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The Taxonomic Value of Pre-alar Scales in the Identification
of Culex (Culex) pipiens L. and Culex (Cx.) torrentium

Martini (Diptera: Culicidae)
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ABSTRACT: Culex (Culex) pipiens L. and Culex (Cxz.) torrentium Martini are
sympatric sibling species ordinarily inseparable at egg, larval or pupal
stages. Adult males of both species may however be distinguished on the basis
of their differential terminalia, and the females on the basis of the presence
or absence of pre-alar patch of scales on the sternopleuron. The latter
character is believed to be lacking in Cx. pipiens. In this study newly
emerged adults of both species, obtained from field egg batches, have been
closely examined and compared. The presence of pre-alar scales in Cx. pipiens
adults is reported, and the unreliability of this character as a diagnostic
feature clearly indicated. It is therefore suggested that in distinguishing
adult females of Cx. pipiens and Cx. torrentium eggs should be obtained and
the progeny reared to give F; males which could be conclusively identified by
the structure of the terminalia.

INTRODUCTION

Culex (Culex) pipiens L. is a member of the Czx. pipiens complex (Laven
1967; Mattingly 1967). The species occurs mainly in the temperate climates
and is rarely found in West Africa (Gutsevich et al. 1971; Horsfall 1955;
Knight and Stone 1977). Culex (Cx.) torrentium Martini is a member of the
Ce. trifilatus complex (Mattingly 1967). The species was first described in
1924 from Germany, and is now known to be widespread in the USSR, Central
Europe and Asia Minor (Mattingly 1951; Gutsevich et al. 1971). Larvae of
both Cx. pipiens and Cx. torrentium often occur together in the same breeding
sites (Service 1968a; Onyeka 1980), though the latter shows a well defined
preference in its choice of oviposition sites (Onyeka 1980).

Pre-adult and adult stages very closely resemble each other and separa-
tion of the two species can be made reliably only in the adult stage (Service
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1968a; Jupp 1979). The principal taxonomic character used is the difference in
shape of the male terminalia of the two species (Mattingly 1951; Service 1968a).
One external taxonomic character which has been suggested to identify both adult
male and female Cx. torrentium is the presence of a pre-alar patch of scales on
the upper part of the sternopleuron, a character believed to be lacking in

Cx. pipiens. Jupp (1979) in a small study in Southern England showed that
differentiation of the females of the two species could be made according to

the number of pre-alar scales. The presence of two or more scales on one or
both sides of the thorax would identify a specimen as Cx. torrentium.

In the course of population studies of the two sympatric sibling species of
Culex in Silwood Park, Ascot, Berkshire, England, some adult mosquitoes bred
from egg-rafts deposited by Cx. pipiens females were found to possess pre-alar
scales. Consequently a detailed taxonomic study of both species was planned,
with a view to ascertaining the extent of occurrence of the pre-alar scales and
other characters in the adults, and in particular to assess relative values and
reliability of using presence or absence of the scales as a basis for distin-
guishing between the two sibling species.

MATERIALS AND METHODS
COLLECTION AND BREEDING OF MOSQUITOES:

Egg-rafts of Cx. pipiens and Cx. torrentium were collected from permanent
groundwater habitats at Imperial College, Silwood Park, Ascot. The rafts were
conveyed to the insectary in separate breeding pans, to which small amounts of
yeast had been added as a hatching stimulus (Service 1968b). Emerging larvae
were fed on a mixture of brewer's yeast and powdered dog biscuits until pupation
(Birtwisle 1971). Representative samples of pupae from each egg-raft were then
transferred to a 16 x 16 x 16 cm emergence cage where the adult emerged. A1l
rearing was carried out at 21+ 1°C, 50% r.h. and 16 h 1ight - 8 h dark photoperiod
(McLintock 1960; Miles 1974; Sanburg and Larsen 1973).

PROCESSING OF MOSQUITOES FOR MICROSCOPIC EXAMINATION:
(a) MALE TERMINALIA:

Two male mosquitoes from each egg-raft were removed from the emergence cage
with the aid of a glass aspirator and stunned by placing them in a freezing
chamber of a refrigerator. The terminalia were dissected and placed in a test
tube containing 10% sodium hydroxide. After heating for 5-10 minutes to clear,
the specimens were dehydrated with alcohol and xylol and then mounted in Canada
balsam. The slides were examined under a binocular microscope at 100x magnifica-
tion and positively identified as either Cx. pipiens or Cx. torrentium, based
on the following differences: the dorsal arm of the phallosome in Cx. pipiens
is tubular and does not project up to the level of the spines at the tip of the
paraproct, whereas in Cx. torrentiwn the dorsal arm is pointed at the tip and
projects to about the level of the spines. Furthermore the basal process of the
paraproct in Cx. torrentium has a very well developed lateral projection which in
Cx. pipiens is only vestigial (see Service 1968a).
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(b) PRE-ALAR SCALES:

As pre-a]ar scales easily become detached from mosquitoes (Service 1968a),
due cognisance was given in this investigation to the presence or absence of
the insertions of these scales which are readily visible in slide preparations.

The following method was adopted for the slide preparations: The mosquito
was killed and left for a few days to dry since dry specimens were easier to
prepare. The specimen was placed in a solid watch glass and wetted with
absolute alcohol to eliminate air bubbles. Ten percent potassium hydroxide
was added to the specimen in absolute alcohol and the specimen was left for 1
hour to clear. The mosquito was then transferred to another watch glass
containing glacial acetic acid and left for 15 minutes to neutralize the
potassium hydroxide. The specimen was then mounted in gum chloral and the
slide dried in the oven at about 35°C. The cover slip was ringed round with
Euparal and the preparation was then ready for examination under a binocular
microscope at 100x.

S1ide mounts were prepared of 24 adult mosquitoes (12 males and 12 females)
from each of 45 egg-rafts of Cx. pipiens and Cx. torrentiwm. Since specimens
were mounted on their sides it was not possible to see the scale insertions on
both sides of the thorax of a single specimen. Therefore, mounting was done
in such a way as to permit dorsal view of the left thorax in 6 males and 6
females and the right thorax in 6 males and 6 females. The presence or absence
of pre-alar scale insertion scars was recorded in each case.

RESULTS

Plate 1 and Figure 1 show the pre-alar region of Cx. pipiens with one
pre-alar scale and a single scale insertion. The proportions of Cx. pipiens
and Cx. torrentium with or without pre-alar scale insertion are presented in
Table 1,

Of the 1080 Cx. pipiens examined 99 (9.2%) were found to possess pre-alar
scale insertions on either side of the thorax. In the same number of Cx.
torrentium examined, 1045 (96.8%) possess scale insertions but in 35 (3.2)
individuals scale insertions were absent. Excluding all mosquitoes without
scales, the number of scale insertions found in Cx. pipiens varied between
1-4 with a mean of 1.7, whereas in Cx. torrentium the number varied between
1-16 with a mean of 6.4 (Fig. 2).

Observation on the occurrence of pre-alar scale insertions in males and
females of Cx. pipiens and Cx. torrentium showed that in Cx. pipiens more
females possessed scales than males (Table 1). A X2 test showed the difference
to be significant (p<0.05). The numbers of scales in this species range from
1-4 with a mean of 1.8 in females and 1-3 with a mean of 1.6 in males (Fig. 2).
There is no significant difference (p>0.05) between the number of males and
females of Cx. torrentium with scales. The numbers of scales range from 1-16
in both males and females (Fig. 2), with a mean of 6.3 in males and 6.5 in females.
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DISCUSSION

Various taxonomic characters have been employed in the past for distin-
guishing between adult Cx. pipiens and Cx. torrentium. For example, Natvig
(1948) used differences in the wing venation to separate females of both
species. He found that the length of the stem of vein R; was between 1/4 and
1/3 the length of its fork in Cx. pipiens and between 1/5 and 1/6 in Cx.
torrentium. Moreover, the length of the radio-medial cross vein was 2/3 and
1/2 its distance from the medio-cubital cross vein in Cz. pipiens and Cx.
torrentium, respectively. Jupp (1979) found this character unsatisfactory.
Mattingly (1951) observed that the dark scales on the abdominal sternites were
more numerous in Cx. torrentium than in Cx. pipiens. In addition, Service
(1968a) in his studies on the taxonomic characteristics of the two species has
noted that the above differences may not be used with confidence to separate
the two species. Furthermore, he found no pre-alar scales in Czx. pipilens
collected from Brownsea Island and Monks Wood which were examined for this
character. Also, he reported that in a few Cx. torrentiwm from the same source
as the Cx. pipiens, pre-alar scales were absent, while in others they were
easily detached. Hence, he concluded that absence of pre-alar scales could not
always be taken as positive evidence of Cx. pipiens. In this respect results
of the present investigation are of special interest, as they show that at
Silwood Park as much as 9.2% of the Cx. pipiens population possess scales. The
findings of Jupp (1979) are in agreement with these results although the Tlarger
sample taken here indicates that Cx. pipiens may occasionally have 3 or 4
pre-alar scales. Mattingly (1980) (personal communication) has also collected
two female Cx. pipiens on separate occasions from Gloucestershire in Southwest
England with pre-alar scales.

Hence, there is evidence of some degree of unreliability in using the
presence or absence of pre-alar scales as a diagnostic feature for the separation
of males or females of these sibling species of Culex. Nevertheless, it may
be suggested (see Fig. 2) that when more than four scales are present, the
specimen may be safely identified as Cx. torrentium; but when the pre-alar
scales number between 1-4, identification using this character may not be
applied with confidence. As the pre-alar scales are easily detached, it is
necessary to look for the insertions of these scales whenever there are doubts.
When a male mosquito is involved it is possible to confirm its specific identity
by examination of the terminalia. But when a female is involved it is recom-
mended that, whenever possible, eggs be obtained and progeny reared so that F,
males can be identified by means of phallosome characteristics. The structure
of the male terminalia remains the only certain way to differentiate these
two species.

ACKNOWLEDGMENTS

My special thanks are due to Dr. P. F. L. Boreham for supervision and
Mr. K. M. Harris of British Museum (Natural History) for demonstration of the
method of slide preparation of mosquitoes for examination of pre-alar scale



Mosquito Systematics Vol. 14(1) 1982 45

insertion points. Appreciation is extended to Drs. M. W. Service, G. B. White

and Prof. P. F. Mattingly for useful advice and discussion and Dr. M. 0. E. Iwuala
for reading through the manuscript and making useful corrections. This work was
done while I held the University of Nigeria sponsorship; the generosity of the
institution is acknowledged.

BIBLIOGRAPHY

Birtwisle, D. 1971. The concentration of some intermediates of glycolysis in
the thorax of the mosquito Aedes aegypti, at rest. Insect Biochem 1:27-29.

Callot, J. 1957. Sur Culex torrentium Martini. Annals Parasit. 32:438-442.

Gutsevich, A. V., A. S. Monchadskii and A. A. Shtakel'berg. 1971. Fauna of the
U. S. S. R. Diptera. Vol. 3, No. 4. Translated from Russian. Israel
Program for Scientific Translations, Jerusalem 1974.

Horsfall, W. R. 1955. Mosquitoes - Their Bionomics and Relation to Disease.
Hafner Publishing Company, Inc. 723 pp.

Jupp, P. G. 1979. Culex (Culex) pipiens and Culex (Cz.) torrentium (Diptera:
Culicidae) in England: Notes on their Taxonomy and Biology. Mosq. Syst.
11:121-126.

Knight, K, L. and A. Stone. 1977. A Catalog of the Mosquitoes of the World
(Diptera: Culicidae). The Thomas Say Foundation. Vol. VI. 610 pp.

Laven, H. 1967. Speciation and evolution in Culex pipiens. Genetics of Insect
Vectors of disease (ed. by J. A. Wright and R. Pal), pp. 251-275. Elsevier
Publishing Company, Amsterdam.

Martini, E. 1931. Culicidae. In Lindner, E. Die Fliegen der Palaearktischen
Region, 11-12, Stuttgart: Schweizerbart.

Mattingly, P. F. 1951. Culex (Culex) torrentium Martini, a mosquito new to
Great Britain. Nature, Lond. 168:172-173.

. 1967. The Systematics of the Culex pipiens complex. Bull. Wld.
H1th, Org. 37:257-261.

McLintock, J. 1960. Simplified method for maintaining Culex pipiens Linnaeus
in the laboratory (Diptera: Culicidae). Mosquito News 20:27-29.

Miles, S. J. 1974. Biochemical polymorphism and evolutionary re]ation§hips_
in Culex pipiens complex (Diptera: Culicidae). Ph. D. Thesis, University
of Western Australia. (Unpub.)



46

Natvig, L. R. 1948. Contribution to the knowledge of the Danish and
Fennoscandian mosquitoes, Culicidae. Norsk. Ent. Tidsskr. Suppl. 1.

Onyeka, J. C. A. 1980. Studies on the Ecology and Biology of Culex pipiens L.
and Culex torrentium Martini (Diptera: Culicidae) in Britain. Ph.D.
Thesis, University of London. 329 pp. (Unpub.)

Sanburg, L. L. and J. R. Larsen. 1973. Effect of photoperiod and temperature
on ovarian development in Culex pipiens pipiems. J. Insect Physiol. 19:
1173-1190.

Service, M. W. 1968a. The taxonomy and biology of two sympatric sibling
species of Culex, C. pipiens and C. torrentium (Diptera: Culicidae).
J. Ecol., Lond. 156:313-323.

. 1968b. Observation on feeding and oviposition in some British
mosquitoes. Ent. Exp. and Appl. 11:277-285.



Mosquito Systematics Vol. 14(1) 1982

Table 1. Occurrence of pre-alar scale insertions in Cx. pipiens and

Cx. torrentium.

No. with No. without % with
No. scale scale scale
Species examined insertions insertions insertions
Cx.
pipiens Male 540 39 501 7.2
Female 540 60 480 11.1
Total 1080 99 981 9.2
Cx.
torrentium . Male 540 520 20 96.3
Female 540 525 15 97.2

Total 1080 1045 35 96.8
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LIST OF FIGURES AND PLATES

Figure 1. Pre-alar knob of Cx. pipiens
(a) pre-alar scale, (b) single scar of scale insertion point,
(c) pre-alar bristle insertion point (9 of them are seen).

Figure 2. Frequency distribution of the number of pre-alar scale insertions in
Cx. pipiens (histogram) and Cx. torrentium (graph).

Figure 3. Frequency distribution of the number of pre-alar scale insertions
in male (histogram) and female (graph). (a) Cx. pipiens and
(b) cx. torrentium.

Plate 1.  Thoracic region of Cx. pipiens showing the pre-alar knob.
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FIGURE 1
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FIGURE 2
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FIGURE 3
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