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ABSTRACT. The intradomicillary pre- and postfeed resting behavior of Anopheles pseudopunctipennis
was studied in an experimental house in southern Mexico. During resting periods (both pre-/postfeed)
mosquitoes had greater contact (landings) with the inner roof than with the walls and other surfaces. A
comparison of mean landing frequency and overall resting time (pre-/postfeed) showed that a greater
periodic and prolonged contact occurred prefeed, probably as a result of disturbed activity associated
with host movements. Pre-/postfeed resting patterns on walls were limited to a 0.6-0.5-m-wide band,
nearly 1 m from the floor, and to a narrower band on the roof, 0.3-0.2 m wide, approximately 2.3 m
from the floor, respectively. We calculated that with a band width of 0.8 m on the walls and another
band 0.8 m wide on the roof, 87.2% of the mosquitoes had at least one contact with either the wall, the
roof, or with both surfaces, along with an overall mean resting time (pre-/postfeed) of 8.1 min/landing.
These findings suggest that a high potential for control can be achieved by spraying preferred wall and
roof resting sites in this region where the intradomicillary application of residual insecticide is the primary

malaria control measure.

INTRODUCTION

Anopheles pseudopunctipennis Theobald can
be found at altitudes between 0 and 2,000 m;
however, population abundance is greatest dur-
ing the dry season at altitudes above 200 m
(Hackett 1945) where larvae abound in pools of
slow-moving rivers (Savage et al. 1990). The dry-
season abundance of An. pseudopunctipennis is
an important factor in maintaining transmission
in nearly two-thirds of the malarious areas of
México, where this species is considered a pri-
mary vector of Plasmodium vivax (Rodriguez and
Loyola 1989).

Vargas et al. (1941) reported that An. pseu-
dopunctipennis readily fed on humans and do-
mestic animals and Gahan and Payne (1947) re-
ported that it rested indoors after feeding. In part
as a result of these and other studies, residual
insecticide (DDT) house spraying to reduce lon-
gevity of house-entering mosquitoes continues
to be the most widely used malaria control mea-
sure against An. pseudopunctipennis. However,
the irritant effect of DDT (Brown 1958), and the
reported increase in exophily and exophagy of
An. pseudopunctipennis and Anopheles albima-
nus Wied. (Trapido 1952, Martinez-Palacios and
De Zulueta 1964) are counter indicators for re-
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lying on house spraying as the only control strat-
egy.

There is a need to conduct research on other
methods, particularly on techniques to improve
the effectiveness of insecticides sprayed on house
walls (World Health Organization 1963). The
objective of this study was to evaluate the pre-
and postfeed indoor resting behavior of An. pseu-
dopunctipennis as it is related to more effectively
targeting control measures.

MATERIALS AND METHODS

Study area: The study was carried out in the
foothills of southern Chiapas, Mexico, during the
dry seasons of 1992 and 1993. The site was lo-
cated at 660 m above sea level and was sur-
rounded by coffee plantations. Studies were car-
ried out in an experimental house 100 m from
the Coatan River and 1.5 km from the nearest
community, El Retiro (15°04'39"N, 92°13'20"W).
The experimental house (5 x 6 m? and 3 m high)
was similar to a typical house found in El Retiro
(wood siding and corrugated metal roof). This
type of construction decreases the ease with which
mosquitoes can enter and escape from the house.
DDT and bendiocarb (through 1989) were the
only insecticides used to spray house walls in the
area (sprayed every 6 months) during the last 5
years. Although the village was sprayed with DDT
6 months prior to the beginning of the study, the
experimental house was not sprayed and re-
mained insecticide free. The climate can be char-
acterized as hot and semihumid, with a mean
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temperature of 20.3°C (range 15-28°C), a mean
relative humidity of 84.8% (range 58-98%), and
an average annual rainfall of 3,800 mm. Malaria
transmission during the previous year had been
as high as 13 cases/1,000 inhabitants.

Capture-mark—release (prefeed): Studies were
carried out during the dry season between Jan-
uary and April of 1993. In order to capture unfed
mosquitoes, the exterior of the experimental
house was encircled with a mosquito curtain from
the roof to the ground (Bown et al. 1986). Unfed
host-seeking mosquitoes were collected between
1800 and 0600 h while resting on the exterior of
the curtain. Then they were dusted with fluores-
cent powder (Lumogen Yellow®, BASF, Hol-
land, MI) and released outside. On the following
evening between 1900 and 2400 h, marked mos-
quitoes returning to the experimental house to
feed were identified using ultraviolet lamps. Three
technicians (indoors) were continually searching
for mosquitoes entering the house or they iden-
tified the mosquitoes already resting on interior
surfaces. The number of landings, type of resting
surfaces (wall, roof and/or other [furniture, floor,
etc.]), and resting time and height were recorded
for each marked mosquito. Because of the con-
tinuous search, mosquitoes that were first iden-
tified while resting were estimated to have had
an unevaluated resting time of <5 min. Mos-
quitoes were continuously observed for 1 h (ex-
cept for one observation period that continued
for >90 min) or until they had contact with hu-
man bait (2 technicians).

Mark—recapture (postfeed): The procedure for
following postfed (human contact) mosquitoes
was similar to that as prefeed, except that a cur-
tain was not used as a barrier to collect mos-
quitoes. Between January and March 1992, 3
technicians conducted weekly mark-recapture
studies inside the experimental house during the
hours of peak biting activity, between 1900 and
2400 h (Fernandez 19923). One technician served
as human bait and when an An. pseudopuncti-
pennis female landed and engorged, a 2nd tech-
nician colored the mosquito with fluorescent
powder and followed it, as described above.
Mosquitoes were continually observed for 1 h or
until they left the house.

Data analysis: Statistical comparisons of pre-/
postfeed resting time on the wall and the roof were
evaluated using a ¢-test.

3 Fernandez, S. 1. 1992. Bionomics of the primary
malaria vector, Anopheles pseudopunctipennis, in the
Tapachula foothills area of southern Mexico. Ph.D.
thesis. Uniformed Services University for Health Sci-
ences, Bethesda, MD.

RESULTS

Prefeed: Of 1,562 unfed An. pseudopuncti-
pennis released outdoors during 25 experiments,
2.5% returned (39) indoors and of these, 74.4%
(29) were first found resting and the remainder
were first detected while flying. All 39 mosqui-
toes were found to have contact with interior
surfaces (203 landings) resulting in a mean land-
ing frequency of 5.2 and as many as 18 landings.
Of those mosquitoes having at least 4 landings,
>45.0% were on wall surfaces (55 contacts), fol-
lowed by the roof with 41.3% (50 contacts), and
other surfaces 13.2% (16 contacts). However,
during the last 3 landings (5-7), highest contact
(64.3% or 27 contacts) was on the roof, and for
an overall total of 7 landings, more mosquitoes
(47.2% or 77 contacts) also rested on the roof
(Fig. 1).

The most prolonged contact on all surfaces
(Fig. 2) occurred during the first landing; on walls
% = 24.1 + 28.0 min (SD), followed by roof X =
8.7 + 11.0 min and other surfaces X = 6.7 = 1.5
min. The duration of contact on all surfaces de-
creased following the first landing to <10 min
after the 7th landing. Mosquitoes had longer
overall contact through 7 landings; on walls X =
26.1 = 25.7 min, followed by roof x = 12.1 %
16.6 min and other surfaces x = 3.2 + 7.7 min.
The overall mean resting time on all surfaces was
13.8 min/landing.

Mosquito contact with wall surfaces through
7 landings was found to have a mean landing
height of 1.3 + 0.7 m (SD) and a mean range of
1-1.6 m (Fig. 3). A mean landing height of 2.4
+ 0.3 m and a mean range of 2.3-2.6 m char-
acterized the height of An. pseudopunctipennis
landing sites on roof surfaces. Landings on other
interior surfaces gradually decreased from 1.3 m
to <0.1 m through 7 landings.

Postfeed: Twenty-one experiments were car-
ried out during which 124 mosquitoes were fol-
lowed, resulting in a mean landing frequency of
4.7 for as many as 17 landings. Each mosquito
(91.1%) had an estimated mean feeding time of
3.1 min (range 1-8 min).

Although the number of contacts was higher
on other surfaces for the first landing with 63 of
120 landings (Fig. 1), for the 6 succeeding land-
ings the numbers of contacts on roof was higher
with 42.6% (170 contacts) followed by wall with
31.8% (127 contacts) and other surfaces with
25.6% (102 contacts). The mean resting time of
maximum duration was during the first landing
on all surfaces with 15.6 £ 12.8 min/landing on
walls, 14.0 = 11.8 min/landing on other surfaces,
and 12.3 + 12.4 min/landing on the roof. For
subsequent landings, mean resting time on each
surface decreased to less than 6 min/landing. Al-
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together, mosquitoes had a longer mean resting
time (Fig. 2) on other surfaces X = 15.1 * 18.6
min, followed by wall x = 11.3 + 13.9 min and
roof X = 10.5 = 13.4 min. The overall mean
resting time on all surfaces was 12.3 min/landing.

The magnitude of resting height by type of
surface (Fig. 3) was confined to a mean height of
1.2 + 0.6 m (SD) on wall (X range 0.9-1.4 m),
2.3 = 0.4 m on roof (X range 2.2-2.4 m), and
0.2 + 0.5 m on other surfaces (% range 0.1-0.4
m).

Pre-/postfeed (integrated): As result of the
landing patterns observed from pre-/postfeed in-
tervals, an integrated mean resting pattern was
determined to be limited to a band 0.7 m wide
(0.9-1.6 m) on walls and to a narrower band 0.4
m wide (2.2-2.6 m) on the roof (Fig. 4). Of those
mosquitoes that either rested on walls or the roof
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Indoor landing frequency of pre- and postfeed Anopheles pseudopunctipennis.

(148 mosquitoes), 42.6% had at least one contact
within the 0.7-m band on walls and 49.3% had
at least one contact within the 0.4-m band on
the roof. Altogether, 73.6% of the mosquitoes
had at least one contact either with a wall or the
roof, or with both surfaces. It was further cal-
culated that if a band on walls and one on the
roof was limited to a width of 0.8 m, 44.6% of
the mosquitoes had at least one contact with a
wall and 74.3% had at least one contact with the
roof. Altogether, 87.2% of the mosquitoes had
at least one contact with either a wall or the roof,
or with both surfaces. The most prolonged mean
contact time on walls and the roof (P < 0.05)
within the 0.8-m band occurred prefeed (X =11.1
+ 16.1 min/landing) as compared to postfeed (X
= 6.9 + 8.1 min/landing). An overall mean rest-
ing time, pre-/postfeed, was 8.1 min/landing.
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Fig. 2. Mean resting time of pre- and postfeed Anopheles pseudopunctipennis.

DISCUSSION

Anopheles pseudopunctipennis is most abun-
dant during the dry season, and freely feeds out-
doors and indoors during the early and late eve-
ning on both animals and humans, following
which it seeks natural resting sites outdoors as
well as inside houses (World Health Organiza-
tion 1982). However, Loyola et al. (1990) re-
cently reported that feeding patterns can be mod-
ified in favor of larger mammals outdoors, as a
result of extensive long-term indoor spraying of
DDT.

Based on the present study and reports by Ed-
man (1989) and Bown et al. (1993), indoor rest-

ing behavior can be viewed as 2 separate com-
ponents, pre- and postfeed. The first implies host
selection and feeding, but as was also observed,
includes contact with surfaces before host con-
tact is made. In the 2nd component, after host
contact, the vector’s orientation changes from
feeding to resting and allows a 2nd opportunity
for contact with indoor surfaces.

It was found from both pre- and postfeed ori-
entations that mosquitoes rested more frequently
on the roof (more contacts) than any other sur-
face. Longest contact was observed on walls dur-
ing the first 4 landings prefeed. It was also ob-
served that for the first landing postfeed,
mosquitoes usually landed on the floor, resulting
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Fig. 3. Mean resting height of pre- and postfeed Anopheles pseudopunctipennis. Vertical lines represent

standard deviation (SD).

in a higher proportion of contacts with other sur-
faces. During the 2nd and subsequent landings
it was determined that highest contact shifted to
the roof, suggesting that mosquitoes began to ex-
plore at higher elevations while trying to escape
from the house.

A comparison of mean landing frequency and
overall resting time (pre-/postfeed) showed that
a greater periodic and prolonged contact oc-
curred prefeed, probably as a result of disturbed
activity associated with host movements (Ser-
vice 1971). A further comparison of pre-/post-
feed activity demonstrated a decrease in postfeed
contact time with interior surfaces as well as an
observation that 21.6% of the mosquitoes es-
caped from the house in less than 60 min. The
escaping mosquitoes were found resting on ex-
terior walls and eaves of the house, and on ad-
jacent vegetation (Casas 19934).

It was determined that the pre-/postfeed rest-
ing patterns on walls were generally confined to
a band 0.6 and 0.5 m wide pre- and postfeed,

respectively, and approximately 1 m from the
floor. Similarly, pre-/postfeed resting patterns on
the roof were limited to an even narrower strip,
0.3 and 0.2 m wide pre- and postfeed, respec-
tively, and approximately 2.3 m from the floor.
In earlier studies, resting patterns of Anopheles
albimanus were found to be similar to those re-
ported herein for An. pseudopunctipennis, with
a band only 0.15 m higher on walls and at a
nearly identical height on the roof but with a
range of 0.4 m (Bown et al. 1993). However,
when pre- and postfeed mean resting patterns of
An. pseudopunctipennis were integrated into a
single band 0.8-m wide (this width is within the
standard swath sprayed by the Hudson X-Pert®

4 Casas, M. M. 1993. Comportamiento peri € in-
tradomiciliario de Anopheles pseudopunctipennis
Theobald en el Sur de Chiapas, México. Informe de
Servicio Social. Universidad Auténoma Metropoli-
tana, México, D.F.
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Fig. 4. Height distribution of landings on walls and roof of pre- and postfeed Anopheles pseudopunctipennis.

Vertical lines represent standard deviation (SD).

hand-compression pump; World Health Orga-
nization 1985) on walls and a similar width on
the roof, nearly 90% of the mosquitoes had at
least one contact within either of the bands. It
was also found that although the mean contact
time of mosquitoes resting on the 0.8-m-wide
band was significantly longer on the wall and roof
prefeed (11.1 min/landing), the mean contact time
during both orientation periods (walls and roof)
including the overall mean resting time/landing
(pre-/postfeed) was well within the range to pro-
duce mortality when using DDT (unpublished
CIP data).

In a mark-release study by Damar et al. (1980)
in Indonesia to determine how control measures
can more effectively be used to reduce vector
populations, Anopheles aconitus DOnitz was
found to rest in a similar pattern on walls as in
the present study but at a lower height (less than
1 m). Following this, Bang et al. (1981) reduced
indoor/outdoor landing and resting rates of the
same vector by spraying a single horizontal swath
along the lower portion of indoor walls.

In summary, indoor resting behavior was eval-
uated as 2 essential components (pre-/postfeed);
both components afford an opportunity for con-
tact with indoor surfaces. When such contact re-
sults in the uptake of insecticide, man/vector
contact will be interrupted and vector longevity
will be reduced. Accordingly, the findings of this

study and those of a previous study (Arredondo-
Jiménez et al. 1992) suggest that a high potential
for control can be achieved by spraying preferred
wall and roof resting sites. When insecticide was
sprayed in this manner, it was as effective as
traditional spray and required at least 30% less
insecticide. In countries that are dependent on
the application of residual insecticides, the eval-
uation of selective spraying of pre- and postfeed
preferred resting sites presents an alternative to
traditional control techniques. This is especially
true in integrated programs with environmental
restrictions and an ever increasing competition
for resources.
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