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Hybridization in the Culex pipiens Complex*
N. V. DOBROTWORSKY'

Studies of crosses of different strains of C. p. molestus in widely separated countries
have given very similar results: crosses between certain combinations may be fully fertile
or partly sterile.

In the Melbourne area of Australia, molestus x fatigans hybrids are common during
summer and autumn; a similar situation occurs in Kansas, USA. In Victoria (Australia)
cross-breeding between molestus and fatigans is common, but both retain their identity
because of the existence of ecological barriers. It has been suggested that molestus repre-
sents a population with high gene frequencies for autogeny and stenogamy.

Numerous crossing experiments have been made between fatigans and pipiens or
molestus, for the most part successfully. Only in a few instances has partial or complete
sterility occurred. A similar type of partial sterility has been observed when fatigans or
molestus has been crossed with Culex globocoxitus.

C. p. australicus is reproductively isolatedfrom both molestus and fatigans.

Kitzmiller (1953) and, more recently, Rozeboom
& Kitzmiller (1958) have reviewed work on hybri-
dization among members of the Culex pipiens
complex. Certain difficulties arise in the interpreta-
tion of laboratory crosses involving C. p. pipiens
because in most cases the strains used have not
possessed all the biological characteristics attri-
buted to the typical C. p. pipiens, such as anautogeny,
eurygamy, heterodynamy and ornithophily (Knight,
1951).

It is not clear whether a rural non-man-biting
and eurygamous C. p. pipiens occurs in America.
Howard, Dyar & Knob (1915) stated that C.
pipiens is " associated with man and is abundant in
our northern cities . . . and is rare or absent in the
rural districts . . ." Dyar (1928) wrote " The species
is domesticated and infests houses, biting at night..."
Fufthermore, the strains used by Rozeboom and
colleagues (Rozeboom, 1951; Rozeboom & Gilford,
1954; Parker & Rozeboom, 1960) mated readily in
small cages and even in 23 mm x 100 mm vials
(Kitzmiller, 1959). Neither the domesticated habit
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nor the ability to mate in small areas is typical of the
European pipiens. In another laboratory strain of
" pipiens " the structural features of the male
terminalia shifted towards those of fatigans
(McMillan, 1958). Mattingly (1956) pointed out that
" A number of published figures of terminalia of
C. pipiens from the United States of America are
much nearer the hybrid type than those of northern
European pipiens.. ." It therefore would appear
that in many cases molestus has replaced pipiens in
areas where it has become established and then has
been regarded as C. p. pipiens. Rozeboom (1962)
noted that molestus is much more active in mating
behaviour than pipiens and that it is likely that " the
genes for autogeny would spread through natural
populations ".

Studies of different strains of molestus have been
carried out on an extensive scale in Europe by Laven
(1951a, 1951b, 1953, 1959) and Ion a smaller scale
in Australia by Dobrotworsky (1955). It is a striking
fact that the results of crosses carried out in such
widely separated countries are very similar. The
crosses between certain combinations of strains may
be fully fertile or partly sterile. Most crosses of
Victorian strains of molestus have been fully fertile
in both directions. However, crossing males of the
Melbourne strain with three other strains failed to
yield offspring; 65.2 %-83. 1 % of the eggs laid
developed embryos, but larvae failed to hatch
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TABLE I
RESULTS OF CROSSING EXPERIMENTS

Eggs Eggs unhatched (5)
Female Male hatched With Without

embryo embryo

A. Crossing between different strains of C. P. molestus

Me
Lo

Me
Ya

Me
Mo

Lo
Me

Ya
Me

Mo
Me

97.8
0.0

94.9
10.8

97.6
0.0

0.0
83.1

1.6
65.2

0.3
69.9

2.2
16.9

3.5
24.0

2.1
30.1

B. Crossing between C. p. fatigans (f) and C. p. molestus (m)

m
f

m Me

f

f

m

f

mn Me

96.2
95.4

93.0
0.0

0.6
0.4

1.4
81.8

3.2
4.3

5.6
18.2

C. Crossing between C. globocoxitus (g) and members of
C. pipiens complex

molestus
g

fatigans
9

australicus

9
molestus

9
fatigans

9

98.6
1.3

91.1
0.0

99.1

0.1
2.8

1.0
0.0

0.2

1.2
95.8

7.9
100.0

0.7

(Table 1 A). These results are particularly significant
because the strains originated from localities only
some 40-100 miles (65 km-160 km) from Melbourne.

The absence of C. p. pipiens from Australia pro-

duces a unique situation and simplifies the analysis
of various traits. Here there is a continuous molestus
population, which is sympatric with fatigans in some
areas. The Melbourne area is permanently occupied
by molestus but every summer it is invaded by
fatigans from the north. The molestus x fatigans
hybrids are common during summer and autumn,
but a rather severe winter eliminates the hybrids as

well as fatigans. During the spring almost no

hybrids orfatigans are found (Table 2). A somewhat
similar situation occurs in Lawrence, Kansas, in the
USA (McMillan, 1958).
The area north of the Central Highlands in

Victoria is permanently occupied by C. p. fatigans
(see the map). C. p. molestus has penetrated into
this region and crossbreeding is common. However,

molestus and fatigans retain their identity because of
the existence of ecological barriers between them
For example, in Heathcote (Table 2) molestus,
fatigans and hybrids have been found in a septic
tank and in an adjoining street drain, but molestus
predominates in the former whereas fatigans is
more common in the drain. An almost pure moles-
tus population occurs in the septic tanks in two
nearby townships (Wedderburn and Bealiba), but
breeding places suitable for fatigans have not been
found in the vicinity of the septic tanks. This situa-
tion may result from the ability of molestus to mate
in underground breeding places, such as septic tanks.
The likelihood of hybridization between molestus
and fatigans is therefore greatly reduced. A some-
what similar situation exists in Western Australia,
where in some breeding places either fatigans or
molestus predominates whereas in another (Beverley)
both breed together and hybrids are common
(Table 3).

It has been suggested that molestus represents a
population with high gene frequencies for autogeny
and stenogamy, and that these concentrations are
probably the result of selection for adaptation to
certain domestic conditions (Kitzmiller, 1959). If this
is correct, a reversal of the trend can be expected in
the Australian molestus populations. In adapting to
rural conditions molestus populations would be
expected to revert to the original anautogenous and
eurygamous pipiens.
Only a few different strains have been used in

fatigans x fatigans laboratory crosses. Reciprocal
crosses have usually produced fertile progeny.
However, crosses between certain strains produced
no offspring (Roubaud, 1956). Similar crosses have
not been attempted between Australian strains.
Numerous crossing experiments have been made

between fatigans and pipiens or molestus. These
crosses have for the most part been successful. The
fatigans or molestus males do not discriminate
between females of either form. Reciprocal crosses
have usually been fertile and have produced viable
progeny. Only in a few instances has partial or com-
plete sterility occurred. Most crosses between
Australian strains of molestus and fatigans have also
produced fertile and viable progeny. Partial sterility
occurred only when Melbourne molestus males were
used; 81.8% of the eggs contained embryos, but
larvae failed to hatch. A similar type of partial
sterility has been observed when molestus orfatigans
has been crossed with Culex globocoxitus (Table 1 C).
Crosses of globocoxitus males with females of
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HYBRIDIZATION IN THE C. PIPIENS COMPLEX

DISTRIBUTION OF CULEX PIPIENS COMPLEX IN VICTORIA (AUSTRALIA)

molestus and fatigans were fertile, but reciprocal
crosses were sterile; of the eggs laid, 95.8% and
100%, respectively, did not develop embryos.

COMPOSITION OF

C. p. australicus is reproductively isolated from
both molestus and fatigans. In laboratory experi-
ments molestus and fatigans males rarely mated with

TABLE 2

NATURAL POPULATIONS OF THE CULEX PIPIENS
COMPLEX IN VICTORIA

Locality Breeding site ofDate Composition of population (%)
of collection molestus fatigans hybrids

Melbourne Pit 24.11.60 100.0 0.0 0.0

Pit 19. 5.60 14.8 68.5 16.7

Pit 20. 6.60 26.3 45.0 28.7

Wedderburn Septic tank 19. 4.61 94.1 4.7 1.2

Bealiba Septic tank 9. 5.61 97.1 0.0 2.9

Heathcote Street drain 11. 5.61 35.8 47.2 17.0

Septic tank 8. 6.61 54.8 5.2 40.0
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TABLE 3
COMPOSITION OF NATURAL POPULATIONS OF THE CULEX PIPIENS

COMPLEX IN WESTERN AUSTRALIA

LocalityIBreedeDate Composition of population (%)Locaility Breeding site Datolectoof collection molestus fatigans hybrids

Perth Septic tank 25. 6.64 91.5 8.5 0.0

Beverley Leach drain 2. 7.64 56.2 25.8 18.0

Midland Abattoir disposal lagoon 24. 6.64 0.0 100.0 0.0

Northam Pool in cellar 3. 7.64 0.0 100.0 0.0

australicus females and the few matings that were
observed were almost completely sterile. Reciprocal
matings in the laboratory were very difficult to

achieve because australicus is eurygamous. In a few
instances eggs were laid but the offspring were not
viable. No hybrid forms have been found in nature.

RtSUMp
L'interpretation des resultats de croisements de Culex

pipiens pipiens au laboratoire presente quelques diffi-
cultes, les souches utilisees n'ayant pas toujours tous les
caracteres biologiques attribues a C. p. pipiens. I1 est
frappant de constater que des croisements faits dans des
regions aussi eloignees que l'Europe et I'Australie donnent
des resultats tres semblables. Certaines combinaisons de
souches sont parfaitement f6condes et d'autres partielle-
ment steriles. La plupart des croisements de souches de
molestus de l'Etat de Victoria sont f6conds mais le
croisement entre males de la souche Melbourne et
femelles de trois autres souches est reste sterile bien que
ces souches proviennent de zones tres voisines. L'absence
de C. p. pipiens en Australie rend l'analyse plus simple.
La region de Melbourne, occupee en permanence par
molestus, est envahie en ete par fatigans provenant du
nord. Une hybridation entre les deux especes resulte de
cette invasion mais le froid hivemal 6limine tant les

hybrides que fatigans. Une situation semblable se
retrouve au Kansas (Etats-Unis). Dans une autre region
de l'Etat de Victoria, bien que cohabitant, molestus et
fatigans gardent leur identit6 du fait de barri6res ecolo-
giques alors qu'ailleurs (Beverley) l'hybridation est cou-
rante. Genetiquement, molestus serait une population
fortement autogene et stenogame, selectionn6e par adap-
tation a certaines conditions domestiques.
Peu de souches ont et6 employees pour des croisements

fatigans xfatigans mais de nombreux croisements entre
fatigans, pipiens et molestus ont ete tent6s, la plupart avec
succ6s. Une sterilite partielle, semblable i celle dej'a
observ6e dans les experiences avec des males a Melbourne,
a ete rencontr6e dans les croisements de molestus ou
fatigans avec globocoxitus.

C. p. australicus ne donne pas d'hybrides dans la
nature et les croisements au laboratoire avec molestus et
fatigans sont demeur6s steriles.
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