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INDUCTION OF MALE STERILITY THROUGH MANIPULATION OF GE-
NETIC MECHANISMS PRESENT IN VECTOR SPECIES OF CHAGAS DISEASE
(REMARKS ON INTEGRATING STERILE-MALE RELEASE WITH INSECTI-
CIDAL CONTROL MEASURES AGAINST VECTORS OF CHAGAS DISEASE)

Alina PERLOWAGORA-SZUMLEWICZ (1) with the technical assistance of
Minervina Vieira CORREIA (2)

SUMMARY

The fragmentary data from interspecific crosses clearly indicate that sterility
induction through genetic manipulation of vector species of Chagas Disease is
possible. Though the picture of induced sterility is still incomplete, it offers the
possibility of distinguishing two different types of interspecific crossability that
contribute to the sterility phenomenon. If sterility produced in reciprocal crosses
“between T. maculata and T. sordida follows the pattern described {for the Anopheles
gambiae complex it may be chromosomal and genic in nature. If the situation of
sterility induced through unilateral crosses between T. maculata and T. infestans,
between T. maculate and T. brasiliensis, and between R. neglectus and R. prolixus
is the same as in Culex pipiens and in Aedes scutellaris, we may éxpect the sterility
phenomenon to be due to cytoplasmic incompatibility. The plausibility of these .
hypotheses requires basic genetic analysis not available at present.

Information gained from hybridization experiments herein described, may also
be of value in clarifying the position of morphologically distinct species with
regard to the degree of reproductive isolation and in revealing interspecific pheno-
typic dominance- relationships. Thus, successful reciprocal crosses between T. ma-
culata and T. sordida argues for a close relationship, while the unilateral cross
between T. maculate and each of the other Trigtoma species suggests a more distant
relationship. It was therefore concluded that gene flow between T. maculata and
the other species was only reduced and not absent, thus indicating that none of the
three species achieved full reproductive isolatien from T. maculata, though they are
reproductively isolated among themselves. All interspecific hybrids resemble more
one species than the other as judged by color and size, thus indicating a dominance
phenomenon, behaving similarly in reciprocal hybuds when both occurred. Infor-
mation gained from these studies, when analyzed together with information from
other studies on the biology of these insects, allows certain speculations on the
practicability of 1nteglatmg sterile-male release with insecticidal methods of control

against vector species of Chagas Disease.
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INTRODUCTION

The campaigns promoted against Chagas
Disease during the last two decades have
relied heavily upon the use of residual insec-
ticides, which, when properly applied, were
highly efficient in reducing the vector popu-
lations. However, the continuing costly efforts,
which are necessary to maintain the popu-
lation at the low level attained by the initial
sprayings, are not economically feasible at
-present, thus being the chief obstacle to suc-
cessful control.

There are also valid reasons for assuming
that insecticide resistance will eventually be
established, blocking the present control
measures, as it did in campaigns against other
vectors of medical importance.

In search for a more desirable economical
way of control, an intriguing question is
whether these insects possess the natural ge-
netic mechanisms by manipulation of which
they may be controlled.

Examples of such potential genetic means
have been thus far shown to exist in the
Culex pipiens complex, Aedes scutellaris
complex and Anopheles gambice complex.
These mechanisms are being used in the
development of integrated control measures,
which involve sterile-male release to supple-
ment the conventional insecticidal techniques.

So far, the vector of Chagas Disease has
not been in\:{estigated in this respect. How-
ever, hypothetical models for integrated con-
trol methods designed by Kwipring %2
suggest that this insect may prove a good
candidate for the -practical application of
sterile-male release integrated with the pre-
sent control measures.

Reasons for neglect of this type of studies
with respect to the vector of Chagas Disease
include: first, the tendency to regard an in-
sect that exhibits a long life cycle inconve-
nient for genetic manipulations and second,
the general concept that a monogamous mat-
ing habit was necessary for successful con-
trol by sterile-male release. The female of
this insect is capable of multiple matings
and, as shown in experiments to be published,
a single male was capable to inseminate 13
females when they were held together for

five weeks. This runs counter to the Authors
earlier hypothesis ‘on the incapability of Tria-
toma males to inseminate more than one fe-
male (20). This divergence will be explained
elsewhere.

Although the long life-cycle is well docu-
mented, it should not contribute to the ne-
glect of the necessity of information in this
area. As for the second problem, polygamy

has not been an adverse factor in erradication

of the melon-fly by the release of sterilized
males, as demonstrated by STEINER 2°.

To lay a foundation toward such an ap-
proach, hybridization among some of the
vectors of Chagas'Disease was undertaken at
the end of 1970.

At present, the data are still far {from
complete, and the results obtained raised se-
veral questions, the answers to which are
not yet available. Conclusions put forward
here may be modified as further data become
available. Nevertheless, the results herein
summarized do permit some speculations
concerning the degree of genetic affinities
among the veclor species studied, and this
may be of interest to the taxonomist involved
in problems of speciation,

The data with respect to genetical control
means are too incompléte at present to permit
even preliminary judgement, but their po-
tential value - makes further investigation
seem worthwhile.

MATERIAL AND METHODS

Insects utilized in this study were derived
from laboratory colonies. These were main-
tained since 1969, when they were established
for studies of the biological parameters of
various vector species including mating ha-
bits, fertility, fecundity, life cycle, sex ratio,
longevity, feeding habits, resistance to lack
of food and other factors of importance in
planning control campaigns.

Triatoma infestans (Klug, 1834) and Tria-
toma sordidae (Stal, 1859) originated from
the State of Sdo Paulo, where the former is
mainly domestic and invades native huts and
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the latter is peridomestic, being mainly con-
fined to primitively constructed chicken
houses. '

Trigtoma brasiliensis (Neiva, 1911) ori-
ginated from the State of Ceara, where it
invades human habitations sporadically but
is usually found in burrows of small rodents
and between stones,

Triatoma maculata (Erickson, 1848) has
been brought in from the State of Pernam-
buco where it is mainly peridomestic. The
status of this vector relative to maculata
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Erickson 1848 has been in question for some
time by CorrEs & EspiNora? and by Gar-
vio & Mours CarvaruO 3. Therefore, a
definite and precise identification of this in-
sect as maculate or pseudomaculata will have
to await the results of breeding experiments.

Rhodnius neglectus (Lent)- and Rhodnius
prolizus (Stal, 1859) originated from the
State of S&o Paulo. Prolixus had not been
previously reported to exist in this state.
However, specimens of this species were re-
covered in material collected in a bird-nest
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and brought in as a group of immature forms.
They were originally confused with neglectus,
but upon emergence of adults they were
readily distinguished by one of our techni-
cians ®” and established as a colony in the
laboratory.

The geographic position of the states from
which the mentioned insecis originated are
shown in the map (Fig. 1).

The colonies of vector species utilized in
these experiments and several others existing
in the laboratory have been reared in wide-
mouth battery. jars, kept at room tempera-
ture and fed on chickens. The rearing me-
thod used is essentially the same as that des-
cribed previously by the Author 2,

The material which was utilized in the
determinations of biological parameters and
throughout the experiments herein described

was kept in laboratory incubators at 28°C

and at 65-70% humidity.

Virgin females and virgin males were iso-
lated during the fourth instar when they
were readily separable by the pattern of the

ninth abdominal sternite, as reported by -

PERLOWAGORA-SZUMLEWICZ & INIGRI . DA

Cruz 2,

All crosses were made by placing one vir-
gin female of one species with one virgin
male of another species but of similar age.
The resulting adult hybrids were tested for
fertility ; from five to 15 hybrid females were
backcrossed to parental males of each species
and males were similary backcrossed to pa-
rental females. As soon as newly emerged
nymphs were found in the multiple cultures,
single pairs were separated to study the fer-
tility of individual females. Hatchability re-
corded in multiple cultures are given in co-
lumn 3, and the results from individual pairs
are summarized in column 5 of Table II.

In evaluating the results, we have consi-
dered lack of progeny in crosses between
different species as evidence of interspecific
incompatibility. Similarly, if no offspring re-
sulted from backcrosses of male hybrids to
parental females, the F; males were recorded
as sterile. These criteria may be changed as
information on embryo development and on
inviability of zygotes become available,

At present, however, investigations were
conducted primarily to obtain basic practical
information on the crosses which result in
living progeny.

EXPERIMENTS

The following bilateral crosses have heen
attempted:

T. infestans X T. sordida

T. infestans X T. maculata *
T. infestans X T. brasiliensis
T. infestans X R. neglectus
T. infestans X R. prolixus

T. sordida X T. maculata ¥
T. sordida X T. brasiliensis
T. sordida X R. neglecius
T. sordida X R. prolixus

T. maculata X T brasiligénsis *
T. maculata X  R. neglectus
T. maculaia X  R. prolixus
R. neglectus X  R. prolixus *

With exception of the crosses marked with
an asterisk, there was no evidence of hybri-
dization between species, as based on the
arbitrarily adopted criterium of lack of pro-
geny for interspecific and intergeneric in-
compatibility.

Results obtained in the crosses indicated
by asterisk are shown in Table I and may
be summarized as follows:

1) T. maculata - X T. sordida

. Crosses successful in both directions, with
the hatchability of eggs greater and the per-
centage of adult progeny slightly lower when
maculate was used as the female parent.

Before attempting to demonstrate the dif-
ferences in results in reciprocal crosses, it will
be useful to mention some information con-
cerning the biological parameters for the pure
species obtained in our laboratory.

In species maculata there was a hatching
percentage of 77% with 3978 eggs scored.
From these, 72% reached the adylt stage
under proper rearing conditions, with a sex
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TABLE I
Records of hybridization between vector-species of Chagas Disease
Female Male Number fertile | Per cent eggs Number adult progeny
females hatched
Females Males
T. maculata T. sordida 8 (10) a '76.2 (1806) b 164 166
T.»maculata T. infestans 2 (10) 53.5 (3873) 79 41
T. maculata T. brasiliensis 2 (15) 9.6 (344) 13 5
T. sordida T. maculata 7 (10) 59.3 (1457) 169 158
T. infestans T. maculata 0 (10) 0 [} 0
7. braéiliensis 7. maculata 0 (15) 0 0 0.
~ R. prolizus R. neglectus 2 (10) 5.0 (577) 11 10
R. neglectus R. prolizus 0 (10) 0 ¢} 0
a — Total females in parenthesis
b — Total eggs in parenthesis
TABLE II
Hybrid females backcrossed to parental males for proofs of fertility
Sogrce of ' Male Nlérgngl;er l\gftlgzr Nx;?gbser Developmental stage
hybm?-female hatched Fy females hatched of Fud
T. maculatq . maculata 22 (1079)» 8 (13)® 27 (1455)c | S5th inst. nymphs
L ox T
T. sordida T. sordida 86 (1007) 2 (4) 5 (67) adults & 5th inst. nymphs
7. sordida 7. sordida 27 (760) 8 (12) ' | 42 (1068) | 4th & 5th inst. nymphs
4X A
7. maculata T. maculota 43 '(956) 9 (15) 18 (803) 3rd & 4th inst. nymphs
7. maculata T, infestans 7 (1633) 1 (M 6 (290) adults & 5th inst. nyml;hs
X
T, infestans 'T. maculata 8 (1434) 5 (5) 17 (1355) 3rd & 4th inst. nymphs
T, maculatc T. brasiliensis 7 (240) 2 (5) 4 (162) 3rd ‘& 4th inst. nymphs
b4
T. brasiliensis . maculate 3 (233) 1 (5) 2 (85) 3rd inst. nymphs
R. prolizus R, prolizus 63 (420) 4 (9) 120 (549) 2nd & 3rd inst, nymphs
. .
R. neglectus —_— —_— — —
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b — Total females in parenthesis
¢ — Total eggs in parenthesis

d — April, 1972
— Not done
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ratio of, 0.9:1.0 in favor of females, In
crowded cultures the percentage of adult
progeny was reduced to 58 %.

In sordida there was a hatching percen-
tage of 88% with 4319 eggs scored. From
these approximately 69% reached the adult
stage with a sex ratio of 0.8:1.0, indicating
a surplus of females. Here again adult pro-
geny was reduced to 34% by crowding
among newly emerged nymphs in the cul-
tures.

The crowding effect was also one of the
reasons why the number of adult progeny
was low in crosses between these two species,
in spite of the relatively high degree of fer-
tility revealed by the eggs (76% haichability
when maculata was used as the female, and
50% when sordida was the mother). Of these
only 18% developed to adults in the former
and 22% in the reciprocal cross, with fe-
males and males in nearly normal propor-
tions, These figures were rather low, even
compared with those of pure strains under
crowded conditions.

The data do not permit evaluation of
hybrid weakness, but if such exists, it seems
to be confined to the very young nymphs. It
certainly was not evidenced in adults, which
‘as a rule demonstrated hybrid vigor.

. Only a very few of the morphological cha-

racters have as yet been studied, but the
adults obtained from all of the bilateral
crosses closely approximated the sordide pa-
rent. All adults were lighter in color and
larger in size than maculate, thus indicating
that these two characters from sordida are
“dominant over the characters from maculata.
The pronotum, however, with two or four
light bands and the relatively short head
resemble maculata.

No mating between hybrids yielded off-
spring, but fertility verification by back-
crossing to parvental members  revealed that
all F; males were sterile, as judged by lack
of progeny. The F, females, however, were
capable of producing living progeny, although
usually in very low numbers, as seen in
Table II.

When F, females (maculaia® X sordi-
dad) were backcrossed to both parental
males, 22 eggs haiched when maculata was
used as male, and 86 hatched when sordida

was the male (in cultures of 15 F; females
confined with an equal number of pure pa-
rent males, Table II, column 3):

Fertility verification of individual F; fe-
males in single mating pairs showed that
eight of the 13 surviving F; females confined
with maculata males gave living progeny.
In backcrosses to sordide male, many F; fe-
males died and only two of the four survi-
vors gave living progeny (Table II, column
5). High mortality rates among F; females
occurred only after confinement with paren-
tal males, no deaths occurred in cultures °
containing solely female hybrids.

In backcrosses of hybrid F, females which
originated from the reciprocal cross (sordi-
da® X maculatad ) to either of parental
males, the survival of the females was grea-
ter. Eight of 12 F, females produced living
progeny when sordide was used as the male
and nine of 15 were fertile when maculata
male was used.

Most of the nymphs hatched from back-
crosses of hybrid females to parental males
were weak and dying as they emerged. Sur-
vivors, however, succeeded in reaching ad-
vanced developmental stages. At present there
are available 5th instar nymphs and adults
which are being tested for fertility, Of the
16 F, adults available from the backcrosses
to. sordida males, there are nine females and
seven males, This does not seem to be abnor-
mal, since in the pure species females develop
and mature several days earlier than males,
and the first emerging adults are, as a rule,
females,

The F. adults retained the morphological
characters seen in the F;, thus resembling,
closely the sordida species with respect to -
color and size.

2) T. maculate X T. infestans

In the pure.species of T. infestans there
was a hatching percentage of 92% with
5576 eggs scored. From these 88% deve-
loped into adults with -a male-female ratio
of 0.8:1.0. The biological parameters run
higher in T. infestans than in T. maculata, -
which showed only 77% hatchability from
which 72% reached the adult stage under
proper rearing conditions. ‘
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Vigorous male and female hybrids resulted
from crossing male infestans with female ma-
culata, but the crosses in the opposite direc-
tion failed.

In the successful unilateral cross only two
of ten maculata females produced living pro-
geny. There was a hatching percentage of
53%, of these 32% developed into 120 vi-
gorous adults with an abnormal sex ratio of
0.5:1.0 in favour of females (Table I).

All F; adults from this cross phenotypically
resembled infestans species. Here again the
color and size of the hybrids indicated that
these two characters of infestans were do-
minant over the characters from maculata.
The pronotum, however, resembled that of
maculata.

The F; females were backcrossed to males
from the paternal and maternal species and
the fertility or sterility of the ¥ males were
tested similarly. Only the former produced
living progeny. Eggs of backcrosses revealed

-low hatchability, as shown in column 3 of
Table II. One F; female out of seven exposed
individually to infestans males produced liv-
ing nymphs. These developed into 5th instar
and fivesadults. Of the five F; females back-
crossed with maculate males all produced liv-
ing progeny though in a very low number.
Seventeen of 1355 eggs hatched and have at
present reached the 4th instar.

3) T. maculata X T. brasiliensis

In the pure species of T. brasiliensis there
was a hatching percentage of 92%. From
these approximately 86% reached the adult
stage with the usual for Triatoma predomi-
nance of females. The male/female ratio was
0.8:1.0.

Vigorous hybrids resulted from crossing
male brasiliensis with female maculata. The
reciprocal cross, however, never succeeded.

In the successful unidirectional cross only
two of 15 maculata females confined with
brasiliensis males in individual pairs produced
living progeny. There was a hatching per-
- centage of 9.6% with 344 eggs scored. Of
these only 0.5% developed into adults with
‘& strongly disproportionate sex ratio of
0.4:1.0 in favour of females (Table I).

The adult progeny more closely approxi-
mated the large, light-colored brasiliensis
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than the small and dark maculate. The pro- '
notum and head resembled maculata.

Paternal and maternal fertility verification
experiments subsequent to hybridization re-
vealed that F; females, backcrossed to either
of parental males, produced living progeny,
though in extremely low numbers. Only two
of five F,; females mated with brasiliensis
males and one of those mated with maculata
males produced living offspring. These have
currently reached the 3rd and 4th nymphal
stage.

4) R. prolixus X R. neglectus

The two species of Rhodnius have recently
been colonized in the laboratory, and the
scanty data permit few conclusions and only
with regard to neglectus. There was a hatch-
ing percentage of 84.5% in 3658 eggs scored.
From these, 54% reached the adult stage
with a 20% excess of females.

Male and female hybrids resulted from
crossing female prolixus with male neglectus,
but the reciprocal crosses failed. Only two
of 10 females used in the former cross pro-
duced adult progeny. There was a hatching
percentage of 59%. From these 21 developed
into adults with a normal sex ratio of 0.9:1.0
in favour of females (Table I).

The hybrid progeny more closely appro-
ximated the paternal prolixus. The head,
however, showed a mosaic of characteristics
in favour of females (Table I).

Hybrid fertility verification by backcros-
sing to parental members of prolixus species
gave living progeny only in backcrosses of
F. females to males, Of 420 eggs collected
in a culture of nine F, females confined
with nine pure prolixus males, 63 hatched
and have to date developed into 3rd instar
nymphs (Table II). Of the nine hybrid fe-
males, only four produced living progeny.
Of 549 eggs, collected in the four individual
mating pairs, 120 hatched and exhibited
normal development (Table II).

DISCUSSION

It seems likely that results obtained in the
experiments on male sterility induction in
vector species of Chagas Disease can be
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explained by two different mechanisms; one
chromosomal or genic in nature and the
other, cytoplasmic in origin. Any conclusion,
however, is preliminary and may be changed.

Crosses between T. maculata and T. sor-
dida in either direction resulted in an Fy
population with fertile females and sterile
males in normal proportions.

If hybrid sterility in these reciprocal cross
follows the pattern of genetic sterility in the
male hybrid from the crosses between mem-
bers of Anopheles gambiae complex, descri-
bed by Davipson *°, PATTERsON *®*" and
by others, the phenomenon in T'riatoma may
be explained by the presence of chromosomal
aberrations in hybrids, resulting from a
rearrangement of the autosomes in the pa-
rents, as explained by Mason *5,

If, however, it follows the analogous steri-
lity phenomenon observed in Drosophila per-

misilis or in Drosophila pseudoobscura, in

which no crossing-over at meiosis occurred,

the male sterility may be attributable to
genic effects, as stated by SINNOTT-DUNN-

DoBzraNSKY *%,

Either hypothesis will of course have to
wait until necessary cytological information
is obtained.

Crossing experiments between 7. maculata
and 7. infestans, and between T. maculaia
and 7. brasiliensis showed the existence of
a different type of crossability, while crosses
between maculata and sordida could be made
using females of either species, the others
could only be made when maculata was the
female.

Nevertheless, the non-reciprocal crosses
succeeded in producing living progeny that de-
veloped into vigorous adults but with strongly
disproportionate sex ratios. The records show
that this was not due to differential mortality
among emerging adults.

The sex ratio as exhibited in the adult
population from crosses between Rhodnius
neglectus and Rhodnius prolixus presents us
with a third type of crossability; the living
progeny from this non-reciprocal cross de-
veloped into sterile males and fertile females
in normal proportions.

With regard to the sex ratio distortion in
favor of females from the former unidirectio-

nal crosses, the distortion appears to act
according to Haldane’s rule, which holds
that in organisms in which the male is the
heterogametic sex, the predominant sex,
when the sex ratio 1s abnormal, will be the
female. The karyotype of all species utilized
in the crosses is made up of 10 pairs of
autosomes and XY in the male, and XX in
the female, as reported by ScHREIBER &
PELLEGRINO ** and BarTH 2.

In backcrosses, hybrids from nonreciprocal

crosses behaved like their maternal parent
in that only female hybrids were able to
produce progeny.

The fact that all ¥, males were unable to
engender living offspring from parenial fe-
males would seem to indicate an effective
barrier between these species that restricts
gene flow.

There is no indication whether the failure
of the reciprocal cross to produce living pro-
geny was due to mechanical isolation, pre-
vention of copulation, or to genetic factors,
post-copulation incompaltibility either prezy-
gotic or postzygotic.

It is unknown whether the unilateral ex-
pression of incompatibility in some of the
vector-species has the same basis as in Culex
pipiens and in Aedes scutellaris. If however
such a possibility exists, cytoplasmic inhe-
ritance, as suggested by Laven* for Culex
and by Krrzmitrer & LAvEN?® and SwmiTe-
WaiTE & WoopHILL 2° for Aedes scutellaris,
might also be responsible for restriction of
gene flow between these species. But the
blockage of incompatible sperm after pene-
tration the egg has still to be shown. Whether
the factor responsible for death of the em-
bryo is the incompatible RNA as suggested
by LAVEN, .or some viral or bacterial infection,
a suggestion rejected for some time but taken
up again by YEN & Barr *® is also unknown.

Analysis of these crossing results permits
an insight into the degree of genetic affinity
between the species studied and also reveals
interspecific relationships of phenotypic do-
minance.

It should be remembered that the three
species of Triatoma, infestans, sordide and
brasiliensis showed isolation among each
other, but they all can be crossed with ma-

culata which is related to all of them though -

in different degrees.
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It is usually believed that crosses between
morphologically distinct species which per-
mit the most advanced development of pro-
geny are those indicating close relationships.
On this ground, evidence of adult progeny
in all crosses herein described would seem
to point to a close relationship between ma-
culata and the other three Triatoma species.
However, the fact that bidirectional crosses
were possible between maculate and sordida,
while only unidirectional occurred between
meculate and the other two species, argues
for a more distant relationship between ma-
culata and the latter. Moreover, on the
ground of egg fertility, infestans would to
be located in an intermediate position in the
scale of relationship, leaving brasiliensis at
a more distant point, and sordide as the
closest to maculata. '

Nevertheless, reproductive isolation bar-
riers exist between all of them and maculata
as evidenced by two facts: first, that hybrid
males were unable to produce offspring when
mated with parental females and second, that
fertility of females was rather low. Therefore,
it may be concluded that gene flow was re-
duced but not absent, thus indicating that
none of the four morphologically distinct
Triatoma species achieved full reproductive
isolation. RycCKMANN 22 - reported on. unsuc-
cessful crossings between T'. barberi and T.
infestans, T. sordida and T. brasiliensis. Si-
milarly, Espivora 7 stated that T. brasiliensis
is reproductively isolated from T. peirochii
(Pinto & BarreTO, 1925).

Mating types showed a strict species inhe-
ritance. The interspecific hybrids more clo-
sely resembled one species than the other,
indicating -a dominance phenomenon, behav-
ing similarly in reciprocal hybrids when both
occurred. Two characters, color and size of
sordida, infestans and brasiliensis were do-
minant - over the characters derived from
maculota. These two dominant characters
were retained in the ¥, adults produced in
backerosses between Fi hybrids and parental
members of the three species.

All ¥; hybrids from crosses between Rhod-
nius neglectus and Rhodnius prolixus more
closely resembled prolixus.

It is well known that species capable of
laboratory hybridization may never cross in
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nature due to ecological, geographical and
other effective barriers. The chances, there-
fore, of observing natural hybrids are low,
but if hybridization can be achieved in the
laboratory, the possibility of finding hybrids
in nature exists.

ABaros ' described hybrids from T. infes-
tans and T. plantensis (Neiva, 1913) found
in nature in Argentina. The Author also
obtained hybrids from crosses between T. in-
festans and T. rubrovaria (Blanchard, 1843).

The fact that Tristoma hybrids were
found in nature and that Triatoma species
are able to cross in the laboratory, argues
for the necessity of hybridization experi-
ments with any new species sharing a com-
mon ecological niche with other species of
the same genus.

The fragmentary information that has
been summarized affords the opportunity of
considering further studies in this area.

Immediate attention should be given to the
different grades of incompatibility introducéd
by genetic manipulation, starting with the
lowest grade in which sperm failed to reach
the eggs. '

Mating ability and competitiveness of ste-
rile males is being ascertained in laboratory
cultures, leaving for the next step similar
observations in artificially infested mud huts
build in the neighborhood of the laboratory.

Experiments are being performed to de-
termine the proportion of incompatible ma-
les necessary to reduce progeny emergence
in laboratory populations. «

Since female insects emerge and mature
earlier than males, conditions that would
permit rapid separation of the sexes are being
considered. The method used at present,
though accurate and satisfactory in labora-
tory “mini-mass” cultures, will be impracti-
cal for sexing large numbers of hybrids.

The immediate question that arises is
whether research to develop the sterile-male
technique is justified, Although the general
tendency is to regard this method as impracti-
cal for control of the vector of Chagas Di-
sease, it may be promising when integrated
with the insecticidal technics, )

The advantages of integrating sterile-male
release with other methods of control against,
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house-flies has "already been shown by La
BrecQur & WEIDHAAS 3,

The information available on vector bio-
logy, though of laboratory origin, when ana-
lized in the light of the hypothetical models
of integrated control measures described by
KnipLING, suggest that this insect might be
vulnerable to the new approach of control.

Several arguments might be given to sup-
port this suggestion: laboratory ** *° and field
reports  ° indicate that either HCH or Diel-
drin when properly applied, can drastically
reduce the natural population to one to three
percent of pre-treatment levels. Based on our
experience from field trials, we are justified
in saying that after a single apphcatlon of
HCH, there are always very few survivors.
Moreover, these insects are short-range mi-
grants, thus indicating that the treated area
is not subject so much to natural reinvasion
as to accidental introduction of insects. After
the population has been reduced to a low
level, the release of sterile males, that would
compete with the survivors and those that
emerge from immature stages, appears fea-
sible and more economical in preventing
repopulation of the area than the insecticidal
sprayings year after year, as pointed out by
Kwipring with regard to control of insect
pests.

Furthermore, the vector of Chagas Disease
is a long-lived insect. The mean life span for
laboratory reared females is 421.7 +'22.2%
days in T. infestans, 348.3 = 43.5% days
in T. brasiliensis, 530 == 32.6% in T. sor-
dida, 507 = 12.5% in T. maculate and
484.4 =+ 34.2% -days in R. neglectus.
Males usually live longer than females. Thus
these insects live long enough to span from
2-3 generations, as evidenced by data obtain-
ed in laboratory studies on the life cycle of
each species.

KniprING stated that when organisms live
long enough to span several generations, this
is favorable for survival and increase of po-
pulation when subjected to the killing effect
of insecticides. When, however, the population
is subjected to sterile-male release, the long
life span, overlaping more than one genera-
tion, is disadvantageous to the insect.

It will, however, be anticipated that sterile-
male release to prevent repopulation has no

chances of success if introduction of sterile
males creates hazards to man, if induced ste-
rility destroys mating competitiveness and
sperm competitiveness, and if laboratory rear-
ing conditions affects the ability of insects
to survive and compete with the wild popu-
lation in the environment where release has
to be made.

Lack of adaptability of laboratory culii-
vated insects to the environment was demons-
trated by the Author in seminatural experi-

ments on the efficiency of HCH against T.

infestans 5, The laboratory reared insects
died abundantly when released in mud huts
built in the neighborhood of the laboratory;
mortahty was 70% in summer months and
50% in winter months.

Whether these problems can be overcome
remains to be seen.

RESUMO

Inducao de esterilidade em machos através

da manipulacio de mecanismos genéticos

presentes em. espécies vectoras da doenga de

Chagas (especulagbes sobre a conjugagdo de

medidas de controle através de inseticidas e
do lancamenio de machos estéreis) .

Embora fragmentirios, os dados de cruza-
mentos interespecificos disponiveis indicam,
obviamente, que é possivel induzir a esterili-
dade, usande — como em nosso trabalho —
a manipulagio genética de espec1es vectoras
da doenga de Chagas.

Confirmando o que foi dito, o quadro
ainda incompleto da esterilidade induzids
permite distinguir dois tipos diferentes de
cruzamentos interespecificos que contribuem
para o estudo do fendmeno da esterilidade.

Se a esterilidade observada nos cruzamen-
tos reciprocos entre 7. maculata e T. sordida
coincide com o lipo descrito para o complexo
Anopheles gambzae esse tipo de esterilidade
poderia ser de origem cromossémica e génica.

Por outro lado, se a condigdo de esterili-
dade induzida nos cruzamentos unilaterais
em T. maculata X T. infestans, T. maculata
X T. brasiliensts ¢ R. neglectus X R. prolixus
coincide com o tipo observado nos complexos
de Culex pipiens e Aedes- scutellaris, & de
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esperar-se que tal fenémeno de esterilidade
seja devido & incompatibilidade citopldsmica.

Entretanto, a confirmacio dessa hipétese
requer anélise genética basica, ainda ndo
disponivel,

A informacdo proveniente das experiéncias
de hibridagfio aqui descritas pode ser valiosa
para esclarecer o grau de isolamento repro-
dutivo de espécies morfologicamente distintas
e revelar as relagdes de dominincia interes-
pecifica.

Desse modo, a exeqiiibilidade dos cruza-
mentos reciprocos entre T'. maculata e T. sor-
dide demonstra uma relacio mais intima,
enquanto o cruzamento unilateral entre 7.
maculoia e as outras espécies aqui conside-
radas sugere relagdo mais remota.

Conclui-se, portanto, que o fluxo genético
entre T. maculata e aquelas espécies foi so-
mente reduzida mas ndo eliminada, indican-
do dessa maneira que nenhuma das trés es-
pécies conseguiu isolamento reprodutivo com-
pleto de T. maculata, apesar de serem, entre
si, reprodutivamente isolados.

‘Todos os hibridos interespecificos, na cér
como no tamanho, assemelham-se mais a uma
espécie que a outra, revelando assim o fend-
meno de domindncia, o que ocorre também
com os hibridos reciprocos. Cuampre regis-
trar que os caracteres dominantes foram con-
servados na geracdo F,, proveniente do cru-
zamento de fémeas Iy com machos paternos.

A informacfio conseguida desses estudos,
quando analisada em conjunto com a infor-
magdo proveniente de estudos sobre a biolo-
gia desses insetos, permite-nos certas especula-
¢oes sobre a praticabilidade de integrar a
libertagio de machos estéreis com os métodos
atuais de controle com inseticidas, contra as

“espécies vectoras da doenga de Chagas.
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ADDENDUM

After this paper had been accepted for
publication, further experiments on the me-
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chanism involved in the induced male steri-
lity revealed that lack of progeny has been
due to unsuccessful transmission of sperm
by the hybrid male. Evidence to be presented
in a later paper will demonstrate that imma-
ture and mature spermatozoa were found
when hybrid males were dissected. Sperma-
tophores were discharged when hybrid males
were exposed to parental females, indicating
that copulation had occurred. The sperma-
thecae, however, were found to be empty,
when females were dissected within 24 hours
after the detection of spermatophores, On a
few occasions mature and immature sperma-
tozoa were present in the female vaginal
tract, The failure of the sperm to be trans-
fered to the spermathecae indicates that the
described method of achieving irreversible
male sterility destroys mating competitiveness
on the sperm level, thus making these males
useless in limiting the growth of natural po-
pulations into which they are released.
Whether the presence of sperm in the vaginal
tract of females mated to hybrid males re-
presents an adverse -factor in subsequent
mating to normal males remains to be seen.
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