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LABORATORY BIOASSAY TO COMPARE SUSCEPTIBILITIES OF AEDES
AEGYPTI AND ANOPHELES ALBIMANUS TO BACILLUS THURINGIENSIS
VAR. ISRAELENSIS AS AFFECTED BY THEIR FEEDING RATES
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ABSTRACT. This study presents the effect of differences in the feeding rates of Aedes uegypti and Anopheles
albimanus on their susceptibilities to Bacillus thuringiensis israelensis. Aedes aegypti was more susceptible than
An. albimanus because of its faster rate of feeding. Aedes aegypti ingested 11.5 times more spores than did An.
albimanus, resulting in lower LTy, values. Anopheles albimanus larvae fed at a slower rate and required fewer
spores than Ae. aegypti to induce 50% mortality. These findings support carlier reports of much higher concen-
trations of B. thuringiensis required to kill various anopheline species.
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INTRODUCTION

The rapid increase in mosquito resistance to var-
ious chemical insecticides and growing public con-
cern over environmental pollution has resulted in al-
ternatives for mosquito control such as the use of
biological agents and insect growth regulators. Gold-
berg and Margalit (1977) isolated a bacterial mos-
quito pathogen that was designated by de Barjac
(1978a) as Bacillus thuringiensis var. israelensis
(B.t.i.). Laboratory bioassays and field applications
of this entomopathogen have shown biological con-
trol of several mosquito species and black flies (Ig-
noffo et al. 1981, Ali et al. 1984, de Barjac and
Sutherland 1990). Most anopheline species, with the
exception of Anopheles franciscanus McCracken,
are less susceptible to B.r.i. than are mosquito larvae
of other genera (Garcia et al. 1980, Sun et al. 1980,
Washino and Garcia 1980, Dame et al. 1981, Ali et
al. 1984, Mulla 1985). Nugud and White (1982) sug-
gested that either anophelines are less susceptible,
i.e., they require higher concentrations of B.r.i., or
their surface feeding habit does not allow them to
ingest sufficient amounts of bacterial spores, since
most formulations tend to sink rather quickly. Ear-
lier, Sun et al. (1980) showed no effect of water
depths between 1 and 5 cm on susceptibilities. These
authors suggested that a difference in feeding be-
havior might account for differences in susceptibil-
ities.

Anopheles larvae filter-feed on food particles pres-
ent at the surface of water or a few centimeters be-
low it, whereas Culex and Aedes larvae not only feed
faster but are capable of filter-feeding at much deep-
er water depths (Aly et al. 1988). Since anophelines
are important vectors of malarial parasites and have
exhibited resistance to various insecticides from dif-
ferent geographical areas, biological insecticides are
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a basic necessity. Much higher concentrations of
B.ti. are required to induce mortality in anopheline
larvae than in Aedes aegypti larvae (Goldberg and
Margalit 1977, Tyrell et al. 1979, Mulla et al. 1982).
The present study was conducted to compare spore
intake in relation to LT, (time taken to kill 50% of
exposed larvae) of a very susceptible mosquito spe-
cies, Ae. aegypti, and a relatively tolerant species,
An. albimanus (Ali et al. 1984).

MATERIALS AND METHODS

Strains: Anopheles albimanus (El Salvador) and
Ae. aegypti (Orlando) strains were used in this study.
Mosquitoes were reared at 26 * 2°C, 16:8 (L:D)
photoperiod, and 85% relative humidity. Larvae
were provided Baby E tetramine fish food, and early
4th-instar larvae (1 day after molting) of both spe-
cies were tested.

Determination of LT.,: In this study, we used lar-
vae from 2 different mosquito genera with different
feeding rates, Ae. aegypti and An. albimanus. Tech-
nical grade B.t.i. powder (ABG 6164) was suspend-
ed in deionized water at a concentration of 5 pg/ml.
The spores were homogeneously dispersed by soni-
cating the above suspension for 30 min. Three rep-
licates of 20 larvae of each species were exposed to
100 ml of the B.t.i. suspension in 300-m] disposable
waxed paper cups. Three replicates containing 20
larvae of each species were simultaneously exposed
to 100 ml of deionized water as above and served
as controls. The larvae were observed at 15-min in-
tervals under a dissecting microscope at 20X mag-
nification until all larvae died. The larval response
was categorized as active (feeding actively), para-
lyzed (not active but mouth brushes still moving),
and dead (inactive, no movement). The above ex-
periment was repeated 3 times, resulting in 9 repli-
cates per species.

Determination of ingestion rate: The larvae of
both species were exposed to the above B.ti. sus-
pension by 3 different types of treatments. In the 1st
treatment, 2 separate groups of 20 larvae each of
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Table 1. A comparison of Bacillus thuringiensis H-14 spore ingestion rates of Aedes aegypti and Anopheles
albimanus after being exposed to 5 pg/ml B.1.i. aqueous suspensions.
An. albimanus Ae. aegvpti
CFUs/larva = SD CFUs/larva = SD

Exposure time (n)' (n)!
30 sec 1.636 = 1.098 (10) 545 = 365 (10)
WLT,, 48,300 £ 36,150 (10) 536,250 = 160,093 (9)
Corrected LT, 46,664 535.705
LT, 6.461 = 5,025 (13) 56,727 £ 29,509 (9)
Corrected LT, 4,825 56.182

" Colony forming units/larva = standard deviation: n = sample size.

2 CFUs/larva at 1T, — CFUs/larva after 30) sec.
*CFUs/larva at LT, — CFUs/larva after 30 sec.

both species were exposed for only 30 sec to B.t.i.
suspension and later surface-sterilized with 95% eth-
anol to determine the number of spores on the larval
surface. In the 2nd treatment, 2 groups of 20 larvae
of Ae. aegypti and An. albimanus were exposed to
the above B.t.i. suspension for 120 and 200 min,
respectively. The above times were calculated as
their respective LT,, values from the first experi-
ment. Since d-endotoxin causes paralysis and affects
the feeding rate, in the 3rd treatment, 2 groups of
20 larvae each of Ae. aegypti and An. albimanus
were exposed to the above B.r.i. suspension for their
respective %LT,, values, i.e., 60 and 100 min. Two
groups of 20 larvae of each species were exposed
only to deionized water for each treatment as con-
trols.

After exposure to the above conditions, 10-15
randomly picked larvae of each species were sur-
face-sterilized in 95% ethanol for 30 sec and rinsed
in 500 ml of deionized sterile water. Larvae were
homogenized individually in separate, all-glass ho-
mogenizers and transferred to separate tubes con-
taining 3 ml of water. All larval homogenates were
pasteurized for 12 min at 80°C in a water bath. From
each larval homogenate, 0.1 ml of 107* dilutions
were plated on culture plates containing tryptose
blood agar base. The plates were kept in an incu-
bator at 26°C, and colony-forming units (CFUs)
were counted for each plate after 24 h. All plates
were incubated for an additional 24 h to allow spor-
ulation. Mean CFUs of 2nd and 3rd treatments were
corrected by deleting the number of CFUs of the 1st
treatment. The B.t.i. colonies were identified using
colony morphology and presence of parasporal crys-
tals (Lacey and Kline 1983).

Statistical methods: Percent mortality was cor-
rected by using Abbott’s (1925) formula. The LT,
values for each species were calculated by using re-
gression analysis of log time probit percent mortality
(Finney 1971). Half LT, value was determined from
the LT,, value. The corrected mean CFUs/larva at
WLT,, and LT, values of both species were com-
pared to each other by chi-square at (P < 0.05).

RESULTS AND DISCUSSION

Determination of LT,: A comparison of LT, val-
ues of both species showed that Ae. aegypti larvae
were more susceptible and their LT, was 121 min
(v = —14.02 + 9.13x). The effect of d-endotoxin
became apparent on An. albimanus larvae later, and
their LT,, was 203 min (v = —17.49 + 9.74x). Pres-
ent observations agreed well with earlier observa-
tions for different anopheline species (Sun et al.
1980, Nugud and White 1982, Ali et al. 1984).

The difference in the LT, values of both species
was also related to the time required for the appear-
ance of d-endotoxin intoxication. Cessation of feed-
ing activity, accompanied by paralysis, was observed
in Ae. aegypti larvae 30—45 min after exposure to
B.t.i. In comparison, these symptoms appeared after
2 h in An. albimanus. The d-endotoxin intoxication
occurs as a result of the release of parasporal crystal
and its further degradation in the alkaline pH of the
midgut.

Significantly more B.t.i. spores were ingested by
Ae. aegypti after exposure for ALT,, and LT, times
(P < 0.05). Table 1 depicts a comparison of the
number of CFUs/larva of B.t.i. ingested by Ae. ae-
gypti and An. albimanus at different times after ex-
posure to 5 pg/ml of bacterial suspension. Aedes ae-
gvpti larvae ingested 11.5 and 11.6 times more
spores after their %2LT,, and LT, times, respectively,
than did An. albimanus larvae. The results demon-
strate that Ae. aegvpti larvae ingested almost 11
times more B.t.i. spores than did An. albimanus.
Both Ae. aegypti and An. albimanus had 9.7 and 9.5
times more CFUs/larva, respectively, after being ex-
posed for their %LT,, times than after being exposed
for their LT, times. Although we do not have ex-
perimental evidence, the detection of smaller num-
bers of spores at the LT, times might be a result of
degradation of spores and release of parasporal crys-
tal at the alkaline midgut pH accompanied by paral-
ysis, resulting in lower spore intake and increased
spore defecation with time.

In general, earlier reports have depicted Anopheles
larvae as much more tolerant to the same concentra-
tion of B.ti. than are Aedes and Culex mosquitoes



MARCH 1998

FEEDING BEHAVIOR OF MOSQUITOES 71

(de Barjac 1978a, Mulla et al. 1982). Under similar
conditions, An. stephensi and An. quadrimaculatus
required 3 times more concentrated suspensions to
inflict 50% mortality than did Ae. aegypti (de Barjac
1978b, Mulla et al. 1982).

Anopheles albimanus fed at a slower rate, support-
ing earlier studies in which much higher concentra-
tions of B.r.i. were required to induce similar mortality
in anopheline than in Aedes or Culex larvae. Aly et
al. (1988) showed that the 1.C,, (lethal concentration
at 50% mortality) values of An. albimanus and Ae.
aegvpti were affected by increasing larval densities.
Increasing concentrations of toxin were necessary to
induce the same levels of mortality. The average
amount of toxin/larva inducing 50% mortality de-
creased 43-64% in An. albimanus and 34—44% in
Ae. aegypti when larval densities increased from 0.15
to 1.5 individuals/ml of water. Aly et al. (1988) sug-
gested that the relative tolerance of anopheline larvae
was due to their slower filtration rate. The present
results scem to agree with their conclusions, since it
was found that a much smaller number of spores were
ingested by An. albimanus at their %LT,, and LT,
times than by Ae. aegypri (Table 1).

In mosquitoes, the rate of ingestion of B..i. plays
a role in the activity and effectiveness of d-endotoxin
by affecting the response of an individual in various
manners. The effect of a given dosage of toxin pro-
duces different results depending on whether the le-
thal dose is administered all at once or in small doses
over a longer period (Aly et al. 1988). Present results
are also supported by the study of Manasherob et al.
{1996) in which they encapsulated high concentra-
tions of B.ti. spores in a motile protozoan, Tetrahy-
mena pyriformis. The activity of B.1.i. was enhanced
by 8 times when An. stephensi larvae were exposed
to the same concentrations of B.£.i. with and without
encapsulation, suggesting that more encapsulated
spores were ingested within a shorter period. Further
studies are required to determine the quantitative rate
of spore intake and the actual concentration of 3-en-
dotoxin required for killing An. albimanus and Ae.
aegypti larvae.
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