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For Bull .Ent .Res. 

EFECT OF CHEMOSTERIIAINT TEP1L 

ON GLOSS1IA IMORS ILf IiS WESTWOOD. 

BY 

DAVID A. MI,'S and HUGH R. FORD *t 

In recent years the sterile male technique for the control of 

a broad spectrum of economically important insects has r:aidly 

become prorising. With this technique practical control can 
probably be achieved with many species which have previously 

presented se-vere physical or eccnomic limitations. Tsetse flies, 

Glossina spp., have been the object of entomoloical, medical 

and veterinry research for several decad.es and have proved to be 

exceedingly difficult vectors of txypanosomiasis to control. 

Measures tha.t have prCved most effective aairnit the more 

important of the 23 Gos-'in :pp. which i-fest approximately 

4 million square miles of Z.frica include insectic ide application, 

bush clearing, and gare control (Hoching & othei, 1963). 

However, such :asuxes, thou4h eff cc tive, are expensive and 

usually ... e r ILI a C....Ca- - e IV ......r c .t-"-.....t... ' or fc2lcv.c 

by extenszive .nupnan settllemr t of the areas to prevent reinvasion. 
The camaiLn .,....t thI. scrfl:-y !Cc,-.; 

(Coauvrejl ) inling, 190) ii, Florida dencnstrated thaIt large 
land area; couti be econc:-.ically clcar:d of a peat insect by 

repeated relase of sterilc umialc. 

The teclique appcared adapta~ to Gic:s;n if male 

sterilization co~Jcd b.! "cecmpli::hud witihouL se'rv'1 side rjffects 
and if effiicont ln-Acd : 01' r s .:aLring st,.tsc "flies or safe 

treatment )! naturcal p . ouJ., be d',i:tci. Potts (1959) 

ald c11.dwjC: (i. ) rhcwcl lh.t t.i. r'productivc capacitf Cif 

G. mor, can b': C.rrtoed by liz~ion adi,-.and chcimo
sterililaUtion. Simpson (195"J) njid ip.i,\ (1965) autlined 

http:decad.es


-2

the theoretical potential and the limitations of tsetse fly
 
control or eradication with sterile males. A pr6gam to examine 
the feasibility of both sterilization and mass rearing of 
G. morsitans to be conducted under the joint auspices of the
 

United States Department of Agriculture and the Agricultural 
Research Council of Central Africa was outlined by Smith & 
Dame (1963). A preliminary report (Dame & others, 1964) 
described the initial progress of this resoazvh. The present 
report outlines the effects of the chemosterilant tepa on 

G. morsitans.
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Methods.
 

Standard conditions.
 

The G. morsitans orientalis pupae used in our experiments
 

were hand-collccted in the Zambezi River valley near Kariba,
 

Southern Rhodesia. After the parasitized pupae were removed
 

by flotation in methanol (Phelps, 1964) the remaining pupae were
 

maintained in the laboratory at a temperature of 79 f 20F . and a
 

relative humidity of 70 - 2 per cent. Newly emerged adult males 

and females were separated daily to insure the virginity of both
 

sexes. Test cages containing 25 pairs of flies were set up when
 

the males were 6 - 7 days old and the females 2 - 3 days old, the
 

ages at which sexual maturity was achieved. The 8 x 8 x 11 in. 

plywood cages (fig. 1) were covered on two sides with plastic or
 

cloth screen and on the third side with a wide-mesh cotton
 

mosquito netting. A stcckinette sleeve was mcunted on the front
 

of the cage. A wirc mesh enclosure that extended into the 

interior was placed in the floor of the cage. Thus when the
 

cage was placed overa guinea pig for one hour *,aily, the flies 

could obtain a blood meal throu, the wire screen. Between 

feedings the cages were kept on a 9 x 12 in. flat pan containing 

ed.y sand, with the wide-mesh miosquito netting adjaccnt to the 
sand. larvae deposited within the cage crawled through the 

netting ihto the sand w,,hurc thvy soon pupated. The standard 

test duration was 28 days, adequa:te time for the caged females 
to prroducc. one. or more larwae cach. ,,t the end of the test a 

record wOs made of male and fcirale sui-rival, and the rate of 
insceminztion wa. of:ten dvteinh-.d by disection and iiicrcscopic 
examination of the spezrmthccae. The pupae were sifted from 

the tinys atd otorod in ,lass jrs. covLr.d .with netting; and 

the omoxtgnoo of adults was.doLurmined and recorded aftur six 
weeks. 
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Treatment by injection. 

The chemosteillan't was injected into adult males to determine 

the sterility and toxicity caused by knowm dosages. Solutions 

of tepa (0.01 - 1.0 /ig. sterilant in ltl. ; 8 per cent. of 

distilled water) were injected through the cervical region into 

the pronotum with a calibrated hand-operated micrometer syringe 

equipped with number 27 gauge hypodermic needles. Before 

injection the males were individually immobilized by a 5 - to 

10 - sec. exposure to carbon dioxide which allowed sufficient 

time to inject the sterilant and put the male into a holding cage. 

Approximetely 25 sece. elapsed between the time the male was 

e-:posed and its rccove:r to flight activity inside the cage. 

In each replicate test 30 - 50 iecently emerged males 

(0 - 24-hr-. old) were injected. When they were six days old, 

25 of the su:rivoro were caged with 25 virgin females for 

evaluation of fo.:tility. 

Treatment of puipe. 

The effect of tepa on pupae was determined by dipping pupae 

into tap water c:- into 50 per cent. aqueous methanol solutions
 

cont,ining 0.,5, 1.0, or 5,0 per cent. of tepa. Groups of 

500 - 1500 pupan of mixed ages were placed in a smnll wire 

basket and irmerccd for one minute in the solution, Then the
 

excess liquid z-s blotted from the outside of th wire ba.ket 

with absbrbezt paper, and the wret pupae were placed en r-sE-e in 

a clean petri plate in a holding cage. In one test the pupae 

were rinsed in 50 per cent, aqueous methanol solution for one 

minute the day after they were dipped in the 5 per cent. tepa 

so)uLion, Adults omer 1;ing during the first,, second, cd-third 

weeks after t:,'-atcnt with 5 per cent. topa were evaluatod for 

stcriliy, but in the other series orly the emerr~eno of the first 

post-treatmcnt wce!: were evaluated. Bccause of the need for 

pupae, onllj the 5 por ccnt, troat-icnt was 7.'ep)icatcd. 
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Treatment by contact.
 

The contact effect of tepa was determined by exposing adult 
flies of both sexes to residual deposits on glass. Even
 

distribution of the sterilant on the surface was achieved by
 

pipetting 5 ml. of the tepa-mothanol solution into a quart jar 

and then rotating the jar until it appeared dry. During the 

rotation period a smll amount of the solution was dropped from 

the jar into a petri dish, which was also rotated to dryness.
 

The treated petri dish served as a cover for the jar during the 

treatment period. The glassware was air-dried overnight and 

used the next day. Riles, which have a strong positive 

phototropism, -were rapidly transferred into the treated jar 

by inserting the 141r in a mount built in the plywood end of 
the holding cage. When the cage was covered with a black cloth, 

the majority of the 2-day-old males immediately migrated into 

the undarkened treatment jar. The females, which have little 

phototropism at that ege, and the occasional unmoved male, were
 

captured manually in vials ill groups of 4 or 5. When sufficient 

females were acciriulatcd, they wcre rapidly released into the 
tr:eated jar through a hole in a tempoiarL cardboard cover. 

The jar was then covered with the trected petri dish and placud 

in a quiet corme: for the prescribed time. Groups of 

40 - 60 flies of one sex wure treated at one time. it the end 

of the exposure period a rapid transfer from the treatment jar 
to a holding, caoU was occon.plished by using the phototrophic 

response in reverse, in the case of the malcs or by agi.tating 
the jar, in the cz,.ce of th- f :males. In one series of tests 

0-, 1-, or 2-day old flies were e.po:cd to tepa deposits of 

10 or 50 Lg./ft.2 for 15 - 240 min. The controls1 were exposed 

for 240 vain. ir. jars treated %4th100 .cr cent. mrthAanol. 

In aother suries, umerging flies were treated by placing a 

container of prJ-'e inside a trvated jar and allowing the emergees 
to makJe their %mvy ad ).ibit_- out of the jar throu-i a funnel 

exit into a holding cage. 
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Evaluation of effect of treatment. 

or less to 10 mg./ft. 2 
Two-day-old males exposed 240 min. 

deposits of tepa on glass were tested for permanency of sterility, 

effects on longevity, and sexual vigor or competitiveness. 

Permanence of sterility was evaluated by using the standard
 

testing procedures described previously, except that after
 

7 days with one group of 25 females the surviving males were 
transferred to a new group of 25 females for a second, third,
 

fourth, and fifth series of matings. Each group of females
 

was then maintained separately for the st-and,.rd evaluation of 

reproductive capacity. A similar series wau conducted with 
untreated males. 

Effect on longevity was determined by placing 42 - 51 

six-day-old treated males in test cages without females.
 
The cages were observed weekly, ard the dead were removed. 

Similar observations on survival were made during the permanency 
test described previously to obtain information on the longevity 

of mated males o'-er a 5-week period. 

The competitiveness of treated males was evaluated by allowing 
treated and ' trcatod m.%los to compote for untreated vir&in 

females. Si>:-day-old males wore placed in a test cage and 
allowed to orient themselvus for an ho-ur. Females wore then 
introduced into the cae, and sLandard test procedures were used 
to deter.ine the reproductive capacity of the fc'maJes. The 

ratios of trctted rilcs - tutreated rales - untreated females 

in the:se tests- were 4:1:5, 1:1:5, Lnd 1:1:2. Twety-five females 
Vere used in ll except the 1:1:2 ratio test, in which only 24 
fqnules werQ usod. The total nuinb - of males r-nsed from 

10 to 25, depnIiding on the competitive ratio. One series of 
compet4tive teo ts wao conducted with the males that emerged the 

first week after being dipped as pupae in 5 per cent. tepa in 

50 per cent. aqueouz miotanol solution. 

http:st-and,.rd
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Results and discussion. 

Reproductive behaviour under standard test conditions. 

The reproductive capacity of untreated G. morsitans under 
standard test conditiona is showm in Table I, and is a useful 
guide in evaluating the effects of the various treatments. 
Insemination rates ranged from 94 to 100 per cent., and an 
average of 26 pupae was produced per cage, with 26 adults (935,) 
emerging successfully. Mortality of either sex was negligible 
during the holding period before the test cages were set up,
 
and survival vver the 28-day test period was 72 and 77 per cent. 
for males and.females, respectively. The test period was 

sufficiently lonfT for some females to deposit two larvae; 
others deposited one or none. The Iirst larval deposition 
began when the females were 15-day-old, though most females, did 
not larviposit this early. 
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Treatment by injection. 

with either topa solutions or distilledInjection of males 

water caused moderate mortality during the 6-day holding period 

and abnormally high m-le mortality over the 28-day test period 

(Table II). Despite this effect the insemination rates were 

94 per cent. or higher, an indicationinvariably normal, i.e., 

.echnique did interfere with ourthat the toxicity of the not 

sterility. lathough pupalevaluation of the resulting male 

groups, apparentlyproduction was subnormal in the control 

of low female survival, normal pupal productionbecause 

smaller doses of tepa were injected.occurred when the 

0.5 pg-, and completeHigh sterility resulted at doses of 0.3 

a dose of 1 g. The response ofsterility occurred at 

0. 	 morsitars to tepa w:as very similar to that of the house fly,
 

50 per cent. sterility after a
Musca domostica (L.), which had 


a similar
dose of approximately 0.l ,g. of tepn given in 


anner (Chang J; Borkovc-, 1964); in G. moasitacs 50 per cent.
 

sterility occurred at a doze between 01 and 0.2 g.
 

Based on thQ relative storilizing effectiveness of tepa,
 

apholate, and metupa (12,5:4:1) 	as determined by Chang and
 

Borkovec with the houz; fly (1964), we e:cpect that doses 

of apholate or rietepa exceeding 0.5 - 1.0 - g. would be necessary 

to sterilize G. riorsiitnns males. However, Chadwick (1964) found 

that apholato cnd m-t!pa were detrimental to G. morsitars 

of 0.5 or less (applicd topically insurvival at do:3Lti g. 


ethyl kctone) though they did n$ cause complete male
methyl 

sterility.
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Treatment of pupae.
 

The results of pupal treatments are given in Table II. 
The 5 per cent. tepa dip produced complete sterility in males
 

and females emerging during the first 2 post-treatment weeks 

and partial sterility in males emerging during the third week. 
However, neither sex was completely sterilized at concentrations 

of I and 0°5 per cent. tepa, and the insemination rate in 

females was normal in all these tests. In the unreplicated 

test in which pupae were washed one day after treatment with 

5 per cent. tepa, the males and females eclosing during the first 
post-treatment week showed normal fertility. This result, 

coupled with the lack of full sterility in males emerging during 
the third week after treatment with 5 per cent. tepa, suggests 

that sterilization occurs primrily as a result of the direct 

contact of the emerging adult with the sterilent deposit on the
 

exterior of the puparium rather than as a result of sterilization 

of the pupa por se. Eclosion from treated pupae was normal, 

and the longevity of males emerging during the first posttwo 


treatment wecAks did not appear to be seriously affected though
 
male survival was below normal for those Lmerging during the
 

third week. 

Treatment by contact. 

The results c1 exposure to residual deposits of tepa on glass
 

are given in Table IV. Complete sterility rusulted from all
 

treatments (except for one escapee in the 30-rin. u.:posure 

of 2-day-old males)to 10 in./ft. 2 though insuraination rates were 
norril. The lonn-.term Lurviv'l of flies txposed to 10 mn./ft. 2 . 

for less than 120 min. was no2rnll, but lorc cxposure or exposure 

to 50 M&,/ft. 2 usua]ly ruLultcd in abnorually ohort Luvvival. 

An unrtplicatd 21-1.,'. exposuro of '2-day-old males to 10 mG./ft. 2 

(not inclulcd in1 T':-i le 1d) czuzcd complott i-ortality within 

46 hours after tratiAm,.nto 
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Thus, though it is possible to overexpose the flies to the 

sterilant and to procfu6e undesirable side effects, a fairly 

wide range of exposure times (15 - 60 min.) is available for 

contact sterilization that will not reduce the lifespan of
 

the males
 

Permanency of sterility. 

exposure to 10 g./ft. 2 

Nle sterility caused by a 240-min. 

of tepa was permanent (Table V), and none of the treated males 

recovered fertility during the 5-week test period. The 

successful emergence of one adult from the first mating series 

that one male had not been completely sterilized,indicated 


At the end of the test period
but escapeeism did not reoccur. 


54 per*cent, of the untreated 6-week-old males and 42 per cent. 

of the treated 6-week-old males survived. Exposures of 30 and 

60 mine produced permanent sterility (with the exception of an 

in the 30 min. series) without reducing longevity, but theescapee 

15 min. exposure allowed some recovery of fertility. The 

insemination rate was 94 per cent. or higher in the first three
 

in
mating groups of all serls, but ranged from 97 - 34 per cent. 


the fourth and fifth matings. In spite of an insemination rate
 

of 73 per cent., a distinct decrease in fertility was observed in 

females mted to untreated rnles in the fifth matings. The 

subnonhal tnmouts of sperm detected in the spermathecae of females 

from these last Puatings with untreated LIales4 indicated that the 

untreated male gradually loses its capacity to fertilize the female. 

seenA similar decrease in amount of sperm was also in the
 

speri athceae of feoirles rated with treated malese.
 

a 
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Longevity of treated males. 

The 240-min. exposure to 10 mg./ft. 2 of tepa reduced the
 
longevity of virgin males by approximately 25 per cent. and of
 
mated males by 33 per cent. 
 (Table VI). Treated males reached 
or exceeded 50 per cent, mortality in 4 weeks when mated and in 
6 weeks when virgin compared with 6 and 8 weeks for untreated 
mated and untreated virgin males, respectively. For practical 
control programs this reduction in longevity would be quite 
significant but could be overcome by releasing sterile males
 
more frequently than would be necessary if 
 the treated males had 
normal life expectancy, Fortunately, however, shorter exposure 
periods seem to reduce this detrimental effect on longevity while 
still producing permanent sterility (see Table IV and V). 

Competitiveness of treated males.
 

The results of competitive tests with males sterilized by
 
contact as adults or by pupal dipping are given in Table VII.
 
At ratios of 4:1:5 (treated males - untreated males - untreated
 
females) an 80 per cent. reduction of female reproductive capacity
 
is theoretically (,:pected; at rxatios of 1:1:5 and 1:1:2, a 50 
per cent. reduction is expected. In actual fcact, after
 
sterilization each ratio tested produced a reduction equal to 
or greater than that anticipated. Since pairs normally remain 
in copula for periods of one hour or longer, smCLl caGe tests 
with equal nun burs of males and f cr .cs allow the less a Cressive 

mles an extra hour to find their mates beforc the more atgressive 
m les begin to seek their second mtc. Thus a sexually 
unaggressive male is not sovurely handicapped. Where there is 
a *surplus of females, however, truc com-petition does exist 
because an agacsve male may have an opportudity to mate with 
seveal. females iihile a m.le less disposed Lo perforlm its 
reproductive rcoponoibilities is not likely bo mate with as maivj 
females. The results of Leu 1:1:5 :Atio test .'!owed the 6terile 
males to be highly effective with a surplus of females. 
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While tests of this nature cre indicative of the potential
 

ability of treatted mnaes to compete with males in natural 

populations, only liarge cage and free-flight field trials can
 

corii -.  .. . :. f.l~o -.. Lffct of 7,ultiple r- tig by the 

female on the effectiveness of sperm obtained from a first mating
 

is not yet known, though Potts (1958) found that multiple matings 

do occur. However, opportunities for multiple mating were available 

in our competitive tests but this did not prevent the expected
 

reduction in fertility recorded in Table VII. 

In all instances the resulting sperm were motile and behaved
 

normally in the spermathccae of the femole. On some occasions 

inviable pupae were obtained from females mated to sterile males, 

an indication that the do:inran lethality induced by the sterilant 

occasionally ex ~roa itslf lca.te in the life of the developing 

progeny,. ..ore fr-Dquently, how.ever, the zygote formed by the 

union of the treated snerm and the normal ovuri failed to develop 

beyond the embr.yonic stages, and most females examined showed no
 

evidence of l. dovelopm.ent. In the contact sterilization 

tests less than 0-3 per cent° of the zygotes formed with sperm 

fromn treated males actually eclosed as adults. It is unlikely
 

that this decree of fertility in tr:.LAed male: would seriously 

jeopardize a rele.se progrem with Glossiia spp., which have such 

a low n:.tur'. reproductive cacpcity. It could, of course, 

seriously affect a program with an insect of high reproductive
 

caD~city, c.. thc hotu e fly, I:. doi.Stica. The sterility 

achieved in our tests exceeds thAt thus far dcmonstrated uith 

rr.dio~tc'ili: .tion (Potts, (l ),) a~and Dame & oI.). 
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valley near Kariba, Southern Idiodesia, and sterilization 

techniques were applied to these pupae or to the resulting adults. 

Under standard test conditions 25 pairs of untreated flies held
 

in a common cage produced an average of 28 pupae in a 28-day 

test period; insemination rates were 94 per cent. or higher, ari 

72 and 77 per cent. of the untreated males and females, respectively, 

survived the 28-day test period. Injection of lpg. of tepa into 

the pronotum of young males produced complete sterility. Dipping 

the pupae in 5'per cent, tcpa solution for 1 minute caused complete 

sterility cf adulto e..±."eng" i.."t_., fi :2t two post-tratm-nt 

weeks and partial stEiility of mIles emerging during the third week. 

Adults emerging from dipped pupae washed 1 day after treatment were 

fertile. Exposure of pupae to solutions containing 1 and 0.5 

per cent. of tepa failed to sterilize completely. Contact 

exposure of adult m.les and females of various known ages usually 

resulted in complete sterility (99.7/S) after exposures raning 

froa 15 To 240 mini. to deposits of 10 and 50 =g./ft. 2 of tepa 

on glass. iKLlcs exosWc for 2-0 mi. to 10 mg./ 2, of tpa 

retain:,,d their st :ility throughout a 42-day test pe'riod ind vi'%ra 

competitive vith untreated males, but their longevity wras reduced 

25 per cent, .'n -n.id 33 per cent. w:hen :ated.wt iu,.ted ',ales 

exposed for 60 min. or less sui-.ived as .rell ovw-r a 49'-day 

".O~tt i~.0:t(r-1 f2z- 15 :::i:n.but fri 

recovered cn -udcsirablu deLTee of fertility. 1io treatment 

ffcctc - of .. :;!lc to in c t,..t} fcmm..ls. 

SIL'I.'h I'Zo.M trutcd males wero motile ond appeared normal in thliir 

behaviour in th-. fcale spcrmathccae. Dominant lethality was 

usuially oxpresscd during the vmb2yonic stages, but occasionally 

was delayed iuitil Lhe piio'l st-;-e. 

http:fcmm..ls
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T, -BL" I. 

Reproductive capacity of 10 grouDs of 25 p.i-rs of 

Glonsir- moz'sit,,.n. vndcu stnnrunrd t-.,,t conditions 

Pon enta e 
survival after 28 days Number of progeny 

Male Female Pupae Adults 

72 64 	 23 23
 

80 76 	 25 23
 

40 6, 15 14 

96 76 20 18 
72 84 30 26 
72 96 33 31 

72 76 	 36 35 

29 26 

37 33 

34 33 

77 	 26Ean 72 	 28 



Ro)rod'vtive r city of .crrouis of 25 Glossina inorsitans 
. -t,h 1. ",1. cgf tn . "£c[- :. - ,-: .' . :.. -. . ..... ...- solution 

(2 'rat)
 

Pexcentage of
 

Dose I male survival M!ean number of progeny 

g-) 6 days 28 days Pupae 1 Adults 

140 86 26 0 0
 

0.5 84 36 0.5 0.5 

0.4 88 46 1,5 1,5 

0.3 76 42 1.5 1.5 

0.2 87 44 5.5 4.0 

0.1 90 36 24.5 23.0 

0.05 99 26 26.5 24.0 

0.CU. 69 26 1 2.5 22.0 

0.00 91* 29t 16.0OT 13•8* 

* 3 replicates, 

± 4 replicates. 



T.p-' rT7T 

Reprodurtive cmacit-v of froun0 of 25 pairs of 

_______ ' +--' "-i!,tioys (2 rpolicates) 

Concentration' E1er.e- ce period 2_eatod Fexcentage surdival Ilean niubew 
(O) 	 (weeks after sex after 4 weeks of progeny 

treatment) N~le Female Pupae i Adults 

5 	 1st Ib le 78 78 0 0 

2nd Male 72 76 0.5 0 
3rd* Mle 42 70 5.5 4.0 

1st Female 74 80 0 0 

2nd Female 1 76 78 0 0 

5 	 Ist "aie 56 76 1 28.0 26.0 

1st Female 60 80 28.0 26.0
 
I 

lst 	 'le 40 80 8.0 8,0
 

ist Female 68 i 64 3.0 3.0 

015st 	 le52 80 22.0
e 	 , 

ist Ferrale 72 68 9.0 7.0
 

hl 76 


lot Fenn)l 80 48 13.0 ll.C
 

0. t 1st a 60 	 29.0 27.C
 

19 Xa2les in sccond replicate.
 

1 replic.ate on1y,
 

Pupate w.ashcd on,-e day cfter treatmcnt,
 



Rc.oro t..'ctiye c itr of ;,rouws of 25 oairs of
 

Glos95i.n'! morsit, !1 nfter exposure of one siex to
 
" - ' ~o -ur 'I" (!9 r, ",lI. rt.'.:.-." " resid'.~ ~i. t" ~~ 

T-  ~at cd rt-'._ntae of IMean nu ber 
tie sex i treated sex surviving[ cf progeny 

g,/fto2 I (brs.)j . in Initially 4 weeks Pupae Adults 

0 0.5 0'ale 16
50 4e-72 60 

6 0 0

30 IMal e 70* 22 

15 1. le 70* 30 0 0 

o-24 , d. lib., b'le 81 i 26 05 0 
52 0 0Female 	 77 

69 iI 36 0.5 002/,.0 :-hle ]CO 72 0 

81 1 46 1.51 0 
10 4'72 	 F7-c-mie 

.2] 0'0 :Lic 92 C4 0 
30 Mie 94* 76 0.5 0,5 

96 72 05:15 hle 

2/.0 ,lA , 96 44 0 0 

I Female 100 i 64 0 0 
42 0.5 0]-5 I-'le 99 

0 0Fcxrle 100 80 
C-2. 2,1.67 	 42 0 0 

72.0
 
Fu='e 	 "2* 34 0 

095 60 0
S 2.5 

66 0 0 
s.- ""~ .. 	 ,Ic 66 0 0 

r. 9," 82 0 i 0* 
20Ie 	 90 80 24,0 2Ao0, iJ 'rL1.Og042-72 

lfrom 1 rl.Cr.te only. 

d su:3fac to holding cnly. ad libitim.':"to 	 !os froma txeat 

http:rl.Cr.te


Pc~rmt.nrnoy of strfi).itv of Glossin. norn.itnns r!..es 

e:cno:s (I to . '" d. of 10 -- ;./t.2 n ., 

on .-Th, (,-f-n- cf 2', f(*' !es 2 r,.o].icatcs) 

Exposure I-hle age Iean number I I6ean number of progeny 
time of 

(min.) (days) males Pupae Adults 

240 6-14 25.0 0.5 0.5 
13-21 19.5 1.0 0 
20-28 13.0 0.5 0 
27-35 11.5 0 0 
34-42 10:5 0 0 

60 6-14 z- 25.024.0 0.50 00 
2C-.2s
27-35 

20.0
17.5 

0
0.5 

0
0 

34-42 15.0 0 0 

30 6-14 25.0 0.5 0.5 
13-21 24.0 0 0 
2C-28 22.0 0 0 

* 
27-35 
iN-42 

20.0
17.0 

1.5
0 

0.5 
0 

15 25.0 0J 0 
.22--2 21.015,0 0.50,0 0.5040 

15.5 1.0 1.0 
11.-47110 1.0 1.0 

0* 6-14 2.0 29.8 26 8 
1:-21 22.8 25.8 23.2 

21.2 27.8 25.2 
J., 3, 2O0 

3-42 14.5 8.5 7.2 

* 4 Replicatesi. 

4 -i 



TALkIE 

Survivai of G}ozsin 

e-.xosed for ie h1-1r, to 

of tera on :lass 

Treatment Mean poxcentage
I 

I I3 4 

.Virgin ,ales 

Treated 94 86 68 


Untreated 95 84 77 


1,11ted males 

Treated 78 52 46 


Ul reae 6 0 68 


* 1 R~nlicate: . 

VI. 

rr it:.s wnlcs 

rior.-osits of 10 rz./ft. 

(2 reilicates) 

survival at indicated age (in weeks)
I 

7 I 105 I 6i 89 lO 

57 48 38 24 20 16 

65 60 56 50 50*. 39 

- I 

42 34
 

54 50
 


