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Introduction

The advent of chlorinated hydrocarbon in-
secticides led the scientists to believe that man
had after all succeeded in his fight against
noxious insect pests, but the joy was shortlived.
. Houseflies and other insects took up the challenge
and developed protective mechanism whereby
they could escape the toxic effects of not only
these chemicals but also develop tolerance against
organophosphorus and even the recently introdu-
ced carbamate insecticides, And it seems that
chemosterilants may also have the same fate.
Though different from insecticides in their mode
of action they are also prone to this danger and
there is always the possibility of their becoming
ineffective against insect pests. In fact Hazard
et al. (1964) have already found evidence that
the yellow fever mosquito, Aedes aegypti can
develop significant resistance to apholate. Resis-
tance to metepa has also been reported in this
species by Klassen and Matsumura (1966).

That the housefly, Musca domestica domestica
can become resistant to metepa has been reported
by Sacca et al. (1966). Absa and Hansens (1969)
succeeded in producing resistance to apholate in
a strain of M. d. domestica initially resistant to
lindane, diazinon, dimethoate, dimetilan and some
other insecticides. Morgan and his associates
(1967), however, failed to find any tolerance to
apholate in a laboratory colony of M. d. domestica
subjected to continuous selection with this che-
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mical and similar results were obtained by
Meifert et al. (1967) when semiweekly baits of
metepa were given to adult flies for two years
under field conditions. Since the tolerance of the
Indian forms of houseflies to these chemicals has
not yet been investigated, it was considered desi-
rable to find out if Musca domestica nebulo can
develop tolerance to the commonly used chemoste-
rilants, apholate, tepa, metepa, hempa and hemel.

Materials and Methods

The flies used during the present studies were
drawn from the normal laboratory stock that is
being maintained in the laboratory since 1961
and has shown wide frequencies of resistant
genes by developing resistance to dieldrin, DDT
and BHC (Rahman, 1963, Khan and Ansari,
1964, Khan and Dildar, 1965). Larvae were reared
on cotton pads soaked in dilluted milk at a
temperature of 28 £ 1°C and 60 to 70 percent
relative humidity,

On emergence, the flies were sexed and kept
in cages, 8 X8” in size constructed of wire frames
and covered over by mosquito netting and meshed
cloth. A petri dish containing treated sugar was
placed in each cage. Another petri dish con-
taining water soaked cotton was also added in
each cage in order to provide sufficient moisture.
On the fifth day of emergence dishes were
removed and regular fly food was provided. On
each day following oviposition a random sample
of 100 eggs was collected from each dish, The
eggs were placed on a piece of moist black cloth
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and their rate of hatching was determined. The
percent sterility and net sterility were calculated
by the formulae as described by Hair and Adkins
(1964).

The percentage sterility obtained in tests was
converted into probit and plotted against log-
concentrations on a graph paper. Regression
lines were drawn by calculating the maximum

and minimum values of probit.

Results

The detailed results obtained with each che-
mosterilant are presented in Tables 1-6 which
clearly indicate that the species is liable to
develop resistance to.apholate, tepa, metepa,

W 38 %IV

hempa and hemel.

Selection with apholate: The adults were selec-
ted with sugar bait containing 0.03125 percent
apholate. This produced a sterility of 90.4 per-
cent. The remaining 9.6 percent larvae were
reared to produce the next generation which was
In this

way selection was continued up to 34th generation

again subjected to selection pressure.

when the selected stock was compared with the
normal laboratory strain. ‘

It seems that the species is capable of deve-
loping tolerance to apholate when selected in the
laboratory (Table 1). The rate at which the
strain acquired resistance was quite low, At Sc50
and Sc90 levels (Table 5) the strain after being

Table 1. Effects of alkylating compounds on the sterility of different
generations of M. d. nebulo.
Percent net sterility with indicated percent apholate bait
Chemosterilant  Generation - -
. 0.00195 0.0039 0.0078 0.0156 0.03125 0.0625 0.125 0.25 0.5 1.0
Apholate P — 4.4 38.7 621 90.4 99.2 * * PR
F15 — —_ 18.05 53.7 66. 6 96,03 100.0 = x  —
F21 - — 19.07 33.1 4.1 95.3 100.0 = x  —
F34 — —_— — 7.6 19.9 35.8 76,5 % * -
Tepa P 16.1 69.05 87.3 96.8 100.0 * * — —_ -
F15 5.7 28.9 43.9 51.7 99.2 * * — - -
F22 — 17.9 29.06 43.4 87.1 100.0 * _ - -
F33 — 6.01 15.1 28.2 54.5 93.8 100.0 = _ -
Metepa P — — 4.8 52.8 8.3 96.8 100.0 =* R—
F13 — _ 5.8 38.6 58.7 92,9 100.0 * P
F20 — — — 10.6 17.1 58.8 90.7 100.0 * *
F31 — — — 7.4 11.6  23.4 57.5 75.7 100.0 =«
* The females did not oviposit.
Table 2. Effects of non alkylating compounds on the sterility of
different generations of M. d. nebulo.
Percent net sterility with indicated percent apholate bait
Chemosterilant Generation —
0.03125 0.0625 0.125 0.25 0.5 1.0 2.0 4.0
Hempa P 10.7 39.2 60. 1 86.5 96.5 100. 0 * -
F16 - 2.1 17.9 29.7 50, 4 88.3 * —
F24 —_ — 5.7 11.1 35.08 56.7 92.3 *
F32 - - — 9.7 24.8 37.1 86.5 100.0
Hemel P — 13. 04 37.7 62.6 78.3 91.4 100.0 *
F15 — — 12.3 24.7 32.2 43.9 98.4 100.0
F21 — — — 4.7 12.9 22,02 75.03 100.0
F33 — — — — — 9.7 29.9 49,4

* The females did not oviposit,
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Table 3. Effects of hempa and hemel on the stenllty of different
generatlons of M. d. nebulo.

Percent net sterility with indicated percent chemosterilant bait

Chemosterilant  Generation -- 3 -

0.03125 0.0625 0.125 0.25 0.5 1.0 2.0 4.0
Hempa p 107 39.2 60.1 865 964 100,0 * —
Hemel P - 13.04 37.7 626 783 9.4 100.0 *
Hempa F15 - 48 163 206 31,3  8.04 1000 »
Hemel F16 — — 3.9 137 167 209 8604 1000
Hemel F24 - — - — 49 180 454  93.2
Hempa F25 —_ — — . 909 281 38.4 95.2 *
Hempa F33 — — — 7.0 20,9 358 75.4  100.0
Hemel F34 — e — — 7.1 1.7 249  48.2

* The females did not oviposit.

Table 4, Effects of tepa and metepa on the sterility of different
gencrations of M. d. nebulo.

Percent net sterility with indicated percent chemosterilant bait

0.00195 0.0039 0.0078 0.0156 0.03125 0.0625 0.125 0.25 0.5 1.0

Chemosterilant  Generation

Tepa P 6.1  69.05 87.3 96.8 100.0 - - - -
Metepa P — - 48 528 8.3 96.8 1000 + — —
Tepa Fl4 — 4702 56.7 84.8 98, 4 . — - - =
Metepa F15. - - - 19.7 57,2 87.6 100.0 * — —
Metepa . F23 — — - 11,01 2.7 426 825 1000 =+ —
Tepa . F24 — 149 2801 419 822 100.0 = - = =
Metepa F33 — — — — 7.2 167 54,1 86.6 100.0 =*
Tepa F34 — 10.6 23.04 38.7 76.05 100.0 = - - =

* The females did not oviposit.

Table 5. Sc50 and Sc90 values of normal and resistant strains.

Chemosterilant Strain Sc50 Resistance Sc0 Resistance
Apholate Normal 0.01148 0. 02884
6.3 13.2
Resistant 0. 070795 0. 37154
Tepa Normal 0. 0036308 0. 0087096
: 8.3 10.8
Resistant 0. 025704 0. 087096
Metepa Normal 0.017373 0. 042658
10.2 13.0
Resistant 0.17783 0. 52481
Hempa Normal 0. 091201 0. 30903
10.0 10.6
Resistant 0.93325 : 3. 2359
Hemel Normal 0. 23342 . 0.7224
20.0 24,1
Resistant 4.6774 16,982
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selected for 34 generations developed 6.3 and
" 13.2 times tolerance respectively, This is signi-
ficantly low as compared to the 26.0 fold resis-
tance obtained by Absa and Hansens (1969) in
the case of M. d. domestica selected with apholate
for 35 generations,

Selection with tepa : The adults were exposed
to 0.0156 percent tepa and the larvae obtained
were bred to produce the next generation. In
this way the flies were selected up to 18th
generation when this concentration become in-
Hence they were selected with baits
containing 0.03125 percent tepa till the 33rd
generation. Sc50 and Sc90 values were calculated

effective,

and when compared with the corresponding
values for the normal strain showed that M.d.
nebulo is liable to develop a significant degree
of tolerance to tepa (Table 1 and 5). The selected
population exhibited 8.3 and 10, 8 times tolerance
in 33 generations at Sc50 and Sc90 levels respec-
tively., Though no significant differences in
sterility levels were observed during earlier
generations the percent net sterility decreased
gradually after the tenth generation,

Selection with metepa : Selection with metepa
was made at an Sc level of approximately 86,3
percent for 31 generations., The initial Sc50 and
Sc90 values of 0.017 and 0.04 obtained for the
normal strain when compared with the corres-
ponding values for the selected stock suggest
that the species acquired 10,2 and 13.0 times
tolerance to metepa. This substantiate the earlier
work of Sacca ef al. (1966) who detected metepa
resistance in a colony of M.d. domestica when

Table 6. Sc50 and Sc90 values of

selected for 22 generations.

Selection with hempa : In tests with hempa the
flies were selected at 96.4 percent net sterility
levels and the larvae were reared to produce the
F, generation. After twenty two generations
they were selected with 1.0 percent hempa up to
the 32 generation when the selected stock was
compared to the normal susceptible one, It was
found that the épecies could develop resistance
to hempa under laboratory conditions, The
selected strain when compared with the normal
strain showed 10.0 and 10.6 times tolerance at
Sc50 and Sc90 levels respectively (Tables 2 and
5), an observation contradictory to that of Sacca
et al. (1966) who could not find any tolerance to
hempa in M.d. domestica in 20 generations of
laboratory selection. '

Selection with hemel: Selection with hemel was
made at sterility level of 91.4 percent, The
remaining 8.6 percent larvae were reared to
produce the next generation. The process of
selection was continued up to 33rd generation
when the species was found to have developed
a tolerance of 20.0 and 24.1 times at Sc50 and
Sc90 levels respectively (Tables 2 and 5).

Discussion

The studies clearly show that M.d. nebulo is
capable of developing resistance to both the
alkylating and the non alkylating compounds.
In early stages of selection no significant tole-
rance is developed but as soon selection has been
made for 15 generations, marked differences in
the tolerance of the selected and the normal

normal and resistant strains.

Chemosterilant Strain Sc50 getsii)stance Sc90 ﬁet?z)stance
Hempa Normal 0. 091201 — 0. 30903 -
Hemel Normal 0. 23442 — 0.7224 -
Hempa Resistant 1, 2023 13.3 5.0119 16.6
Hemel Resistant 5.1286 25.5 — —_
Tepa Normal 0. 0036308 — 0. 0087096 —
Metepa Normal 0.017378 — 0. 042658 —
Tepa Resistant 0. 02884 9.3 0. 13490 15.5
Metepa Resistant 0. 095499 9.0 0. 47863 10.0
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strain are noticeable, However, the rate of
development of resistance to
agents is much faster than that for the alkylating
agents. A 10.0 and 20,0 times tolerance was
achieved with hempa and hemel as against 6. 3,

8.3 and 10.2 times tolerance developed with

non-alkylating

apholate, tepa and metepa respectively,

When selected with hempa and hemel in
alternate generations the strain acquired tolerance
to both the chemicals and such tolerance was
higher than ‘the one acquired when the strain
was selected with a single chemical, At an Sc50
levels the strain developed 13.3 and 25.5 times
tolerance to hempa and hemel respectively as
against 10,0 and 20,0 times when selection was
made with either of these chemicals (Tables 3
and 6). It seems that similar structure and mode
of action of the two compounds selected resistant
individuals for each other with the result that

increased tolerance was acquired to both the

chemosterilants, Yet another strain was selected
with tepa and metepa for 34 generations and
the Sc50 and Sc90 values derived from regression
lines were compared with the corresponding
values of the normal laboratory strain. Here also
the flies developed resistance to both the com-
pounds (Tables 4 and 6). It is interesting that
the ratio of resistance to tepa increased from
10.8 to 15.5 while the resistance ratio for metepa
decreased from 13.0 to 10.0 at Sc90 levels.
Though no definite explaination can be offered
it is possible that tepa does not select the metepa
resistant individuals in contrast to metepa which
may select individuals tolerant to tepa.

Considering all the results obtained with apho-
late, tepa, metepa, hempa and hemel it is safe
to conclude that though the Indian housefly,
M. d. nebulo can develop tolerance to chemo-
sterilants under laboratory conditions, the degree
of resistance deveioped is not very high, Che-
mosterilants, may, therefore, be safely employed
for the control of this form of housefly, Morever
such a resistance phenomenon will not jeopardise
the idea of releasing sterile males in the field
for reducing population of flies as there would
be no chance of selection.

Summary

Development of resistance to chemosterilants
in Musca domestica nebulo was studied by incor-
porating the candidate chemosterilant in the food
of the adults, The larvac obtained were reared
on cotton pads soaked in diluted milk to produce
the next generation, When the selected stocks
were compared with the normal laboratory stock
it was found that the species is liable to develop
tolerance to apholate, tepa, metepa, hempa and
hemel. However, the degree of the tolerance
acquired greatly varied with each chemosterilant
and in 34, 33, 31, 32 and 33 generations of
laboratory selection the species developed 6.3
8.3, 10.2, 10.0 and 20.0 times tolerance to
apholate, tepa, metepa, hempa and hemel re-
spectively. The rate of development of resistance
to hemel was faster as compared to the degree
of tolerance detected for apholate, tepa, metepa
and hempa, * Selection was also made with
different chemosterilants in successive genera-
tions of rearing, It was found that alternate
selection with hempa and hemel induced resis-
tance to both the chemicals and the rate of
development of such resistance was much faster
than when the flies were selected with a single
chemical.. The strain selected with tepa and
metepa in alternate generations of laboratory
rearing also acquired tolerance to both the
chemicals.
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“Propylure” 10-n-propyl-trans-5, 9-tridecadienyl
acetate 3L deet, (N, N-diethyl-m-toluamide)
1, 2hWZFhv 474534y (pink bollworm moth,
Pectinophora gossypiella Saunders) DOY:EFEFIME
BLEZOWNIYFITH 5 & 19664EiT Jones Hizk
hsad, $1o8MEI Eiter btk b, Zo{td
DEOIRUIHIRE s 1o BRIz 2 o280 D
Bibd-1:. 36 ZOMmMEDL, 5T Ml% cis
SWEkiR k322X U IR D BEILIIHECS & 51z,
ZTTIHS OIIMIDINE 2 13 5 T2 HHT 12T %
ESTORAETY Al

ZNENNL SRR 3D 2 2iEL DB h
RO gl c MR BL iz 120, WIhOgA
b L POWFIRE S I RMTE sl &
LS oD YOENB L IR Hbeis
Tisotcdd, ZNHRNULTH 2 clabanigis
ThE-124H, HE0RDLTHULHITEERRS 2L
-1z,

“Hexalure” cis-7-hexadecenyl acetate i, IR
EEVOR 2 ) —~= FOBRFERINICTV 2T H
L2 OERFNYIITH Y, ZOdBEROHEDTIR
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B EZL STV, UL, g lc FHORT D
LAY P I DRI TS LT,

FID 8 X Or# A Rl% BQI8 L UT v, 5HIO

CEVEDRE BB S sklliotig e HTITL D 1 HEUR

Wmdbich 5ng WHNT 5 EFHETIME O €~ 2 W3HEE
I,

LOYHEZA VU BALUR IR 2B LN %
D g lcizisc iz L Bk E LT 1-pentanal,
1,4-butanedial, 7-acetoxy heptanal D 3 254
Tz, CORY 27 0T A0 O EEIMIIL, 7,11-
hexadecadienyl acetate Tdh 3 & g airts, %ic
FEYO g Lc izl iz, HMHIChIh
Hotc2 =22 LT, n-hexadecyl acetate
s A SRR (4 % DEGS, 175°) i32h %
11.40, 1.46TH 1z, Z1H 200~ 2FlkiC
ZIRU IR 326872 5 ENIHIXEIR cis-7,trans-
11-hexadecadienyl acetate, #% #i3 c¢is-7,cis-11-
hexadecadienyl acetate @ IR 7, — b & 54—
U, EZhZhoRBY, Gk e ivie
coinjection 3z k3 g.l.c PR 85 L Ni—
v—~sE UTHHIa W, LEDHERLY, 927 H
T A v OYEFER R, 7, 11-hexadecadieny] acetate
D cis, cisicis, trans SHEBOREMTH 3 LT
hic, Jgis “gossyplure” & H31 bhvicc DYERTI
PIFUSEF AR IO TS E DS AR I TAAE T A0
DAFELERTTL, BOBORMIDGERX, Htkbisd
o1z, IS DSHERDORE IOV T Dbl
LRBIERINI TS 3, (LF5ESE)



