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Abstract. Mosquito responses to carbon dioxide were investigated in Noungou village,
30 km northeast of Ouagadougou in the Sudan savanna belt of Burkina Faso, West Africa.
Species of primary interest were the main malaria vectors Anopheles gambiae S.S. and
An.arabiensis, sibling species belonging to the An.gambiae complex. Data forAn.finestus,
An.pharoensis, Culex quinquefasciatus and Mansonia uniformis were also analysed.
Carbon dioxide was used at concentrationsof O.O4-0.6%(cf. 0.03% ambientconcentration)
for attracting mosquitoes to odour-baited entry traps (OBETs). The ‘attractiveness’ of
whole human odour was also compared with CO, emitted at a rate equivalent to that
released by the human bait. In a direct choice test with two OBETs placed side-by-side,
the number of An.gambiae s.I. entering the trap with human odour was double the number
trapped with CO, alone (at the human equivalent rate), but there was no significant
difference between OBETs for the other species of mosquitoes. When OBETs were
positioned 20 m apart, again CO, alone attracted half as many An.gambiae s.l. and only
40% Anlfunestus, 65% Ma.uniformis but twice as many An.pharoensis compared to the
number trapped with human odour.
The dose-response for all mosquito species was essentially similar: a linear increase
in catch with increasing dose on a log-log scale. The slopes of the dose-response curves
were not significantly different between species, although there were significant differences in the relative numbers caught. If the dose-response data are considered in relation
to a standard human bait collection (HBC), however, the behaviour of each species
was quite different. At one extreme, even the highest dose of CO, did not catch more
An.gambiae s.1. than one HBC. At the other extreme, the three highest doses of CO,
caught significantly more Ma.unifonnis than did one HBC. An.pharoensis and Cx
quinquefasciatus showed a threshold response to CO,, responding only at doses above
that normally released by one man. An.funestus did not respond to CO, alone at any dose
in sufficient numbers to assess the dose response. Within the An.gambiae complex,
An.arabiensis ‘chose’the C0,-baited trap with a higher probability than An.gambiae S.S.
Also An.arabiensis, the less anthropophilic of the two species, was more abundant in
C0,-baited OBETs than in human bait collections.
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A wealth of evidence shows that carbon dioxide (CO,) is probably
the single most important cue used by mosquitoes (Diptera:
Culicidae) and other haematophagous arthropods for locating a
source of blood. This role of CO,, compared with other chemical
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and physical variables, has usually been investigated under
controlled laboratory conditions with the culicine mosquito Aedes
aegypti (L.), as reviewed by Gillies (1980). Fewer studies of CO,
effects have involved malaria vector anopheline mosquitoes:
Anopheles atropantus Van Thiel (Van Thiel, 1947; Van Thiel &
Weurman, 1947; Laarman, 1955),An.stephensiListon (Brouwer,
1960; Bos & Laarman, 1975). Andbimunus Wiedemann (Knols
et al., 1994b), and members of the An.gambiae Giles complex:
Anmabiensis Patton (Omer, 1979) and An.gambiae Giles sensu
sfricto (Knols et ul., 1994a; Knols, 1996).
Reeves (1953) was among the first todemonstrate the ‘attractiveness’ of CO, for mosquitoes in the field, and how this varies
according to the dose and the species considered. Since then,
CO, has been used as a means of increasing both the number of
mosquitoes caught and the species diversity in various trapping
devices (Service, 1993). Reduction in the amount of CO, released
by a natural host decreases the number of mosquitoes approaching
it, but not the proportion biting (Snow, 1970). In West Africa,
Gillies & Wilkes (1969, 1970,1972,1974) investigated the range
of attraction of host-equivalent amounts of ‘synthetic’ carbon
dioxide, compared to one calf (1970), two calves (1969, 1972)
and several bird species (1974). Similar studies were undertaken
by Schreck et al. ( 1972) with North American mosquitoes. Gillies
(1980) later plotted a curve of the range of attractiveness of CO,
at different emission rates. An important conclusion was that
this range varies between mosquito species. Moreover, Gillies &
Wilkes (1969) proposed CO, as a middle-range factor so that
for species such as An.melas Theobald, for example, approach
towards the host is initiated by the presence of other host odours
at longer ranges.
The role of CO, in the ‘host-seeking’ behaviour of mosquitoes
is a matter of debate. Some authors regard it as only an ‘activator’,
activation being defined as the induction of flight activity
(Laarman, 1955; Kellogg &Wright, 1962; Daykin et al., 1965;
Khan & Maibach, 1966). Gillies (1980), on the other hand, concluded that “it acts as an ‘attractant’, orientation towards the host
being mediated by kinesis and optomotor anemotaxis”, but “in
the absence of moving air currents” (as for some cage experiments) “only the kinetic or ‘activating’ effect is manifested”.
With respect to the An.gambiue complex, it has been shown
that host odours play an important role in host location (Gillies,
1988; Takken, 1991; Costantini et al., 1993). but the relative
importanceof individual odours is unknown. Among the six sibling
species in this complex there are well-documented variations in
host preference (White, 1974), ranging from strong a n b pophily in An.gambiae S.S. to almos complete zoophily in
An.quadriannulatus (Theobald). Of the species we studied,
An.gambiue S.S. is highly anthropophilic throughout its distribution, whereas the host preference of An.arabiensis is more
difficult to generalize. In areas where humans are the main host
available, the proportion of bloodmeals that come from humans
(the human blood index, HBI) is high for both An.gambiae and
An.ambiensi.s. In villages where cattle are abundant, however, the
HBI for Anambierrris drops in favour of bovid feeds (Coz, 1973;
White, 1974; Coluzzi et al., 1975; Gillies & Coetzee, 1987).
Although one explanation would be that An.arabiensis is simply
a more opportunistic feeder, the pattern of feeding on different
types of host mammals by Anmabiensis is not always
proportional to host abundance. For example, in Madagascar
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independently of frequency of humans, Anmabiensis is mainly
zoophilic (Ralisoa Randrianasolo I% Coluzzi, 1987).
We report here a preliminary field study to investigate the
influence of CO, relative to other host odours in the ‘host-seeking’
behaviour of An.gambiae S.S. and An.arabiensis, in comparison to other sympatric, human-biting, but more opportunistic
mosquito species.

Materials and Methods
Study site and trapping methodr. The experiments were conducted at Noungou village (12” 30 N, 1” 2 0 W) in the Sudanese
savanna belt c. 30 km north-east of Ouagadougou, Burkina Faso,
West Africa, during the 1993 rainy season. This village has c. 300
huts occupied by 500 people and covers c. 4 km2on the edge of a
large permanent lake. The rainy season lasts from June to
September, with a mean annual rainfall of c. 800 nun. Mosquito
bionomics are well known for this area (Hamon, 1963; Hamon er
al., 1966). Millet and sorghum are the maincrops,cultivated around
and within the village. Domestic animals in the village are mainly
goats, sheep and donkeys, with very few cattle and no pigs. f i o
types of hut usually made of mud-brick walls, with one room, an
open window and open eaves, are grouped in family compounds:
circular huts (c. 3 m diameter)with a thatched roof, and rectangular
huts (c. 3 x 5 m) with a corrugated-iron roof. These types of hut
are known in the entomologicalliteratureas ‘Mossi huts’ and ‘Bobo
huts’, respectively (Daniet et al., 1985; Majori et al., 1987).
At Noungou in the wet season the main malaria vectors are
An.gambiae S.S. and An.arabiensis. ‘Mopti’ genotypes (Coluzzi
et al., 1985) represent the prevailing chromosomal form of
An.gambiae S.S. At the end of the wet season An.funestus
Giles densities rise to a peak in November and then decline
until the beginning of January (Hamon et al., 1966; Merzagora,
1993).
The main experiments were done with odour-baited entry
traps (OBETs) designed to catch mosquitoes attracted by host
odours alone, with no visual host cues present (Costantini et
al., 1993). The standard bait was a man, sleeping in a tent. The
tent was positioned inside an experimental hut of similar
construction to local ‘Mossi’ dwellings. The man’s host odour
was brought to the trap via c. 9 m of polythene ‘lay-flat’ tubing,
leading from a 12 V fan at one end of the tent. As much of the
tubing as possible was wound around the outside of the hut to
enable the odour-conditioned air to approach ambient temperature. The speed of the air-stream released from the opening
of the OBET was c. 50 cm s-I.
The OBET was placed outdoors on a table at window level
(c. 1.5 m above ground), and covered as much of the window
as possible, so that other cues experienced by the mosquito were
similar to those which would normally attract them to enter by
flying through the windows of human dwellings in response to
host odours. This standard arrangement was modified for each
experiment, as described below. Experiments began at 21.00
hours and ended at 05.00 hours local time, when the traps were
closed and the mosquitoes were collected.
Carbon dioxide was released from cylinders, its flow controlled with two-stage pressure regulators, measured with C0,rotameters and adjusted with needle valves. CO, concentrations
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were monitored with a portable infra-red gas analyser
(ADC2000, range of measurable concentrations &2%, resolution
W.Ol%). The cylinders were hidden behind the experimental
huts to remove any visual stimuli.
To facilitate comparisons between experiments and to obtain
background information about mosquito densities, a human biting
catch (ABC) was conducted each night either indoors or outdoors
at four different randomized positions within the village.
Collections were made of the mosquitoes landing on the exposed
lower legs of one sitting catcher from 21.00 to 05.00 hours.
Collectors changed every 2 h and were allocated to different time
sets on subsequent nights, according to randomized 4 x 4 latin
squares (Cochran & Cox, 1957).
Species identification. Mosquitoes were identified using the
key of Gillies & Coetzee (1987) for anophelines and the key of
Edwards (194 I ) for culicines. Among the An.gambiae complex,
representative subsamples were tested for species identification
by the PCR molecular technique of Scott er al. (1993).Generally
the mosquito species were identified morphologically as the
catches were counted, except for Mansonia (Mansonioides) spp.
which were dried and kept for later examination. Only c. 5% of
these specimens were Mansonia uficana (Theobald); the rest
were Ma.unifomis (Theobald). It was decided, therefore, to
consider the Mansonia samples to be mostly representative of
Ma.unijonnis.

Experiment 1. Whole human odour v. carbon dioxide: choice
test

Two OBETs were placed side-by-side near the window of
me of the experimental huts. One OBET was set up as the
standard ‘man-baited‘ treatment (as above). The other OBET was
baited with C0,via a rubber tube inserted into the lay-flat tubing
near the fan. The fan for the CO, was placed in the hut eaves so
that it would draw air mainly from outdoors to avoid contamination with residual human odours from inside the hut.
The concentration of CO, emitted by the men used as baits
varied with person and with time, although it was relatively stable
on any given night. Each night, therefore, the CO, concentration
of the air-stream coming out of the man-baited trap was measured
with the infra-red CO, gas monitor and the same concentration
was released through the CO, -baited trap. This was to ensure
that mosquito ‘choice’ was n i t affected by different levels of
CO, released from the two traps, but by the presence or absence
of other human odours. Each trap stayed in the same place, but
the relative positions of the two odours were alternated each night
(to control for possible side-effects by swapping positions of the
‘lay-flat’ tubing connections). Ten replicates were performed,
using a different human bait every night to reduce the effect of
differences in attractiveness between baits.
To allow for spatial and temporal variability. a CO#uman
catch i d e x was calculated, defined as the log-transformed ratio
of the C0,-baited trap catch + 1, over the human-baited trap
catch + 1 . The antilogarithm of the catch index mean, weighted
by the nightly sample size, gave an estimate of the mean
proportion of mosquitoes caught with CO, alone relative to whole
human odour. Departures of the index from unity were tested
using the Mann-Whitney U test.

Experiment 2: Whole human odour v. carbon dioxide: distance
comparison

The arrangement for this experiment was similar to the choice
test except that the ‘man-baited’ and ‘C0,-baited’ traps were set
up at different huts separated by at least 20m. Four OBET
experimental hut units were used in a random rotation, although
only two were used each night. One OBET was baited with a
sleeping man (as above), and another OBET was baited with the
same concentration of COz as was released by the ‘man-baited’
trap that night. Four human baits were used, each of which was
tested twice, so the overall number of replicates was eight.

Experiment 3. Dose response to carbon dioxide

The standard arrangement of experimental hut and OBET
was used, with the human bait odours replaced by C 0 2released
into the ‘lay-flat’ tubing at the fan level. The concentration was
measured with the CO, gas monitor at the trap entrance and
adjusted with a flowmeter at the start of the experiment. Five
test concentrations of CO, were chosen: 0.04%.0.06%. 0.15%,
0.30% and 0.60%. The ambient concentration was 0.03%. The
amount of CO, typically released at the trap entrance by a man
sleeping in the tent ranged between 0.05% and 0.12%. Higher
concentrations of CO, were achievable, but required more than
one cylinder per night and caused the valves to freeze.
Due to limitations on availability of CO, cylinders, only three
or four concentrations could be tested on any one night. The
protocol was therefore set up as a partially balanced incomplete
block design with two associate classes (Cochran & Cox, 1957).
Over fifteen nights each concentration was tested nine times. Even
within the rainy season the density of mosquitoes can suddenly
change dramatically. To overcome this source of variability in
the data the results were analysed in two ways: (1) as a log-log
dose-response experiment; and (2) as a dose response normalized
to a standard human biting catch (HBC). The aims of normalizing
the dose response were (a) to reduce the effects of density
variation, by relating the OBET catches on a given night to another
independent measure of mosquito density: and (b) to investigate
further the relative importance of CO, and whole human &our
for each species of mosquito.
For the statistical analysis a generalized linear modelling
package, GLIM” (Payne, 1987). was used to obtain the best fit
to the data. For the log-log model, raw count data were log
( x + 1)-transformed and differences in the slope of their respective
dose-response curves were assessed by the change in deviance
caused by the removal of the interaction term DOSE x SPECIES
from the full model.
For analysis of the HBC-normalized model, a CO,/HBC catch
index was calculated for each C 0 2 treatment, expressed as the
ratio of the OBET catch over the simultaneous HBC. The
sequence of HBCs was two nights indoors, two nights outdoors
consecutively. The mean number of Ma.unfomis caught outdoors was marginally greater than caught indoors. For
An.gmbiae s.1.. however, significantly more were caught indoors
than outdoors by HBC. Therefore, for both species, the dose
response was investigated separately for each HBC position.
For An.pharoensis Theobald and Culex quinquefasciatrrs Say,
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significantly more mosquitoes were caught outdoors than indoors
by HBC, most of the collections indoors giving very low or zero
counts. For nights when there was no outdoor HBC, therefore,
the An.pharoensis and Cx quinquefasciatus data were discarded.
For those few occasions when the HBC caught no mosquitoes,
the data were also discarded.
The square-root of the catch index was plotted against CO,
log-concentration, expressed as parts per million (ppm) above
ambient. The statistical analysis followed procedures analogous
to the log-log model.

Results
Experiment 1. Choice test: whole human odour v. carbon
dioxide

Table 1 shows the geometric mean catches of five species of
mosquitoes in paired, differentially baited OBETs. When the
distribution of mosquitoes in the two traps was tested against the
binomial distribution with an expectation of random ‘choice’
(probability 50%). only An.garnbiae s.1. showed a significant
difference: 33% were caught in the C0,-baited trap v. 67% in the
human-odour trap. An.phamensis was the only species for which
the proportion caught in the C0,-baited trap (60%)exceeded that
caught in the human-baited trap (40%)but this difference was
not significant. To facilitate comparisons between experiments 1
and 2, the difference in catches between the two paired traps are
also expressed in Table 1 as the COfluman catch index. Analysis
of the data forAn.gambiaeS.S. andAn.arabiensis shows that both

sibling species preferred the human bait, but An.arabiensis did
so with a lower probability: 60% Y 70% for Angambiae S.S.
(n = 442; G = 4.8; d.f. = 1; P < 0.03).
An ANOVA of log (x + 1)-transformed counts showed that
there were no significant trap position effects. For An.gambiae
s.1. there was significant day-to-day heterogeneity (G = 18.4;
d.f. = 4; P c 0.01), but the ‘choice’ was always in the same
direction: the man-baited trap always caught as many or more
An.gambiae s.1. than the CO, -baited trap. The pooled G-test was
also significant (G = 46.9; d.f. = 1; P c 0.01), showing that, overall, this species made a significant ‘choice’. For An.phamensis
andMa.unifonnis there was significant heterogeneity (P < 0.05).
indicating that they did not choose the same bait every day. The
pooled data show that there was no significant difference in the
catch between the two traps, so these species did not make a
significant ‘choice’ overall.

Experiment 2. Distance comparison: whole human odour v.
carbon dioxide

Table 2 shows that, for An.gambiae S.S. and Anmabiensis,
when human odours and CO, were presented separately, in
OBETs 2201x1 apart, CO, attracted less than half as many
mosquitoes as did the whole human odour. Numbers caught
were too few to allow comparison between these two sibling
species.
An,funestus was attracted even less than An.gambiae s.1. to CO,
alone. Conversely, twice as many An.phaivensis were attracted

Table 1. Choice test (experiment 1). Mean numbers (geometric mean) of mosquitoes caught per night
(21.00-05.00hours) using a man-baited trap versus a C0,-baited trap placed side-by-side outside a hut
window: n, total number of individuals caught; catch index, mean proportion of mosquitoes caught in a
C0,-baited trap relative to the numbers caught in a trap with whole human odour. Significance levels:
**P < 0.01, ***P < 0.001, ns = not significant.
Mean catch (95%c.1.)
Species

Man

CO,

F,1.16,

An. gambiae s.1.
An.funesrus
An.phamensis
Ma.uniformis
Cx quinquefasciatus

27.3 (19.8-37.5)
2.0 (0.5-5.2)
2.1 (0.8-4.2)
11.7(4.8-26.4)
2.0 (0.7-4.3)

13.5 (8.9-20.2)
2.2 (0.8-4.9)
3.0 (1.2-6.4)
11.6(5.6-23.3)
2.0 (0.9-3.8)

9.48**
0.01”’
0.68”’
0.01”’
O.0lns

Catch index
450
75
75
311
63

0.51***

0.85”
1.61”
0.87”
1.12”

Table 2. Whole human odour v. CO, (experiment 2). Overall sample size ( n ) and catch index (mean
proportion of mosquitoes caught in a C0,-baited trap relative to the numbers caught in a trap with whole
human odour) in paired OBETs separated by at least 20 m.
~

Catch index

Mann-Whitney U

Species

n

Mean

95%c.1.

2

P

An. gambaie s.1.
An.funestus
An.phamensis

137
235
30
142

0.48
0.39
2.09
0.66

(0.25-0.91)
(0.25-0.60)
(1.36-3.21)
(0.45-0.98)

-2.69
-2.69
-1.94
-1.39

0.01
0.01
0.05
0.16

13.35

0.004

Ma.unifom’s
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to C 0 2 on its own as compared to whole human odour. There
was no significant difference in the numbers of Ma.uniformis
attracted to the C0,-baited and human-baited traps when they
were separated.Heterogeneitiesbetween these four species were
significant (Kntskal-Wallistest).

Experiment 3. Dose response to carbon dioxide
Dose-response relationshipswere clearest for An.gambiae s.1.
and Ma.uniformis (Fig. la). Regression lines fitted through the
log-log plots have similarslopes and their intercept values reflect
the different numbers of each species caught. Whereas the dose
response to CO, of these species is similar, Fig. l(a) also shows
that their response to CO, in relation to the HBC is quite different.
The highest dose of C 0 2did not attract as many An.gambiae s.1.
as one HBC, whereas for Ma.uniformis the CO, dose closest to
that released by a single man attracted as many mosquitoes as
one HBC. This relationship is discussed in greater detail below.
An even better fit to the data for An.gambiae s.1. was achieved by
fitting an asymptotic exponential curve of the form:

In (catch+])= 5.102 (1 -2.632e428'"'~C021)
1

(1)

whose parameters were estimated by maximum likelihood.
The same relative proportions of An.gambiae S.S. (62.9% and
62.5%) and An.arabiensis (37.1% and 37.5%) were caught at
the lowest and highest doses of CO, (n = 466; G = 0.005; d.f. = 1 ;
P > 0.95), indicating that these two members of the An.gambiae
complex do not differ in their dose response to CO,. Among the
HBC samples, however, 7 1.5% of the catch was An.gambiae S.S.
and only 28.5% An.arabiensis, showing a significant increase
( n = 1065; G = 9.2; d.f. = 1; P c 0.05) in the excess ofAn.gambiae
S.S. over An.arabiensis when human bait was employed.
For An.pharoensisand Cx quinquefasciatusthere was evidence
of a threshold effect (Fig. lb), with little response at the two
lowest doses, at or below the concentration released by a single
man, whereas the catch increased by at least an order of magnitude
at the highest doses tested. Fig. l(b) also shows that the numbers
caught at the man-equivalentdose of CO, are comparable to one
HBC for both species.
Fig. 2 compares mosquito responses to a whole human bait
(i.e. CO, plus the other human odours and short-range factors)
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Fig. 1. Dose response of mosquitoes to COz(log-log). (a) An.gambiae
s./.(closed circles and solid line), and Ma.mifonnis (open circles and
dashed line), (b) An.pharornsis (closeddiamonds and solid line), and Cx
quinquejasciatu.s(open diamonds and dashed Line). Slopes show best
linear fit. Horizontal shaded bands depict mean human-biting catch per
night W E ) for the species symbol shown to the right of the mean line.
Shaded vertical areas define the range of CO, concentrations (measured
at the OBET entrance) arising from a man sleeping in the tent indoors
(see Materials and Methods for details).

Fig. 2. Dose response of mosquitoes to CO, in relation to a standard
human-biting catch (square root-log). (a) An.gambiae s.1. (closed circled
squares and solid lines), and Ma.unifonnis (open circleslsquares and
dashed lines); (b) An.phamensis (closed diamonds and solid line), and
Cx quinquefasciatus (open diamonds and dashed line). In (a) squares
depict the outdoor catch index (thin regression lines), circles the indoor
catch index (thick regression lines). Shaded vertical areas define the range
of CO, concentrations (measured at the OBET entrance) arising from a
man sleeping in the tent indoors (see Materials and Methods for details).
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versus an OBET baited with CO, alone. For An.gmbiae s.1. the
increased catch with rising CO, concentration never went above
the equivalent of one HBC (catch index = I), whereas for
Ma.un$ormis there was a much steeper increase in catch with
CO, alone (solid lines v. dashed lines in Fig. 2a). Slopes of the
regression lines for these two species differ significantly
(F = 24.5; d.f. = 1,83;P < 0.001), reinforcing the indications from
previous experiments that, compared with Ma.unifomis,
An.gambiae s.1. is more responsive to whole human odour than
to CO,. The catch index for both species differs between HBCs
undertaken indoors or outdoors (thick lines v. thin lines, Fig. 2a)
but, for each species, the slopes of the lines relating both HBCs
(indoors and outdoors) to CO, concentration were parallel. Thus,
for An.gambiae s.l., with higher concentrations, the index surpassed a value of one for HBCs outdoors, but reached only
0.6-0.7 for HBCs indoors. Conversely, for Ma.unifonnis, the
catch index for HBCs outdoors was consistentlylower than for
indoors (Fig. 2a). With An.pharoensis and Cx quinquefasciatus,
the HBC was equal to or less than the OBET catch at CO,
concentrations equal to or greater than the man-equivalent (Fig.
2b), but this relationship was not straightforward for either
species. Although some An.fitnestus were caught in the C0,baited traps, the numbers were too few to assess the dose-response
for this species.

Discussion
Host odours influence mosquitoes in their response to CO,
and mosquito species differ in their response to human odours.
ForAn.gambiae S.S. and An.arabiensis, whether CO, is presented
(i)near human odour, (ii) on its own, or (iii) at high concentrations,
it is not as attractive as a human host indoors or his odour
equivalent. These results are also consistent with the finding
by Snow (1970) that, for An.gambiae s.s., CO, accounted for
c. 40% of the attractiveness of a human bait wearing C0,absorption apparatus. Carbon dioxide is only one, albeit important, component of the attractiveness of humans.
For Ma.uniformis, however, CO, is apparently one of the more
important cues for locating hosts. The response to whole human
odour was never significantly greater than to the man-equivalent
dose of CO, and there was a steep dose-response curve for CO,.
Cx quinquefasciatus and Anpharoensis were also attracted to
CO, alone, but appreciably so only when there was at least a
man-equivalent dose.
Because more Anphamensis were attracted to the C0,-baited
trap than to the man-baited trap (experiment 2), it is tempting
to suggest that the human odours or other physical gradients
generated by the live host inhibited or repelled mosquitoes from
the man-baited trap, since the CO, concentration was the same
in both. However, the dose of CO, used was just at the threshold
of change in An.phamensis responsiveness (Fig. 2b), where even
small differences in CO, dose might be expected to give large
differences in the catch between two C0,-baited traps.
The response of An.finestus was less clear, in that it showed
no preference in the choice test (experiment 1, small samples),
and yet only about 40% of the man-baited OBET catch was accounted for by CO, (experiment 2, adequate samples).An.funesrus
was not attracted to CO, on its own in sufficient numbers
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to analyse the dose response (partly due to the relatively low
population densities prevailing during the first half of our
investigation).
Overall, these results reveal aspects of the response to host
cues leading An.gmbiae s.1. (and An.funestus) to be anthropophilic and the other species to be more generalist feeders. Only
An.gambiae s.1. ‘chose’ man over CO, in a direct choice test and
no amount of CO, attracted more An.gambiae s.1. than a man.
An.gambiae S.S. were attracted more than An.arabiensis by the
man in the choice test whereas, for the other three species caught,
the presence of man had no effect on the choice test and higher
doses of CO, caught more than a man in an HBC. One might
speculate that, for such species, the number approaching a human
host is limited mainly by the amount of CO, produced by the
person. Moreover, the dose-response relationship suggests that
the amount of CO, released by a host may be one of the chief
sources of variability in the number of mosquitoes approaching
it; Schofield & Sutcliffe (19%) found similar effects for Simulium
blackflies.An.arabiensis ‘chose’the C0,-baited trap with a higher
probability than did A n . g d i a e s.s., and the proportion of
An.arabiensis was greater in C0,-baited OBETs than in HBCs,
supporting the view that An.gambiae is the more anthropophilic
of these two sibling species.
It is not possible to determine from these experiments the basis
for differences in the response to CO, between the species. The
response variable was simply the number of individuals trapped
in OBETs (and not escaping before dawn), without any indication
of which behavioural repertoires led them to being trapped. In
the choice test experiment, for example, we cannot tell whether
a significant ‘choice’ was due to differences in trap-entry behaviour or to specific orientation factors. Dose responses in the
field reflect both changes in the number responding, and in the
strength of response of individual mosquitoes. Increases in catch
with dose may be due, inter alia, to increases in the size of the
CO, plume (i.e. the active space), or to an increase in the strength
of the stimulus allowing insects to orient toward the source more
effectively, or a combination of these factors.
With the exception ofAn.gambiae s.Z., there was no indication
(within the range of doses tested) of a plateau in the response to
carbon dioxide alone on the log-log scale, as shown for tsetse
flies by Torr (1990). Such an effect might be expected at higher
doses for several reasons: there may be limits to the efficiency
with which mosquitoes can navigate odour plumes, or CO, may
become repellent and even anaesthetic at very high concentrations. The asymptotic pattern of the An.gambiae s.Z. response
(Fig. la and equation 1) may be due to extraneous factors, such
as a density-dependence in the escape rate from the OBET, or to
a more significant specific difference in its response to CO,.
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