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Assessment of insecticidal impact on the malaria
mosquito's vectorial capacity, from data on the
man-biting rate and age-composition
L. MOLINEAUX,1 G. R. SHIDRAWI,2 J. L. CLARKE,3 J. R. BOULZAGUET,4 & T. S. ASHKAR4

The reduction in average age of a vector population after application of a residual
insecticide is commonly interpreted under the implicit assumption that the vector
population is uniformly exposed to the insecticide. This assumption maximizes the
calculated impact of the insecticide on the vectorial capacity. An alternative assumption,
namely that the vector population is composed of two subpopulations, one endophilic and
exposed, the other exophilic and not exposed, leads to a much smaller calculated impact of
insecticide on the vectorial capacity. This is illustrated with data collected before and after
application of propoxur in the Garki District, Kano State, Nigeria. These data were also
used to estimate, on the one hand, before spraying, theproportion ofblood meals taken by
Anopheles gambiae s.l. on man that are followed by rest indoors, and on the other hand,
after spraying, the proportion exposed after the first blood meal, according to the model of
non-uniform exposure; the two estimates agree fairly well. The discussion compares the
models of uniform and non-uniform exposure in terms of plausibility and concludes that
the latter is more realistic. It is therefore prudent to take it into account when evaluating the
impact of insecticides on the transmission of malaria.

A residual insecticide decreases the expectation of
life of susceptible exposed vectors; vector density is
reduced directly by a reduction in longevity, and
possibly, indirectly by a reduction in emergence.
What is usually observed is a reduction in vector
density (e.g., a reduction in man-biting rate) and in
average age of vectors (e.g., a reduction in the
proportion parous); the latter change is traditionally
interpreted as reflecting a uniform reduction in the
expectation of life of the vector population, assum-
ing that the exposure of all individuals of the, vector
population is uniform. This assumption is also im-
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plicit in the calculation of critical levels of reduction
in longevity or proportion parous, beyond which
transmission would be interrupted (1-4).
The assumption may, however, be incorrect; the

present paper explores the consequences of assum-
ing either uniform or non-uniform exposure when
estimating insecticidal impact from data on age-
composition, in general and in a real example, in
which the likelihood of the alternative assumptions
is also considered.

The longevity factor of insecticidal impact under
uniform and non-uniform exposure
The longevity factor is defined, following Garrett-

Jones & Grab (3), as the ratio of the prespraying to
the postspraying expectation of infective life, itself
defined as p"/-logep, where p = the probability of
surviving one day, n = the duration of the incuba-
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tion period in the vector, so that 1/-logep is the
expectation of life (independent of age), and pl is the
proportion of vectors surviving the incubation
period.

Let us consider the simple example used by
Garrett-Jones & Grab to illustrate insecticidal im-
pact (see their Table 2):

p = VP, where P = the proportion parous
P1 = the proportion parous before spraying = 0.81
P2 = the proportion parous after spraying = 0.64

Then, under the assumption of uniform exposure,
made (implicitly) by Garrett-Jones & Grab:

PI = the probability of surviving one day before spray-
ing = 0.9

P2 = the corresponding probability after spraying = 0.8
and the longevity factor of insecticidal impact is:

{(0.9)n/-log,O.9}/{(0.8)n/-log,O.8}.

This longevity factor has a value of 6.11 if n = 9;
8.70 if n = 12, and 22.3 if n = 20.
Let us now suppose that the total vector popula-

tion is composed of two populations, one exposed
and undergoing a drastic reduction in expectation of
life, the other avoiding exposure and keeping its
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original expectation of life; then, in the sample
collected after spraying (e.g., on human baits),
practically all parous vectors (fraction P2 of the
total) belong to the unexposed population; in addi-
tion, a fraction of the nullipars also belongs to the
unexposed population; in the unexposed population
the ratio between the number of nullipars and the
number parous is, by definition, the same as before
spraying, i.e., (1-P&)/P1. Thus, for each parous
female the unexposed population contains (1-P&)/P1
nullipars. Therefore, in the sample collected after
spraying, the proportion belonging to the unexposed
population is:

P2 + {(1-P1)/P1}P2 = P21P1 [1]

and the longevity factor of insecticidal impact is:

(pn1/-logepl)/{(P2/ P1) (pnl/-logepl) +
(1-P21PI) (Pn2l4logep2)}

where the two terms in the denominator are the
expectations of infective life of the unexposed and
exposed populations, respectively, weighted by the
relative population sizes; but as p'2 is, by definition,
much smaller than pnl the second term is negligible,
and the longevity factor is:

(pn1/_logep1)/(P2/P1) (pj1/4logepj) = P1IP2 [2]
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Fig. 1. The longevity factor of insecticidal impact according to models of uniform and non-uniform exposure, as a
function of the proportional reduction of the proportion parous [P1-P2)/P1J, at two levels of P1 and of the
incubation period n.
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or 0.81/0.64 = 1.27, in the example under consider-
ation, i.e., much smaller than under the hypothesis
of uniform exposure. Note that, under the hy-
pothesis of non-uniform exposure, the longevity
factor is independent of n.

Fig. 1 extends the comparison to the whole range
of reduction in proportion parous, at two levels of
initial proportion parous, and for n = 9 and n = 20.
For convenience, the inverse of the longevity factor
is plotted, i.e., the expectation of infective life, after
application of the insecticide, expressed as a propor-
tion of the baseline value. The difference between
the two models increases with the proportional
reduction in proportion parous (P1-P2)/P1, with the
incubation period n, and with the initial proportion
parous P1.

Fig. 2 compares the two models in terms of the
calculated vectorial capacity corresponding to a

100

I 0

I.0

0.1

0.01

0.001

o

given reduction in proportion parous from a baseline
value of 0.81, for n = 10, and two values of ma2,
where m = the anopheline density in relation to
man and a = the average number of persons bitten
by one mosquito in one day. For a = 0.5, the two
values of ma, i.e., 5 and 0.05, correspond to ten
bites per man per night and one bite per man per ten
nights, respectively. The figure shows the critical
vectorial capacity of 0.022, as estimated in Garki,
for Plasmodium falciparum (5). The reduction in
vectorial capacity corresponding to a given reduction
of average age is always greater, and mostly much
greater, according to the model of uniform exposure.
Also, according to that model, a relatively moderate
reduction in average age should cause the vectorial
capacity to drop below its critical level, while this is
not the case with the non-uniform exposure model.
For the interpretation of the findings in Garki, it
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Fig. 2. The reduction in vectorial capacity corresponding to a given reduction in proportion parous, according to
the models of uniform and non-uniform exposure at two levels of ma2 (baseline proportion parous P1 = 0.81;
pi = -VIP,; n = 10).
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will be of interest to estimate the proportion exposed
among the nullipars. An estimation formula can
be derived as follows: the proportion of the man-
biting rate attributable to the exposed population is
1-P2/1P; this proportion is contained practically en-
tirely in the nulliparous fraction 1-P2; therefore,
the proportion exposed, among the nullipars in the
night-biting collection is:

(1-P2/P1)/(l-P2) [3]
The impact of propoxur on Anopheles gambiae s.l.

in Garki
The malaria research project conducted by WHO

and the Government of the Federal Republic of
Nigeria in the Garki District, Kano State, included
the coverage of 165 villages by intradomiciliary
application of propoxur, a carbamate compound,
during the wet seasons of 1972 and 1973. Through-
out the wet seasons of 1971, 1972, and 1973 night-
biting collections (NBC) were performed every two
weeks in 8 villages (6 sprayed with propoxur and 2
comparison villages); each collection represents 8
man-nights (4 indoors and 4 outdoors), distributed
between two fixed stations (huts). The vectors were
counted and most (more than 90% in 1972 and
1973) were dissected and classified by Christophers'
stages; those found in stages I-II M were further
classified into nulliparous and parous, by the method
of Detinova (6). Tables 1 and 2 summarize the
results for A. gambiae s.l.
From Table 1 we can compute the effect of

propoxur on biting density (the direct effect con-
founded with the possible indirect effect). The
collections cover whole breeding seasons at a fixed

Table 1.The numbers of A. gambiae s.l. obtained by
night-biting collections, in the wet seasons of 1971,
1972, and 1973 in two groups of villages, in the Garki
district

Two Six villages treated
Year Variable comparison with propoxur

villages in 1972 and 1973

1971 No. of man-nights 160 440
No. of A. gambiae collected 1 473 10 837

No. of man-nights 160 472
1972 No. of A. gambiaecollected 624 458

No. expected" 4591

No. of man-nights 160 464
1973 No. of A. gambiae collected 1 958 1 859

No. expected' 14 405

Number expected in the absence of propoxur, assuming the same
spontaneous change as in the comparison villages.

frequency and the numbers collected are directly
comparable from year to year; in the treated vil-
lages, the number of collections varied slightly from
year to year, but the " missing collections " all belong
to the beginning or the end of the season, i.e., to
periods of low density, and they have a negligible
effect on the total numbers collected. The change in
biting density from year to year, in the comparison
villages, coincided with very similar changes in two
other, independent, estimators of density: the
number of females/hut in the pyrethrum-spray col-
lection and the number of females/trap per night in
the exit-trap collection. The spontaneous changes
observed in the comparison villages were, therefore,
considered real and were taken into account in
calculating the numbers expected in the sprayed
villages, in the absence of propoxur. The density
factor (direct and possibly indirect) of insecticidal
impact is the ratio of these expected numbers to
those actually collected, i.e., 4591/458 = 10.0 in
t972, and 14 405/1859 = 7.75 in 1973.
Equal weights have been given to the indoor and

outdoor night-biting collections. Before spraying,
the estimated man-biting rates were the same in-
doors and outdoors; after spraying, the man-biting
rate was three times higher outdoors than indoors.
Therefore, the estimated average man-biting rate
and the density factor are affected by the weight
given to the indoor and outdoor collections. If we let
the weights vary between IN/OUT = 0.75/0.25 and
IN/OUT = 0.25/0.75, it is easy to calculate that the
density factor has to be multiplied by a factor that
varies between 1.33 and 0.80; the effect is thus not
large and does not affect the comparison between
the two models.

Table 2 shows the classification of A. gambiae s.l.
by the methods of Christophers and Detinova. The
method of Detinova is applicable only to females in
Christophers' stages I-II M, and the proportion
parous in the total sample is unknown. A slightly
different age-classification was adopted: the vectors
were classified into two groups-those that were both
I-II M and nullipar, and the others. The former were
probably taking their first blood meal, and we can
compute the proportion taking their second or later
meal; for example, in the comparison villages, in the
wet season of 1972, it is:

1-(235/594)(117/231) = 0.800

Since the distribution of females resting indoors
by abdominal stages is clearly bimodal and the
ovariolar sacs in those coming to bite are usually
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Table 2. Classification of A. gambiae s.l., obtained
by night-biting collections, by the methods of
Christophers and Detinova, in the wet seasons of 1972
and 1973

Detinova
Year Treatment Christophers Total

nullipar parous unknown

1972 none 1-ll M 117 114 4 235
(2 villages) I-V - - - 594

propoxur 1-llM 151 96 1 248
(6 villages) I-V - - - 442

1973 none 1-llM 421 380 9 810
(2 villages) I-V - - - 1780

propoxur 1-llM 561 364 7 932
(6 villages) I-V - - - 1707

uncontracted, it may be concluded that in the wet
season in Garki, A. gambiae s.l. feeds probably every

48 hours on the average. The proportion taking their
second or later meal can be substituted for the
proportion parous in the computation of the insec-
ticidal impact. We have thus:

1972

P1 0.800
P2 0.657

1973

0.761
0.669

These proportions did not vary significantly be-
tween the indoor and outdoor collections.

Table 3 shows the impact of propoxur on A.
gambiae s.l. in Garki, calculated according to the two
models. For the model of uniform exposure, p was

estimated by V/P, and n was set at 10, the incubation
period for P. falciparum in the wet season in Garki,

derived by the method of Moskovskij (6) from the
recorded temperatures. The impact calculated ac-

cording to the hypothesis of uniform exposure is
larger than that calculated according to the hy-
pothesis of non-uniform exposure, by factors of
about 4 in 1972 and 2.5 in 1973.

In 1972, the vectorial capacity of A. gambiae was
reduced by a factor of 50.4 according to the model of
uniform exposure, but only by a factor of 12.2
according to the model of non-uniform exposure.
The malaria simulation model, developed as part of
the Garki project (5) can be used to compare the
expected effect on the prevalence of P. falciparum of
a reduction of a given baseline vectorial capacity by
a factor of 50.4 with that expected following a

reduction by a factor of 12.2. This was done for the
baseline vectorial capacities observed in Sugungum
and Ungwar Bako, the two follow-up villages that
were treated with propoxur alone; they had, respec-

tively, the highest and the second lowest baseline
vectorial capacities among the eight villages studied
in detail. The results of the simulations, for one

baseline year and five years of intervention, are

shown in Fig. 3, along with the prevalence of P.
falciparum actually observed during one baseline
x'ear (1971) and the two years of actual application
of propoxur (1972 and 1973). The decrease in
prevalence expected according to the hypothesis of
non-uniform exposure is both smaller and, on the
average, more realistic than the decrease expected
according to the usual (implicit) assumption of
uniform exposure.
From PI, P2, and formula [3], we can compute the

proportion exposed, among those taking their first
meal, in the night-biting collection, according to the
model of non-uniform exposure; in 1972 the pro-

portion is (1-0.657/0.8)/61-0.657) = 0.52; in
1973, it is 0.37.

Table 3. The impact of propoxur on the vectorial capacity of A. gambiae s.l. in six villages of the Garki district,
estimated by night-biting collection, in the wet seasons of 1972 and 1973, under alternative assumptions
regarding uniformity of exposure

Model Factor of insecticidal impact Formula 1972 1973

total density factor (No. expected, without propoxur)/(No. collected, with propoxur) 10.0 7.75

Uniform longevity factor (p,1I/_logj,,)/(p2101-log*p2) 5.04 2.80
exposure direct density factor (1/-log,P)/(1/-logp2) 1.88 1.47

indirect density factor (total density factor)/(direct density factor) 5.32 5.27
total impact (longevity factor) x (total density factor) 50.4 21.7

Non-uniform longevity factor P,/P2 1.22 1.14
exposure total impact (longevity factor) x (total density factor) 12.2 8.84
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The degree of endophily ofA. gambiae s.l. in Garki,
before spraying

The proportion of blood meals taken by A.
gambiae s.l. that were followed by rest indoors has
been estimated, for the wet season of 1971, i.e.
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before spraying, in the six study villages to be
sprayed in 1972 and 1973. The estimate is indirect,
being based on the comparison between the man-
biting rate estimated by night-biting collection
(NBC) according to the sampling scheme outlined
above, and the indoor-resting density, estimated by
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Fig. 3. The expected effect of propoxur on the prevalence of Plasmodium falciparum, according to two alternative
interpretations of its observed entomological effect, in two villages with contrasting baseline vectorial capacities.
B = baseline; N = non-uniform exposure; V = uniform exposure; + = prevalences actually observed.
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pyrethrum-spray collection (PSC), in a fixed sys-

tematic sample of huts, in the same villages as the
NBC, the next morning:

Let IRD = the true indoor-resting density (females/
hut)

IAD = the indoor-resting density estimated by
PSC

= b, * IRD
where b, = IAD/IRD = the bias of the
estimated indoor-resting density

MBR = the true man-biting rate (bites/man/night)
MtR = the man-biting rate estimated by night-

biting collection
= b2 * MBR

where b2 = MBR/MBR = the bias of the
estimated man-biting rate

HBI = the proportion of blood meals, in the PSC,
positive for man (human blood index)

N = the number of persons per hut (village
population/number of huts)

x = the proportion of blood meals followed by
resting indoors (at least until the next
morning, time of the PSC

T = the duration of rest indoors (days)

Then: IRD * HBI = MBR * N x * T
or (IAD/bl) HBI = (M[AR/b2) NxT [4]

In this equation, ITD, MAR, HBI, and N are

measured directly; Tis estimated by T = 1 + GIF,
where G and F are the proportions gravid and fed,
respectively, in the PSC (if the maturation time is 2
days, as suggested by the clear-cut bimodal distribu-
tion of the PSC by abdominal appearance); and x

and b2/ b, (the relative bias of the two sampling
methods) are unknown. If we know the one, we can

compute the other from equation [4]:

x = (IAD/MtR) (b2/ bl) HBI/NT
b2/ b, = (MtR/IAD) xNT/HBI

[5]
[6]

Before spraying, two vector species, A. gambiae
s.l. and A. funestus, were collected in large numbers.
The factors of equations [5] or [6] as estimated for
the wet season of 1971, are set out in Table 4. A.
funestus is generally believed to be very endophilic.
Setting its x to 1, we can compute its b2/ b, ratio by
equation [6]; it is equal to 1.16 (i.e., in comparison
with the indoor-resting density, the man-biting rate
is overestimated by 16 %); taking the same value for
A. gambiae s.l. (i.e., assuming that the relative bias
of the two sampling methods does not vary between
the two species) we can compute its x by equation
[5]; it is equal to 0.47, which is similar to the
estimated proportion exposed to the insecticide after
their first meal, according to the model of non-

uniform exposure, i.e., 0.52 in 1972, 0.37 in 1973
(see above, and Discussion).

DISCUSSION

This paper is not concerned with the problem of
measuring the physiological age of the vectors, with
the problem of relating chronological to physiologi-
cal age, or with the problem of deriving survival
from the age-composition of a fluctuating popula-
tion. For the sake of illustration, simple (probably

Table 4. Estimation of the proportion of blood meals followed by rest indoors, in the
wet season of 1971, in Garki

Factor' A. gambiae s.l. A. funestus

Estimated man-biting rate, MAR (bites/man-night - 10 837/440 = 24.6 2053/440 = 4.67
average of indoor and outdoor)

Estimated indoor resting density, IAD (females/hut) 10 709/410 = 26.1 4103/410 = 10.0

Human blood index, HBI (proportion of blood-meals 544/624 = 0.872 125/126 = 0.992
positive for man, in vectors resting in huts)

Number of persons/hut, Nb 2209/1507 = 1.47 1.47

Duration of rest indoors, T(days)c 1 + 7449/13 042 = 1.57 1 + 2068/3020 = 1.68

Proportion of blood meals followed 0.47 1
by resting indoors, xd

Relative bias of the two sampling methods b2/b, 1.16 1.16

a Estimated in the 6 sprayed villages, followed by night-biting collection, except when specified.
bEstimated in 5 of the 6 villages.
c Estimated in 22 villages, including the 6, by the formula T = 1 + GIF, where G and F = no. gravid and no. fed

in the pyrethrum-spray collections.
d Set at 1 for A. funestus, computed by formula [51 for A. gambiae.
I Computed by formula [61 for A. funestus and set at the same for A. gambiae.
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oversimplified) solutions to these problems were
adopted. However, whatever the solution adopted
for these problems, one still requires an assumption
regarding uniformity of exposure, and the choice of
that assumption has a large effect on the estimation
of the insecticidal impact, in the direction demons-
trated.
The two models compared are idealized extremes

with respect to uniformity of exposure. The residual
vectorial capacity, estimated under the assumption
of non-uniform exposure to the insecticide, may be
many times larger than that estimated under the
usual (not always explicit) assumption of uniform
exposure; in addition, according to the model of
uniform exposure, there is always a critical change in
age-composition, beyond which transmission is in-
terrupted, while, according to the model of non-
uniform, exposure, transmission cannot be inter-
rupted by residual spraying if the contribution of the
exophilic part of the population to the prespraying
vectorial capacity exceeds the critical vectorial
capacity; these conclusions are independent of the
particular numerical estimates used. In view of these
differences, it is of some relevance to know which of
the two models is closer to reality; this must vary
with species (or other genetically determined
characteristics) and environment.
We have seen above that in Garki the interpreta-

tion of the entomological observations according to
the model of non-uniform exposure leads to more
realistic expectations in terms of changes in the
prevalence of P. falciparum.

It was estimated above that in Garki before
spraying, only about half of the blood meals are
followed by indoor resting. How probable is this
conclusion? The high ratio of the estimated man-
biting rate to the estimated indoor-resting density,
for A. gambiae s.l. in the West African savanna, has
been observed previously and interpreted either in
terms of differential bias of the two sampling
methods (relative overestimation of the man-biting
rate) (7), or in terms of incomplete endophily (8);
indeed, if we let b2/ b1 = 1, formula [5] is identical to
the formula used by Hamon to calculate his "taux
d'endophilie ". If we assume that both A. funestus
and A. gambiae are entirely endophilic, then, from
equation [6] and Table 4, letting x = 1, we get b2/ b1
= 1.16 for A. funestus and 2.49 for A. gambiae, i.e.,
in comparison with the indoor-resting density, the
man-biting rate would be overestimated by 149% in
the case of A. gambiae, but by only 16 % in the case
of A. funestus, which may be considered rather

unlikely. If we suppose that the man-biting rate of A.
gambiae is overestimated by 50%, relative to the
indoor-resting density (i.e., b2/ b1 = 1.5), the esti-
mated proportion of meals followed by rest indoors
is 0.60. If we assume that the sampling methods are
unbiased, or that both methods are biased to the
same degree and in the same direction, then, from
equation [5] and Table 4, letting b2/ b1 = 1, we get x
= 0.86 for A. funestus and 0.40 for A. gambiae. It
thus seems that, before spraying, over a relatively
wide range of assumptions only about half
(40-60%) of the blood meals taken on man by A.
gambiae are followed by indoor resting. A further
argument to attribute most of the apparent discre-
pancy between the estimated man-biting rate and
indoor-resting density of A. gambiae to partial
exophily is that the observed density effect of
propoxur varies between villages as does the pre-
spraying ratio between the two density estimates (9).

If we accept the above estimate, then, before
spraying, according to the hypothesis of uniform
exposure, after each meal, a random half of the
population rests indoors, while, according to the
hypothesis of non-uniform exposure, it would be the
same half that, after each meal, rests indoors. If after
spraying we equate indoor resting with exposure,
and exposure with death before the following meal,
then, under non-uniform exposure, all the exposed
among the night-biting collection are taking their
first meal, and, among those taking their first meal,
the proportion exposed should be equal to the
proportion of meals followed by resting indoors,
before spraying; the estimates, obtained indepen-
dently for these two quantities, are in fact, similar:
0.47 (or 0.40-0.60) for the latter in 1971, 0.52 and
0.37 for the former, in 1972 and 1973, respectively.
On the other hand, under uniform exposure, the
following relationship would be expected in the
night-biting collection: P2 = (1- xy)P,, where P1,,P2
= pre- and postspraying proportions taking their
second or later meal, x = proportion of blood meals
followed by rest indoors, and y = probability of
dying before the next meal, given exposure; if x =
0.47 and y = 1, the observed P2 is much too large in
relation to PI; on the other hand, if we fit y to the
observed P, and P2, it is improbably small (0.38 for
1972, 0.26 for 1973), in view of the observed impact
on density and of the results of the wall and air
bioassay tests, conducted independently. So far, the
model of non-uniform exposure fits the data better.
However, equating exposure with resting indoors
after blood meals is probably too simple: the ob-
served density effect, also on those vectors presum-

272



MALARIA MOSQUITO'S VECTORIAL CAPACITY

ably taking their first blood meal is such that the
insecticide must produce a reduction in numbers also
before the first meal; this is expected, considering
that a number of young empty vectors are found,
before spraying, in both the pyrethrum-spray collec-
tions and exit-trap collections, and considering also
that propoxur has a fumigant effect.
The application of the model of uniform exposure

to the data from Garki requires a large indirect
density factor (see Table 3): the rate of emergence
or the man-biting habit a, or their product, should
decrease by a factor of 5, both in 1972 and 1973.
Whether the man-biting habit changed is unknown,
but a decrease in emergence, sufficient to explain the
indirect density effect, is unlikely under the hy-
pothesis of a uniform reduction in expectation of
life. The input of eggs into the breeding places, on
the basis of a two-day gonotrophic cycle, is expected
to vary as p2/-log,p, which may be called the
"expectation of ovipositing life" (by analogy with
the expectation of infective life), and the quantity
VP1-l0g,P1)1V21-l0geP2) may be called the ovipos-
ition factor of insecticidal impact; for Garki this
factor would be 2.08 in 1972 and 1.57 in 1973, i.e.,
much smaller than the indirect density factor; how-
ever, following the usual pattern of density-depen-
dent regulation in nature, the reduction in emerg-
ence should, if anything, be smaller than the reduc-
tion in input of eggs in the breeding places. In the
presentation of the model of non-uniform exposure,
no distinction has been made between direct and
indirect density factors, but under non-uniform
exposure, it is easy to conceive either a large direct
density factor, or a significant reduction in emerg-
ence of the exposed population.

If, in a given environment, different fractions of a
vector population have a consistently different be-
haviour, for example, with respect to the choice of a
resting place, they must be genetically different
(unless one postulates that the initial behaviour is
both randomly determined and habit-forming). The
cytogenetic investigations of Coluzzi have shown
that, in Garki, A. gambiae s.s. and A. arabiensis are
both genetically heterogeneous, and that in both of
them genetic differences are associated with be-
havioural differences (10).

If the vector population is a mixture of endophilic
and exophilic fractions, they may also differ in their
man-biting habit; this does not affect the derivation
of the proportion exposed in the night-biting collec-
tion on man, but does affect the estimation of the
baseline vectorial capacity and the insecticidal
impact.

Let a, be the man-biting habit (number of human
blood meals per day) of the endophilic fraction,
estimated from the pyrethrum-spray collection, and
a2 the unknown man-biting habit of the exophilic
fraction. Then, before spraying, the vectorial capaci-
ty is defined as (mja12+m2a22)p"/-log,p, but esti-
mated as (mja1+m2a2)ajp"/-log,p, where (mla1+
m2a2) is the estimated man-biting rate ma. If x = the
endophilic fraction, then mla, = xma, and m2a2 =
(1- x)ma. Then the ratio of the second to the first
formula, i.e., the estimation bias, is a1/(xal +
(1-x)a2). If a2 = a,, the ratio has value 1 and there
is no bias; if a2<al, the ratio is smaller than 1,
indicating underestimation. If a1 = 0.872/2 = 0.436
and x = 0.47, then, for a2 = 0.3, 0.2, and 0.1,
respectively, the estimated vectorial capacity will be
1.2, 1.4, and 1.69 times greater than the actual.
After spraying, the vectorial capacity is defined as
m2a22p/- logp, but estimated as (m2a2)a, pn/-log,p,
where m2a2 is the estimated man-biting rate. The
estimation bias is al/a2. If a, = 0.436, then, for
a2 = 0.3, 0.2, and 0.1, the bias is 1.45, 2.18, and
4.36, respectively. The vectorial capacity after
spraying will be overestimated to a larger degree
than the baseline vectorial capacity, i.e., the insectic-
idal impact will be underestimated. In the same
example, as above, the estimation bias of the total
insecticidal impact is 0.83, 0.64, and 0.39, for
a2 = 0.3, 0.2, and 0.1, respectively.
Under non-uniform exposure, the longevity factor

of insecticidal impact may be very small (close to 1),
as in Garki (see Table 3); this does not imply that
the insecticide has no effect on longevity; on the the
contrary, it means that the exposed fraction of the
population is so much affected that it nearly disap-
pears from the night-biting collection. Therefore,
the error introduced by ignoring the longevity effect,
and equating the total impact with the total density
factor would be rather small (see Table 3), possibly
smaller than the error made in estimating the total
density factor.

In conclusion, the following points are probably of
practical importance:

(1) in estimating the impact of an insecticide on
transmission from observations on density and age
composition, one is forced to make an assumption
with respect to the uniformity of exposure;

(2) the estimated impact is very sensitive to the
assumption made, and in particular, the usual (im-
plicit) assumption of uniform exposure maximizes
the estimated impact;

(3) under the usual (implicit) assumption of uni-
form exposure, a relatively moderate reduction in
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average age should usually suffice to reduce the
vectorial capacity to below its critical value, while
under the assumption of non-uniform esposure, this
is not the case;

(4) non-uniform exposure is in many situations
more likely, on many grounds, than uniform expo-
sure, and may be suspected even before it is demons-

trated by direct taxonomic, genetic, and ecological
observations;

(5) it is easy and may be helpful always to
compute a minimum estimate of insecticidal impact,
by assuming that a fraction P2/ P1, or even all, of the
vectors caught after spraying have a normal expecta-
tion of life.

RESUME
EVALUATION DE L'IMPACT D'UN INSECTICIDE SUR LA CAPACITE VECTORIELLE DES MOUSTIQUES DANS LE
PALUDISME, D'APRES DES DONNEES CONCERNANT LE TAUX DE PIQORE CHEZ L'HOMME ET LA COMPOSITION

PAR AGE DES POPULATIONS DE VECTEURS

Apres l'application d'un insecticide a action remanente,
on observe habituellement une reduction de la densite des
vecteurs et de leur age moyen. Cette reduction de l'age
moyen est couramment interpretee comme refletant une
reduction uniforme de la longevite, c'est-a-dire si l'on
postule une exposition uniforme de la population de
vecteurs a l'action de l'insecticide. Ce postulat implicite
maximise l'effet calcule de l'insecticide sur la capacite
vectorielle malpl/-logXp. Si l'on postule, au contraire, que
la population de vecteurs est composee de deux sous-
populations, l'une endophile et exposee a l'insecticide,
l'autre exophile et non expos6e, l'impact calcule sur la
capacitd vectorielle est beaucoup moins important. Si P, et
P2 representent la proportion de femelles pares, respective-
ment avant et apres l'application de l'insecticide, et si p =
VP, alors le a(facteur long6vit >> de l'impact est de
{(Pl)'/-IogeiPl}/{(/P2)'/-Ioge/P2}, selon le modele
d'exposition uniforme, et de PIIP2, selon le modele d'ex-
position non uniforme. A titre d'exemple, si P1 = 0,81 et
P2 = 0,64, selon le premier modele, le K facteur longevite >>
est de 6,11, 8,7 et 22,3, pour n = 9, 12 et 20 respective-
ment, alors que selon le second modele il n'est que de 1,27.
Les donnees concernant Anopheles gambiae s.l. recueillies

avant et apres l'application de propoxur, insecticide du
groupe des carbamates, dans le District de Garki, Etat de
Kano, Nigeria, sont prdsentees et interpret6es selon les
deux modeles. Selon le premier modele, le ( facteur
longevite >> fut de 5,04 la premiere annee de traitement, de
2,80 la seconde, et l'impact total fut de 50,4 et 21,7; selon
le second modele, le 4 facteur longevite >> ne fut que de 1,22
et 1,14 pour la premiere et la seconde annee respective-
ment, et l'impact total fut de 12,2 et 8,84. Les donnees
recueillies a Garki avant l'application de l'insecticide ont
ete utilisees pour obtenir une estimation indirecte de la
proportion des repas sanguins, pris par A. gambiae s.l. sur
l'homme, qui sont suivis d'une pdriode de repos a l'in-
terieur des maisons; la proportion estimee est de 0,47 et est
voisine de la proportion exposee a l'insecticide apres le
premier repas sanguin, estimee les deux annees suivantes,
selon le modele d'exposition non uniforme, a 0,52 et 0,37.
La discussion compare la plausibilite des deux modeles et
conclut que celui de l'exposition non uniforme est proba-
blement plus realiste. II est donc prudent de le prendre en
consideration dans l'interpretation de donnees entomolo-
giques recueillies apres l'application d'insecticides, et dans
1'evaluation de l'impact de ces derniers sur la transmission
du paludisme.

REFERENCES
1. MACDONALD, G. The epidemiology and control of

malaria, London, Oxford University Press, 1957.
2. RUSSEL, P. F. ET AL. Practical malariology, 2nd ed.

London, Oxford University Press, 1963.
3. GARRETr-JoNEs, C. & GRAB, B. The assessment of

insecticidal impact on the malaria mosquito's vectorial
capacity, from data on the proportion of parous
females. Bulletin of the World Health Organization,
31: 71-86 (1964).

4. Manual on practical entomology in malaria, Geneva,
World Health Organization, 1975 (Offset Publication,
No. 13).

5. DIETZ, K. ET AL. A malaria model tested in the African
savannah. Bulletin of the World Health Organization,
50: 347-357 (1974).

6. DETINOVA, T. S. Age-grouping methods in Diptera of
medical importance. Geneva, World Health Organiza-
tion, 1962 (Monograph Series, No. 47).

7. GARRETr-JONES, C. & SHIDRAWI, G. R. Malaria
vectorial capacity of a population of Anopheles gam-
biae. Bulletin of the World Health Organization, 40:
531-545 (1969).

8. HAMON, J. ET AL. Le paludisme dans la zone pilote
antipaludique de Bobo Dioulasso (Haute Volta,
A.O.F.) 2e partie: Enquetes entomologiques. Cahiers
de l'ORSTOM, No. 1: 37-61 (1959).

9. MOLINEAUX, L. ET AL. The impact of propoxur on
Anopheles gambiae s.1. and some other anopheline
populations, and its relationship with some pre-spray-
ing variables. Bulletin of the World Health Organiza-
tion, 54: 379-389 (1976).

10. COLUZZI, M. ET AL. Behavioural divergences between
mosquitoes with different inversin karyotypes in poly-
morphic populations of the Anopheles gambiae com-
plex. Nature (London), 266: 832-833 (1977).


