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Investigations on the Contact of the Legs of
Anophelines with Resting Surfaces and its Effect

on Susceptibility to Insecticides
ERNEST UNGUREANU, D.Sc.,1 VICTORIA CRISMARU,2

EUGENIA BURGHELE2

Observations of resting anophelines have shown that the third pair of legs has the
greatest area in contact with the surface on which the mosquito rests and the forelegs the
least contact. Susceptibility tests with mosquitos from which one or another pair of legs
has been removed indicate that absence of the hind legs has a considerable effect on the
pick-up of toxicant. With DDT the removal of this pair gave an LC,0 four times greater
than removal of the forelegs. With dieldrin the difference was less, presumably owing to the
fact that there is less irritability with this insecticide and hence the mosquito remains
quieter, taking offand settling less frequently. These observations point to the need to use
mosquitos with no legs missing when carrying out susceptibility tests.

MODE OF CONTACT OF LEGS OF ANOPHELINES
WITH RESTING SURFACES

Materials and methods
Anopheles maculipennis atroparvus, A. messeae

and A. maculipennis (typicus) have been observed
in the 5-inch plastic tubes of the WHO test kit for the
assessment of susceptibility in mosquitos and in the
similar 3 x 1-inch glass vials used in the Busvine &
Nash method. In both cases the mosquitos were
observed resting on curved surfaces, but observa-
tions on a flat surface were also made and photo-
graphs were taken, using a small cage made with
four glass slides kept in position with transparent
cellulose tape. The top of this small prismatic cage
was covered with a square of glass cut from a slide.
One of the sides of this container was lined with a
piece of Whatman No. 1 filter paper.

Results
The contact of the first pair of legs with a vertical

resting surface is small. Only the claws or the claws
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and the proximal extremity of the 5th tarsal segment
come into contact with the surface.
The middle legs touch the resting surface with the

last tarsal segment (5th) or with the last two tarsal
segments (4th and 5th) or with the 3rd, 4th and 5th
segments, or, occasionally with all but the first seg-
ment. Sometimes the middle legs touch the surface

FIG. 1
A. ATROPARVUS AT REST, SHOWING CONTACT OF

TARSAL SEGMENTS 4 AND 5 OF HIND LEGS
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FIG. 2
A. ATROPARVUS AT REST, SHOWING CONTACT OF
TARSAL SEGMENTS 2, 3, 4 AND 5 OF HIND LEGS

with the claw of the 5th segment only or with the
joint between the 3rd and 4th segments only.
The hind legs touch the resting surface in the same

variable way as the middle legs. In Fig. 1 the hind
legs touch the surface with the 4th and 5th segments
only. In Fig. 2 the left hind leg is in contact with
the resting surface with tarsal segments 2, 3, 4 and 5.,
In the last segment, however, it is the claw rather
than the segment itself that is in contact with the
surface. It is interesting to note that the right hind
leg is in a different position: it touches the surface
with the joint between the 3rd and 4th segments
only. Generally speaking, mosquitos do not touch
the resting surface symmetrically with the middle and
hind pairs of legs.

Fig. 2 shows how very limited is the contact of the
forelegs with the surface. As usual, only the claws
and the extremity of the 5th segment touch the
surface. The left middle leg in this same photograph
is seen in contact with the resting surface with the
4th and 5th segnents, whereas the right middle leg
touches the resting surface only with the joint be-
tween the 2nd and 3rd tarsal segments.
The right middle and hind legs are in contact with

the resting surface at one point only, whereas the
corresponding legs on the left side have a more
extended area of contact.

Mosquitos may also occasionally rest in such a
manner that the main contact is with the middle pair
of legs, as shown in Fig. 3.

FIG. 3
A. ATROPARVUS AT REST, SHOWING MAIN CONTACT WITH MIDDLE PAIR OF LEGS
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Our close observations indicate that mosquitos
after a period of activity, mosquitos already suffering
from the toxic effects of DDT or dieldrin, and
damaged specimens have an increased contact
surface compared with normal mosquitos; this
applies particularly to the hind legs. Irritated
mosquitos change the area of tarsal contact with the
surface after each movement.

It should be pointed out here that the tarsal
cuticula does not touch the resting surface directly,
owing to the presence of hairs and claws which thus
prevent intimate contact between the resting surfaces
and the tarsal segments.

Discussion
The observations reported here indicate that the

contact between the tarsi of mosquitos and the
resting surfaces varies from one pair of legs to
another, going from minimum contact with the fore-
legs to having maximum contact with the hind legs.
The pick-up of a contact insecticide like DDT or

dieldrin will be commensurate with the degree of
contact between the legs and the resting surface.
Therefore, any modification which tends to reduce
the degree of contact will also reduce the toxic
effect of the insecticide. Movements of mosquitos
increase the chances of good contact with the resting
surface, and one explanation of why a higher
mortality is observed with a large number of mos-
quitos inside an exposure chamber than with a

FIG. 4

REMOVAL OF LEGS FROM ANAESTHETIZED MOSQUITO
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small number may be that large numbers will
stimulate take-off and landing in a confined place.
Low temperatures and dim light reduce the activity
of mosquitos.

EFFECT OF ABSENCE OF ONE PAIR OF LEGS IN
A. ATROPARVUS ON TOXIC EFFECr OF DDT AND

DIELDRIN

The observations reported above led us to in-
vestigate the effect of the presence or absence of the
different pairs of legs of a mosquito on the toxic
effect produced by DDT or dieldrin.

Materials and methods
The experiments recorded here have been carried

out with A. atroparvus from a laboratory colony.
In each comparative trial the same batch of mos-
quitos was used under uniform conditions.

Mosquitos were anaesthetized following the
method described by Ungureanu,1 and the legs were
removed as shown in Fig. 4. The leg to be removed
is taken and held with fine entomological forceps
placed on the tarsal region. The leg (or legs, if a
pair is to be removed) is passed through the slit of
an open pen nib, and by a quick movement the leg
is easily detached. The mosquito is then trans-
ferred to a clean cage for one hour to recover from
the anaesthetic.

Mosquitos without the first or second or third
pair of legs have been exposed at the same time and
under the same conditions to DDT and dieldrin
following the WHO method. A total of about
3400 have been used in these experiments.

Results
The results of the susceptibility tests are presented

in Tables 1, 2 and 3. It was shown above that the
first pair of legs has the least contact with the
resting surface and the absence of this pair produced
a higher mortality and therefore a lower LC50 in
trials with DDT. In the same tests the removal of the
hind pair of legs, the ones in closest contact with the
resting surface, greatly reduced the mortality and
therefore increased the LC50. The median lethal
concentration in the tests with DDT was nearly
double when the hind legs were removed compared
with that of normal mosquitos with three pairs of

1 Ungureanu, E., Teodorescu, A., Crismaru, V. &
Teodorescu, C. (1957) Stud. Cercet. stuint., Ser. II (Iadi),
8, 163
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FIG. 5
A. ATROPARVUS WITH FORELEGS REMOVED

..

legs, and removal of the third pair of legs gave an
LC50 exactly four times greater than removal of the
forelegs.

In tests with dieldrin, summarized in Tables 2 and
3, the differences observed were very small, although
the LC50 appears to increase with the removal of the
hind legs.

It may be interesting to mention briefly the be-
haviour of the mosquitos inside the exposure
chamber after the removal of one pair of legs.
When the forelegs had been taken off, the middle
pair of legs was placed in a forward position and the
hind legs remained in close contact with the resting
surface (Fig. 5). If the mosquito remains quiet, as
usually occurs in trials with dieldrin, the part of the
hind legs in contact with the surface, when the
middle pair has been removed is nearly, but not
exactly, the same as the part of the middle legs in
contact when the hind legs have been removed.
Contact in the absence of the hind legs is illustrated
in Fig. 6.

Discussion
The results presented seem to indicate that the

fore pair of legs, the pair least in contact with the

FIG. 6
A. ATROPARVUS WITH HIND LEGS REMOVED
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resting surface, is the one of least importance in the
pick-up of insecticide. The hind legs, on the other
hand, always in close contact with the surface, are
the ones of the greatest importance, and their
removal results in much reduced mortality in DDT
susceptibility tests. The fact that the absence of one
pair of legs may considerably affect the LC50 in-
dicates that for valid results in susceptibility tests
mosquitos should be used which have not lost any
legs.
The small differences observed in all the trials with

dieldrin are considered to be due to the lack of
irritant effect of this insecticide. Mosquitos resting
on a dieldrin-treated surface do not shift their
position and move as they do when in contact with
DDT. It may be recalled here that Gratwick 1

showed the relative importance of the three pairs of
legs in several species of insect in the uptake of
dye-stuff particles. He found that in all cases the
hind tarsi were the most important for the collection
of particles. The amount of rubbing of each differ-
ent tarsal segment is important in the pick-up of
particles. Heavy mosquitos or mosquitos shifting
their position will accentuate the thrust and there-
fore increase the pick-up of particles from the
surface. This probably explains the variations ob-
served in the results of susceptibility tests when the
activity of mosquitos varies.

1 Gratwick, M. (1957) Bull. ent. Res., 48, 741
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TABLE 1
DDT SUSCEPTIBILITY TEST RESULTS WITH

BLOOD-FED A. ATROPARVUS, SHOWING THE EFFECT
OF REMOVAL OF ONE PAIR OF LEGS

2% DDT 4% DDT

TABLE 2
DIELDRIN SUSCEPTIBILITY TEST RESULTS WITH

BLOOD-FED A. ATROPARVUS, SHOWING THE EFFECT
OF REMOVAL OF ONE PAIR OF LEGS

0.2% Dieldrin 0.4% Dieldrin 0.8% Dieldrin

No. Mortality No. Mortality LCso No. Mortal- NO. Mortal- No. Mortal- LCs0
tested tested W% tested ity tested ity tested ity(%)

First pair of legs removed
_ - 36 45.0 -

17 70.5 18 77.0 0.4

17 41.0 17 75.0 2.4

17 64.7 22 77.0 1.2

23 47.8 25 84.0 2.1

20 35.0 22 77.1 2.5

Total 94 51.6 140 70.1 2.0

Second pair of legs removed
- - 32 56.0 -

21 14.3 16 62.0 3.4

22 36.0 14 64.0 2.3

17 5.8 26 46.0 4.1

20 15.0 23 62.2 3.3

30 5.0 22 81.8 3.2

Total 100 16.0 133 61.6 3.4

Third pair of legs removed
- - 30 23.0 -

19 15.7 18 38.0 5.2

15 13.3 14 43.0 4.6

20 10.0 16 37.0 5.0

21 4.7 22 9.0 40.2

21 4.7 17 35.2 5.0

Total 96 9.3 117 27 8.0

No legs removed
- - 36 61.0 -

16 6.0 19 21.0 8
- - 10 - -

19 5.2 20 60.0 3.6

19 10.4 20 25.0 8.0

17 5.8 19 36.8 4.8

Total 71 f 7.0 124 j 38.0 4.8

First pair of legs removed

21 0 22 45.4 - - 0.42
- - 18 44.4 15 100 0.42
- - 18 38.8 26 92.3 0.45
- - 17 76.4 - - -

- - 21 9.5 23 82.6 0.60
20 5.0 20 40.0 - - 0.45
22 9.0 20 80.0 - - 0.42
- - 21 57.1 18 88.8 0.37

Total 63 4.7 157 48.3 ] 82 90.2 J 0.43

Second pair of legs removed

_ _- 21 33.3 18 88.8 0.48
21 0 27 0 - - -

- - 20 15.0 20 90.0 0.54
- - 22 27.2 23 91.3 0.50
- - 20 20.0 20 90.0 0.52
- - 22 9.0 24 66.6 0.68
20 5.0 20 45.0 - - 0.42
21 4.7 21 66.6 - - 0.35
- - 20 70.0 20 100 0.47

Total 62 3.2 183 32.2 125 88.0 [ 0.48

Third pair of legs removed

- - 19 15.7 21 85.7 0.57
21 0 23 0 20 95.0 0.64
- - 23 39.1 24 78.1 0.48
- - 12 16.6 23 82.6 0.58
- - 20 30.0 21 76.1 0.54
- - 23 4.3 20 70.0 0.68
20 0 20 15.0 - - 0.55
21 4.7 22 50.0 - - 0.40
- - 23 65.1 21 100 0.38

Total 62 1.6 185 27.8 [ 150 | 84.0 0.52

No legs removed
- - 18 38.8 18 88.8 0.47
20 0 21 38.0 19 89.4 0.50
- - 22 54.5 20 100 0.39
_ - 23 39.1 21 100 0.42

- - 21 19.0 22 95.4 0.50
20 10.0 20 40.0 - - 0.48
20 0 22 68.1 - - 0.37
- - 20 80.0 21 95.2 0.23

Total 60 3.3 [ 167 ] 47.3 121 ] 95.0 J 0.42
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TABLE 3
DIELDRIN SUSCEPTIBILITY TEST RESULTS WITH SUGAR-FED A. ATROPARVUS,

SHOWING THE EFFECT OF REMOVAL OF ONE PAIR OF LEGS

0.4% Dieldrin 0.8% Dieldrin

No. Mortality No. Mortality LCso
tested (%) tested (%)

First pair of legs removed
23 17.3 22 81.8 0.56

21 14.2 20 65.0 0.64

41 2.4 41 31.7 1.0

Total 85 9.4 83 53.0 0.78

Second pair of legs removed
18 11.1 24 62.5 0.70

21 0 12 16.6 1.0

23 0 23 65.2 0.76

18 94.4 19 100 0.26

24 12.5 22 63.6 0.68

23 13.0 21 42.7 0.90

42 0 41 41.4 0.84

Total 169 ] 14.7 162 f 56.1 f 0.72

RItSUMIt

La quantite d'insecticide qu'un anophele absorbe est
fonction de la surface de contact de ses pattes avec la
substance toxique. Les mouvements des moustiques
augmentent les chances de contact.

Les auteurs ont etudie l'influence de l'ablation de l'une
ou l'autre des paires de pattes sur l'effet l6tal du DDT et
de la dieldrine, chez une souche de laboratoire d'Ano-
pheles maculipennis atroparvus. 11s ont constate que la
premiere paire de pattes est celle qui a le moindre contact
avec la surface de repos. Son ablation n'influe que peu
sur la mortalit6 due aux insecticides. La derniere paire
au contraire est en contact tres 6troit avec la surface
trait6e. A la suite de son ablation, la mediane de la
concentration l6tale etait doublee et la CL,0 6tait quatre

0.4% Dieldrin 0.8% Dieldrin

No. Mortality No. Mortality LCso
tested (%) tested (%)

Third pair of legs removed
25 4.0 25 44.0 0.84

25 0 25 15.0 1.0

21 9.5 25 40.0 0.90

19 94.0 21 100 0.25

24 16.6 21 33.3 1.4

18 16.6 18 38.8 1.1

42 0 41 2.4 1.7

Total 174 16.0 176 34.0 1.3

No legs removed
18 11.1 14 92.8 0.58

26 61.5 26 84.6 0.31

27 48.1 26 84.6 0.41

21 95.2 21 100 0.23

23 4.3 20 60.0 0.68

21 9.5 20 40.0 0.94

20 5.0 18 55.5 0.76

Total J56 35.2 | 145 [ 74.4 f 0.50

fois plus forte qu'apres ablation de la premiere paire,
Avec la dieldrine, les diff6rences etaient moins sensibles.
ce que peut expliquer l'absence de pouvoir irritant de
la dieldrine. Au contact d'une surface trait6e & la diel-
drine, les moustiques ne se deplacent guere, alors qu'ils
s'agitent, multipliant ainsi les occasions de contact, sur
une surface trait&e au DDT.
En conclusion, le fait que l'ablation d'une paire de

pattes affecte l'absorption de l'insecticide, de faron plus
ou moins marquee, indique qu'il importe, dans les
tests de resistance aux insecticides, d'utiliser des mousti-
ques en possession de toutes leurs pattes.
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