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InTroDUCTION. Gynandromorphs have
been found in fair numbers in laboratory
strains of mosquitoes: e.g-, in the hundreds
in Culex pipiens (Laven, 1967) and Aedes
aegypti, (Craig and Hickey, 1967). In
natural populations they are comparatively
rare; only 91 specimens belonging to 23
species have been described in the genera
Toxorhynchites, Trichoprosopon, Man-
sonia, Orthopodomyia, Aedes, Haemago-
gus, Culiseta, and Culex, (for references
to reported gynandromorphs sec Kitzmil-
ler, 1053, Brust, 1966, and Lee, 1967). All
of these have occured in the subfamilies
Culicinae and Toxorhynchitinae but sur-
prisingly none in the subfamily Anophe-
linae. This report describes five gynandro-
morphs, the first reported in Culex (Culex)
tritaeniorhynchus Giles.

MareriaLs aNp Resurrs., The first gyn-
andromorph was found in October 1967,
in the F; offspring of a cross between two
strains of Culex tritaeniorhynchus main-
tained in our laboratory. The mother was
from the Dacca strain collected originally
from Dacca, East Pakistan, and the father
was from the Rattipindi strain, collected
from a village of the same name near Man-
gowal District Gujrat, West Pakistan. The
Dacca mother laid a raft of 75 eggs from
which 43 larvae hatched. Of the remain-
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Service Grants No. TW 00142 from the Office of
International Research, National Institutes of
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tute of Allergy and Infectious Diseases, National
Institutes of Health.

ing 32 eggs, 22 embryonated eggs did not
hatch and 1o appeared to be non-embryo-
nated. Only 18 of the larvae reached adult
stage (4 normal females and 13 normal
males and the 1 gynandromorph). The
F» crosses using these males and females
did not succeed. All other crosses between
these two strains resulted in nearly 100
percent hatch. The F; males and females
from these latter crosses all appeared to be
fertile in subsequent Fa crosses.
Gynandromorph No. 2 was found in
May 1968, in the Karachi strain, originally
collected near Karachi in November 1967,
and maintained in a laboratory strain since
that time. In the course of inbreeding for
the recovery of mutants, one gynandro-
morph was found in the F» from an origi-
nal brother-sister mating. No other ab-
normal mosquitoes were found in the egg
raft, nor in the Fg nor Fa from the sibs.
However, the third gynandromorph was
also found in the Karachi strain also in
May 1968. A mutant, hairy palpi, had
been discovered in the Karachi strain, and
the sibs from the egg raft in which this
mutant had occurred were inbred and se-
lected for it. During the inbreeding the
gynandromorph was discovered in the
course of routine examination of adults.
The fourth gynandromorph occurred in
May 1968 in a strain which was actually
a hybrid between the Dacea and Karachi
strains. These populations were being
tested for possible incompatibility; the in-
breeding had already produced a white-
eyed mutant, and further selection for
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Fie. 1.—Gynandromorph No. 1: Showing male antenna and intermediate palpus (right) and female
antenna and palpus (left).
F16. 2.~—Gynandromorph No. 1: Hypopygium showing female genitalia on the right side and male
genitalia on the left.
Fic. 3.—Gynandromorph No. 2: Showing abn(()r{nil)palpi, female antenna (left) and male anfenna
right).
F16. 4.—~Gynandromorph No. 2: Showing normal male abdomen and genitalia,
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white eye was in progress. This gynandro-
morph was the only example found in
this inbred strain, although thousands of
mosquitoes were screened for eye color
mutants.

Gynandromorph No. 5 was found in
June, 1968 in the F2 of an inbred line from
the Dacca strain, which was being ex-
amined for possible mutants. The inbreed-
ing was continued through the F4 without
further discovery of gynandromorphs.

A summary of the characteristics of the
gynandromorphs is given in Table 1, and
photographs in Figures 1 through ro.

All examples were bilateral, with vary-
ing degrees of modification of the affected
organs. Of the five specimens, four were
chiefly female on the left side and one on
the right, in the head region. Specimen
number one was apparently normal fe-
male in antenna, torus and palpus. The
right side had a male torus, a male an-
tenna, and a modified palpus, definitely
larger than the female, but not at all
typically male. In specimen number two
the torus and antenna were female on the
left, male on the right; both palpi were
abnormal, larger than female, but shorter
than male. Specimen number three was
similar to number one, with torus and an-
tenna female and male, left and right sides
respectively, but with a larger, abnormal,
right palpus. Specimen number four
showed the same type of modification, bi-
laterally sexually differentiated except for
a larger palpus on the left side and with
the female characteristics now expressed
on the right side. The fifth specimen was
almost perfect bilaterally female and male,
the right palpus being somewhat shorter
than in the normal male.

The right-left bilateral sexual differen-
tiation continued in a posterior direction
in four of the specimens, in which the wing
shape and the form of the tarsal claws
were female and male on the same sides
as were the head parts. However, in speci-
men number one, the orientation was re-
versed; the head was female on the left,
male on the right, whereas the thoracic
differentiation was male on the left, female
on the right. The abdominal segments of

all five specimens were either male or fe-
male, not bilateral, as shown in Table 1.
In two specimens (4 and 5) gonadal dis-
sections were made, and conformed to the
morphology of the abdomen and the hy-
popygium in both cases, male in No. 4
and female in No. 5. The spermathecae
were absent, as expected, in specimens No.
2 and 4, which were evidently male pos-
teriorly. In the other three specimens, two
of which were sexually differentiated in
the hypopygia (Nos. 1 and 3) and one of
which was not (No. 5), only two sper-
mathecae were present. However, the fe-
male abdomen of No. 5 was slightly di-
morphic for sternal banding pattern with
the left and right sides having female and
male patterns respectively in accordance
with other dimorphism of the body.

Two hypopygia were wholly male, one
was wholly female, and two were female
on one side, male on the other. In one of
these, No. 3, the female side was the left,
agreeing with the differentiation of the
head and thoracic structures, but in No.
1 the orientation was similar to that of the
thoracic, not the head structures. None
of the genitalia had rotated.

Discussion.  Although the head and
thoracic structures show an essentially bi-
lateral distribution of sexually differen-
tiated morphological characters, there 1s
also an obvious anterior posterior differen-
tiation. Specimens 2 and 4, although bi-
laterally differentiated anteriorly from the
thorax are completely male with respect
to the abdomen and genitalia. The same
type of differentiation is apparent in the
other three specimens which are predom-
inantly of one sex posterior to the thorax,
but with some bilateral differentiation in
the spermathecae and genitalia.

The reversal of orientation in specimen
No. 1, from the head to the thorax is of
special interest. 1€ some sort of mechanism
were affecting differentiation in either an
anterior or posterior direction, as some-
times assumed, it is evidently possible to
block or reverse this process.

Four of the five gynandromorphs were
discovered during the period May 13—June
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3: Showing female antenna and palpus (left) and male antenna and

intermediate palpus (right).
h No. 3: Showing female abdomen and female genita
genitalia on the right.
4: Showing male antenna and interme
antenna and palpus (right).

Tic. 8.—Gynandromorph No. 4: Showing normal ma

Fic. 5.—Gynandromorph No.
Fie. 6.—Gynandromorp lia on the left and malc
Fic. 7.——Gynandrom0rph No. diate palpus (left) and female

le abdomen and genita
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FiG. 9.—Gynandromorph No. 5:

o

Showing female antenna and palpus (left) and male antenna and

abnormal palpus (right).
F16. 10.—Gynandromorph No. 5: Showing female genitalia with two spermathecae.

7, 1968, by the same technician. All five
came from two strains, Dacca and Karachi.
All were discovered in the course of in-
breeding or selection procedures.

The explanation for the origin of gyn-
andromorphs in mosquitoes is still in
doubt. In Drosophils, gynandromorphs
generally arise by the loss of one X chromo-
some from cells that would normally be fe-
male.  Gilchrist and Haldane (rgaz),
Laven (1957), Rai and Craig (1963), and
Craig and Hickey (1967) have suggested
mechanisms for gynandromorphs in culi-
cine mosquitoes based on evidence with
genetic mutant markers. One possible ex-
planation given was that the egg nucleus
and polar body or a binucleate egg had
been fertilized independently by two
sperms.  Another explanation was that
somatic crossing-over may have occurred.
These explanations for the origin of gyn-
andromorphs are supported by mosaics
that are perfect or almost perfect half-and-
half mosquitoes. However, our gynandro-
morphs will probably require a more com-
plicated explanation.

ACKNOWLEDGMENT. We are indebted to

Mr. Nazar Hussain who discovered the
gynandromorphs.

Literature Cited

Brust, R. A. 1966. Gynandromorphs and in-
tersexes in mosquitoes (Diptera:Culicidae) Can.
J. Zool. 44:911-923.

Craic, G. B., and Hickey, W. A. 1967, Gen-
etics of Adedes aegypti. Genetics of Insect Vectors
of Disease. J. W. Wright and R. Pal, Eds. Elsevier,
Amsterdam pp. 67—131.

GiLcnrist, B.-H., and HaLDANE, J. B. S. 194%.
Sex linkage and sex determination in a mosquito,
Culex molestus. Hereditas (Lund) 33:1975-190.

KiTzmILLER, J. B. 1953. Mosquito genetics and
cytogenetics. Rev. Bras. Malar. 5:285-359,

Laven, H. 1957. Vererbung durch Kerngene
und das Problem der ausserkaryotishen Vererbung
bei Culex pipiens. 1. Kernvererbung, Z. Indukr.
Abstammungs-und Vererbungslehre. 88:443—477.

Laves, H. 1967. Formal Genetics of Culex
pipiens. Genetics of Insect Vectors of Disease.
J. W. Wright and R. Pal, Editors. Elsevier, Am-
sterdam. pp. 17-65.

LEE, V. W. 196%. Gynandromophism in the
sabethine, Trickoprosopon digitatum (Rondani).
Mosq. News 27:426—427.

Ra1, K. S., and Crate, G. B. 1963. Genetics
of gynandromorph production in _{edes aegypii,
in Proceedings of the Eleventh International Con-
gress on Genetics 1:171 (Abst.).



