds in Aibonito, Puerto Rico, were used

as sources for M. cornuarietis, which were then
planted in a fourth pond about 10 km away (Fig. 1).
Ponds I, J, K, and L are known locally as the Ulrich,
Rabanal, Lefebre, and Miller Grande ponds. The
ponds were similar in shape, size, and general con-
ditions and contained relatively low numbers of
other aquatic snails (see the table). No B. glabrata
were present in ponds I, J, or K; but a heavy
population existed in pond L, the pond in which
control was being attempted.
The harvesting of the snails from ponds I, J and K

and their planting in pond L was performed once

t 7 Philip Lane, Foxboro, Mass., USA. Formerly, Assis-
tant Chief, Tropical Disease Section, Ecological Investiga-
tions Program, National Communicable Disease Center,
Public Health Service, US Department of Health, Education,
and Welfare, San Juan, Puerto Rico.

' Tropical Disease Section, Ecological Investigations Pro-
gram, National Communicable Disease Center, Public
Health Service, San Juan, Puerto Rico.

a week by 2 men. The following schedule formed
the basis for the cost calculations. Starting from the
office and visiting pond J, I, and then K, a half-hour
was spent at each pond to harvest the snails. The
snails were dipped from the shore with a square
dipper of wire-mesh on a long handle. Snails under
30 mm in diameter were returned to the pond in
order to preserve the source population. At each
pond the total harvest was counted and weighed
and diameters were measured for a sample of the
harvested snails, this operation requiring an addi-
tional 15 minutes. The snails were then gently placed
in rubber buckets and transported to pond L, where
they were thrown in handfuls into the shallow
margins of the pond in thick vegetation in about
15 minutes. The team then returned to the office.
During the first few months of the harvesting,

which began in March 1968 and continued until
August, dried chips of the tuber malanga (Caladium
sp.) were added to pond J to learn whether an
increase in number of snails could be produced. The
snails clustered about the malanga chips and con-
sumed it rapidly, so it was assumed that the addi-
tional food might raise egg production. Each week
it took 2 men a full day to dig up the roots, cut them
into chips and spread the chips from the previous
week around the pond.

Results

During 22 weeks, 4980 snails were harvested-
227 per week (see the table). They were all larger
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