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Cane-sugar Feeding in Culex pipiens fatigans*
BOTHA DE MEILLON,1 ANTHONY SEBASTIAN2 & Z. H. KHAN3

The relatively poor results that have been obtained in controlling or eradicating Culex
pipiens fatigans, the urban vector ofWuchereria bancrofti, have made it necessary to obtain
as much information as possible about its biology. In thispaper the unexpectedfinding ofthe
influence of cane sugar in delaying oviposition in the gravidfemale is reported. This is an
important finding for those who are investigating the biology of this mosquito in the labora-
tory and who make use of the age-old practice of keeping adult mosquitos alive by feed-
ing them cane sugar. It is also reported that under certain conditions extensive cane-sugar
feeding takes place in nature and it seems possible that this habit may have unsuspected
repercussions on behaviour andphysiology beyond the confines of the laboratory. One pos-
sible development would be the isolation of the attractant present in unrefined sugars
and its use in traps in order to assess nmosquito populations in the field.

THE EFFECT OF CANE SUGAR ON OVIPOSITION AND LONGEVITY
IN THE LABORATORY

It is common practice to feed sugar solutions to
mosquitos in the laboratory in order to keep them
alive. It has long been known that imbibed sugar is
stored by insects in the form of glycogen, which. is
then used as a source of energy. Although the effect
of cane sugar on longevity is well known, little
thought appears to have been given to the possibility
that sugar may have some additional influence on the
insect.
One of the subjects under study by the WHO

Filariasis Research Unit is the laboratory biology
of C. p. fatigans; our first step was to investigate the
influence of sugar. The discovery that oviposition is
modified was completely unexpected. Originally we
merely gave a sugar solution to one cage of blood-
fed adults and not to another. To our surprise we
found that oviposition in the sugar-feds was erratic
and was delayed compared with that in the control

* From the WHO Filariasis Unit, Rangoon, Burma.
This investigation was supported in part by the United States
Public Health Service Research Grant EF 00194.04 from the
Division of Environmental Engineering and Food Protection
to the World Health Organization.

I Project Leader. Present address: South East Asia
Mosquito Project, Smithsonian Institution, United States
National Museum, Washington, D.C., USA.

' Entomologist; seconded from the Directorate of Health,
Burma.

' Assistant Entomologist; seconded from the Directorate
of Health, Burma.

cage. We then decided to make a closer examination
of the subject, in particular of the following aspects:

(1) The effect of an approximately 10% sugar
solution on (a) the daily oviposition rate and
(b) the daily mortality rate;

(2) The effect of sugar solutions of known con-
centration on (a) the daily oviposition rate and (b)
the daily mortality rate;

(3) The effect of withdrawing sugar solution;
(4) The effect of sugar solution on primipars.
This paper presents the results, together with a

statistical assessment.

MATERIAL AND METHODS

Our material consisted of adults reared in the
laboratory from rafts or hatched from pupae col-
lected in the field. Although we tried to prevent
selection as much as possible by mixing material from
several sources, the mere fact of using adults that
have survived in the laboratory amounts to selection.

All the experiments were made with adults that
had fed on chicken three or four days after
hatching. They were usually denied sugar before the
blood-meal, although we subsequently found that
sugar taken at this stage did not seem to influence
later events.
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All the experiments reported here were performed
with adults isolated singly in tubes, except those
relating to the dosage trials, in which the blood-fed
mosquitos were kept in our standard cage measuring
16 in x 16 in x 16 in (41 cm x 41 cm x 41 cm).
To the adults singly in tubes the sugar-water was
supplied on a small plug of cotton-wool attached to
the side of the tube. The concentration of this solu-
tion was not accurately determined, but was about
10%. About 5 ml-10 ml of water were also added
to receive the rafts. In the dosage experiments, which
could not be performed in tubes, the sugar solution
under test was offered on a plug of cotton-wool, one
end of which dipped into the solution contained in
a 3 in x 1 in (7.6 cm x 2.5 cm) tube, so that the plug
acted as a wick. The free end of the plug was in
contact with the air and here the mosquitos gathered
in large numbers to imbibe the solution. The tube,
sugar solution and cotton-wool were renewed each
day. The saturated solution was exposed in a small
dish absorbed by a large pad of cotton-wool and this
was not renewed every day.
The experiments were performed in our insectary,

which did not have a controlled climate. Maximum
and minimum temperatures and relative humidity
were read off from thermohygrographs. The tem-
perature ranged from 23°C to 32°C, but over the
period during which experiments were carried out

the mean maximum and minimum temperatures were
29°C and 27°C, respectively, giving a mean tem-
perature of 28°C. Over the same period the relative
humidity ranged from 69% to 96%, with mean
maxima and minima of 89% and 7800, respectively,
and a mean relative humidity of 84 %. These values
apply except for a few nights near the end of the
study, when the air-conditioner was turned on.
The numbers of rafts and dead adults in tubes were

noted at 09.00 hours each morning for ten days
(some experiments carried on beyond this time did
not show any significant differences) and such rafts
were indicated as having been deposited on that day,
i.e., since 24.00 hours the previous night. Maximum
raft deposition actually occurs before midnight, but
the error introduced is negligible and is common to
both control and experimental groups. Readings in
the dosage experiments were made daily at 09.00 and
24.00 hours so that the whole span of each day was
accurately covered. We found that this made no
difference to the results, so the counts for each day
were combined. A small error crept into the dosage
experiments in that the dead adults counted each
time consisted of those that had oviposited and those
that had not. The living adults counted each day
therefore did not necessarily consist of potential
layers only, as it did when the observations were
made in single tubes.

TABLE I

EFFECT OF 10?% SUGAR SOLUTION ON DAILY OVIPOSITION RATE

(A)
Mosquitos given water

No.
available

431

414

268

69

17

6

4

2

2

No.
of rafts

6

119

159

28

3

1
0

0

Daily
oviposition

rate b

1.4

28.7

59.3

40.6

17.6

16.7

0

0

(50.0)

(B)
Mosquitos given sugar

No.
available

292

288

270

233

193

171

135

109

97

No. Daily
of rafts oviposition

rate b

3

9

25

36

12

31

26

7

14

1.0

3.1

9.3

15.5

6.2

18.1

19.3

6.4

14.4

No. of days
after

blood-meal

2

3

4

5

6

7

8

9

10

Comparison
of oviposition rates a

A > B

NS

NS

NS

B> A

NS

NS

NS

a NS = difference between daily oviposition rates in A and B not statistically significant.
** = difference between daily oviposition rates significant at the 1 % level.

b Daily oviposition rate 100 x no. of rafts deposited on day x
No. of potential egg-layers available on day x

'
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TABLE 2
EFFECT OF 10 % SUGAR SOLUTION ON DAILY MORTALITY RATE

(A) (B) Comparison
No. of days Mosquitos given water Mosquitos given sugar of mortality rates a

blod-eal NooDaily ~ N o Dailyblood-meal N.available dNo mortality available dead mortality A > B B > Aavailble eal rate avial edrate

2 431 11 2.5 292 1 0.3 **

3 414 27 6.5 288 9 3.1 NS

4 268 40 14.9 270 12 4.4

5 69 24 34.8 233 4 1.7 **

6 17 8 47.1 193 10 5.2

7 6 1 16.7 171 5 2.9 NS

8 4 2 50.0 135 0 0

9 2 0 0 109 5 4.6 NS

a NS difference between daily mortality rates in A and B not statistically significant.
**= difference between daily mortality rates signiflcant at the 1 % level.

RESULTS

Effect of 10 % sugar solution on adults singly in tubes
Daily oviposition rate. The effect of an approxi-

mately 10% sugar solution on the daily oviposition
rate is shown in Table 1. It is clear that mosquitos
given plain water laid most rafts within five days of
blood-feeding. Mosquitos fed on sugar continued to
oviposit to the 10th day after the blood-meal; by
the fifth day only 45% had laid (as compared with
98% in the sugar-free group). This difference is
highly significant (X2 = 192; P = 0.01).

Daily mortality rate. The effect of the 10% sugar
solution on daily mortality rate is shown in Table 2.
Clearly, up to about the eighth day after blood-
feeding, the daily mortality rate was much higher
among the mosquitos that received water only.

Effect of sutgar solutions ofknown concentrationi
Daily oviposition rate. The data relating to egg-

laying and mortality for mosquitos fed on solutions
of cane sugar of various concentrations are presented

Cui

in Table 3. From them a " refined " daily oviposition
rate has been calculated by assuming that the dead
mosquitos each day contributed half a day to the
egg-laying potentiality. The formula is:

Egg-laying rate R-- x 100
(N- )

where R - number of rafts deposited on day x,
N = number of mosquitos surviving (x - 1) days,
andM = number of deaths on day x. The calculated
rates are shown in Table 4.

It is obvious that the oviposition rate of mosquitos
fed on water or on 0.4% sugar solution is significantly
higher than the rate among other groups only on
day 3. On this day there is no significant difference
between the first two groups or among those fed on
1.6% sugar solution and those fed on solutions of
higher concentration.

Daily mortality rate. From Table 2 the daily
mortality and cumulative mortality were calculated
as follows:

No. of deaths on day x
LFiaiiy mIrfiiLy [ate on uay x =

No. of mosquitos surviving at beginning of day x
x Iu)

Total no. of deaths up to day x since blood-meal
mulative mortality rate up to day x -N x 100No. of mosquitos alive on day I
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TABLE 3

OVIPOSITION AND MORTALITY AMONG MOSQUITOS FED ON SUGAR SOLUTIONS
OF VARIOUS CONCENTRATIONS

No. of rafts deposited (R) by mosquitos fed on No. of adults dead a (M) among mosquitos fed on

No. of days Sugar solution of concn Sugar solution of concn
after blood-meal Water Water

0.4% 11.6% 6.3% 12.5% 25.0%% 504 only 0.4% 1.6% 6.3% 12.5% 25.0% 85%only ..a~ ~~~~~~~(st(satd)

2 0 0 0 0 0 0 0 1 10 6 11 10 2 7

3 42 34 13 6 3 0 4 3 0 4 0 3 0 0

4 3 5 8 7 19 1 4 82 32 1 1 0 0 0

5 0 3 7 1 5 2 0 8 34 0 1 2 0 1

6 b 1 1 2 1 0 2 b 2 2 1 0 0 0

7 0 1 0 1 1 1 0 0 0 2 0 0

8 0 4 1 1 5 3 1 0 2 0 0 1

9 0 7 1 1 3 3 0 0 0 1 0 0

10 0 11 2 3 1 1 0 2 0 0 0 0

No. of adults alive
on day 1 94 107 188 188 260 107 107

Total no. of rafts
deposited 45 43 52 20 34 13 18

a Whether oviposited or not.
b All mosquitos dead.

The daily mortality rate is presented in Table 5
and cumulative mortality rate in Fig. 1.

TABLE 4

" REFINED " DAILY OVIPOSITION RATES
OF MOSQUITOS FED ON SUGAR SOLUTIONS

OF VARIOUS CONCENTRATIONS

Concn of Oviposition rate on specified day
sugar after blood-meal a

solution(%) 3 4 6 7 8 9 1 10

0(water) 45.9 6.1 0.0 b

0.4 35.1 6.2 6.3 3.3 0.0 0.0 0.0 0.0

1.6 7.2 4.5 4.0 0.6 0.6 2.3 4.0 6.3

6.3 3.4 4.0 0.6 1.1 0.0 0.6 0.6 1.2

12.5 1.2 7.7 2.0 0.4 0.4 0.4 0.4 1.2

25 0.0 1.0 2.0 0.0 1.0 4.8 2.9 1.0

85 (satd) 4.0 4.0 0.0 2.0 1.0 3.0 3.1 1.0

There was a marked difference in mortality rates
between the groups fed on solutions of different con-
centrations from day 4 onwards. The group fed on
a 0.4% sugar solution showed a much lower mor-
tality than those given water, and an even greater

TABLE 5
DAILY MORTALITY RATES AMONG MOSQUITOS FED

ON SUGAR SOLUTIONS
OF VARIOUS CONCENTRATIONS

Concn of Mortality rate (%) on day
sugar

solution (%) 2 1 3 1 4 5 6 [ 7 1 8

0

0.4

1.6

6.3

12.5

25

a No egg-laying took place on day 2.
b All mosquitos had died by day 6.

1.1

9.3

3.2

5.9

3.8

6.5

3.2

0

2.2

0

1.2

0

91.1

33.0

0.6

0.6

0

0

100.0

52.3

0

0.6

0.8

1.0

6.5

1.1

0.6

0

0

0

0

0

0.8

0

3.4

0

1.1

0

1.0
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FIG. 1
CUMULATIVE MORTALITY RATE OF C. P. FATIGANS FED ON SUGAR SOLUTIONS OF DIFFERENT CONCENTRATIONS
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decrease in mortality resulted from increasing the
concentration to 1.6%.

Effect of withdrawing sugar solution

We performed two experiments on the effect of
withdrawing sugar solution, one using a 6.3 % and
the other a 12.5% solution. Mosquitos in the two
groups behaved similarly, oviposition in the majority
being delayed until the sugar was withdrawn. In the
first group this was done on day 18, when 91 % of the
177 adults were still alive and had laid 35 rafts, i.e.,
an average of 2 per day. In the six days following
withdrawal of sugar, 43 rafts were laid, i.e., an
average of 7 per day. However, in the same period
67% of the original 177 adults died (Fig. 2). The
results obtained in the experiment with a 12.5 0
sugar solution followed a similar pattern.

Effect of sugar on oviposition and mnortality in
primipars after a blood-meal

We thought it would be interesting to see if sugar
feeding would delay oviposition in adults that had

laid once, as it does in nullipars. The installation of
an air-conditioner ensured that the temperatures in
the insectary remained fairly constant during these
experiments 1 and it was therefore possible also to
determine whether the high and variable temper-
atures that prevailed during the first three sets of
experiments and that caused us some misgiving had
influenced the effects observed.

Eighty-one of the adults that had not had access to
sugar and had oviposited and been fed again on
chicken on night 3 after the first blood-meal were iso-
lated individually in 4 in x 1 in (10.2 cm x 2.5 cm)
tubes over laying-water, which consisted of tap water
and a distillate prepared from a field-water that was
very favourable for the breeding of C. p. fatigans. It
had already been shown that this distillate was very
attractive to gravid females, more so than the field-
water itself. Forty-two of these adults were also
given access to a sugar solution of about 500%
concentration.

1 The temperature remained between 26°C and 27°C
except on one day, when it reached 28°C.



B. DE MEILLON, A. SEBASTIAN & Z. H. KHAN

ftf -f f__.tft MortaIity

C

_ -C

a

Oviposition

No. of rafts laid up
to 18th day:35

3 6

\

No. of rafts loid between
18th and 24th day:43

_

16 -

_)

0

12 °c
_

10 >

8 E

06 0

4 _=
0

._2
20

do 4874

9 12 15 18 19 20 21 22 2
D a y s e I a p s e d s i n c e b o d - m e a

FIG .2
EFFECT OF WITHDRAWAL OF 6.3%
SUGAR SOLUTION ON
OVIPOSITION AND MORTALITY
OF C. P. FATIGANS

As usual, readings were taken at 09.00 each morning
and were accredited to that day. The results are

shown in Table 6. It is plain that primiparous
females react in the same way as nulliparous ones

when given access to cane sugar. In the sugar-free
group the cumulative oviposition and mortality rates
are very similar; we have noticed repeatedly that the
maximum oviposition rate is closely followed by the

TABLE 6
CUMULATIVE OVIPOSITION RATE (COR) AND CUMULATIVE DEATH RATE (CDR)

IN CHICKEN-FED PRIMIPAROUS C. P. FATIGANS

Mosquitos given water (39 adults) Mosquitos given sugar (42 adults)
after Cumulative Cumulative Cumulative Cumulative

blood-meal a no. of COR b no. of CDR c no. of COR b no. of CDR c
rafts laid deaths rafts laid deaths

3 4 10 2 5 1 2 1 2

4 19 49 9 23 1 2 1 2

5 30 77 33 85 6 14 1 2

6 33 85 39 100 7 17 2 5

7 d d d d 12 29 3 7

8 15 36 4 10

9 15 36 5 12

10 18 43 7 17

a No rafts were deposited and no mosquitos died on day 2.
b Cumulative oviposition rate (COR) on dayx = 100 x total no. of rafts to day xbC uavoistoday x No. of potential layers

c Cumulative
death rate (CDR) on

day x
= 100 x total no. of deaths to day x

c Cumulativedeath rate (CDR) on day x = No. alive on day 1
d All mosquitos dead.
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maximum death rate when a sugar solution or a
blood-meal is not available. These data have not
been subjected to statistical analysis. The effects of
sugar solutions on oviposition and longevity are,
however, obvious.

Since the results obtained in this experiment, in
which the temperature was kept constant, agreed with
those obtained in the earlier ones, in which there
were considerable variations in temperature, it is
clear that these variations in no way invalidate the
conclusions that have been drawn.

DISCUSSION

When we first noted the marked effect produced by
cane sugar we tried sugar from other sources, kindly
supplied by Dr Mya Tu, Director, Burma Medical
Research Institute. All of them produced a delaying
action on oviposition; one sugar, arabinose, appeared
to be toxic. The least effect was produced by raisins,
honey and nectar, although various complications,
e.g., the growth of moulds and the shortage of supply,
prevented detailed work being done. The local
honeys all appeared to be medicated, highly aromatic
or fermented and an imported sample did not prove
very satisfactory. We have shown above that there
is a sugar concentration threshold between 0.4%
and 1.6% for cane sugar; the figure might be dif-
ferent for other sugars, some of which might be
less palatable. Snodgrass (1956) notes: ".... the
stomach [is] ordinarily the receptacle for blood,
the diverticula for concentrated sugar solutions,
but water and dilute sugar solutions go direct
to the stomach.. ." If different concentrations
of imbibed sugar go to different anatomical and,
presumably, physiological sites, this may explain
the observed threshold.

Finally, the purity of the sugars used was unknown.
For these reasons the experiments on the different
sugars were not strictly comparable and we therefore
concentrated on cane sugar bought in the local
bazaar. The composition of this must also, judging
by the appearance of different batches, have been
somewhat variable but on the whole the material
gave consistent results.

It is now well known that mosquitos in nature feed
on nectar, which contains sugars. It has become
obvious that this habit is far more common than
has generally been supposed. Our figures show

clearly that, under the conditions prevailing in our
experiments, chicken blood alone is not sufficient to
maintain life for more than a few days. It has been
suggested that under difficult conditions C. p.fatigans
may blood-feed more often than is generally sup-
posed and therefore have a lower mortality than in
the laboratory. We have found in Rangoon that a
percentage of gravid females will feed in the labora-
tory, but our field catches show that this proportion
is only about 1 %, so it can have little effect on the
survival rate of the population in general. It seems
clear to us that, under the severe field conditions
prevailing at certain times of the year in Rangoon,
C. p. fatigans must have recourse to sugar, probably
from nectar, or they would not live long enough to be
harbouring the third-stage larvae of Wuchereria ban-
crofti which we find in them. The point now is, do
the naturally occurring sugars that keep the mosquito
alive in nature also delay oviposition? From many
points of view this is an important question. If
naturally occurring sugars have no such effect, then
our observations may be dismissed as of little
importance in the field, but of great significance to
those investigating mosquito biology in the labora-
tory and attempting to apply their findings to field
populations. On the other hand, if the sugars avail-
able to mosquitos in the field also delay oviposition,
then the matter is far more important.

It has been argued that delayed oviposition in the
field can hardly be considered of benefit to the
survival of the species. This, however, is debatable
and it is only necessary to consider the situation in
which breeding places are absent or highly unsuitable
and in which gravid females would perish unless
oviposition were delayed and life ensured. The
remarkable ability of Simulium damnosum in West
Africa to pass the very severe dry season in the
gravid state and then to oviposit immediately it rains
comes to mind. In this connexion it has been noted
(Marr, 1963) that most of these flies examined at
the beginning of the rainy season contained a very
clear solution in the crop, which was apparently a
sugar solution. The percentage of flics containing
this solution was much higher than in the normal
breeding season and it was postulated that the flies
might well have been feeding on sugar solutions
rather than seeking blood-meals at this time because
of the lack of oviposition sites.
To investigate the matter further we carried out

work on the sugar feeding of C. p. fatigans in the field.
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CANE SUGAR AS AN ATTRACTANT AND THE FEEDING CYCLE OF C. P. FATIGANS
IN NATURE

We have shown above that, in the laboratory at
least, sugar plays an important role in the physiology
of C. p.fatigans adults. Not only is life prolonged but
oviposition is delayed. It is also known that, if sugar
feeding continues uninterruptedly, egg-laying may
even be prevented (unpublished).

Although it has long been known that mosquitos
feed on nectar in nature, it is only comparatively
recently (Hocking, 1953) that the subject has received
the attention it deserves. Observations on feeding
times have been made by Larsen (1948), Nielsen
& Greve (1950) and Haeger (1955). The findings of
Haeger, who studied Aedes taeniorhynchus in Florida,
are of particular interest, especially his demonstration
that during swarming nectar feeding practically ceases.
We believe that the habits of C. p. fatigans with

regard to sugar feeding have not hitherto been
examined. In this paper laboratory and field obser-
vations are reported and it is shown that not only is
there a cyclical feeding pattern but each section of the
population also tends to have its own peak of activity.

LABORATORY OBSERVATIONS

Relative attractiveness of some sugars

In the first set of experiments equal numbers of
unfed adult mosquitos of both sexes were offered a

choice between water and sugar on the one hand and
water and honey on the other, in our standard cubic
cage with 16 in (41 cm) sides. The attractants were

poured on cotton-wool in a Petri dish. The adults
were aspirated off immediately after they landed and
were then sexed, counted and released again at the
back of the cage. The results showed that a sample
of honey from Australia was 9.6 times as attractive
as water for males and 70 times as attractive for
females; for commercial sugar the figures were 3.7 for
males and 2.0 for females and for refined sugar

(purity unspecified) the figure was 1.5 for males, no

females preferring this food. From these results we
concluded that unrefined sugars are much more

attractive to the mosquito than water and that honey
was the most attractive of the three sugars used. It
is highly likely that it is not the pure sugars but im-
purities that act as attractants.
We then tried to find out if there was a sugar-

feeding cycle in the laboratory. For this purpose a

simple cone trap was made out of plastic gauze and
inserted into a 250-ml beaker that contained the
attractant. Just above the attractant was fitted a

circle of the same gauze, which prevented the mos-

quitos from falling into the attractant. Several such
traps were prepared and at the end of a catching
period a new one was substituted for the old one.

TABLE 7
MALE AND FEMALE C. P. FATIGANS IN SEPARATE CAGES TRAPPED OVER 25% HONEY

Trapping period Males Females

(hours) a No. in cage No. trapped ] %trapped No. in cage No. trapped |%trapped

17.30-18.30 1187 b b 1 384 23 2

18.30-19.30 1187 345 29 1 361 470 35

19.30-21.30 842 227 27 891 275 31

21.30-23.30 615 169 27 616 252 41

23.30-01.30 446 169 38 364 131 36

01.30-03.30 277 142 51 233 98 42

03.30-05.30 135 53 39 135 72 53

05.30-07.30 82 10 1 63 23 36

07.30 72 40

a Sunset occurred at 18.10 local time.
b No observations.
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TABLE 8
CHARACTERISTICS OF ADULT C. P. FATIGANS CAUGHT IN AND AROUND AN OPEN-AIR BAZAAR

IN KEMMENDINE DURING MARCH 1965

Mosquitos caught j Unfed Bloodfed Parity Infectivity Gravidity

Site of catch Time a Male Female No. Parous No. Infected Gravid
No. % No. % dis- dis- _

No. % No.| % sected No. % sected No. % No. %

Stone wall and a.m 2961 43 3972 57 3004 76 206 5 886 504 57 1149 40 3.5 148 12
other surfaces p.m. 2126 47 2 443 53 2 005 82 75 3 606 297 49 791 16 2.0 111 14

Cane trash a.m. 602 46 702 54 366 52 19 3 65 37 57 90 3 3.3 8 9

a a.m. = 04.00-06.00 hours; p.m. 20.00-22.00 hours.

Thus a separate beaker trap was used in each catching
period; this trap was emptied in the morning and the
mosquitos in it were counted. A Petri dish inverted
over the top after the catching period prevented
mosquitos from escaping. Preliminary tests with
this simple apparatus showed it to be very effective
and it was then used in two cages, one containing
males and the other females. The details of this
catch are given in Table 7.
Table 7 shows that the percentage trapped of the

number remaining in the cage after each observation
rises to a peak in the early morning for both sexes
and then falls. This simple type of curve is also
characteristic of the biting cycle.' The biphasic curve
obtained by Gillett et al. (1962) for Aedes aegypti in
the laboratory was also observed by us, but it ap-
peared to be caused by the two sexes visiting the
sugar at different times.

FIELD OBSERVATIONS

Early morning catch on sugar-cane trash
During the course of catching mosquitos in and

around an open-air bazaar, many were observed
resting on the cane trash rejected after extraction of
the juice. The people selling this juice have a press
which flattens out the cane, thereby expressing the
liquid; the discarded trash is left on the roadside in
the open. Adults caught on the trash were seen to
have imbibed some liquid, presumably cane juice.
The results of three bazaar catches presented in

Table 8 show that the mosquitos coming to the trash
are in a similar physiological state to those resting on
the stone walls and other exposed surfaces. The
important factor from the viewpoint of control is
that the trash-visiting mosquitos are obviously a

I See the paper on page 163 of this issue.

sample of the general population and not just newly
hatched adults.

It is of interest to record that, when the sugar-ane
trash and the mosquitos caught on it were transferred
to the laboratory, oviposition was delayed, as
expected. This observation is of some significance,
since it suggests that what was observed in the
laboratory might also occur under field conditions.

The sugar-feeding cycle in the field

After finding that C. p. fatigans visits cane trash in
the field, we decided to see if there was a feeding
cycle and, if so, what its characteristics were.
For this purpose a quantity of discarded trash,

freshly expressed, was placed on the pavement in the
open. Two trained catchers with aspirators caught
continuously for three hours and were then replaced
by two other catchers; this routine continued
through the night. Each hour's catch was put into
a separate cage and the whole collection was taken
to the laboratory early next morning, where it was
either dealt with immediately or kept in a deep-
freeze until required.

Six such all-night catches were made at weekly
intervals under identical conditions, except for one
which, because of rain, was made under a roofed, but
otherwise open, shelter. This catch differed in no
way from the others in relation to physiological
state, sex ratio or infection with Wuchereria ban-
crofti and thus is included with the others in the
results summarized in Fig. 3-8, which are discussed
under separate headings. The data plotted relate to
the time interval directly preceding the hour indicated
on the time axis (e.g., the value at 19.30 hours
represents the mosquitos caught in the time interval
18.30-19.30 hours). This also applies to the discus-

5
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sion of the figures, in which by a 00.30 peak, for
example, is meant the number of adults taken during
the 23.30-00.30-hour interval.

The feeding cycle for both sexes. The upper curve
in Fig. 3 shows the total number of males and
females coming to the trash hour by hour. Two
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peaks are obvious, one at 00.30 and the other at
03.30. In the other two parts of this figure, the
numbers of males and females are given separately
and it is seen that females appear to be responsible
for the 00.30 peak and males (and to some extent
females) for the later one. It is surprising that males
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CANE-SUGAR FEEDING IN C. P. FATIGANS

FIG. 4
THREE-HOURLY CATCHES OF GREEN MALE AND
FEMALE C. P. FATIGANS ON SUGAR-CANE TRASH

only slightly outnumber females; it appears that
sugar is in demand by both sexes.
The age-grading method applied to male mos-

quitos was based on the presence of a green colora-
tion peculiar to recently emerged adults. This
colour disappears externally in about 48 hours.
Recently emerged male adults that did not show this
green coloration could not be age-graded and hence
the present assessment of this youthful portion in the
general population is an underestimate. A record of
the number of males with a green coloration (Fig. 4)
indicates a sharp peak at 03.30; these males are
probably partly responsible for the sharp peak at
this time shown by the general male population.

FIG. 5
HOURLY CATCHES OF PAROUS 160

MOSQUITOS AND TWO-HOURLY 140
CATCHES OF INFECTED AND
INFECTIVE MOSQUITOS ON 120
SUGAR-CANE TRASH

Females can readily be divided into seven different
categories: (a) parous, (b) nulliparous, (c) green, (d)
unfed, (e) infected, (f) gravid, and (g) bloodfed. In
our catches of nearly 4000 females, there were so few
bloodfeds and adults with ovarian development less
than gravid that it was not worth while including
them in the figures. Mosquitos with ovarian develop-
ment less than gravid were, of course, resting else-
where to digest their blood-meals and perhaps repre-
sent the only section of the population that merits the
description of " resting " adults. It is of interest, how-
ever, that bloodfeds were seen only in the early morn-
ing catches; this, considering that the peak of biting
also occurs after midnight, is perhaps not surprising.
The lower curve in Fig. 3 shows the hourly catches

for females, with a pronounced peak at 00.30 and a
slight rise at 02.30 to 03.30. An attempt was made
to determine which category among the females might
be responsible for this pattern; the results are ana-
lysed below.
Numbers parous are shown in Fig. 5. There is a

pronounced peak at 02.30, which may play some part
in the pattern shown in Fig. 3.
Numbers nulliparous, excluding the green mos-

quitos, are shown in Fig. 6, in which there are appar-
ently two peaks, one at 00.30 and the other at 02.30.
The apparent decrease between them may be due to
sampling errors.
The number of green females is shown in Fig. 4;

like the green males, the green females seem to pre-
dominate at 03.30. It is interesting that the females
far outnumber the males at this time. However, the
numbers are small and interpretation is difficult. The
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FIG. 6
HOURLY CATCHES OF NULLIPAROUS C. P. FATIGANS

(EXCLUDING GREENS) ON SUGAR-CANE TRASH
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capture of these females on sugar is also of interest,
since they do not come to human bait.

Mosquitos in the category non-green unfed include
the nullipars and pars; the curve (Fig. 7) shows two
peaks, as with the non-green nullipars (Fig. 6), at
00.30 and 02.30. We see from Fig. 5 that the pars
predominate at 02.30. The second peak in Fig. 7,
therefore, may represent both parous and nulliparous
adults, whereas probably only the nullipars are re-
presented in the first peak.

FIG. 7
HOURLY CATCHES OF UNFED C. P. FATIGANS
(EXCLUDING GREENS) ON SUGAR-CANE TRASH
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Numbers gravid are shown in Fig. 8, which clearly
indicates a relatively sharp rise to 23.30 and then a
gradual fall. This is the earliest peak shown by any
category and no doubt is conditioned by ovipositing
time, which reaches its first maximum earlier in the
evening than any other activity.
As is to be expected, the numbers infected and

infective follow the curve for parity (Fig. 5) closely
enough to demonstrate the relationship between
these two parameters. There is, of course, also a

FIG. 8
HOURLY CATCHES OF GRAVID C. P. FATIGANS ON

SUGAR-CANE TRASH
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direct relationship between density and infection, as
has been shown in all-night catches on human bait.'

The influence of the monsoon rains
It must be pointed out that the first three catches

were made before the monsoon started and the last
three during the rains, which in 1965 were severe from
the start. The rains had a marked effect on the num-
bers of gravids coming to feed on the sugar-cane.
Before the rains, 122 out of 1206 females examined
(11%) were gravid, whereas in the three monsoon
catches 1363 out of 2144 (64%) were. The reason for
this change is obvious: the rains soon washed out the
breeding-places that had attracted the gravid females
and these adults, being deprived of this stimulus, were
flying around in a disoriented state. This relation-
ship between the disturbance of breeding-places and
the rise in gravidity is reported elsewhere in this issue.2
The effect of the rains and of the destruction of the

breeding-places on the numbers parous is also well
illustrated by the pre-monsoon and monsoon catches:
before the monsoon, out of 916 examined 271 (30%)
were parous, whereas after the rains had washed out
the breeding-places these figures were 727, 578 and
79 %, respectively. These findings confirm earlier ob-
servations.3

Conclusions. Briefly, then, in sugar feeding in the
field the various categories of the C. p. fatigans popu-
lation appear to feed principally at the following times:

gravids 23.30 hours
nullipars 00.30 hours
pars; infected and infective
mosquitos; probably nullipars 02.30 hours
greens and probably non-greens of
the same age, both male and female 03.30 hours

See the paper on page 174 of this issue.
2 See the paper on page 75 of this issue.
3 See the paper on page 169 of this issue.
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RESUME

Pour tenter de pendtrer plus avant la biologie de Culex
pipiensfatigans, une serie d'experiences de laboratoire ont
e consacr&es a 1'etude des effets physiologiques dus A
la presence dans I'alimentation du moustique de sucre
de canne.

L'ingestion de cet aliment affecte notamment l'oviposi-
tion. Dans les cinq jours qui suivent le repas de sang, on
note chez les moustiques qui peuvent se nourrir sur une
solution de sucre de canne A IO% un nombre d'oviposi-
tions moindre que chez les moustiques qui regoivent uni-
quement de l'eau. Concomitamment, on constate chez les
premiers une baisse sensible du taux de la mortalit6 jour-
naliere. Les memes effets apparaissent, avec une inten-
sit6 variable, lorsque l'on introduit dans l'alimentation
du moustique des solutions de sucre de canne a differentes
concentrations. Le retard du ph6nom6ne d'oviposition

cesse lorsque l'administration de sucre est interrompue.
La long6vit6 et le taux d'oviposition sont influences de
fac,on semblable chez les femelles primipares.
Au laboratoire, des essais portant sur diff6rents sucres

montrent que les sucres non raffines et surtout le miel
attirent C. p. fatigans davantage que l'eau. Dans les deux
sexes, cet effet est maximal dans les premieres heures de
la journee. Dans la nature, les moustiques captures sur
les bagasses fournissent un echantillon representatif des
populations de C. p. fatigans et ne comportent pas uni-
quement des moustiques recemment eclos. Le cycle
naturel d'alimentation du moustique sur le sucre de
canne presente deux sommets ii 0 h. 30 et a 3 h. 30
et on a pu 6tablir les horaires d'alimentation pour les
diff6rentes categories composant une population de
C. p. fatigans.
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