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INTRODUCTION

Experimental hutx have provided valuable in-
formation on the habits of mosquitoes and their
reaction to treated surfaces; they have given
information as well on the comparative effeetive-
ness of different compounds.! To evaluate further
compounds shown to have promise as residual
inseetiohlos  under  conditions in the  United
Stitles,? 12 experimental huts were construeted in
Haiti during 1964, The present article reports on
the effeetiveness of six compounds as residual
treatments against Anopheles albimanus and in-
eludes observations on mosquito activity hefore
and after treatment of the experimental huts,

MATERIALS AND METIIODS
Feperimental Huts

The 12 huts were construeted in a large rice-
prowing area in the plain of Areahaie, approx-
imately 40 miles to the north of Port-nu-Prinee
(Fig. 1). Bach hut had a floor of conerete on rock
foundation and walls and partitions of woven
2.inel patm slat between 30-inch studs. The palm
litts were covered with native mud on the inside
and eement on the outside; after drying, the mud
wis whitewsshed with a loeal mixture of crushed
limestone. The roofs were made of dried sugar-
cnne thateh,

Leh hut was 8 by 16 feet on the interior and
was approximately 10 feet high from floor to roof
peak; o partition divided it into two rooms of
equal size, The partition extended to a height of
6 feet and had a gngle central opening (2 by 6
feet). Each structure had four doors (each 2 by
6 feet) and two windows (cach 2 by 214 fect).
Two doors were on one 16-foot side wall, and
there was a single door on each end wall. Both
windows were on the doorless side wall; all open-
ings were in the center of the walls. The walls at
the top had a 4-inch eave opening between them
and the thateh overhang. The huts were from 50

* These studies were accomplished as part of o
contractual agreement between the Communienble
Disease Center nnd the Ageney for International
Development.

D

to 200 feet apart and faced south in a line through,
the rice fields.

Fach hut was fitted with exit traps in one
window (g, 2), one door (Fig, 3), and in two
places under the caves; there was one entrance
cone in the other window (Fig. 4). The other
three door openings had tight-fitting doors, The
window traps were made up of an outer frame
24 by 24 by 24 inches attached to a 36 by 36-inch
base of halt-ineh plywood hearing an inner py-
ramidal frame that formed the mosquito-cgress
cone. The outer frame was covered with 16-mesh
plastic sereen with a cloth-covered opening in the
upper corner of one side for removal of the mos-
quitoes, The cone, bearing a l-inch-xquare apical
opening, was covered with polyethylene sheeting,
s0 that eseaping mosquitoes resting in the cage
would not be subjected to vapors produced by
the test insecticides.

The door traps had an outer frame 2 by 2 hy 6
feet and an inner entrance way formed by two
sereened vertieal panels projeeting into the trap.
The entrance way had a 1-inch opening for the
full 6-foot height of the trap. Two openings
construeted in the hottom corners of the outer
frame were used for removal of the mosquitoes,
which were knocked down by pyrethrins before
colleetion. ‘The eave traps were similarly con-
strueted of onter and inner frames covered with
plastic sereen. The dimensions of  these traps
were 4 by 4 by 30 inches, with by inch entranee-
way openings. The  window-entrance  cones
were attached to a 36 by 36-inch base of
quarter-inch plywood. The cones were fabricated
of 8 iron ribs (g inch by 12 inches) welded to
544 inch rings at the top (1 inch in diameter)
and bottom (12 inches in dinmeter). The cones
were covered with polyethylene sheeting.

Each house could be illuminated by a [0-watt
bulb placed on the partition wall between the
two rooms. Power was supplied from a 300-watt
generator,

Insccticide Treatments and Evaluation
The houses were sprayed approximately 6
months after construction with the following

16
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Fravne 1 Huts in riee fields

inseeticides and dosages: folithion- -1 and 2 g per
m? SD-8530 (3,4,5-trimethylphenylmethylear-
hamate)—1 and 2 g per m?; Mobam—1 end 2 ¢
per m?; Banol—0.25 and 0.5 g per m#; carbaryl—
2 g per m2; and DDT—2 g per m2 “I'wo unsprayed
houses served as controls, the treated and un-
treated houses being chosen at random. Three-
gallon compressed-nir sprayers equipped  with
#8002 nozzles were used to treat the huts. The
standard malarin-eradieation spraying teehnigue
was followed: all surfaces in the huts with the
exception of the floors were treated up to the
9-foot level,

Initially the evaluation of the treatments was
to include naturally entering mosquitoes and
specimens confined under plastic cones. However,
the seareity of mosquitoes necessituted the use of
released specimens during the latter part of the
study.

To evaluate these inseeticides against naturally
entering A. albimanus, inspeetions were made 5,
7,9, and 11 weeks after treatment as follows:

1. One human hait entered each hut at 1800
hours and remained until 0600 hours the next
morning; in addition to the entranee cone, two

of the four doors were left partially open until
2400 hours, when the doors were closed, The eave
openings were senled,

2, Colleetors entered the huts at 0600 hours
and colleeted the dead mosquitoes from the floor
and traps.

3. ‘The huts were then “flitted”” with pyrethrins
and the knocked-down mosquitoes colleeted both
from the floors and the window and door traps,

1. The =ex of all mosquitoes was then deter-
mined, The females were recorded as killed if
colleeted from the floor or traps hefore “flitting,”’
as escaped if found in the traps after “fHitting,”
or as survived if colleeted from the floors after
“Aitting.”

With the released mosquitoes, blood-fed speci-
mens of a colonized loeal strain of (A, albimanus
were used at 14 up through 19 weeks alter treat-
ment, The mosquitoes were allowed to engorge
on n rabbit the afternoon preceding the ftest.
Approximately 100 mosquitoes were released in
cach hut at 1800 hours, At 0600 hours the same
provedures were used ax in 2, 3, and 4 above,

At weekly intervals after treatment, bio-assay
tests were condueted in cach hut for 24 to 25
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Fia. 2. Window-exit trap

werks, Inoeach test, six cones were placed on
whitewnshed mud, six on thateh, and sis on wood
curfaces, Ten 3-day-old sugar-fed A albimanus
were introdueed into three of the vones oncach
aarlaee, and ten 3 to d-day-old blood-fed 1
albimanns were introduced into the remaining
comes, The mosquitoes were exposed for 1 hour,
when they were taken ont, placed in holding eups
with @ sugar-water cotton pad on top, and held
for 24-hour mortality connt=. Mean temperatures
during these teats and the holding periods were
from 81 to S81: mean imidities fron 75 10 490
pereent,

Three woerks hefore treatment and 3,4, 6, 8, 10,
amd 12 weeks after treatment, indoor-outdoor
volleetiens were made inan effort to determine
any elieze i activity patterns that the treat-
ment mieht have eaused, The colleetions were
made between 1800 and 2300 hours, the period of
masimm mesquito density® Tnthis colleetion
routine, groups of three huts and owtdoor collee-
tion sites wore tsed nightly, =0 that colleetions
were made onee weekly ineaeh hut and adjacent,
outdoor colleetion site, The Tatter was from 50 to
100 Teet from the hut and eensisted ol a0 plat-
forny, 215 by 4 feet, equipped with T-foot legs.
The platform was positioned before the colleetion
period, and it served o keep personnel from
working continuously in the water of the rice
fiekl. One extra human bait and one eolleetor

TAYLOR, SCPOOF, AND MATIS

1. 3, Door-exit trap

F1a. 4. FEatranee cone

were available for relief, The haits and colleetors
were rotated hourly from house 1o house and
from outdoor site to outdoor site on signal from
the supervisor,

The numbers of mosquitoes hiting during the
colleetion hour and numbers colleeted resting and
their indoor resting heights were recorded,
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RESULTS

Unfortunately, the use of naturally entering
mosquitoes 1o evaluate the materials was ham-
pered by the seareity of wdults (maximum per
hat, 7 to 21 specimens). This searcity preeluded
any valid conclusions, exeept that none of the
treatments was particnlarly effective,

Data for mosquitoes released in the huts are
presented in Table 1 For the period 14 to 19
weeks after trentment, all applieations eaused
approximately 50 pereent mortalite over o 12-
hour exposure period,

In the cone tests, mortality over 80 pereent of
both sugar- and blood-fell mosquitoes was re-
corded with all of the insecticides on whitewashed
mu, thateh, and woud surfaces tested through
week 19 (Table 2), On week 20, tests with blood-
fed mosquitoes showed XD-8330 10 be the only
material over 890 pereent effeetive on all surfaces,
DIYE gave 70 pereent or greater mortality of
blood-fed mosquitoes on- whitewashed mud for
the 25-week test period, The results with DDT
were slightly hetter than those obtained with the
experimental compounds,

The break-point in the activity of the residues
appeared to be week 20, when most materials
shawed a sharp drop in effectiveness, There was a
slight difference in the mortality of the sugar-fed

TABLIE 1
Mortality, escape, and survival of released A, albi-
manns in ceperinenial huts in Haiti 1} to 19
weeks after treatment with residual insecticides*

Percent

vy . —_— Mosquito
g sl +, S e M N
Killed Escaped urvived numbers
Girams per square meter
R A A T )

Folithion 44 48 | 34

R
275 1 258
248 7255

33,022 019

S1).8530 58 53 l 2027 18018

Mobam A2 B35 22 a2 g
Banolt A8 8% 27 83 025 14 ad5 240
bbT —_ 1 — 35 — 2 — 951
Carbaryl | — 58 — 20—~ 13 F— a3
Control 113 1388 46 49 53 | 300 280

* Mosquitoes were exposed for 12 hours, 1800 to
0600 hours,

T Bunol was applied at 0.25 and 0.5 2 per squere
meter.

TARBLE 2
Weeks of 80-pereent wartality of 3- to §-duy-old
blood-fed and 3-duy-old sugar-fed A, albimanus
ou whitewashed mud, thateh, and wood surfaecs of
crperimental hats in Haoili*

Bood-fed Sugar-fed

White-

. White- g
el . Woorld and e Waoarl and
“":"‘l"‘l‘l thatch “;:I]PI:II“ thateh

Grams per square meter

Folithion 10 19 19 21 19 19 10 22
IR

SD-8530 | KT B () A I

Mobham o 20 20 19 2 ey
Banolf 1 10 20 20 2 29y
niyr — 10— 21— 0 25
Carbiryl — 19— 21— 2] oy

* Plastie cones and L-hour exposure times were
used; three cones with 10 mosquitoes each per sur-
face.

T Bamol was applied at 0.25 and 05 & per square
meter.

aver that of blood-fed mosquitoes; however, this
does not signifieantly alter the evaluation when
hased on the 90 and 70 percent mortality eviteria.
These vesults were similar to those obtained with
free-Aving mosquitoes in that all of the com-
pounds had about the same relative residual life,

Ditta relative to mosquita activity patierns are
summarized in ‘Table 3. Folithion, Mobanm, and
carbaryl at 2 g per m? appeared to deter .
albimanus (rom entering the houses and hiting,
SD-S530 and DDT at 2 g per m? appeared 10
reduce the numbers of engorged resting mos-
quitaes, The other materials apparently did not
alter the relative indoor-outdoor biting hehavior
or the numbers of mosquitoes resting after *heir
hlood-meal,

Table 4 summarizes the resting heights at
which the moxquitoes were collected. Maore than
half of the resting mosquitoes were taken helow
3 feet. No mosquitoes were colleeted from cave
traps, The presence of inseeticidal deposits on
the walls did not appear to affeet the height at
which these mosquitoes normally yest,

DISCUSSION

The construetion of experimental huts in o
tropieal area is done to simulate as closely as
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TABLE 3
The effect of insccticide treatment on the activity pattern of A, albimanus in cxperimental

huts in Haiti before and after spraying*

Percent resting

(irams per square meter

Percent biting
1 ] 2
Hefore AMter ‘ Hefore

Folithion 2 15 i 16|
818530 12 I ! |
Mabam 13 i I
Baal{ 3 w18
nptT — . 27 |
Curbaryl — - 0
Control 28 | s 17 .

f 1 | 2
AMter ! Refore 1 After ! Before l After
[ el e i— J— - e rm———— ; [
9 G0 ! T | 83 ! 89
15 w582 100 i 54
9 , 100 76 92 ' S8
12 ‘ 30 56 : 100 l 100
24 ; - i 41 19
15 ! - - ’ — 0 ; 85
13 10 . 66 50

* Bused on eollections 3 weeks hefore treatment and weeks 1, 63, 8,10, and 12 after treatment.,

 Banol was applicd at 0.25 and 0.5 g per square meter.

possible the eonditions under which mosquitoes
normally enter homes and contaet man and the
deposits of residual inseeticides, While it is pos-
sible to introdnee changes in construetion, baits,
and teaps that will facititate the evaluation of
inseet hehavior, the prime requirement is an
abundant population of mosquitoes, Unfortu-
nately, this aspeet fluctuates with weather and
seasonal changes, and entire experiments may be
jeoprrdized or rendered invalid by the scareity of
naturally entering adultz. This point was again
emphasized in the present studies in which re-
leased adub= had o be used to ohtain some of the
desired information.

Despite the meager data from naturally en-
tering mosquitoes, the results for the 12 huts
stigeest that none of the T-to-2-month-old treat-
ments was highly effeetive. That the same resi-
dues alter 215 to 114 months kill higher per-
centages of the released speeimens =ugress that
the reared acdults may tend to rest on the residues
longer than do the wild nosquitoes,

In contrast to the free-flving adults, the blood-
fed moxquitoes confined under plastie cones for
1 hour were readily killed tlroushont 19 weeks
of testing,

The obvious differenees in the results indicated
by the enne technique versus those in which the
mosquitoes were not confined sugeest that with
the former, the mosquitoes are exposed for a
Jonger period than is true for free-flying spicei-
mens or that confinement of 10 adults in aggre-
gate produces a condition that enhances the

TABLLE

Pesting heights of A, albimanus collected in
exrperimental huts in Haiti before and

after insceticide treatment

all

Percent
Resting height (feet e e e e

I Before Il After
0-1 : 31 n
12 } 20 | 21
24 : 1 21
31 w7
-5 R 16
-6 ] 1]
+06 T d

Mosguito numbers, .. 2831 5 801

offect of the residue upon the mosquito. The
relative significnnce of these factors requires
detailed study of the methods involved sinee, of
the procedures used in this study, the cone tech-
nique is the one that is best suited for use in
occupied houses provided the data oblained can
e interpreted in relation to what will oceur with
naturally entering mosquitoes,

The data for all three methods of evaluation
indicate that the four experimental chemieals
were equal (o or superior to carbaryl and pntT
as residual applications,

SUMMARY AND CONCLUSIONS

The comparative effeet of DDT, carbaryl,
Banol, Mobam, $SD-85330, and folithion on the
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behavior and survival of A, albimanus was stud-
jed in experimental huts in Haiti.

The average mortality in naturally entering A,
albimanus at 5 1o 9 weeks was generally low with
all treatments. At 14 to 19 weeks the average
mortality of released A, albimanus was approxi-
mately 50 pereent in all of the {reated huts,
Mosquitoes in these observations were exposed
for 12 heurs. Exposure of the mosquitoes under
plastic cones rated all materials effective for 19
weeks at the 90 pereent level against hoth sugar-
fed and blood-fed A. albimanus.

The treatments of the different compounds
did not affect the relative indoor resting heights
of A. albimanus. 1t was not possible to character-

221

ize changes in behavior patterns of this mo-quito
due to their low density at the time of this study.
It did appear, however, that some of the neverials
may have had cither a deterrent or a repellent
effect, or both,
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