
BITING HABITS OF AEDES AEGYPTI IN BANGKOK 319

A Study of Biting Habits of Aedes aegypti in Bangkok, Thailand *
by M. YAsUNO 1 & R. J. ToNN 2

Biting rates of mosquitos have been used to
estimate mosquito populations and to study the
possible relationship to epidemics of mosquito-
borne diseases. In the studies on the biting habits
of Aedes aegypti already completed, Haddow (1954),
Teesdale (1955) and McClelland (1959, 1960) all
found a definite pattern of biting activity. These
studies were based on the capture of mosquitos
attracted to human bait, and not on estimates of the
relative size of the population. The WHO Aedes
Research Unit at Bangkok, Thailand, has been
attempting to establish an index of the Ae. aegypti
population by studying intensively the biting habits
of the vector. It should eventually be possible to
correlate biting rate with the absolute total popula-
tion, as determined by mark-release-recaptures or by
larval-pupal population estimates. However, we are
concerned at the present time with a study of the
distribution of biting females and the investigation
of any seasonal changes in the biting rate that may
occur. The latter is extremely important since it
might offer a clue to an understanding of the
seasonal occurrence of dengue haemorrhagic fever
in Thailand. Until recently, the rise in the number
of cases during the rainy season was considered to
be caused by an increase in the population of Ae.
aegypti. Now, Sheppard et al. (1969) have cast
doubt on this concept since little fluctuation in the
seasonal population levels has been discovered.
The results of monthly 24-hour biting studies and

weekly morning biting-rate counts made in Bangkok
are reported here.

Description of the study site and methods

Study site. The study site was Wat Samphaya, a
Buddhist monastery situated in the hub, or older
section, of Bangkok. Wat Samphaya has been used
for adult population estimates by mark-release-

* This studywas supported jointly by Public Health Service
Research Grant No. CC 00174 from the Center for Disease
Control, Atlanta, Ga., USA, and by the World Health
Organization.

WHO Aedes Research Unit, Bangkok, Thailand.
Former Project Leader, WHO Aedes Research Unit,

Bangkok, Thailand. Present address: WHO Japanese
Encephalitis Vector Research Unit, Seoul, Korea.

recapture and for the study of the immature popula-
tions of Ae. aegypti. It is about 94 m by 55 m in
area. The north side of the Wat borders a low-class
housing area, the east and west sides are separated
from houses by roads, and the south faces the pagoda
and auditorium of the Wat. There are about 90
bedrooms, all nearly the same size, that are occupied
by priests or schoolboys, 1 or 2 per room. Other
rooms are used for cooking, bathing and storage
but they were not considered in this study. For the
most part, the buildings are wooden; the bedrooms
are on the first storey above the ground floor but
temporary bedrooms on the ground floor are also
used.

Twenty-four-hour biting counts. The 24-hour biting
counts were made once a month from October 1967
to September 1968. A room was assigned to a
mosquito scout and he was instructed to collect all
mosquitos which landed on his legs. The scouts
collected the mosquitos in glass tubes over a 30-
minute period. The specimens were taken to the
laboratory and checked for sex and species. Three
mosquito scouts were used during each collection
but it was not possible to use the same scouts on
every occasion.

Seasonal change in biting rate. Two mosquito
scouts were selected and each week they made a
2-hour biting study; for the most part, the same
scouts were used each week. Four rooms were
selected every week for each scout with the aid of a
table of random numbers. The exact time of the
attack by the mosquitos during the 30-minute
sampling period was recorded. The mosquitos were
taken to a field laboratory at the Wat and, after
identification, the condition of the gut and ovary was
determined. The mosquitos were released again in
the same room in which they had been collected.

Climate. Bangkok has a rainy season and two
types of dry season. The rainy season extends from
June to October and is the season with the highest
incidence of dengue haemorrhagic fever. It is
followed by a dry cool season from November to
February and a dry hot season from March to May.
The transition between the three seasons is gradual.
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Results
Time of day of biting. Ae. aegypti is known to

bite diurnally and there are two peaks of biting
activity (McClelland, 1959, 1960); this observation
was found to hold true in Bangkok. In the 24-hour
biting study a few mosquitos were collected after
dark in the rainy season but the majority attacked
human bait only during the daylight hours. A
comparison of the biting activity of female mosquitos
in the three seasons (Fig. 1) shows that even though

FIG. I
DAILY RHYTHMS OF AE. AEGYPTI SHOWN

BY THE NUMBER OF MOSQUITOS ATTRACTED
TO HUMAN BAIT AT WAT SAMPHAYA DURING

THREE CLIMATIC SEASONS

20 COOL SEASON 1

10

0

l 20

E 10

0CA

E lo

Z

20

10

n

Sunset

I,\

HOT SEASON

Sunset

/ /~~~A

RAINY SEASON

0600- 1100-
-0700 1200

1600-
1700

Time (hours)

2100-
2200

0200-
0300

WHO 00833

Females

---- Females and males

---- Includes data for March

TABLE I

BITING RATE OF AE. AEGYPTI PER MAN PER HOUR
AT WAT SAMPHAYA

Year and Week 1
month 1 12 3 4

Total Mean

1967

August

September

October

November

December

1968

Jan uary

February

March

April

May

June

July

2.0

2.0

2.0

3.5

2.3

0.5

2.5

5.3

4.5

1.8

1.3

2.3

9.8

4.5

3.3

2.3

3.81.8 3.3 13.2

4.28

4.77

3.52

3.03

2.43

1.48

2.45

4.38

2.88

2.10

2.55

2.64

2.0

5.3

4.8

3.8

1.8

1.3

2.3

4.3

3.3

2.5

2.8

2.0

there are some seasonal differences, the catches
decreased at midday. In the cool season the peak
of the afternoon biting activity is earlier than in the
hot and rainy seasons; this phenomenon may be due
to a change in the length of the daylight period.
Although not so obvious, there may be a similar
change in the morning peak. In the rainy season
there is an increase in the total time of biting during
the day and the biting peaks become more widely
spaced.
Male Ae. aegypti were also collected when they

landed on the legs of a scout. The collection peaks
for both the sexes were identical (Fig. 1).

Seasonal changes of biting rates. Every week for
over a year two mosquito scouts made collections
for 2 hours per morning on 1 day a week. The biting
rate is expressed as the number of female mosquitos
caught per man per hour. Table 1 shows a seasonal
change when the monthly averages of these results
are plotted (Fig. 2). The monthly average of these
morning catches ranged from a low of 1.48 in
January in the middle of the dry cool season to a
high of 4.77 in September in the second half of the
rainy season. The low in January is statistically
significant and it was only in that month that the
weekly counts fell below 1 mosquito caught per man
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FIG. 2

SEASONAL CHANGE IN NUMBER OF BITING
MOSQUITOS WITH THE POPULATION ESTIMATES
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per hour. The biting rate declined gradually between
September and January and then rose again to reach
a peak in March at the beginning of the dry hot
season. This peak was almost as great as the
September peak, but forwsome reason the rate declined
during the remainder of the hot dry season.

A seasonal change is also demonstrated in the
24-hour collections (Fig. 2). The decline in the
number of biting mosquitos in the cool season and
their increase in March agrees with the curve for the
morning catches, only the plateau to the hot dry
season is higher. Both studies agree in showing a
decline during-the cool season. The differences in
the curves for the two studiMs after April may be due
to the fact that both studies w -tompletely, inde-
pendent.

Factors influencing the biting rate. There are 4
factors which might ha*e influenced the biting rate
of Ae. aegypti. These are considered separately below.

(1) While the period of activity for Ae. aegypti
biting seems to be limited to morning and afternoon,
the times for biting collections were standardized to
the 2 hours between 09.00 and 11.00 in the morning.
During this period, a scout collected for four 30-min-
ute periods in each room assigned to him; therefore,
there were four equal 30-minute periods of catching.
When the monthly averages were analysed statis-
tically by means of an analysis of variance, no
significant difference between the time periods could
be detected; however, a highly significant difference
in biting frequency was found between months
(F = 4.44; P< 0.01). The interaction of time period
and month was not significant, nor was there a
significant difference between collectors.

(2) Climate plays an important role in the activity
of mosquitos, and temperature variations seem to be
especially important in biting activity. The clima-
tological data for Bangkok gathered by the govern-
ment meteorological station (Fig. 3) show that the
temperature dropped in December and recovered
in March, which correlates with the lower biting
rates observed up to March.
Although the maximum temperatures did not

change much throughout the year, the minimum
temperatures did so. Indeed, the correlation
coefficient between biting rate and minimum
temperature from August 1967 to April 1968 is
significant (r = 0.81; P < 0.01). According to
Christophers (1960), most studies on the effect of
temperature on the biting of Ae. aegypti showed
consistently that the optimal temperature lay within
the range 26°C-35°C, while temperatures of 25'C or
less retarded the activity. Therefore, the minimum
temperature during the cool season in Bangkok,
which was lower than 25°C (Fig. 3), could be
expected to reduce the biting rate significantly.
Another interesting observation is the similarity

o
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NOTES

RG. 3
SEASONAL CHANGES OF CUMATIC CONDITIONS

IN BANGKOK
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between the curve for the 24-hour catch and that
for the minimum temperature. Although there was

a drop in the biting rate after April 1968, no similar
change in climatic conditions could be found.

(3) While precipitation undoubtedly affects the
larval habitats of Ae. aegypti, its exact effect on the
biting rate is uncertain. To assess the effect of
precipitation on the biting rate in a given month, the
rates were taken for the 30-day periods extending

from the last 15 days of the previous month and to
the first 15 days of the current month; thus the time-
lapse until adult emergence was considered for
precipitation (Fig. 3). The correlation of biting rate
with precipitation (Fig. 3) is therefore as good as
that with humidity. There is, however, a discrepancy
between the corrected rainfall values and the biting
rate for the months of March and April.

(4) An estimation of the pupal population was
made monthly from more than 150 jars at Wat
Samphaya. The numbers fluctuated and cannot be
considered as accurate as the absolute adult popula-
tions. The average number of larvae moulting to
pupae per day (Fig. 2) shows a trend roughly similar
to the biting rate, since there was an increase during
the hot season and a decline towards the end of the
study. The decrease in July and August appears to be
related to the fall in number of adults emerging.

During this study, estimates of absolute adult
populations were made by the mark-release-
recapture method 4 times in the year, in August,
September, May and July (Fig. 2). Unfortunately,
the recapture rate of marked individuals was not
high enough to produce really accurate results.
However, these estimates reflect the trend obtained
with the 24-hour biting and the pupal production
studies.
The December estimate of the absolute population

was probably the most accurate since the recapture
rate was more than 6 %. The estimated female
population being about 2000, and the number of
rooms in the Wat being approximately 100, there
would be an average of 20 female mosquitos per
room. Since an average of 1.25 females was caught
in each room during the sampling period in Decem-
ber, it may be estimated that a little more than 6%
of the total females attacked the human bait during
the 30-minute sampling period.

It is difficult to determine the optimum sampling
period in a room; in this study the period of sampling
was 30 minutes but even during this period it was
noted that the rate of collection changed. To study
this variation more accurately, each collector was
asked to record the actual biting time. From a study
based on a total of 296 mosquitos which were
recorded from 162 rooms (Fig. 4) calculations could
be made of the percentage of mosquitos collected for
each 5-minute period during the 30 minutes. The
most noticeable observation was the decline in the
percentages in the 21-25-minutes and 26-30-minutes
collection periods. This observation suggests that
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FIG. 4
FREQUENCY OF MOSQUITOS CAUGHT

IN EACH 5-MINUTE PERIOD DURING A 30-MINUTE
COLLECTION IN A ROOM AT WAT SAMPHAYA
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there is a relatively unchanged number of mosquitos
present in a room, and that a rapid invasion from
other areas does not occur. The low frequency of
biting in the first 5 minutes may be due to a time-lag
in the response of mosquitos to the collector. Be-
cause of these factors, to produce a meaningful
biting-rate index it is necessary to record the actual
time the collector spends in the room or house when
the biting rate per hour is determined. The present
results indicate that a 20-minute collection period
would obtain the results most efficiently. However,
this situation might change with the density of
mosquitos in the room and more study is necessary.
Out of 216 mosquitos examined, only 61 were

unfed and 73 were partly fed when attacking a
collector (Table 2). This may indicate frequent
biting by a mosquito before engorgement. It is most

TABLE 2
CONDITION OF MOSQUITOS TAKEN
IN THE REGULAR BITING CATCHES

Condition No. of mosquitos |

Unfed 61 28.2

Partly fed 73 33.8

Semigravid 43 19.9

Gravid 39 18.1

Total 216 100.0

interesting that so many semigravid or gravid mos-
quitos (19.9% and 18.1 %, respectively) were
collected. Their previous blood meal must therefore
have been taken 1-3 days before they were caught by
the collector.

Discussion

Although cases of dengue haemorrhagic fever in
Thailand occur throughout the year, there is a
pronounced seasonal change. The peak for hospi-
talized cases is found in the rainy season although it
varies from year to year. In 1966 it occurred in July,
and in 1967 and 1968 in September. Halstead (1966)
reported that in 1962-63 in Thailand the peak for
cases of dengue haemorrhagic fever followed the
peak for Ae. aegypti populations by about 2 months.
During the years 1967 and 1968 in this investigation
the biting rate or biting activity ofAe. aegyptireached
its lowest point in the cool season (particularly in
January) and increased in March. In the epidemics
of haemorrhagic fever for 1967 and 1968 the lowest
number of hospitalized cases usually occurred in the
hot season (March and April) and the epidemics
started in May and July to reach a peak in September
(Fig. 2). This delay of 2 months from the increase in
biting rate to the outbreak of an epidemic is similar
to what Halstead (1966) has described for the popula-
tion peaks. The decline of an epidemic in the cool
season parallels the decline in biting rate. The varia-
tion between the two curves in the subsequent months
probably has little meaning because the decrease
in biting rate of mosquitos caught during 24-hour
collections may have been due to a decrease in the
number of adults emerging, which occurred only in
the study area.
The daily rhythms of biting activity are probably

endogenous, as suggested by Mattingly (1949) and
Harker (1958) and as clearly demonstrated in the
oviposition cycle of Ae. aegypti by Haddow & Gillett
(1957) and Haddow, Gillett & Corbet (1961). In
Bangkok, the rhythms of biting activity changed
slightly from season to season. Whereas the after-
noon peak in the cool season was between 14.00 and
15.00 hours, it shifted to 1 hour later in the hot
season and later still in the rainy season. Never-
theless, the peaks were found mostly 2-3 hours
before sunset, and thus the biting activity appears
to be controlled by the cycle of day and night. The
time of the evening peak of biting activity in Bangkok
is earlier than that of East African mosquitos, which
were most active just before sunset (McClelland,
1959).
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NOTES

In view of this rather narrow peak of biting
activity, the time of collection of biting mosquitos
should be chosen carefully if the biting rate count is
to have any value and is to be compared with the
results of other studies. For example, the seasonal
change in biting rate was not shown when the four
time periods between 09.00 and 11.00 hours were
taken.

Experience has shown that there are differences in
attractiveness of various collectors to Ae. aegypti;
however, no significant difference could be found
between the two collectors used in this study.
Nevertheless, this may be an important factor in
determining biting rates and needs further study by
comparing results obtained by other collectors.
The meteorological conditions may be considered

to be of special importance. Haufe (1966) concluded
that the flight activity of Ae. aegypti was not affected
by a wide range of temperatures and humidities.
Lumsden (1947) similarly reported that relative
humidity had little effect on biting activity over the
range between 5 %-98 %. On the other hand, there
is an optimum temperature for biting and this was
found to lie between 25°C and 35°C in the laboratory
experiment of Lumsden (op. cit.) and Christophers
(1960). These observations were borne out by the
finding that the biting rate fell in the cool weather
from November to February.

Rainfall is also an important factor in adult
population size in areas where natural water contain-
ers or temporary artificial habitats are the dominant
breeding sources. McClelland (1963) showed a
sharp increase of Ae. aegypti after an isolated fall of
rain at Ganda in East Africa. However, in Bangkok
the major habitat consists of water jars which
contain water throughout the year, so there was no
pronounced seasonal change in numbers (Tonn et
al., 1969).

TABLE 3
CONDITION OF BITING MOSQUITOS CAUGHT

AFTER ENGORGING AT BANG SUE WITH RESPECT
TO THE KIND OF BLOOD IN THE GUT

Ovarian stage Total no.
Blood in gut of

2a 2b 3 4 mosquitos

Fresh 11 5 0 0 16

Fresh and old 14 8 17 3 42

Total 25 13 17 3 58

TABLE 4
CONDITION OF BITING MOSQUITOS CAUGHT

AFTER ENGORGING AT BANG SUE

Condition No. of mosquitos %

Unfed 16 27.6

Partly fed 22 37.9

Semigravid 17 29.3

Gravid 3 5.2

Total 58 100.0

Service (1968) reported that some adult Ae. detritus
need 2 blood meals to complete 1 gonotrophic cycle.
Macdonald (1956) also noted that some Ae. aegypti
in Malaya took an additional blood meal. In the
present study many semigravid or gravid mosquitos
were found among collection of biting mosquitos. It
is not known how many of these gravid mosquitos
were actually in the process of biting, because they
were collected immediately they landed on the
human bait. However, this observation is supported
by another study made at Bang Sue in Bangkok, in
which only those mosquitos caught while actually
biting and engorging were recorded (Tables 3, 4)
although another biting rate was assessed by the
usual procedure of capture on landing. Most
mosquitos contained fresh or old blood. In only
3 mosquitos had the ovary developed to the fourth
stage, although 17 mosquitos had reached the third
stage of ovarian development. If the numbers in
Table 4 are compared with those in Table 2, it is
seen that the proportion of gravid mosquitos is
significantly lower among those caught after actually
engorging (5.2%) than among those taken in the
regular biting catches (18.1 %); the proportions
among the other categories are not significantly
different. Accordingly, it is confirmed that although
some gravid mosquitos take second meals, most of
them are attracted to a collector but do not feed.
This is an important observation on the behaviour
of females during the period between feeding and
oviposition. It should be noted, moreover, as shown
in Table 3, that most female mosquitos have bitten
another person before attacking the mosquito
scouts; in other words, a mosquito bites several
persons before the completion of a gonotrophic
cycle. This is an important fact when we consider
the chance of transmission of disease by this species.
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The total number of males collected was nearly
equal to that of females (128: 174) and the peak
time of collection was almost identical to that of
females. This observation indicates that male
mosquitos are attracted to a human bait as much as
females are, possibly by visual factors such as the
contrast of dark and light (Fay, 1968; Sippell &
Brown, 1953) or by chemical factors.
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Protective Immunity between Malaria Parasites and Piroplasms in Mice *

by F. E. G. Cox I

Immunity to either malaria or piroplasmosis is
usually regarded as being both species- and strain-
specific (see Targett, 1968). However, in recent
years there have been a number of reports which
suggest that this is not wholly true. In mice, for
example, it has been shown that immunity to
Plasmodium chabaudi confers a strong resistance to
the virulent parasite P. vinckei (Cox & Voller,
1966; Nussenzweig, Yoeli & Most, 1966; Yoeli
et al., 1966; and others) and that immunity to the
piroplasm Babesia microti also holds against
B. rodhaini (Cox & Young, 1969). These results in
themselves could be explained on the basis of the
morphological similarities which exist between
P. chabaudi and P. vinckei on the one hand and
B. microti and B. rodhaini on the other, but two sub-

* This investigation received financial support from the
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l Reader in Zoology, Department of Zoology, University
of London King's College, London, England.

sequent and independent studies have produced
results which indicate that this explanation is too
simple. Cox & Milar (1968) showed that mice which
had recovered from infections with P. chabaudi
were immune to challenge with B. rodhaini and Cox
(1968) reported, in a preliminary note, that mice
which had recovered from infections with B. microti
were resistant to challenge with P. vinckei or P. cha-
baudi and that the immunity was reciprocal. This
paper presents the results of a study on the patterns
of cross-immunity between six intra-erythrocytic
protozoa in mice-namely, P. vinckei, P. chabaudi,
P. berglhei berghei, P. berghei yoelii, B. rodhaini and
B. microti. The antigenic relationships of these
same parasites are considered in another paper
(Cox & Turner, 1970).

Materials and Methods
The following strains of parasites were used:

P. vinckei (Katanga 52), P. chabaudi (54X), P. berghei
2560D
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