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STABLE FLIES (DIPTERA:MUSCIDAE),

AND GREEN LACEWINGS (NEUROPTERA:
CHRYSOPIDAE)
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The specificity of the crystalliferous spore-
forming entomopatho gen Bacillw thuringierus,i"s
subsp. israelensn (H=14) for medically impor-
tant larval dipterans, and the absence of its ef-
fects on non-target organisms, makes it an at-
tractive biological control agent (Colbo and
Undeen 1980, Davidson and Sweeney 1983). As
with other subspecies of B, thuringirrue.r, most of
the research on is pathogenicity to insects, with
a few exceptions, has focused on the larval
stage. However, it has been demonstrated that
adult female Aedes aegypti (Linn.) mosquitoes
are killed by the solubilized parasporal crystal
of B.t.i, when the preparation is administered to
adults as an enema, (Klowden et al. 1983) and
oral ingestion also kills male and female adults
of several mosquito species (Klowden and Bulla
1984). In order to determine the susceptibility
of other adult insects to the solubilized para-
sporal crystals of B.t.i. we fed the preparation to
adult stable flies, Stomoxys calci,trans (Linnaeus),
adult house flies, Musca domestica (Linn.) and
adults of the green lacewing, Chrysoperla carnea
(Stephens).

Solubilized parasporal crystals of B. thurin-
gzensls subsp. israelensis (H-14) were prepared
as described by Klowden and..Bulla (1984). Lar-
val stable flies and house flies were reared in
Purina larval medium (Ralston Purina Co.) at
27"C. Aduf t flies were maintained at 27"C and
80% RH with constant access ro distilled water,
but were denied a reproductive diet. Because
the suction probe we used to manipulate mos-
quitoes (Klowden and Bulla 1984) was not ef-
fective with these larger insects, we lightly
anesthetized the adult flies and attached them
by the thorax to wooden applicator sticks using

molten paraffin wax, When they recovered
from the anesthesia, the flies were held undef a
dissecting microscope and were offered one mi-
croliter of several concentrations of the so-
lubilized crystal containing 0.1% sucrose solu-
tion as a feeding stimulant. After they ingested
the entire drop, the flies were removed from
the sticks and incubated with access to l0%
sucrose-soaked pads at 27"C for 48 hr. The
brief period of restraint during experimental
and control feedings and the small amount of
paraffin that remained on the flies did not
cause demonstrable trauma as evidenced by the
negligible mortality in controls.

Larvae of the green lacewing were reared on
a diet of pea aphids, (A,cyrthosiphon pisurn (Har-
ris)), corn earworm eggs (Heliothis zea (Boddie))
or red flour beetle laruae (Tribolium confusum
Jacquelin duVal) depending upon availability.
After pupation the cocoons were individually
placed into test tubes and maintained at 27"C
and,807o RH. After emergence, while_ held by
the wings with forceps, adults were offered I
microliter of B. thuringiansir subsp. israelercis
(H- 14) solubilized crystal. After the entire drop
was ingested the insects were placed in small
cages with cotton pads soaked with l|Vo sucrose
and incubated, at27'C for 48 hr. Controls in all
groups were fed identical preparations that
were heat inactivated in a boiling water bath for
5 min. Mortality was determined at 48 hr after
ingestion of the B. thuringierxis sttbsp. israelensis
(H- 14) preparations.

The results in Table I indicate that adult
house flies and lacewings were not susceptible
to the solubilized parisporal crystals of 8.
thuringiensis subsp. israelerx?s (H- 14) ar the dos-
ages administered. This contrasts with the re-

Table l. Effect of solubilized parasporal crystals of
B. thuingi.ensis suttsp.israelensr-r (H-14) on the survival
of house flies, statrle flies, and green lacewings at 48

hr. after ingestion.

Dose No.
Species (/./insect) tested 7a mortality

Musca domestica 1.3
females 2.6

2.6*
Stomoxys 1.2

calcitrans 2.6
females 2.6*

Stomorys 1.2
calcitrans 2.5
males 2.5*

Chrysoperla 2.8
carnea males 2.8*

Chrysopnla 2.8
carnea females 2.8*

l 0 l  5
tr7 5
R 9 r )
83  12
94 50
48 l0
2 0 5

155 68
5 1  3
l l  0
6 0

1 2 0
6 0

* Heat-inactivated.
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ported non-specific cytotoxicity when these
preparations were directly injected into the
blood of vertebrates (Thomas and Ellar 1983),
and is in agreement with the lack of toxicity to
house flies demonstrated by Vankova (1981).
However, a significant proportion of stable flies
were killed when 2.F-2.6 g,g were ingested.
Lower dosages of 1.2 pg were not effective.

Although the ingestion of the 8. thuringiensis
subsp. israelewar (H= 14) toxin by adult insects in
the field is now unlikely, the production of en-
tomocidal microbial products by plants or mi-
croorganisms that are better able to persist in
the environment may someday provide this op-
portunity. Surveying the susceptibility of vari-
ous adult insects to the toxin may also provide
some information concerning its mode of ac-
tion. The only adult insects affected thus far are
hematophagous, and this may possibly reflect
the presence of midgut receptors common to
these species.

We thank L. A. Bul la, Jr. and J. M. Hurley
for providing the solubilized B.t.i. crystal, and
J. B. Johnson for help in rearing lacewings. This

paper is contribution No. 8472 from the Idaho
Agricultural Experiment Station.
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THE STATUS OF DEET
(N,N-DIETHYL-M-TOLUAMIDE) AS A

REPELLENT FOR ANOPHEIES
ALBIMANUSI'2
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Laboratory tests at the Insects Affecting
Man and An imals  Research  Labora tory
(IAMARL) has repeatedly shown that deet (95%
N,N-diethyl-z-toluamide and, \Vo other diethyl
toluamides) has only limited effect in repelling
Anoph e le s albimnnus Wiedemann ( Sch reck I 97 7).
Similar observations were made by Arthur
Hageman (personal communication) in studies
at the S. C. Johnson Biological Research Labo-
ratory, Racine, WI. Using a different test
method, Rutledge et al.  (1978, 1983) at the

I This paper reports the results of research only.
Mention of a pesticide does not constitute a recom-
mendation for use by the U.S. Department of Ag-
riculture nor does it imply registration under FIFRA

as amended.
2 Research reported here was conducted in part

with contract funds from the U.S. Army Medical Re-
search and Development Command, Ft. Detrick, MD
2r70t.

Letterman Army Institute of Research, San
Francisco, CA, reported that An. albimnnus was
the least sensitive to deet of up to 7 different
species tested.

Anopheles albimanus often occurs in large
numbers, is an aggressive feeder and will
readily bite humans. Though this mosquito
does not pose a problem in the US, it is proba-
bly the most important vector of malaria in the
Car ibbean area  and th roughout  Cent ra l
America. With a range from the southernmost
tips of Florida and of Texas to northern South
America, this species continues to threaten the
health of people living and traveling in these
regrons.

This review was prompted by the suggestion
that increased military activity in countries with
endemic malaria such as El Salvador, Honduras
and Nicaragua will mean that large numbers of
non-immune people will be exposed to malaria
transmission. Published data on personal pro-




