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The Systematics of the Culex pipiens Complex*
P. F. MATrINGLY1

It was concluded in 1951 that the Culex pipiens complex could best be treated as a
single polytypic species. Since then observations on morphologically and biologically inter-
mediate forms have strengthened this conclusion. These observations are supported by the
results of experimental work on temperature tolerances, winter diapause and mating
behaviour and by crossing experiments. Discussions of the possible role of cytoplasmic
isolating factors in initiating speciation within the complex have not been sufficiently con-
clusive. The relative fitness of hybrids may be more important in determining their rarity
or otherwise in particular populations than the rather tenuous mating barriers so far
demonstrated. Since 1951 two furtherforms-C. p. australicus and C. globocoxitus-have
been added to the complex, and there is evidence of extensive replacement of C. p. pipiens
by C. torreitium in England. It is therefore unwise to neglect the dynamic aspects or the
geography of the complex. A comprehensive review of the morphological aspects of the
complex is badly needed.

THE CULEX PIPIENS COMPLEX AS
A POLYTYPIC SPECIES

The systematics of the Culex pipiens complex, as
a whole, were last reviewed some 16 years ago
(Mattingly et al., 1951). The main conclusion
reached was that the members of the complex then
recognized (C. p. pipiens Linnaeus, C. p. fatigans
Wiedemann, C. p. var. molestus Forskal, C. p.
var. pallens Coquillett, C. p. var. comitatus Dyar
& Knab) could most usefully be treated as a single
polytypic species. Mayr (1963) accepts this con-
clusion and, in my opinion, the considerable body of
evidence that has accumulated in the interim merely
strengthens the original view. In the New World,
Barr (1957, 1960) has shown that morphologically
intermediate forms are widely distributed in North
America. In the Old World, Bekku (1956) has
shown that there is continuous variation in Japan,
as between C. p. pipiens in the north and C. p.
fatigans in the south, and Rioux & Pech (1959)
have summarized the evidence for the occurrence of
various combinations of autogeny, anautogeny,
stenogamy, eurygamy, anthropophily, ornithophily
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and homo- and hetero-dynamy in southern France
and North Africa. Similar evidence has been found in
Italy (La Face, 1957, 1961; Rossi-Espagnet, 1957).
Evidence of reproductive continuity between
C. p. pipiens and C. p. var. molestus in North
America was noted in 1951. Ikuzawa (1955) has
recorded morphological intergradation between
C. p. var. pallens and C. p. var. molestus in Japan.
Finally, Vinogradova (1961) has concluded, from a
study of the inheritance of adult diapause in
C. p. pipiens and C. p. var. molestus hybrids, that
hybridization can take place and that the establish-
ment of hybrids will depend on the extent to which
their seasonal cycle is adapted to local conditions.
Other crossing experiments have continued to
imply genetic continuity between North American
C. p. pipiens and C. p. fatigans and between the
latter and C. p. var. molestus (see, for example,
Dobrotworsky, 1955; Kitzmiller & Laven, 1954;
Knight, 1953; Rozeboom, 1958). Pal & Krishna-
murthy (1958) failed with crosses between C. p.
fatigans and C. p. var. molestus; the reasons for
this are obscure. Parker & Rozeboom (1960)
showed that molestus is at least as sexually active as
fatigans at high temperature, providing further
evidence of the much closer resemblance between
these two forms than between either of them and
C. p. pipiens. However, Tekle (1960) has shown
that there is a wide temperature range over which
larvae of both C. p. pipiens and C. p. fatigans can
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complete their development, and attempts to
elucidate barriers to interbreeding which might
operate in temperate and subtemperate latitudes
have met with little success (Rozeboom & Gifford,
1954; Parker & Rozeboom, 1960; and see below).
In view of this accumulation of evidence it may

seem surprising that Stone (1963), in his second
supplement to the Synoptic catalog of the mosquitoes
of the world (Stone, Knight & Starcke, 1959), has
raised both C. p. ssp. fatigans and C. p. ssp. australi-
cus (for which see below) to specific rank. The
explanation is that Stone has followed Belkin's
monograph of the mosquitos of the South Pacific
(Belkin, 1962). In this book, however, Belkin
specifically disclaims any attempt at infraspecific
analysis and excludes all infraspecific names. This
cannot be said to amount to a critical revision of
the present complex. To be consistent, Stone
should have excluded all infraspecific names from
the catalogue. This is a most valuable and author-
itative work and it is to be hoped that the matter
will be attended to in the next supplement.

INFRASPECIFIC TAXONOMY OF THE COMPLEX

Since the publication of the 1951 review (Mattingly
et al., 1951), two further members of the complex
have been discovered. These are C. pipiens ssp.
australicus Dobrotworsky & Drummond (1953) and
C. globocoxitus Dobrotworsky (1953). With this
exception the nomenclature proposed in 1951
appears still to provide an adequate framework
within which to develop our ideas. Rioux & Pech
(1959) have proposed the use of four varietal names
to distinguish different combinations of the biological
characters noted above as occurring in southern
Europe and the Mediterranean area generally.
Such a treatment, if extended to other possible
combinations of these characters, would lead to
an excessive multiplication of names. Moreover,
there also exist varietal names based on morpho-
logical characters (sternopallidus and sternopunctatus
Roubaud). It is thus possible for the same form to be
known under two different varietal names, one deriv-
ing from its biological and the other from its morpho-
logical characters. It is precisely this type of abuse
of the varietal category that has led to its abandon-
ment by many taxonomists (see, for example,
Mayr, 1942). At present it is customary for English-
speaking geneticists and others, interested in
autogeny, to speak of C. p. var. molestus, whereas
public health officials, concerned with man-biting

C. pipiens in cities, use the same name for these
forms. This does no harm and causes no confusion.
If French workers prefer the name var. autogenicus,
as more familiar, they are at liberty to use it, but
such names should not be multiplied beyond what
is absolutely necessary. It should also be noted
that such names are not subject to the rule of
priority (although it is customary among mosquito
workers to follow this rule as far as possible).
Finally, they should not be used in such a way as
to give an impression of precision which they cannot,
by their very nature, possess. (It may be noted, for
example, that Laven (1964) has produced evidence
for multiple allelism of one of the genes involved
in autogeny.)
The populations of C. p. var. molestus shown by

Laven (1959, 1964), and by Dobrotworsky (1955)
in Australia, to be largely or wholly reproductively
isolated, by cytoplasmic factors, pose a more serious
and fundamental problem. Laven suggests that the
phenomena encountered may imply the occurrence
of "a kind of speciation perhaps common in
mosquitos". This is possible, but sterility barriers
in Aedes (see references in Mattingly (1956) and also
Woodhill (1959), McClelland (1961), Mattingly
(1964)) and Anopheles (discussion and references in
Bates (1949), and see Davidson & Mason (1963))
involve various phenomena, including both maternal
and paternal inheritance, blending inheritance and
sterility of F1 offspring of either or both sexes, as
well as larval and embryonic mortality. Even
within Laven's crosses a variety of phenomena has
been observed, ranging from complete sterility
through the production of females of partheno-
genetic origin to the production of small numbers
of normal offspring. It seems that there is a growing
need for an interpretative review of the increasingly
complex picture presented by sterility in mosquito
crosses.
Laven (1959) has argued that the occurrence of a

cytoplasmic factor of this kind would permit
speciation within a sympatric population. On the
basis of a mathematical analysis by Caspari &
Watson (1959), Mayr (1963) has argued that two
different kinds of cytoplasm can only become
established allopatrically, since either the new or
the old cytoplasm will be eliminated from any
population in which the change arises. He therefore
concludes that cytoplasmic factors of this kind can
act only to reinforce other factors involved in
allopatric speciation. This does not fully answer
Laven's case, but the matter cannot be further
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discussed here. Mayr finally concludes that
"r. ..there is serious doubt whether it would be
legitimate to label as 'species' allopatric strains that
may differ by only a single factor ". This point also
will probably be argued, but certainly I would think
that most systematists would be better satisfied if
there were more evidence regarding the nature of
Laven's factors, their effect on the adaptiveness of the
genome and their stability under varying environ-
mental conditions. Even more important from the
point of view of the systematist, and therefore of
the present paper, is the question whether. there yet
exists sufficient evidence of de facto interruption
of gene flow between the populations cited by
Laven (1959). Two of these, originally thought to
be reproductively isolated, namely the South
German and the West European, have since been
shown to be linked, at least potentially, by a third
population, from Osterberg in southern Germany,
which is fully compatible with both. It would seem
to be premature to assume that similar annectent
populations will not be discovered elsewhere. A
comparative morphological study of allegedly
isolated populations also seems very desirable.
Spielman (1957), by his analysis of the genetic basis
of autogeny, has provided the population geneticist
with a valuable tool. He has used this (Spielman,
1964) in a study of sympatric populations of auto-
genous and anautogenous C. pipiens in the United
States of America. It would be premature to com-
ment on his results until they are fully published.
However, my own experience of C. p. var. molestus
as a public health problem in Great Britain would
suggest that periodic outbreaks of this mosquito
might be associated with facultative eurygamy and
hence with possibilities for hybridization with
C. p. pipiens. These would be expected to occur
with increasing frequency in lower latitudes, which
would be consistent with the extensive intergrading
observed in southern Europe. It is, perhaps,
surprising that there are almost no records of
autogeny in C. p. fatigans. As already noted, the
apparent failure of C. p. var. molestus to thrive in
tropical environments remains unexplained.

However, it seems clear that autogeny, as such,
would have relatively little selective advantage in the
tropics and subtropics. It is comparatively rare in
wild populations in Egypt (Knight & Abdel Malek,
1951). Bhatnagar, Singh & Raghavan (1958) have
recorded autogeny in C. p. fatigans in India, but
the strain proved non-viable and so few observations
were made that little comment is possible. One case

of alleged autogeny that came to my notice was
apparently due to egg retention in C. p. fatigans
(which may last several weeks, so that when rafts do
appear they are thought to have been produced
without a blood-meal).
Among morphologically intermediate forms,

C. p. australicus is particularly interesting, since it
apparently occurs in the complete absence of
C. p. pipiens. Various explanations are possible.
It has been suggested that this and C. globocoxitus
may be primitive members of the complex. I would
think, however, that both could have arisen from
introduced populations. C. p. australicus is at
present known only from Australia (Dobrotworsky
& Drummond, 1963), New Caledonia (Marks &
Rageau, 1957) and the New Hebrides (Laird, 1961;
Rageau & Vervent, 1958). C. globocoxitus is known
only from southern Australia. More information on
seasonal and geographical variation, particularly of
the former, would be welcome.
As noted above, attempts to disclose mating

barriers between North American members of the
complex have met with only very limited success.
In my view such barriers are likely to be less impor-
tant in determining the character of a particular
population in nature than is the relative fitness, in
a particular environment, exhibited by the hybrids.
Some workers on the Anopheles gambiae complex
have recently claimed to have found hybrids in nature
despite the occurrence of F1 male sterility. In this
connexion may be mentioned the remarkable
observation by Spurway (see Spurway & Asit
Kumar, 1960) that intersubspecific hybrids of
European newts can produce more offspring in the
laboratory than their parents, even in the presence
of markedly abnormal spermatogenesis. A possible
way of gaining some insight into the relative impor-
tance of " hybrid vigour " would be to maintain
population cages under a variety of environmental
conditions and to study the equilibria established
between parent forms and hybrids. Studies of this
kind on Aedes aegypti have recently yielded very
interesting results (Adhami & Craig, 1965; Coker,
1964; Hickey, 1965). McMillan (1958), in an
interesting study of the seasonal variation in the
morphological characters of wild and caged popula-
tions of different members of the pipiens complex,
including intermediates, concluded that seasonal
changes in DV/D ratio in the natural population
may be associated with an influx of C. p. fatigans
from the south during the warm part of the year.
One wonders whether increased eurygamy of
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C. p. fatigans at that time may not have played a
part, as is suggested above in relation to C. p. var.
molestus in southern Europe. It is not clear that
the direct effect of temperature on DV/D ratio has
been adequately studied.

It is only possible to mention in passing the
obvious possibilities for wider understanding inher-
ent in the study of cytogenetics. This study has
hitherto played little part in the evolution of our
ideas about the C. pipiens complex. Now that
chromosome maps are becoming available (Kitz-
miller & Keppler, 1961), many possibilities are
likely to open up (for a general review, see
Kitzmiller, 1963). It has not proved possible here to
review work on morphological variation within the
complex, although this is extensive and interesting.
Some characters, such as male palp indices, siphonal
index and chaetotaxy, length of anterior fork cell of
wing and sternal markings, have received attention.
Others, known to show significant variation, such
as tergal markings, number of lower mesepimeral
bristles and shape of the ventral arm of the phallo-
some, have not. A review on these lines would be
very useful.

LIMITS OF THE C. PIPIENS COMPLEX

The observation by Dobrotworsky (1953) of
naturally occurring hybrids between C. p. var.

RJES

Les observations morphologiques et biologiques faites
durant ces dernieres annees dans diverses parties du
monde ont confirme l'opinion 6mise en 1951 que le com-
plexe Culex pipiens doit etre considere comme une seule
espece comprenant un certain nombre de types. Aux
sous-esp&es alors reconnues devraient s'ajouter C. pipiens
australicus et C. globocoxitus. I1 faut eviter toutefois une
subdivision de l'espece basee sur des combinaisons de
caracteres qui m6nerait finalement A une multiplication
des d6nominations et a la confusion, des noms differents
etant attribues aux memes formes. Les experiences sur
la resistance de ces moustiques aux variations de tempe-
rature et les croisements experimentaux ont confirme les
observations antenreures.

I1 semble que les facteurs cytoplasmiques isolants mis
en evidence ne provoquent pas la formation de nouvelles
especes mais ne font que renforcer les autres facteurs

molestus and C. globocoxitus should warn us
against closing our minds to possible extensions of
the complex as at present conceived. A curious
problem is presented by specimens, apparently of
C. p. pipiens, from south-west England, with an
extra patch of scales on the pre-alar knob of the
sternopleuron. I have seen this character nowhere
else in any member of the complex. The absence of
these scales normally distinguishes C. pipiens from
C. torrentium Martini. The latter was formerly
known only from Scandinavia and North Germany.
It appears to have been introduced into Britain
during the Second World War (Mattingly, 1951)
and has now become widespread and seems to be
replacing C. p. pipiens to some extent. It also
appears to have extended its range southwards and,
besides being found in southern England, has been
recorded from as far south in France as the eastern
Pyrenees (Sicart & Ruffie, 1958). The occurrence of
these scales might suggest hybridization between
C. p. pipiens and C. torrentium, were it not that the
latter also exhibits an additional pleural scale patch,
on the post-spiracular area, in the same part of the
country. This is a remarkable phenomenon and it
is unfortunate that no one in that part of Britain
has yet undertaken to investigate it. C. torrentium
belongs to the C. trifilatus complex, which, like the
C. pipiens complex, is widespread in the Old World
and shows signs of having been markedly affected
by human interference.

sUM12

entrant en ligne de compte. II serait desirable de faire
des 6tudes morphologiques comparatives de populations
presumees isol6es. L'analyse genetique de l'autogenie a
fourni une methode remarquable pour l'etude des popu-
lations. Les barrieres s'opposant A l'accouplement entre
individus de populations differentes semblent moins
importantes que la capacite des hybrides de s'adap-
ter au milieu ambiant. L'experimentation au labora-
toire semble confirmer cette opinion. La cytogenetique
offre aussi des possibilites trop peu exploitees, et une
revue 'exhaustive des variations des caracteres morpho-
logiques A l'interieur du complexe serait indispensable.
Enfin, il ne faut pas negliger l'aspect geographique de
la question: ainsi C. torrentium tend A coloniser la
Grande-Bretagne alors qu'on ne le trouvait avant la
Deuxieme Guerre mondiale qu'en Scandinavie et en
Allemagne septentrionale.

260



SYSTEMATICS OF THE C. PIPIENS COMPLEX , 261

REFERENCES

Adhami, V. M. & Craig, G. B. (1965) Mating competitive-
ness in Aedes aegypti. In: Proceedings of the XII Inter-
national Congress of Entomology, London, p. 260

Barr, A. R. (1957) Amer. J. trop. Med. Hyg., 6, 153
Barr, A. R. (1960) Calif. Vect. Views, 7, 17
Bates, M. (1949) The natural history of mosquitos, New

York, MacMillan
Bekku, H. (1956) Nagasaki med. J., 31, 956
Belkin, J. N. (1962) The mosquitos of the South Pacific,
Los Angeles, University of California Press

Bhatnagar, V. N., Singh, D. & Raghavan, N. G. S. (1958)
Bull. nat. Soc. India Malar., 6, 125

Caspari, E. & Watson, G. S. (1959) Evolution, 13, 568
Coker, W. Z. (1964) The genetics ofmutants and ofDDT-

resistance in Aedes aegypti, Liverpool (Thesis)
Davidson, G. & Mason, G. F. (1963) Ann. Rev. Ent.,

8, 177
Dobrotworsky, N. V. (1953) Proc. Linn. Soc. N.S.W.,

77, 357
Dobrotworsky, N. V. (1955) Proc. Linn. Soc. N.S.W.,

80, 33
Dobrotworsky, N. V. & Drummond, F. H. (1953) Proc.

Linn. Soc. N.S.W., 78, 131
Hickey, W. A. (1965) Genetic distortion of sex ratios in
Aedes aegypti. In: Proceedings of the XII International
Congress of Entomology, London, p. 266

Ikuzawa, M. (1955) Jap. J. sanit. Zool., 6, No. 3, p. 1
Kitzmiller, J. B. (1963) Bull. Wld Hlth Org., 29, 345
Kitzmiller, J. B. & Keppler, W. J. (1961) Genetics, 46,

875
Kitzmiller, J. B. & Laven, H. (1954) Caryologia, Suppl.,

p. 767
Knight, K. L. (1953) Mosquito News, 13, 110
Knight, K. L. & Abdel Malek, A. A. (1951) Bull. Soc.
Fouad I Entom., 35, 175

La Face, L. (1957) R.C. Ist., Sup. Sanitai, 20, 1091
La Face, L. (1961) R.C. Ist. Sup. Saniti, 24, 693
Laird, M. (1961) Nature (Lond.), 190, 1221
Laven, H. (1959) Cold Spr. Harb. Symp. quant. Biol.,

24, 166
Laven, H. (1964) WHO Information Circular on Insecti-

cide Resistance, No. 43, item 23

McClelland, G. A. H. (1961) Nature (Lond.), 190, 369
McMillan, M. L. (1958) Amer. J. trop. Med. Hyg., 7, 505
Marks, E. N. & Rageau, J. (1957) Proc. Linn. Soc.
N.S.W., 78, 133

Mattingly, P. F. (1951) Nature (Lond.), 168, 172
Mattingly, P. F. (1956) Trans. roy. ent. Soc. Lond., 108, 21
Mattingly, P. F. (1964) Proc. roy. ent. Soc. Lond. (B),

32, 165
Mattingly, P. F. et al. (1951) Trans. roy. ent. Soc. Lond.,

102, 331
Mayr, E. (1942) Systematics and the origin of species,
New York, Columbia University Press

Mayr, E. (1963) Animal species and evolution, Cambridge,
Mass., Harvard University Press

Pal, R. & Krishnamurthy, B. S. (1958) Indian J. Malar.,
12, 499

Parker, A. C. M. & Rozeboom, L. R. (1960) Amer. J.
trop. Med. Hyg., 9, 331

Paterson, H. E., Paterson, J. S. & Van Eeden, G. J. (1963)
Med. Proc., 9, 414

Rageau, J. & Vervent, G. (1958) Arthropodes d'interet
midical ou veterinaire aux Nouvelles Hebrides, Paris,
ORSTOM

Rioux, J. A. & Pech, J. M. (1959) Cahiers Nat., 15, 115
Rossi-Espagnet, A. (1957) R.C. Ist. Sup. Sanit&, 20, 1045
Rozeboom, L. E. (1958) Amer. J. trop. Med. Hyg., 7, 526
Rozeboom, L. E. & Gifford, B. N. (1954) J. Parasit.,

40, 237
Sicart, M. & Ruffi6, J. (1958) Bull. Soc. Hist. nat. Tou-

louse, 93, 79
Spielman, A. (1957) Amer. J. Hyg., 65, 404
Spielman, A. (1964) WHO Information Circular on

Insecticide Resistance, No. 43, item 22
Spurway, H. & Asit Kumar (1960) Proc. cent. bicent.

Congr. Biol., Singapore, 1958, p. 225
Stone, A. (1963) Proc. ent. Soc. Wash., 65, 117
Stone, A., Knight, K. L. & Starcke, H. (1959) A synoptic

catalog of the mosquitoes of the world, Washington,
D.C., Entomological Society of America.

Tekle, A. (1960) Amer. J. trop. Med. Hyg., 9, 321
Vinogradova, E. B. (1961) Ent. Obzr., 40, 63
Woodhill, A. R. (1959) Proc. Linn. Soc. N.S. W., 84, 292


