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diminution de portee n'enleve rien aux qualites de
ce produit. Sa portee reste en effet au moins 6gale a
celle du DDT. Les utilisateurs de ce larvicide devront
cependant prendre les mesures necessaires pour que
I'absence d'activite constatee en debut de parcours,
au moment des basses eaux, ne laisse pas survivre
quelques larves dans la zone traitee.
Le Dursban est lui aussi un larvicide presentant

des qualites qui lui permettraient d'etre utilise dans
la lutte contre l'onchocercose, ses performances
etant au moins egales a celles du DDT, pour des
concentrations beaucoup plus faibles. Cependant, sa
toxicite obligerait les manipulateurs 'a s'entourer
d'un certain nombre de precautions et 'a calculer les
quantites d'insecticide necessaires avec une rigueur
difficilement compatible avec une utilisation en
campagne.

Conclusion
Les essais de portee et d'efficacite que nous avons

entrepris sur le terrain avec la poudre mouillable de
dimethrine et les concentres pour emulsion d'Abate
et de Dursban ont montre que ces trois larvicides
sont actifs sur les simulies dans les conditions
africaines.

Cependant le premier d'entre eux ne semble pas
utilisable contre les larves de simulies dans la pr6sen-
tation que nous avons exp6riment6e. Sa formulation
devrait etre enti6rement modifi6e.

Les deux autres, en revanche, poss&dent des qua-
lites voisines de celles du DDT emulsifiable. Le
Dursban serait toutefois d'un emploi d6licat en
raison de sa toxicite, aussi proposons-nous de le
garder momentan6ment en reserve.
L'Abate 200 meriterait d'etre experiment6 sur une

plus grande echelle, car il apparait, i notre stade
d'evaluation, comme un insecticide susceptible de
remplacer le DDT dans les campagnes de lutte
contre l'onchocercose humaine.
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Evidence of Reduced Susceptibility to DDT in
Controlling Simulium damnosum (Diptera: Simuliidae) on the River Niger

by J. F. WALSH 1

Since 1961 an attempt has been made to control
Simulium damnosum in an area of northern Nigeria
centred on the Kainji Dam site. Throughout, opera-
tions have been restricted to larviciding with a 25%
emulsifiable concentrate of DDT (Shell Arkotine
D.25).
During field trials carried out in 1961 the insecti-

cide of choice was found to be extremely effective.
Most rivers were treated at rates of the order of
0.1 ppm-1.0 ppm based on the standard 30-minute
period of application. These treatments were highly
successful over a wide range of conditions. How-
ever, the River Niger itself, discharging at up to

1 Formerly Senior Entomologist i/c Vector-Borne
Diseases Control Unit, Joint Consultant Engineers, Niger
Dams Project, Kainji, Nigeria.

220 000 ft3/s (6229 m3/s), was very costly to treat and
the use of larvicide had to be as economical as
possible. It was found that under suitable conditions
of flow, treatments at the rate of 0.033 ppm were
fully effective in the early years. Standardized
searches for larvae were carried out just prior to and
48 hours after larviciding. Treatments were judged
successful when larval life completely disappeared
below the dosing point for a distance of 80 km
(50 miles). These results compared favourably with
those of other control operations (Fredeen, 1962)
and in several cases larval life was known to have
been eliminated for at least 175 km (110 miles).

Larviciding rates varied little in the early years,
but were higher than 0.033 ppm during periods of
low discharge. The rates, which were known to be
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near the minimum for effective treatment, were
increased slightly in 1964 and more sharply in
1966-67 when several treatments failed to eliminate
larval life. The gradual increase in the effective
larviciding rate is shown in Table 1. For each year
the upper number is the highest larviciding rate
which was not fully effective, and the lower number
is the lowest rate which was always fully effective.
Table 2 gives in greater detail some of the key
treatments made over the years.

TABLE I
TREND IN EFFECTIVENESS OF NIGER RIVER

LARVICIDING a FOR CONTROL OF SIMULIUMDAMNOSUM,
1961 68b

1961 1962 1963 1964 1965 1966 1967 1968

0.025 0.028

0.033 0.033 0.033

0.040 0.040

0.050 0.050

0.058

0.067

0.071

0.077

a Larviciding rates in ppm over 30 minutes.
b The position of the larviciding rate corresponds to its

quantitative level on an arithmetic scale. Figures below a line
Indicate an effective application against larvae; figures above a
line indicate that the dosage was not effective.

From Tables 1 and 2 it is clear that after 8 years of
regular larviciding S. damnosum remained very sus-
ceptible to DDT emulsion. Nevertheless, in that
time it became necessary to double the concentration
to achieve complete destruction of the larval popula-
tions and this had a very marked effect on the over-
all cost and feasibility of the scheme. Thus, to take
an extreme example, on 12 October 1962 the River
Niger was treated at a rate of 0.033 ppm when
discharging at 220000 ft3/s (6229 m3/s). This re-
quired 465 UK gallons (2114 litres) of insecticide
which at that time cost about N£0.7 per gallon.

Thus the total cost of this single treatment was over
N£325. Doubling such a treatment would have been
too costly.

Despite many years of larviciding against black-
flies, very few cases of reduced susceptibility to
insecticides have been reported. The only published
cases noted are in Japan (Suziki et al., 1963) and
very recently from Canada and the USA (Jamnback
& West, 1970). So far no concrete evidence is
forthcoming from Africa, though Busvine & Pal
(1969) reported a suspicion of DDT resistance in
southern Ghana. Resistance was fully established in
Japan after nine years of control, but the breeding
site was small and very isolated.

In New York State irregular larviciding had been
carried out since 1948 and the Canadian breeding
sites had also been subjected to a long period of
treatment. Tropical species of Simulium with their
much shorter life-cycles might be expected to de-
velop resistance faster than temperate species. How-
ever, conditions in Africa have not so far been very
suitable for this. Despite considerable interest in
African blackfly control, Kainji appears to be
the longest-continued large control operation
(McMahon, 1967). Furthermore, control at Kainji,
as in other West African schemes, has taken place
within a very much larger breeding focus, the control
area being constantly invaded by, presumably,
highly susceptible flies. Also, in the Kainji area
breeding occurs in the Niger throughout the year
and, as egg to adult development takes only a fort-
night, over 20 treatments per year would have been
necessary to keep the river completely disinfested.
As this was prohibitively expensive many genera-
tions of flies have been able to develop unaffected by
control measures. Unfortunately, attempts to deter-
mine the susceptibility level of S. damnosum larvae
to DDT failed as it was not possible to keep the
controls alive for 24 hours.

Since August 1968 the main Niger River breeding
sites have disappeared under the waters of the newly
formed Kainji Lake and control below the dam site
is now carried out by fluctuating the spillway dis-
charge levels. Insecticidal control, however, con-
tinues on several tributary rivers in the vicinity.
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TABLE 2
DETAILS OF THE MORE IMPORTANT LARVICIDAL TREATMENTS OF THE RIVER NIGER AT BUSSA

WITH A 25 % DDT EMULSION AGAINST SIMULIUM DAMNOSUM

D River discharge Larviciding rate I Effectiveness b 1Re kDate (x 1000 ft /s) (ppm 30 min) (over 80 km) Remarks

27 Sept. 1961 141 0.025 ++

11 Oct. 1961 116 0.033 +++

Wet season 1962 (6 applications) 30-220 0.033 + + +

29 Aug. 1963 95 0.033 + + + Effective to 175 km

13 Sept. 1963 102 0.028 ++

23 Sept. 1963 85 0.040 +++

19 Aug. 1964 127 0.040 +++ A few S. griseicolle survived

27 Aug. 1964 95 0.050 +++

14 Sept. 1964 184 0.040 +++

5 Oct. 1964 168 0.040 ++

13 Oct. 1964 130 0.040 +++

March 1965 (2 applications) 71 0.050 + ++ One effective to 115 km

14 Aug. 1965 52 0.067 +++ Effective to 175 km

25 Sept. 1965 126 0.040 +++

29 March 1966 55 0.067 +++ Effective to 175 km

14 Sept. 1966 78 0.058 +++ A few S. griseicolle survived

9 Oct. 1966 91 0.050 +++

11 Dec. 1966 57 0.050 ++

5 Jan. 1967 61 0.046 + Mainly late instars survived

9 Feb. 1967 68 0.046 + Mainly late, but also some earlier
instars survived

18 Feb. 1967 68 0.046 + Mainly late, but also some earlier
instars survived

19 Sept. 1967 124 0.050 + Many late instars survived

30 Sept. 1967 135 0.058 ++ A few late instars survived

24 Oct. 1967 93 0.067 + + Nine larvae only
6 April 1968 70 0.071 ++

16 April 1968 62 0.077 +++

26 April 1968 78 0.091 +++

a I ft '/S= 0.028m 3/s.
b +++: Fully effective; all larval life destroyed;

++ Very small numbers of larvae survived;
+: Substantial numbers of larvae survived.

while in receipt of funds from the World Health Organi-
zation.
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