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Age determination of some flies and mosquitos by
daily growth layers of skeletal apodemes
J. SCHLEIN 1 & N. G. GRATZ 2

A new method of determining age in certain Diptera, including Culex and Aedes
mosquitos, involves counting-sometimes with the aid of staining techniques-the layers of
cuticle growth that form daily at different points (inner apodemes) of the skeleton. If
developed, the method would be ofgreat importancefor eradication and controlprogrammes.
The authors recommendfurther studies, in particular on the application of the technique to
Anopheles and certain flies such as Calliphora.

A number of methods have been described for
determining the age of insects. Those for mosquitos
rely mainly on the observation of changes in the
female reproductive system, and they have been
summarized by Detinova (1962), who also reviewed
their importance for epidemiological and malaria
control studies. The existence of concentric daily
growth rings in the legs of grasshoppers and some
other orders of Hemimetabola has been described by
Neville (1963), while weighing the residual dry
weight was suggested by Bursell (1961) as a method
for estimating the age of Glossina. We propose that
the growth of the inner apodemes of the insect
skeleton might also be used as a good means of
determining the age of flies and mosquitos. This
growth, which includes growth of skeletal muscles
and deposition of cuticular layers in adult insects,
has been termed " postmetamorphic growth "
(Schlein, 1967). Preparations of the apodemes of
certain species of fly and mosquito, specimens of
which were killed at daily intervals, showed a daily
deposition of cuticular layers. It is the examination
of these layers on the apodemes that we suggest be
used as a means for determining age in field
populations. While not as yet definitive, it represents
a new method that is partially applicable to both
sexes and that might be exploited through further
study, particularly where accurate knowledge of the
age of anopheline populations is of special impor-
tance for malaria eradication programmes.
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Materials and methods

Adults of Sarcophaga falculata, Calliphora ery-
throcephala, and Glossina austeni, as well as females
of Culex pipiens molestus and Aedes aegypti, were
examined that had emerged on the same dates and
had been killed at daily intervals. Specimens of
unknown age of Glossina palpalis, G. pallipides,
Anopheles coustani, A. claviger, and other mosquitos
were also examined. The material was macerated in
potassium hydroxide solution and the apodemes of
the thorax and of the male genitalia were dissected
out with two pairs of watchmaker's forceps. The
apodemes were then flattened and mounted in
Canada balsam in the usual manner. The apodemes
of the mosquitos were stained after maceration with
haematoxylin Heidenheim, which was found to be
the best of the stains tested for the distinction of
growth layers. The preparations were immersed for
30 min in iron alum solution, washed, and re-treated
with the stain for a further 30 min. The preparations
of flies were not stained, except for those of Glovsina,
which were stained with Mayer's haematoxylin.

Age determination
The postmetamorphic growth deposition of cuti-

cular layers apparently takes place throughout the
entire skeleton. The sternal apodemes of the thorax
and thoracic phragmata, which lengthen in the
process, were found to be the best indicators for age
determination. The apodemes of the sternites are
the furcae 1, 2, and 3 (fu 1, 2, 3 in Fig. 1), which are
situated at the posterior end of each basisternum
(bs 1, 2, 3 in Fig. 1). Furca 1 consists of two
separate apodemes on each side of the median line.
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Fig. 1. Aedes aegypti:
sagittal section of thorax.

pn

Furca 2 is bifurcated and has a common stem.
Furca 3 is bifurcated in mosquitos and single in the
flies examined. The phragmata are ventral cuticular
inflections between the thoracic tergites. The rudi-
mentary thoracic phragma 1 (tph 1 in Fig. 1) where
neck muscles originate is situated between the
pronotum and the mesonotum. The thoracic
phragma 2 (tph 2 in Fig. 1) is the posterior
attachment area of the longitudinal indirect flight
muscles; it lies between the metanotum and the
postnotum (pn) and is in effect the ventral continua-
tion of the latter.
The postmetamorphic growth begins after emer-

gence from the pupa and in each group of ffies seems
to follow a different pattern. The duration, form,
and degree of deposition of cuticle also varies in
different areas of growth of the same fly. Each
apodeme has its specific rate and shape of growth.

Mosquitos
In Culexpipiens and in Aedes aegypti the apodemes

of the prothorax, thoracic phragma 1, and the
rodlike process of furca 1 (tph 1 and fu 1 in Fig. 2a
& b) almost complete their growth in 24 hours.
Thoracic phragma 2 (tph 2 in Fig. 3a & b) also
grows almost fully in 24 hours and only very thin
layers are deposited on it thereafter. In Culex these
layers do not usually show daily differences. In
Aedes the layer formed on thoracic phragma 2 in the
first 24 hours is thinner than in Culex and subsequent
daily layers are thicker and stain better, so that it
was possible to count the growth layers in most
preparations. Furca 2 and furca 3 of both mosquitos
show gradual growth. It was not possible to
distinguish the daily growth in furca 2, but in furca 3
the layers of growth were stained quite clearly in
most preparations of Culex (Fig. 4). They were less
clear, however, in Aedes. Thicker growth layers are
deposited on furca 3 in the first 4 days after
emergence from the pupa. After this period, the
growth rate diminishes and the thin layers that
follow can be counted until the tenth or eleventh day
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Fig. 2. Aedes aegypti: a, posterior view of anterior part of thorax, age at least 24 hours; b, apodemes of anterior part
of thorax, emerging mosquito.
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Fig. 3. Aedes aegypti: a,
mosquito.

posterior view of thorax, adult mosquito; b, posterior apodemes of thorax, emerging
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of adult life. The best way to determine the age of
C. pipiens is to count the layers on furca 3; for
A. aegypti the counting of layers on thoracic
phragma 2 is preferable.
Some experience and training is necessary to

mount the specimens successfully and observe the
growth layers accurately, and it must be admitted that
success is not certain for each individual mosquito.
The growth layers can be indistinguishable in the
mount and mistakes can occur in counting if one
of the layers fails to stain. There is also secondary
striation on the apodemes, which can be misleading.
In the laboratory examinations on which this paper
is based,success in determining the age of the above
species of mosquitos ranged from 85% to 90% when
checked against the known day of emergence.

In the anophelines examined the same process of
growth apparently takes place. However, in order to
see which factor can be used for estimating the age
of Anopheles, further studies should be carried out
on one species at successive ages.

Flies
In the flies examined, layers of cuticle were

deposited during growth on the thoracic apodemes
as in mosquitos and also on the apodemes of the
male genitalia. The apodemes of the emerging fly are
transparent and of minimal length; in 24 hours the
apodemes blacken and the first transparent layer of
cuticle is secreted at their ends. A gradual daily
secretion of comparatively thick layers continues for
approximately 7 days and then the rate of growth
diminishes as in the mosquitos until the fly is
approximately 2 weeks old, when it stops. The daily
layers are of varying shades of dark colour as in the
Culicidae, but are more easily visible. The apodeme
that shows the layers most clearly is thoracic
phragma 2 (Fig. 5 and 6). Daily layers can
sometimes be observed on furca 3 of Sarcophaga and
Calliphora spp. The number of growth layers
observed on the apodemes of the aedeagus of
Glossina and Sarcophaga did not correspond to the
age in days of the fly, and thus the method described
is apparently not readily applicable to these genera.
Daily growth layers could also be observed on the
apodeme of the hypandrium in the male genitalia of
Calliphora and the possible use of these in age-
grading should be studied.

R,ESUME

DETERMINATION DE L'AGE DE CERTAINES MOUCHES ET DE CERTAINS MOUSTIQUES PAR L'EXAMEN
DES COUCHES DEPOSEES QUOTIDIENNEMENT SUR LES APODEMES DU SQUELETTE

fAU COURS DE LA CROISSANCE

I1 est important de pouvoir determiner avec pr&ision
1'age des insectes et en particulier, lors des programmes
d'eradication du paludisme, 1'age des anophelines.

L'etude de plusieurs especes de dipteres montre la pre-
sence, sur les apodemes internes du thorax dans les deux
sexes et sur les organes genitaux chez le male, de couches
de cuticule apposees quotidiennement au cours de ce
qu'on a appele la ( croissance postmetamorphique x>.
Apres maceration suivie chez les moustiques de colora-

tion, on peut mettre en evidence de telles couches chez
Culex pipiens molestus, Aedes aegypti et Anopheles cous-

tani. Leur examen permet de determiner I'age jusqu'a 10
ou 11 jours chez 85-90% des moustiques des deux pre-
mieres de ces especes. On n'a pu 6tablir une concordance
du meme ordre entre I'age et le nombre de couches cuti-
culaires chez Glossina et Sarcophaga, mais elle semble
exister chez Calliphora.

La methode doit encore faire l'objet de nouvelles
recherches et etre amelioree avant de pouvoir etre utilis6e
sur le terrain, specialement en ce qui concerne les
anophelines.
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Fig. 4. Culex pipiens, 6 days: furca 3 (x 260).

Fig. 5. Glossina austeni, 6-7
days: growth layers on thoracic
phragma 2 (x 310).

Fig. 6. Calliphora erythrocephala,
5 days: half of thoracic phragma 2
(x125).


