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Toxicity of insecticides to tsetse flies
A. B. HADAWAY I

New insecticides have been evaluated for toxicity to tsetse flies and compared with
organochlorine compounds currently in use. The most toxic compounds and their estimated
median lethal doses in nanogramsperfly by topical application in solution to teneral Glossina
austeni were: resmethrin 4, fenthion 8, dieldrin 10, propoxur 12, chlorfenvinphos 12, tetra-
chlorvinphos 20, and dichlorvos 20. There was little variation in the susceptibility of teneral
male and female flies, young fed flies, and fed stud males with all the compounds tested
(dieldrin, resmethrin, tetrachlorvinphos, bromophos, and propoxur) and increased toler-
ance in old fed pregnant flies occurred only with dieldrin and resmethrin. There was also
little variation in the susceptibility of teneral flies of the two species G. austeni and G.
morsitans. In contact toxicity tests with water dispersible powder deposits on plywood,
propoxur was highly active initially but lost its effectiveness after only afew weeks, whereas
tetrachlorvinphos was less active initially but more persistent.

Alternative insecticides are required for tsetse fly
control programmes in Africa to replace the persis-
tent organochlorine compounds currently in use. The
selection of suitable compounds can be made in the
first instance on the basis of toxicity by topical appli-
cation in solution. Various compounds submitted
through the World Health Organization testing pro-
gramme were evaluated by Burnett (1961, 1962, 1963)
and others have now been examined together with
established insecticides as standards for comparison.

MATERIALS AND METHODS

Most tests were carried out with teneral flies ob-
tained from pupae supplied from the colony of
Glossina austeni Newst. maintained at the Bristol
University Tsetse Research Laboratory at Langford.
Pupae, average weight 23.5 mg, were stored in sand
in a cabinet at 25°C and 70-80% R.H., and on
emergence the flies were held in paper cups with cot-
ton gauze covers. Unfed flies, mean live weight 18 mg,
were treated individually, less than 24 hours after
emergence, with a known dose of insecticide in so-
lution in 2,6-dimethyl 4-pentanone (diisobutyl ke-
tone) applied to the dorsal surface of the thorax from
a microburette. The volume applied ranged from
0.025 ,ulitre to 0.05 ,ulitre per fly. After treatment

1 Head, Division of Chemical Control Research, Centre
for Overseas Pest Research, Porton Down, Salisbury, Eng-
land.

the flies were held in paper-cup cages at 25°C and
70-80% relative humidity, and mortality counts were
made after 24 and 48 hours. Untreated flies and
those treated with the solvent alone survived without
feeding for at least 48 hours, usually for 3-5 days.
Comparative tests were also made with fed G.

austeni and teneral G. morsitans, as described in the
appropriate sections.

In contact toxicity tests, teneral flies (G. austeni)
were exposed individually in 7.5 x 2.5-cm tubes on
plywood and plaster panels sprayed with aqueous
suspensions of water dispersible powders (w.d.p.)
in a modified Potter tower and stored at 25°C and
50-55% R.H. For exposures of 1 minute, each tube
was inverted and held a short distance above the
treated surface and tapped lightly so that the fly
moved on to the deposit. For longer exposures, each
tube was carefully placed to rest over the fly on the
panel and several exposures were made simultaneous-
ly. After the required exposure time, ffies were
transferred to paper cups and held at 25'C and 70-
80% R.H., for 48 hours before mortality counts were
made.
The following compounds were tested:
p,p'-DDT
gamma-HCH
dieldrin
resmethrin
malathion *
fenthion *
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Table 1. Percentage mortality of teneral male and female G. austeni 48 hours after treatment with different doses
of insecticide

Sex J Percentage mortality with the following doses (ng per fly): a
Insecticide

of flies 10 12.5 16 20
[

25 63 100 125

p,p'-DDT F 30 (20) 60 (20) 87 (32)

M 32 (28) 50 (20) 88 (25)

gamma-HCH F 0 (10) 12 (8) 27 (15) 64 (25)

M 0 (10) 6 (17) 26 (19) 75 (16)

tetrachlorvinphos F 0 (10) 35 (20) 95 (20)

M 0 (23) 55 (20) 95 (20)

propoxur F 16 (19) 55 (20)

M 11 (18) 55 (20)

a Numbers of flies used are shown in parentheses.

dichlorvos *
fenitrothion *
dimethoate *
tetrachlorvinphos
2-chloro-1-(2,5-dichlorophenyl)vinyl dimethyl phosphate
(OMS-71 1)

2-chloro-1-(2,4-dichlorophenyl)vinyl dimethyl phosphate
(OMS-712)

O,O-dimethyl 0-[2-chloro-1-(2,4 dichlorophenyl)vinyl]
phosphorothioate (OMS-775)

chlorfenvinphos
O,O-diethyl 0-[2-chloro-1-(2,5-dichlorophenyl)vinyl]
phosphorothioate (OMS-1344)

bromophos
O,O-diethyl 0-(3,5,6-trichloro-2-pyridyl) phosphorothio-

ate (Dursban)
phenthoate *
phoxim *
chlorphoxim
jodfenphos 1
O-n-butyl S-(2-oxotetrahydrofuran-3-yl)ethyl
phosphonodithioate (OMS-1249) *

m-cumenyl methylcarbamate (OMS 15)
carbaryl
propoxur
3,4,5-trimethylphenyl methylcarbamate
(OMS-597)

benzo[b]thien-4-yl methylcarbamate (Mobam)
promecarb
2,2-dimnethyl-1,3-benzodioxol-4-yl methylcarbamate
(OMS 1394)

1 The common name recommended by the International
Organization for Standardization was changed from iodofen-
phos to jodfenphos in 1970.

The asterisks indicate that technical grade samples
of these materials were used; pure samples of the
other compounds were tested.

RESULTS

Susceptibility of teneral male andfemale flies

The results of comparative tests with young, unfed
flies (G. austeni) are given in Table 1. There was no
significant difference in the susceptibility of male and
female flies with each of the four insecticides tested
(p,p'-DDT, gamma-HCH, tetrachlorvinphos, and
propoxur).

Susceptibility offedflies of different ages

Fed flies of both sexes were supplied from the
colony of G. austeni maintained at 25°C and 80%
R.H. at the Bristol University Tsetse Research Labo-
ratory at Langford. Flies were fed on goats at Lang-
ford in the morning and then transported in insu-
lated boxes by road for tests at Porton 5-6 hours
later. The ffies used consisted of:

YF-young fed ffies (females, YFF; males, YFM);
fed on day 2 after emergence; average weight 25-
26 mg;
OFM-fed, stud males, about 21 days old, average
weight 25-26 mg; and
OFF-fed females, about 120 days old, pregnant,
weight 50-60 mg.
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On each occasion that fed flies were transported
from Langford, comparative tests were made with
topical applications of a single insecticide, and if any
teneral flies from pupae at Porton were available
these were also included. The numbers of flies in the
different groups on each occasion were small, but
summation of the results given separately in Table 2
indicates no difference in susceptibility between young
unfed (YU) and young fed flies (YFM and YFF),
with the five compounds propoxur, tetrachlorvinphos
bromophos, resmethrin, and dieldrin. There was,
furthermore, no indication of increased tolerance to
tetrachlorvinphos, resmethrin, and dieldrin in old
fed males or to propoxur, tetrachlorvinphos, and
bromophos in old pregnant females. Old pregnant
females, however, showed increased tolerance to
dieldrin, and to a lesser extent to resmethrin.

Toxicity of insecticides to teneral flies, G. austeni
Young, unfed flies of both sexes were used less

than 24 hours after emergence in tests to determine
the toxicity of compounds by topical application.
The results are given in Table 3.

Organochlorine compounds. Dieldrin, with a me-
dian lethal dose of 10 ng per fly, was about twice as
toxic as gamma-HCH, and more than eight times
as toxic as DDT to G. austeni. It is slow acting, with
substantial numbers of flies dying between 24 and
48 hours after treatment, whereas there is only a
slight increase in percentage mortality with DDT,
and none with gamma-HCH, in the same period.

Synthetic pyrethroids. Resmethrin, already found
to be one of the most toxic compounds to adult mos-
quitos by this method, proved to be the most toxic
to G. austeni with a median lethal dose of 4 ng per
fly. It is very rapid in action, but at lower dosages
some flies may recover after knock-down. The addi-
tion of piperonyl butoxide in the proportion of 10: 1
had no effect on the toxicity of resmethrin to
G. austeni.

Further tests showed that both the (+)-trans and
the (+)-cis isomers of resmethrin are highly toxic to
tsetse flies, and, as with adult mosquitos, the (+)-cis
isomer was slightly more active than the (+)-trans
isomer. On the other hand, tests with female house-
flies 3-4 days after emergence from pupae supplied
by Rothamsted Experimental Station confirmed that
the (+)-trans isomer is more toxic than the (+)-cis
isomer to this insect (see Table 4).
The compound RU-11,679 [(5-benzyl-3-furyl)

methyl (+)-trans-3-(cyclopentylidenemethyl)-2,2-di-

methylcyclopropanecarboxylate]l was similar to the
(+)-trans isomer in toxicity to G. austeni.

Organophosphorous compounds. The most toxic
compound in this group was fenthion (97.3% purity,
WHO standard sample). Chlorfenvinphos was the
most toxic of a number of vinyl phosphates tested,
but the activity of tetrachlorvinphos and OMS-711
is of particular interest because both of these com-
pounds show low toxicity for mammals. They are
fairly rapid in action, knock-down occurring within
a few hours, and there is no significant increase in
mortality rates between 24 and 48 hours. Three
phosphorothioates, bromophos, jodfenphos and feni-
trothion, were moderately toxic but very slow in
action, significant increases in the mortality rates
occurring between 24 and 48 hours after treatment.
For example, mortalities of 5%, 10%, and 30% 24
hours after treatment with jodfenphos increased to
57%, 85%, and 97%, respectively, after 48 hours.
Malathion (95% purity) was nontoxic at the rela-
tively high dosage of 150 ng per fly.

Carbamates. The carbamates tested are all highly
toxic to adult mosquitos, but have low toxicity for
houseflies. The most toxic of these compounds to
G. austeni was propoxur, with a median lethal dose
of about 12 ng per fly. It is therefore only slightly
less active than dieldrin, but is very rapid in action
with knock-down occurring in less than 30 min,
although some flies recover after a further few hours.
Mobam, promecarb, and OMS-597 were moderately
toxic, but carbaryl was less effective. One of the
most toxic carbamates to adult mosquitos, m-isopro-
pylphenyl methylcarbamate, was only moderately
toxic to G. austeni.

Toxicity of compounds to teneral G. morsitans

Selected compounds were also tested by topical
application for toxicity to young, unfed G. morsitans
orientalis Vanderplank. The average weight ofpupae,
supplied by the Tsetse Research Laboratory, Lang-
ford, was 29 mg and the mean weight of teneral flies
was 22 mg.
The results given in Table 5 indicate that the

susceptibility of G. morsitans is very similar to that
of G. austeni, although there was a tendency for
G. morsitans to be rather more susceptible to the
organochlorine compounds dieldrin, gamma-HCH,
and DDT.

1 Produced by Laboratoires de Recherches Roussel-Uclaf
SA, Romainville, France.
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Table 4. Median lethal doses of synthetic pyrethroids to mosquitos and flies by topical
application

LDso (ng per insect)
Compound -_ _ _ _ _ _ _-_ _ _ _ _ _ _ _ _ _ _ _

An. stephensi Ae. aegypti G. austeni M. domestica

resmethrin 1.4 2.8 4.0

(+)-trans ester 1.1 1.6 2.6 25

(-)-trans ester 300 260 -

(+)-cls ester 0.75 1.0 1.4 80

RU-1i 679 0.72 1.1 3.1 |

Residual contact toxicity of insecticide deposits

A few of the compounds showing high toxicity to
tsetse flies by topical application were compared with
dieldrin for residual contact activity. Resmethrin was
not included because it decomposes in light and can-
not be considered at present for use as a residual
insecticide.
The following formulations were used:

dieldrin 50% w.d.p.
propoxur, 50% w.d.p.
tetrachlorvinphos 75% w.d.p. and 24% wlv e.c.
OMS-711, 50% w.d.p.
OMS-712, 50% w.d.p.
chlorfenvinphos, 25 % w.d.p.

The percentage mortality of ffies exposed for 5 min
on fresh deposits of the propoxur formulation was
as high as that obtained with dieldrin, but although
flies exposed for 1 min on the propoxur deposits were
soon affected and some were knocked down, most
recovered and the percentages killed after 24 and
48 hours were very low (Table 6). There was a marked
loss in activity between 4 and 8 weeks after treat-
ment with propoxur, and after storage at 25°C for
8 weeks the treated panels killed none of the flies
exposed on them for 30 min. Propoxur, therefore,
has high initial activity but probably lacks the per-
sistence required for residual effectiveness against
tsetse in the field.

Deposits on plywood from w.d.p. formulations
of four vinyl phosphates, tetrachlorvinphos, chlorfen-
vinphos, OMS-71 1, and OMS-712, showed significant
differences in contact toxicity although they are simi-
lar in toxicity to G. austeni by topical application
in solution. Deposits of OMS-712 were the most
effective and those of OMS-711 were the least effec-
tive (see Table 6). There was little change in effec-

tiveness after storage for 15 weeks at 25°C and 50-
55% relative humidity.

Since tetrachlorvinphos is much less toxic for rats
than are chlorfenvinphos and OMS-712, and thus
has a greater margin of safety in use, further tests
were made with this compound. At a dosage of
0.25 g of active ingredient per m2 on porous plaster
panels, deposits from dieldrin or tetrachlorvinphos
w.d.p. killed all flies exposed on them for only
30 seconds. Thus, deposits of tetrachlorvinphos can
be very effective when the particles are readily avail-
able for pick-up from the treated surface.
Plywood panels were sprayed with tetrachlorvin-

phos at a dosage of 1 g/m2 in an emulsion prepared
from a 24% w/v emulsifiable concentrate. A few
hours after application, the deposits showed low con-
tact toxicity for G. austeni, but after storage for two
days their contact toxicity increased and was higher
than that found previously with the w.d.p. formu-
lation (see Table 7). This increase in effectiveness
was due to the formation of fine, needle crystals on
the surface of the plywood that could be broken off
and picked up by flies. Crystal formation occurred
spontaneously on sprayed panels as well as after
stimulation by exposure of flies. There was no further
significant change in effectiveness after storage of the
treated panels for 4 weeks at 25°C.

DISCUSSION

Burnett (1961, 1962) was the first to study the
susceptibility of tsetse flies to insecticides systemati-
cally. He found that the two sexes of young, fed
G. morsitans did not differ significantly in their sus-
ceptibility to DDT, gamma-HCH, and dieldrin ap-
plied topically in solution, and that there was no in-
creased tolerance in male flies that had survived for
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more than 18 days. Pregnant females, however,
showed a high degree of tolerance to all chlorinated
hydrocarbons tested, and the median lethal dose of
DDT or dieldrin was 9 times that for young male
flies. Fertilized but nonpregnant females were inter-
mediate in susceptibility, the median lethal dose being
3.8 times that for young males. Less complete data
for an organophosphorus compound, fenthion, and
a carbamate, propoxur, suggested that pregnant flies
were not substantially more tolerant of these com-
pounds than were young ones.

In the present series of tests with G. austeni there
was no significant difference in the susceptibility
of teneral male and female flies, young fed flies, and
old fed males to any of the insecticides tested. Fur-
thermore, there was no increase in tolerance in old
fed, pregnant females to propoxur, tetrachlorvinphos,
and bromophos, but a significant increase in toler-
ance did occur in such flies to dieldrin and, to a lesser
extent, to resmethrin. The tolerance to dieldrin in-
creased by a factor of between 3 and 4, a smaller
increase than that found by Burnett.

Irving (1968) found that wild-caught, pregnant
female G. pallidipes were four times more tolerant
of DDT than male flies. This observed increase is
greater than the value of 2.7 times that would be
expected if increased weight alone were responsible.
Measurements of the absorption and storage by the
in utero larva of 14C-labelled DDT topically applied
to the mother suggested that inert storage of toxicant
in the larva is a factor contributing to the increased
tolerance in pregnant females. Uptake of insecticide
by the larva appeared to be fairly rapid at first, and
after one hour about 12% of the total internal radio-
active material was present in the larva. This in-
creased to approximately 22% after 48 hours. Larval
absorption, however, accounted for only 4% of the
radioactive insecticide applied to the mother.
The present results with G. austeni suggest that in-

creased body weight is not a major contributory
factor to the increased tolerance in pregnant female
flies, as, if this were the case, an increased tolerance
would be expected with all insecticides. Neither does
the speed of action of the insecticide appear to be
significant because bromophos acts at least as slowly
as dieldrin, while both resmethrin and propoxur act
rapidly.
No satisfactory explanation of the change in sus-

ceptibility in pregnant flies to dieldrin, DDT, and
resmethrin, and the absence of any such change in
susceptibility to tetrachlorvinphos, bromophos, and
propoxur can be given at present. It is clear, how-
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Table 6. Percentage mortality of teneral G. austeni 48 hours after exposure to water
dispersible powder deposits on plywood panels for different lengths of time

IsccdDsg odeot()gm)Age Percentage mortality after the following exposures
Insecticide |Dosage of deposit (min): a

weeks 1 ~ 5 15 - 30

dieldrin 0.25 0 4 (26) 54 (41) 100 (25)

0.5 0 31 (39) 80 (50)

1.0 0 67 (54) 95 (41)

1.0 15 38 (26) 81 (27)

propoxur 1.0 0 7 (68) 98 (41)

2 48 (31) 100 (13)

4 37 (30) 93 (32)

8 4 (28) 0 (50)

tetrachlorvinphos 1.0 0 0 (11) 20 (10) 18 (40) 72 (51)

15 8 (12) 60 (20)

OMS-711 1.0 0 0 (14) 0 (30)
15 5 (40)

OMS-712 1.0 0 29 (24) 91 (22) 100 (9)
15 58 (36) 100 (23)

chlorfenvinphos 1.0 0 11 (36) 67 (45) 100 (16)

15 0 (16) 50 (20) 100 (12) 100 (12)

a Numbers of flies used are shown in parentheses.

ever, that the insecticides tetrachlorvinphos and pro-
poxur could be at least as effective as dieldrin against
the fly population as a whole because their lower

Table 7. Percentage mortality of G. austeni 48 hours
after exposure to deposits of tetrachlorvinphos on ply-
wood (1 g active ingredient/M2) for different lengths

of time

Percentage mortality
Age after the following exposures (min): a

of deposit
15 30 _60

few hours 0 (30) 30 (60) 100 (24)

2 days 51 (47) 92 (36) -

28 days 41 (22) 93 (28)

a Numbers of flies used are shown in parentheses.

activity against young flies could be offset by higher
activity against pregnant flies.

It must be noted that other factors may influence
mortality rates when insecticidal action occurs
through contact with residues. For example, the
activity of the flies, or the extent of the distension of
the abdomen, can influence the amount of insecticide
picked up. Riordan (1966) found a greater tolerance
in male than in female G. palpalis exposed on depo-
sists of DDT and dieldrin, although the differences
were not large.
There were no marked differences in the suscepti-

bility of teneral flies of the two species G. austeni and
G. morsitans tested under the same conditions; mere-
ly a tendency for the larger morsitans ffies to be more
susceptible at least to the organochlorine compounds.
Estimates of median lethal doses of DDT, dieldrin,
and propoxur for G. austeni were similar to those ob-
tained for the same species by Busvine, Abdurrahim
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& Mohammed (1967). The order of toxicities of
compounds to G. austeni was much the same as
that found by Burnett (1961, 1962) to G. morsitans
but the estimated median lethal doses were generally
higher. There was no correlation between the toxicity
of compounds for tsetse flies and their toxicity for
either houseflies (Musca domestica) or adult mos-
quitos (Anopheles stephensi).
The most toxic compounds to G. austeni by topical

application in solution are resmethrin, dieldrin, fen-
thion, propoxur, dichlorvos, and the related vinyl
phosphates, tetrachlorvinphos and chlorfenvinphos.
Resmethrin and propoxur are both quick acting,
knock-down of flies occurring in less than 30 min
after treatment. Some of the flies knocked down,
however, recover after a few hours. In practice, there-
fore, the effectiveness of these two compounds could
be greater than expected from the median lethal doses
if flies knocked down were attacked by ants and other
predators before they recover. The vinyl phosphates

are slower in action, knock-down occurring a few
hours after treatment with no recovery. The phos-
phorothioates bromophos and jodfenphos are mode-
rately toxic and are very much slower in their action,
a high proportion of the flies being affected between
24 and 48 hours after treatment.

It is of interest from the point of view of safety
in use that resmethrin and tetrachlorvinphos have
low toxicity for mammals. Resmethrin, therefore,
shows promise for use as an insecticide in coarse
aerosols and space sprays from aircraft or ground
machinery for direct impaction and immediate action
on tsetse flies but cannot be considered as a residual
insecticide for application to vegetation as it is un-
stable in light. Deposits of propoxur on plywood
are highly toxic to tsetse flies initially but lose their
effectiveness after a few weeks as the compound eva-
porates. Tetrachlorvinphos deposits, on the other
hand, are only moderately toxic initially but are more
persistent.
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RtSUMI2

TOXICITt DE CERTAINS INSECTICIDES POUR LA MOUCHE TSE-TSE

On a evalue la toxicite de quelques nouveaux insecti-
cides pour la mouche tse-tse et compare leur efficacit6
a celle de compos6s organo-chlores d'usage courant. Les
insectes ont ete obtenus a partir de nymphes de Glossina
austeni et G. morsitans provenant d'un elevage au
Royaume-Uni. Des doses connues d'insecticide en solu-
tion, sous un volume de 0,025 a 0,05 IlI, ont Wtd appliquees
localement sur la face dorsale du thorax des glossines
moins de 24 heures apres l'eclosion imaginale et les taux
de mortalite ont ete d6termines apres 24-48 heures.
Chez G. austeni, le plus toxique des composes organo-

chlor6s a ete la dieldrine, avec une dose letale mediane
(DL5o) de 10 ng par insecte, les DL60 du lindane et du
DDT atteignant respectivement 20 et 85 ng. Parmi les
nouveaux compos6s, la resmethrine, un pyrethroIde syn-
thetique, s'est montree la plus active, avec une DL50 de
4 ng par insecte; l'isomere (+)-cis temoignait d'une
efficacit6 legerement superieure a celle de l'isomere
(+)-trans. La toxicit6 du fenthion, le plus actif des com-
poses organo-phosphores etudies, etait du meme ordre
que celle de la dieldrine et environ deux fois plus forte

que celle du dichlorvos, du tetrachlorvinphos et d'autres
phosphates de vinyle. Les autres composes de ce groupe,
et notamment le malathion, etaient moins actifs. Parmi
les carbamates, le propoxur, avec une DL50 de 12-15 ng
par insecte, a fait preuve d'une toxicite de peu inferieure
a celle de la dieldrine, tandis que d'autres composes,
comme le carbaryl, se montraient peu actifs. L'action
de la resmethrine et du propoxur se manifestait rapide-
ment mais, aux faibles doses, on notait chez les insectes
un certain degre de recuperation lente apres le knock-
down.

Les epreuves pratiquees sur G. morsitans ont revele
que cette espece etait legerement plus sensible que
G. austeni aux composes organo-chlores mais, dans
1'ensemble, les deux especes reagissaient de fagon tres
semblable aux insecticides.
On n'a constate que de faibles variations de la sensi-

bilit6 de G. austeni en fonction de l'age et de l'etat phy-
siologique des specimens: males et femelles recemment
eclos, jeunes insectes gorges ou insectes males ages de
3 semaines environ. Cependant, les femelles gravides se
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sont montrees plus resistantes a la dieldrine (3-4 fois) et,
a un moindre degre, a la resmethrine.
On a egalement recherch6 la toxicite remanente de

certains insecticides appliques sur diverses surfaces sous
forme de suspensions aqueuses de poudres mouillables
dans l'eau. A la concentration de 1 g/m2, le propoxur
s'est revele initialement aussi actif que la dieldrine, mais
son efficacite n'a persiste que quelques semaines. Le tetra-
chlorvinphos est apparu moins toxique au debut mais

son activite remanente a ete de plus longue duree. Quant
a la resmethrine, instable a la lumiere, on ne peut envi-
sager de l'utiliser comme insecticide a effet remanent.
Ces experiences de laboratoire montrent que quelques

composes nouveaux pourraient eventuellement etre em-
ployes comme insecticides de remplacement des organo-
chlores dans la lutte contre les glossines. Le tetrachlor-
vinphos, en particulier, merite de faire l'objet d'6valua-
tions sur le terrain.
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