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TABLE 2

SUMMARY OF LCso OF DDT-SUSCEPTIBLE CULEX SPECIES

Species Locality LCso LC.o Referenceof origin (P.p.m.) (p.p.m.)

C. pipiens Algiers, 0.0063 0.015 Hamon et ala
Pezenas

C. pipiens Southern
b

0.014 -0.03 Brown c
Ontario, Canada b

C. fatigans Taiwan 0.022 0.17-0.26 Liu d

C. molestus London 0.025 0.074 Shidrawi e

C. quinquefasciatus Kings County, 0.025 Gjullin & Peters!
Calif.

C. pipiens Algiers, 0.025 0.105 Hamon et al. a
Narbonne

C. quinquefasciatus Savannah, Ga.P 0.025 0.044 Tahorl h

C. fatigans Malaya 0.145 0.6 Wharton

C. fatigans Kuala Lumpur, 0.224 0.5 Reid I
Malaya

C. piplens Champaign, III. 0.028 0.05 Tahoril

a Hamon, J., Grjebine, A., Coz, J., Klein, S. M. & Michel (1959) Bull. Soc. Path. exot., 51, 393.
b Previously treated with DDT.
c Brown, A. W. A. (1958) Advanc. Pest Control Res., 2, 351.
d Liu, S. Y. (1958) Bull. Wid Hlth Org., 18, 623.
e Shidrawi, G. R. (1957) Bull. Wld Hlth Org., 17, 377.
f Gjullin, C. M. & Peters, R. F. (1952) Mosquito News, 12, 1.
9 Adults resistant to DDT.
h Unpublished data of A. S. Tahori (1959) on file at the Department of Entomology, University

of Illinois, Urbana, Ill., USA.
£ Wharton, R. H. (1955) Bull. ent. Res., 46, 301
I Reld, J. A. (1955) Bull. Wld Hlth Org., 12, 705.

Ramleh were still quite susceptible to DDT; those
from Pardess Hana showed a certain tolerance, and
those from Hulata had developed a high resistance.
The level of resistance to DDT of the Hulata strain
was difficult to determine, since it extended beyond
the range of the method employed. One part per

million gave 6.6% kill, 2 p.p.m. no kill, 4 p.p.m.
11.5%, 7 p.p.m. 37%, and 10 p.p.m. 40%.
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In genetical work with mosquitos the advantages
of using the autogenous strains is well recognized
but the physiological and genetical mechanism of the

* This work was carried out during Mr Krishnamurthy's
tenure of a WHO Fellowship.

character autogeny is not yet fully understood. The
term " autogeny " designates the ability of female
mosquitos to produce a first raft of eggs without a
previous blood meal. Usually autogenous females
do not take a blood meal before they have laid the
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first raft but after that they are able to feed on blood,
after a certain interval to lay a second raft, and after
repeated blood meals to lay several more rafts. The
nature of the offspring from these rafts as to auto-
geny is independent of whether or not the parent
female had taken a blood meal before egg-laying but
is dependent on the genetic make-up of the parents.
Autogeny therefore definitely has a genetic basis,
but the mode of inheritance is not yet clear. Several
authors have found that autogeny behaves as a
recessive and anautogeny as a dominant trait.a-4
Some others have found intermediate inheritance
also.e This problem cannot be elucidated until more
is known about formal genetics in mosquitos,
especially until strains are available which possess
as markers mutations on all the chromosomes.

While engaged in studies on the inheritance of
insecticide resistance in Culex fatigans, the authors
undertook investigations into the possibility of
converting the known anautogenous strain of that
species from Delhi, India, into an autogenous one.
Known autogenous strains of European C. pipiens
(C. molestus) were used as the source from which
to introduce the character autogeny into the anauto-
genous Delhi strain of C. fatigans. European strains
had to be used as no cosmotropical autogenous
strain of C. fatigans was available to us.

Reciprocal crosses of the Delhi strain of C. fatigans
were carried out with the Hamburg strain of
C. pipiens. This was successful when females from
the Delhi strain were mated with males of the
Hamburg strain. The reverse cross failed as females
of the Hamburg strain and Delhi males were found
to be incompatible, i.e., fertilized egg rafts were
obtained but the eggs did not hatch into larvae.
Such reciprocal differences in the hatchability of eggs
are very common in the C. pipiens complex and are
based on a cytoplasmatic genetic system which is
independent of chromosomal genes.f' g Table 1
shows the result of reciprocal crosses with the Delhi
and Hamburg strains and the results obtained with
the backcrossing of F1 male hybrids with one of the
parental strains which indicate that hybrid males of

a Roubaud, E. (1930) C.R. Acad. Sci. (Paris), 191, 1386.
b Callot, J. (1947) Ann. Parasit. hum. comp., 22, 380.
c Callot, J. (1955) Ann. Parasit. hum. comp., 30, 363.
d Mattingly, P. F. (1952) Proc. Linn. Soc. Lond., 163, 53.
e Rozeboom, L. E. & Kitzmiller, J. B. (1958) Ann. Rev.

Ent., 3, 231.
f Laven, H. (1957) Z. indukt. Abstamm.-u.-Vererb.-Lehre,

88, 478.
g Laven, H. (1959) Cold Spr. Harb. Symp. quant. Biol., 24,

166.

TABLE I
COMPATIBILITY OF RECIPROCAL CROSSES AND BACK-
CROSSES WITH ANAUTOGENOUS DELHI STRAIN OF

C. FATIGANS, AUTOGENOUS HAMBURG STRAIN
OF C. MOLESTUS, AND Ft HYBRID STRAIN

??Delhix [?YHamburgx |YHamburgx
,Hamburg I dDelhl |T6FmDelhi/

Hamburg~

Total no. egg rafts 7 15 6

Total no. eggs 1 486 974 604

No. larvae 1019 0 0

Ratio of eggs
hatching into
larvae (%) 60.4 0 0

No. embryonated
eggs 50 221 187

No. unfertilized
eggs 417 753 417

a Hybrids of ??Delhix6dHamburg cross.

the F1 generation retain the crossing type of the
maternal Delhi strain. The F1 generation females,
like the maternal Delhi strain, could be successfully
crossed with Hamburg males. Therefore the above
backcrosses proved that the outcrossing of the Delhi
strain to the Hamburg strain did not alter the cross-
ing type of the resulting hybrid strain. It retains
an ability to cross which is similar to that of the
original Delhi strain, a fact which is of importance
in connexion with the use of this hybrid autogenous
strain in genetical experiments with other Indian
and South East Asian strains.
The larvae obtained from the compatible cross

(9 ? Delhi x ,3' Hamburg) yielded healthy adults
showing hybrid vigour. Contrary to expectations
83.2% of the F1 females laid autogenous rafts
(Table 2), thus clearly indicating that this character
was inherited as dominant with a penetrance of
about 80%.

Spielmann h has observed that the ratio of auto-
geny is very strongly influenced by the amount of
food available in a larval culture. Table 2 shows
that the ratio of autogeny in the adults obtained from
standard larval cultures using the technique of
Laven f to be about 80%. But the right-hand
column of Table 2 shows that in overcrowded larval
cultures, with more than double the number of
larvae while space and food remained as in the

h Spielmann, A. (1957) Aner. J. Hyg., 65, 404.
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TABLE 2
AUTOGENY OF Fi GENERATION FROM DELHI FEMALES
AND HAMBURG MALES IN STANDARD AND OVER-

CROWDED LARVAL CULTURES

Standard Overcrowded
_ larva I cultures larval cultures

No. egg rafts 3 2

No. larvae 349 496

Total no. adults 340 470

No. males 179 182

No. females 161 288

No. autogenous rafts 134 138

Ratio of autogeny (%) 83.2 47.9

standard cultures, the ratio of autogeny dropped to
about 50%.

Expression of autogeny in the F1 females after
crossing an autogenous with an anautogenous strain
in such a high ratio as indicated in Table 2 for the
standard larval cultures has not been observed
previously. Ratios of between 5% and 10% for such
an F1 generation have been recorded.' Therefore it
may be concluded that the anautogenous Delhi strain
either contained factors making for autogeny to
a certain extent, although without showing autogeny,
or that the factor making for autogeny was derived
from the Hamburg strain, showing a shift from
recessivity to practical dominance. It is not possible
to prove which of these two theoretical explanations
is correct without further studies with marked
chromosomes. It would be interesting to know
why the Delhi strain in pure homozygous condi-
tions shows no autogeny at all.

F2 females after inbreeding of the F1 generation
(from autogenous rafts only, reared under strictly
standard conditions) showed a marked drop in
autogeny to about 50% (Table 3). On the other
hand, as shown in the right-hand column of Table 3,

i Kitzmiller, J. B. (1953) Rev. bras. Malar., 5, 285.

TABLE 3
AUTOGENY OF F2 GENERATION AFTER INBREEDING OF F,,

AND OF BACKCROSS OF Ft FEMALES
TO PATERNAL HAMBURG STRAIN

F2
(F. adults of V Delhi F2 x q?F, Delhi/

c&Hamburg inbred) Hamburg x
Hamburg

Experimenti Experiment2j __Hamburg
No. rafts 7 9 10

No. larvae 341 496 353

Total no. adults 253 344 303

No. males 124 190 161

No. females 129 154 142

No. autogenous
rafts 72 60 127

Ratio of
autogeny (%) 55.8 42.8 89.5

addition of autogenous " genes" by backcrossing
the F1 females to the paternal Hamburg strain raised
the ratio of autogeny to about 90%. The lowered
ratio of autogeny among inbred F2 females indicated
the possibility that, by recombination, the original
(anautogenous) Delhi genome was changed so that
about 50% of these F2 females became anauto-
genous.
As long as environmental influences, such as the

amount and kind of food, overcrowding, etc., are
not clearly separable from genetical factors, it will
be premature to draw conclusions regarding the
mode of inheritance of autogeny from the ratios
of autogeny recorded in these studies. The percent-
age figures of autogeny in the F1, F2 and backcross
generations did not fit any clear-cut Mendelian
ratios. However, the fact that larval culturing con-
ditions affect expression of autogeny indicate the
possibility of modifying genes which affect the
inheritance of autogeny. Further studies with the aid
of multiple marker strains where all the chromosomes
are marked will probably give an answer to the still
unsettled problem of the inheritance of autogeny.


