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l D -S’] e EFFECT OF CHEMOSTERIIANT TEPL
ON  GLOS3NV NORSTEANS WESTWOOD.

For Bull,.,Ent.Res.

BY

DAVID A. DAME  and HUGH R. FORD ¥ +

Cﬂecelved )

In recent years the sterile male technique for the control of
& broad spectrum c¢f economically important insects has rapidly
become promising., VWith this technigue practical control cen
probably be achieved with many species which heve previously
presented severe physical or eccnomic limitations. Tsetse flies,
Glossine spp., have been the object of entomological, medical
and veterinary research for several decades and have proved to be
exceedingly difficult vectors of trvpanosomiasia to contzol,
leasures that have preved mest effective against the more
important of the 23 Glossina spp. which infest approximately
4 million square miles of .frica include insecticide application,
bush clearing, and garme control (Hecking & others, 1663).
However, such rmeasures, though effeciive, are expsnsive ond
usually must either be repenved of roguler intervals or followsd
by extensive human settlement ol the arecs to prevent reinvasion.

The cerpaigm ogpninst the serew-wom Dy {bCthiomvia heririvorne

(Coquerel)| (Yuipling, 154C) in Florida demenstrated that lorgs
land aye=s could be econcnically cleared of a peat insect by

repeated relocze of sterile mzlez.

The technigue appcared adaptoblo to Glessing if male
gterilization cowld bo aceccaplished withoub severe side effects
and if effizient methods of yoss-resring 1setsc }lies or =ofea
treatment of naturcl pevclativre could be deviscds  Potts (1959)
and Chedwick (1744) rhewed thot tre reproductive capacity of
Q:_ggggiﬁghi can be reduced by sadic-sterilizetion and chenow

sterilivation.  Simpson {1953) and lvipling (196%) sutlined
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the theoretical potential and the limitations of teetse fly
control or eradication with sterile males. A program 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 end the Agricultural
Research Council of Central Africe was outlined by Smith &

Dame (1963) A preliminary report (Dame & others, 1964)
described the initial progress of this rescarch. The present
report outlines the effeots. of the chemosterilant tepa on

G, morsitans.,
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Methods.

Standard conditions.

The Go morsitens orientelis pupae used in our experiments

were hand-collected in the Zambezi River valley near Kariba,
Southern Rhodesia. After the paresitized pupae were removed

by flotetion in methenol (Phelps, 1964) the remaining pupae were
maintained in the laboratory at & temperature of 79 ¥ 2°F. and a
relative humidity of 70 : 2 per cent. Newly emerged adult males
and fem2les were scparated daily to insure the virginity of both
sexes. Test cages containing 25 pairs of flies were set up when
the males wers 6 - 7 deys old and the females 2 - 3 days old, the
eges at which sexuel maturity was echieveds The 8 x 8 x 11 in.
plywood cages (fig. l) were covered on two sides with plastic or
oloth screen and on the third side with a wide-mesh cotton
mosquito netting. A stecckinette sleeve was mounted on the front
of the cage. A wirc mesh enclosure that cxtended into the
interior was plnced in the floor of the coge. Thus when the
cage wes placed overra guinee pig for one hour “aily, the flies
could obtain a bloed mesl threugh the wire scresn., Between
feedings the cages were kept on 2 9 x 12 in. flat pan containing
dry sand, with the wide-mesh mosquito netting adjacent to the
sand. larvae deposited within the cege crowled through the
netting into the scnd vinere they soon pupated. The standard
test durction was 20 days, adcquate time for the caged females

to prnduce one or more larveoe cache At the end of the test a
record wos made of male and fumnle survivel, and the rate of
i£scmin3tion wia ol'ten determined by dissection and micrescopic
eXamination of the spermathecoc. Tho pupce were sifted from

the tinys ond stored in slass jars.covered with netting; and

the emergenco of adults was determined and rocorded after six

wecke.



Trectment by injection.

The chemssterilant was injected into adult males to determine
the sterility and toxicity caused by known dosages. Solutions
of tepa (0,01 - 1.0 fg. sterilent in 1Atl. + 8 per cent. of
distilled water) were injected through the cervical region into
the pronotum with & calibrated hand-operated micrometer syringe
equipped with number 27 gauge hypodermic needles. Before
injection tie males were individually irmobilized by & 5 - to
10 - sec. exposure to carbon dioxide which allowed sufficient
tine to inject the sterilant end put the mele into e holding cage.
Approximetely 25 sec. elapsed between the time the male was
eposed and its recovery to flight activiiy inside the cage.

In ecch replicate test 30 - 50 recently emerged males
(0 = 24-h>3, old) werc injected. Vhen they were six days old,
25 of the sw~rivors were caged with 25 virgin females for

evaluation of fe.rtilily.

Treatment of pun-e.

The effect of tepa on pupae was determined by dipping pupae
into tap water cx into 50 per cent. aqueous methanol solutions
contrining 0.5, 1.0, or 5.0 per cent, of tepa. Groups of
500 - 1500 pupar of mixed ages were placed in a small wire
basket and irmersed for one minute in the solution.  Then the
excess liquid wos blotted from the outside of th: wire basket
vith abecbdrbent peper, end the wet pupae were placed en mosce in
a clean petri plate in a holding cage. In one test the pupae
vere rinaned in 50 per cent, cqueous methanol solution for one
minute the day after they were dipped in the 5 per cent. tepa
golubion. Adults emerzing during the firsty- second, and- third
vecks after tr-2tmont with 5 per cent. teope were evuluuééd }or
steriliiy, but in the other series only the cmersees of the first
post-treaiment weels were evaluated. Becauvse of the need for

punne, onlr the 5 per cent, trcatment was replicated.



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 sterilent on the surface was achieved by
pipetting 5 ml. of the tepa~methenol solution into a quart jar
and then rotating the jor until it appeared dry. During the
rotation period o smell amount of the solution was dropped from
the jar into a petri dish, which was =lso rotated to dryness,
The treated petri dish served as a cover for the jar during the
treatnent periods The glosswere was cir-dried overnight and
used the next doy. lMoles, vhich have o strong positive
phototropism, were ropidly trensferred into the trected jar
by inserting the jar in a mount built in the plywood end of
the holding cage. VWhen the cage was covered with a bleck cloth,
the méjority of the 2-dey-old males immedieately migrated into
the undarkened trectacnt jer. The females, which have little
prhototropism at that ege, and the occasionzl unmoved male, were
captured monually in vicls in groups of 4 or 5. Vhen sufficient
females were accvmula*tcd, they were ropidly relecsed into the
treated jar through o hole in a temporary cardboard cover.

The jer wes then covercd with the treated petri dish and placed
in & quiet comes for the preseribed tire. Groups of

40 -~ 60 flies of one sex were trected at one time. 4Lt the end
of the exposure period o ropid lronsfer from the treatment jax
to a holding ez ¢ wes accomplished by using the phototrophic
response in roverse, in the casc of the males or by cgitating
the jar, in the case of tle fumales.e In one scries of tests
O-y 1-, or 2-dny o0ld flics were cxposcd to tepa deposits of

10 oxr 50 mg./ft.2 for 15 - 240 min. The controlb were oxpoaed
for 240 rin, ir jars treated vith 100 ner cent. myi}anol.

In zaother series, cmerging flics were treated by placing o
conteiner of pimne inside a‘truated Jjar and allowing the emergees
to make their vny ad libitum out of the jar throurh a funnel

‘ exit into o holding cage.



Evaluntion of effect of treatment.

Two-day-o0ld malesAexposed 240 min. or less to 10 mg./ft.2
deposits of tepa on glass were tested for permanency of sterility,
effects on longevity, and sexual vigor or competitiveness.

Permanence of sterility was eveluated by using the standard
testing procedures described previously, except that after
7 days with one group of 25 females the surviving males were
transferrad to a new group of 25 females for a second, third,
fourth, and fifth series of mwatings. Each group of females
was then maintained separately for the stonderd evaluation of
reproductive capacity. A similar series wau conducted with

untreated malés.

Effect on longevity was determined by placing 42 - S1
six~day-old treated moles in test cages without females.
The cages werc observed weekly, ard the dead were removed.
Similer observations on survival were mede during the permanency
test described previously to obtain informction on the longevity

of mated mzles over a 5-week period,.

The competitiveness of treated males was evaluated by allowing
trected ond untreoted mxlcs to compete for untreated virgin
ferzles., Six~day-old mzles were placed in a test cage and
allowed to orient themsclves for an hour. Females were then
introduced into the cage, and siandard test procedures were used
to deteriine the reproductive capzcity of the females. The
ratios of trented moles - wntreated males - untrooted femsles
in these tests were 4:1:5, 1:1:5, end 1:1:2, Twnty-five females
vere used in cll except the 1:1:2 rotio test, in wvhich only 24
females were useds  The total number of males ranged from
10 to 25, depending on tne competitive retio, One series of
competitive tests was conducted wifh the males that emerged the
first weck after being dipped as pupae in 5 per cent. tepa in

50 per cents aqueous methanol solution.
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Results &and discussion.

Reproductive beheviour under standard test conditions.

The reproductive capacity of untreated G. morsitans under
standaxd test conditions is shown in Teble I, and is & useful
guide in evaluating the effects of the various treatments.
Insemination rates ranged from 94 to 100 per cent., and an
average of 28 pupae was produced per cage, with 26 adults (93%)
emerging successfully, Mortelity 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, femeles, respectively, The test period was

sufficiently lonm for svme females to deposit two larvae;

others deposited one or none. The [irst lerval deposition
began when the femnles were 15-dey-cld, though mcst femalesa did

not larviposit this early.



Trectment by injection.

Injection of males with either topa solutions or distilled
water caused modercte mortality during the 6-day holding period
and abnormally high mcle mortality over the 28-day test period
(Table II). Despite this effect the insemination rates were
invariably normal, i.e., 94 per cent. or higher, an indication
that the toxicity of the .echnique did not interfere vith our
evaluntion of the resulting mele sterilitye. Llthough pupal
production wes subnormel in the control groups, apparently
because of low female survivel, normal pupel produc tion
occurred when tlie smaller doses of tepa were injected.

High sterility rcsulted ot doses 0f 063 = 0.5/pg., end complete
sterility occurred at a dose of 1 pg. The response of

C. morsitens to tcpa wos very similar to that of the house fly,

Musca domestica (L.), which had 50 per cent. sterility after &

dosc of cpproximetely 0.1 pge. of tepr given in a similar

ranner (Chang & Borkoves, 1964); in G. mouwsitens 50 per cent,

sterility occurred at & dose betwcen 0.1 and O'Q,Pg'

Based on the rolative sterilizing effcctiveness of tepe
apholate, ond metepa (12.5:4:1) cs determined by Chang and
Borkovee with the house fly (1964), we expect that doses

of apholate or mctepa exceeding 045 = 1.0 ng. would be nccesserxry

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

that apholate and metipa were dotrinental to G. morsitans

survival at dosus of 065 ng. or less (applicd topically in
methyl cthyl ketonc) though they did nos ctuse complete mele

sterility.



Treatment of pupae.

The results of pupal treatments are given in Table III.
The 5 per cent. tepa dip produced complete sterility in males
and femeles emerging during the first 2 post-ireatment weeks
and partial sterility in males emerging during the third week.
However, neither sex was completely sterilized at concentrations
of 1 and 0.5 per cent. tepa, and the inseminction rate in
females was noxrmal in all these tests. In the unreplicated
test in which pupae were weshed one day after treatment with
9 per cent. tepa, the males and femrles cclosing during the first
post-treatment weel 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 ocrurs princrily as o result of the direct
contact of the emerging adult with the sterilent deposit on the
exterior of the puparium rother than as a result of sterilization
of the pupe per sc. Eclosion from trcoted pupae was norral,
and the longevity of males emerging during the first two poste
treatment wecks did not appenr to be ssriously affected though
male survival was below normal for those cnmerging during the
third week,

Treatment by contact.

The rosﬁlts cf exposure to residual deposits of tepa on glass
are given in Toble IV. Complete sterility resulted from oll
trcotments (excopt for onc escapee in the *0-min, cxposure
of 2-day~old males)to 10 mg./ft.2 though inscemination rates were
normal. The long-term survivel of flies exposed to 10 mgé/ﬂ?.zi
for lcsg.than 120 nin. wos noranl, but lorgcr cxposurc or exposure
to 40 mgo/ft.2 usually resulted in abuoruclly short survival.

Ln unreplicated 24-les exposure of 2-day-old males to 10 mc./ft.2
(not included in Tidle 17) coused complets nortality within

48 hours after treatnont,
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Thus, though it is possible to overexpose the flies to the
sterilant and to prodﬁée 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 male,

Permanency of sterility.

Male sterility caused by a 240-min. exposure to 10 mg./ft.2
of tepa vas 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
indicated that one male had not been completely sterilized,
but escopeeism did not reoccur. &t the end of the test period
54 per'cent. of the untreated f-week-0ld males and 42 per cent.
of the treated 6-weeck-o0ld males survived. Exposures of 50 and
60 min, produced permenent sterility (with the exception of an
escapee in the 30 min. series) without reducing longevity, but the
15 min, exposure cllowed some recovery of fertility. The
insemination rate was 94 per cent. or higher in the first three
mating groups of all serics, but ronged from 97 ~ 34 per cents in
the fourth and fifth matings. In spite of an insemination rate
of 73 per cente, a distinct decreese in fertility was observed in
females meted to untreated meles in the fifth matings. The
subnormal fmounts of sperm detected in the spermathecae of females
from these last matings with untreated umalesg indicated that the
untreated male gradunlly loses its cepacity to fertilize the female,
A similor decrease in amount of sperm was also secn in the'

spermathccae of ferales mated with treated males.,



Longevity of treated males.

The 240-min. exposure to 10 mg./ft.2 of tepa reduced the
longevity of virgin males by epproximately 25 per cent. and of
rated 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 untrected
mted 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 moles had
normal life expectancya Fortunately, however, shorter exposure
periods seem to reduce this detrimental effect on longevity while
still produciﬁg permanent sterility (see Table IV and V)e

Competitiveness of treuted meles.

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 (trested meles - untreated males - untreated

females) an 80 per cent. reduction of female reproductive capacity

is theoretically eipscted; at ratios of 1:1:5 and 1:1:2, a 50
per cent, redvction is exvected. In actual foet, alter
sterilization ezch yatio tested produced 2 reduction equal to
or greater than that anticipated, Since rairs nomally remain
in copula”for periods of oneg hour or longer, small coge tests
with equal nunbers of males ond ferales ollow Lho less aggressive .
males an extra hour to find their metes bafore the more uggressive
males begin to scek their sccond mote., Thus a sexually
unaggressive male is not soverely handicapped.  Vhere there is

& ‘surplus of females, however, truc éompetition does exist

because an agsressive mole moy have an opportunity to mate with
several femzles vhile a male less disposed to perfomm its
reproductive rosponsibilitics is not likely to mate with as many
femaless  The vesults of lhe 1:1:5 xatio tent showed the sterile

males to be highly effective with a swplus of females.
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While tests of this nature cre indicative of the potential
ability of treated males to compete with males in natural
populations, only lorge cage and free-flight field trials can
confirm v..i rorvilie  olfo the offcet of multiple mniing by the
female on the effectiveness of sperm obtained from a first mating
is not yet known, though Potts (1958) found that multiple motings
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 female., On some occasions
inviable pupae were obizined from femaoles mated to sterile males,
en indicotion thas the dominza. lethality induced by the sterilant
occasionclly exprocscd iisclf late in the life of thoe developing
progeny.. iore froquently, hovever, the sygote formed by the
union of the treated sperm and the normal ovum failed to develop
beyond the embryonic stages, and most females examined showed no
evidence of lar=l development, In the contact sterilization
tests less than 0.3 vor cente. of the zygotes formed with sperm
frow treated males ectuclly eclosed as adults. + is unlikely
that this desree oi fertility in trected males would seriously
jeorardize a relense progren with Glossina sppe, which have such
e low nutural reproductive cepecity. It could, of course,
seriously offect & progrem with an insect of high reproductive

capncity, c.ge the house fly, l. domostica. The sterility

achicved in our tests excecds that thus far demonstroted wvith

rodiostorilicntion (Potts,(lQbé) and Deme & ofhurc).
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valley near Kariba., Southern Rhodesia, and sterilization
techniques were epplied to these pupce 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, and
72 and 77 per cent. of the untreated males and females, respectively,
survived the 28~dey test periods Injection of l/ug. of tepa into
the pronotum of young mnles produced complete sterility. Dipping
the pupae in 5 per cent, topz solution for 1 minute coused complete
sterility cf edulis enirging during ihe izt two peostetrcotment
weeks and partizl sterility of mcles emerging during the third veek.
Adults emerging from dipred pupce washed 1 dey 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 mnles and females of various known ages usually
resulted in complete sterility (99.75%) after exposures renging
frocu 15 to 240 mine to deposits of 10 and 5C mg. ft.2 of
on glass. Fales exposed for 240 mine to 10 mg./ft.2 of tupa
rotainad thedir steriliiy throushout 2 42-doy test period end wera
competitive with untreoted males, but their longevity was reduced
25 per cent, when wmated ond 33 per cents viien mateds vitles
exposed tor €0 min. or less survived as well over a géeday
teat przic? ooowitrented o lon, bub thono Clloocd for 15 min.
recovered an uwndesirzble degres of fertility. o trentment
affceted Lh' ciility of thu mnde to ingceodnote the femnles.
Sperm {ron trected meles were motile ond appczored nornnl in their
behaviour in the fomale spermathecoe Dominant lethality was
usunlly expressed during the umbryonic stores, but occasionally

was delayed until the pupnld stopca
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Footnotes

Entcmology, Research Division, Lgricultural Research Service,
United Stetes Department of lfigriculture, Salisbury, Rhodesia.

Yot for pub;Lication without prior approval of the
Entomolosy Resecreh Division of the igriculturcl
Reseorch Service or for use in szle promotion or
edvertising wnich expresses or implies endorsemcont
of the product by the Division, Service, or the

UsSe Deportrant of igricultures
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Reproductive capacity of 10 grouns of 25 poirs of

Clocsina morsitons under standard t-at conditions

Poxcentage

survival after 28 days

Male

72
80
40
96
72
72
72

Hean T2

Femele

64
76
68
76
P96
76

17

Number of progeny

Pupae

23
25
15
20
30
33
36
29
37
34

28

Adults

23
23
14
18
26
3L
35
26
33
33

26




Topl, Il

Renroduntive e~nanity of croums of 25 Glossina morsitans

Lferoleg mrt-t wi, ool dwdeadtct eridh ] 1, of tore solution
(2 rosliantes) ’
; Percentage of
Dose ! male survivel Mean number of progeny
: spg.) ; 6 days 28 days Pupae Ldults
|
1,0 86 26 0 i 0
045 84 36 05 ” 0.5
. 0 | gs ! 46 165 1.5
0.3 76 42 1.5 1.5
0.2 87 44 | 545 4,0
0ul 90 36 2445 . 23,0
0,05 99 26 2645 L 2440
0,01 69 26 2345 22,0
0,.CO 91* 29+ 16,0+ 13.8+

¥ 3 replicates.

+ 4 replicates,




TTT
Jlle

Reproduntive cav~citv of groups of 25 pairs of

ooz wms dipned ns

Glozsirn tonriimrg ol

Drcs v Fehra enalntionag

(2 reolicotes

Concentration: Emergence period - Ureated .

()

1+

045 4

0.0 +

(weelts after . sex
treatment) :
1lst ;. Mile
ond Male |
3rd* L Iole
lst Female
i ond Ferale |
1st ‘zle
; 1st Female |
i
1st Hale
% lst Female
i
1st lele
| 1lst Female
‘ lst L inle
g 1lst : Female
i

ales in sccond replicote.

1 replicate only,

!
Fexcentage survival
after 4 weeks

Mple

78
72
42
74
76

56
60

40
68

52
72

60
80

Pupae vashed on day cfter treatmant.

FPemale

78
76
70
80
78

76
80

80
64

80
68

76
48

llean nuber

of progeny
Pupae iAdults
0 0
Qe5 0
5¢5 440
0 0
0 0
28.0 26.0
2840 26,0
84,0 840
340 50
22,0 21.0
9‘0 7.0
29.0 274C
13,0 11.C




g(r;‘/ft.z) (hrs. (3iin.)
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-

odvetive eanncit of ¢rouns of 25 pairs of

I":
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Pexmanency of sterilitv of Glossint morsitons rnles
(3

2
exnos- A 4o 1o 10 0% ALt l1r af 10~ /0%, af tarag

on #lras (rwanna of 25 fermnles, 2 roeolicatcs)

Exposure Irle age lean number Mean numbexr of progeny
time of
(mina) (aeys) 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 1045 0 0
60 €-14 2540 0.5 0
13-21 24,0 0 0
; 2C-28 2G.0 0 0]
| 27=35 1745 0e5 0
34=42 15.0 0 0]
30 614 25,0 i 0.5 0.5
13-21 2440 i 0 0
2C-28 22.0 . 0] 0
i 21=35 20.0 1.5 0.5
‘ Zh=42 , 1740 0 0
15 ; €-14 2540 5 O.% 0
: 1321 21,0 : 0«5 0«5
20=25 § 1940 ' 0.0 i 040
, 2wl 11.0 1.0 1,0
0¥ =14 | 25,0 29,8 26,8
: 121 i 22,48 25.8 2542
P 2003 : 21,2 27.8 : 25.2
i : 1/.2 25, : 20,0
3"!"42 14'5 8c5 = 7 o2
: ! 3
Lo,
'l L ] -

¥ 4 Replicctes.
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