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ABSTRACT. The susceptibility of Simulium
vittetwm to varving concentrations of Bacillus
thusringiensis var. israelensis (Abbott Lab.
#6406 125 with an ITU/mg of 400-600) after
15, 30, 60, 90, 120 min and 24 hr of exposure
was studied. A sharp decrease in LC50 (0.81 to

INTRODUCTION

The unavailability of chemical lar-
vicides for use in black fly control in
streams and rivers in the United States
and the relative ineffectiveness of adul-
ticides (Carestia et al. 1974a, b) have fo-
cused attention on the possible use of in-
sect pathogens as larviades.

Lacey and Mulla (1977) evaluated in
the laboratory the susceptibility of field
collected black fly larvae., Simulium
vittatum, to 13 strains of Bacillus thurin-
giensis. However, even exposures to 10
ppm for 24 hr failed to produce 90%

! The opinions or assertions contained
herein are the private views of the authors and
are not to be construed as official or as reflect-
ing the views of the Department of the Army
or the Department of Defense. Use of pro-
prietary names does not constitute indorsement.

0.32 ppm) and LC90 (1.71 to 0.86 ppm) con-
centration values occurred when exposure
times were increased from 30 to 60 min.
Change in LC50 and 90 concentration re-
quirements was minimal when exposure times
were expanded beyond 60 min.

mortality with these strains. The high
concentrations required and the difficulty
of maintaining exposures in flowing
water for 24 hr would seem to remove
these strains from serious considerations
as biological control agents for black flies.

The recently discovered israelensis vari-
ety of Bacillus thuringiensis (Goldberg and
Margalit 1977, de Barjac 1978) has dem-
onstrated high potential as a larvicide for
black flies in both laboratory (Undeen
and WNagel 1978, Undeen and Colbo
1980). Preliminary field trials (unpub-
lished) conducted by this laboratory were
of limited success and demonstrated the
need to study in detail the
concentration-time-response relationship
between B. (. var. israelensis (Bti) and
target organisms dwelling in flowing
water habitats. These studies are neces-
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sary because the agent applied to a flow-
ing stream for a given period of time
spreads out so that, as the distance
downstream from the treatment site in-
creases, longer periods of time are re-
quired for the concentration to pass a
given point. This phenomenon indicates
a reduction in concentration levels, but an
increase in terms of duration of exposure.
Thus, to determine effectiveness, the
concentration must be defined in terms
of both concentration and duration of
exposure. Studies described below have
been conducted for that purpose. Sub-
sequent studies will determine the effects
of the stream habitat on attenuation of
the concentration as it moves
downstream. Only when all of these fac-
tors are considered can an appropriate
concentration be determined that will
control black fly larvae for a given length
of breeding habitat.

METHOD AND MATERIALS

The Bti used was an experimental,
powdered formulation (400-600 Inter-
national Toxic Units ITU)/mg) provided
by Abbott Laboratories, Lot No. 6406-
125. Twenty milligrams of powder were
placed in a Waring blender with 1 liter of
distilled water and mixed at maximum
speed for 1 min. No wetting agent (deter-
gent) was added. This 20 ppm stock solu-
tion was then used to prepare serial dilu-
tions. Following standard plate count
procedures, total spores/mL were corre-
lated with weight/volume (ppm) ex-
pressions of concentrations by further
dilution and pipetting 1 mL of material
onto plates of tryptose-blood agar base.
Plate counts were replicated 8 times to
permit statistical evaluation.

Larvae of S. vittatum were lab reared
from eggs collected from several streams
at Holston Army Ammunition Plant near
Kingsport, Tennessee. Terrestrial grasses
overhanging in the water and submerged
aquatic vegetation (Potomogeton crispus L.
and P. pectinatus L.) to which egg masses
were attached were placed in petri dishes
and held on wet ice for transportation

and storage. For hatching and rearing,
egg masses were placed in 15-liter bell jars
containing 14 liters of aerated tap water.
Water temperatures were ca. 22°C
throughout rearing and testing. Food
used during these studies was a 5 gm/liter
suspension of Tetramin (95%)/
Prolinn (5%). Fifty ml of the food suspen-
sion were added to each rearing container
initially and at each water change. Con-
stant water aeration and some movement
was accomplished by using airstones
along the bottom of each rearing jar.
Glass rods 45 cm long %X 0.32 cm in diam-
eter were placed in the rearing jars to
provide attachment substrates from
which the larvae could be easily removed
for testing. Twelve liters of aerated tap
water were exchanged daily. Approx-
imately 20 days were required for hatch-
ing and development of larvae to the 5th
to 7th instar, the age used for testing.

Bioassays were conducted using four of
the bioassay apparatuses described by
Hembree et al. (1980). Each apparatus
held 10 containers (480-mL waxed paper
cups) inside of which rotated 120-mL
plastic bottles. The bottles provided both
movement of water and substrate for lar-
val attachment. Larvae also attached to
walls of test containers. The only aeration
in the test containers was that occurring at
the surface of the test medium as a result
of the rotating plastic bottles. Sampling
indicated that during 24-hr test opera-
tions, water in the test containers con-
tained an average of 7.69 ppm dissolved
oxygen. The saturation point of dissolved
oxygen in water at 22°C is only slightly
greater at 8.8 ppm.

Eftects of the addition of food on larval
feeding before treatment were consid-
ered a potential problem, since Gaugler
and Molloy (1980) reporied this could re-
duce the activity of Bi#i significantly. How-
ever, since food is available in the field
environment prior to, during, and after
any field treatment, a decision was made
to provide food for larvae during and
after laboratory testing.

To conduct a test, 180 mL of aerated
tap water were added to each of the test
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containers, which were then placed on the
bioassay apparatus. The apparatus was
turned on and adjusted to 120 rpm and
0.5 mL of food was added to each con-
tainer. Larvae were removed from rear-
ing containers, and those of appropriate
size (5th to 7th instar), as described by
Mulla and Lacey (1976), were selected.
Ten larvae were added to each of the 10
test containers on each test apparatus
used and allowed to acclimatize for 3 hr.
Pretest data revealed no significant dif-
ference in control larval mortality when
acclimatized for less than 24 hr. In early
tests, larvae were examined after the
acclimatization period and were found to
have distributed themselves randomly on
the inner surface of the test containers
and on the outer surface of the rotating
plastic bottle, indicating relatively homo-
geneous conditions within the test con-
tainers. Similarly, in these preliminary
tests when mortality was assessed, dead
larvae were found at all positions within
each test cup and on the bottles for each
treatment concentration and exposure
time. After acclimitization, the desired
quantities of Bii were added to the test
containers in 20 ml of distilled water.
Nine- different concentrations were used
for each duration of exposure, except for
the 15 min and 24-hr exposures in which
5 and 7 dilutions were used, respectively.
One control container was used on each
apparatus.

To examine the possibility of reduction
in spores/ml between initial B# concen-
trations immediately preceding treatment
from those during testing, samples of
various concentrations from test cups,
while on the bioassay apparatus during
operation, were collected at timed inter-
vals over a 30-min period. These results
clearly demonstrated that there was no
measurable settling nor were there any
differences between spores/ml between
initial treatment and during treatment.

Exposures were terminated after the
desired time by removing the test con-
tainers one at a time and pouring out the
bacterial suspension. The larvae re-
mained attached to the bottle or to the

walls of the test container. Two-hundred
milliliters of aerated tap water and 0.5 ml
of food were then added to each test
container, which was immediately re-
turned to the apparatus. Only a few sec-
onds were required to terminate an expo-
sure and return the refilled container to
the apparatus. Accurate durations of ex-
posure were provided by timing the
treatments and terminating the expo-
sures in the sequence in which the treat-
ments were ininated. Undoubtedly traces
of Bti remained, but this would have been
diluted by a factor of at least 400:1 when
clean aerated tap water was added. This
effectively reduced the concentration of
the highest concentration to 0.005 ppm,
which was below the threshold of re-
sponse to this material at all durations of
exposures tested.

Mortality was assessed 24 hr after ter-
minating exposures. Vhe machines were
turned off. Most of thic larvae remaining
alive became agitated and began to move
around. Those that did not move were
touched with the tip of an applicator stock
and were judged dead if no movement
resulted. Data were recorded as number
dead per 10 larvae exposed.

Upon termination of testing all 120-mL
plastic bottles were removed from each
bioassay apparatus and individually hand
washed in hot Alconox detergent tap
water solution, rinsed, and air dried.

The statistical procedures utilized in
analyzing the data were analysis of vari-
ance of a randomized block in conjunc-
tion with Duncan’s Multiple Range Test
(Duncan 1955), polynomial regression
analysis (Hogben et al. 1971) and probit
analysis (Barr et al. 1976).

Ten replications of each concentration
of Bii were conducted with 15-min expo-
sures, 20 replications at 30-min expo-
sures, 10 replications at 60-, 90-, and
120-min exposures and 8 replications at
24-hr exposuires.

RESULTS AND DISCUSSION

The ranking of mean mortality rates
(Table 1) shows no statistical difference



VoL. 40, No. 4

MosqQurro News

580

(Bui/nL 1) wESuIsu ) DIX0 ) [PUONBILIIU] 4
JIOLID 945G 1B PIUIULINGP [ui/sa10ds URSW PHIRMINSD JO S[EAIIUL 20UdpLiuoTy (W dd)
uossardxa swnfoanyBiom tod sjunos arods pareyd yo suonesrjdal g uo paseq (9sop M180] + | = X 219UM X igf + x g + x ig 4 0 = An) sisdreue
uotssaxar ernoudjod £q pautiesaiep [usatods usati paeWNSS SU) ST ANUD YIE “POINSW N0y dre[d pIepuRls {q pourIMap [saodg ,

1531, 28uey opdu[njy s UEIUL(] (M YOO[q PIEILOPUERL

® JO 20UPLIEA JO $1SA[eUE Busn 10113 %G 8 JWAIafpp Aiuedyiudis 10U ore 19N9] dures 3 AQ POAO[[Of SUBD “IOLI %G (PIM PAUNUINIP
UBIW Y} JO S[BAIDIUL dUIPL{UOY ‘dInsodxs BULMOOf SINOY §Z pouwIwInap (pasodsa ([/oeale] PEAp IdqUINU) §91EL AIEMOW 1D |

200 F00 IET P Ll FOG 188 F01 881 3091 200 ¥0°0 101u0D 000 0000

QUEIFEEI LR ¢ PEITFOTE AU B 0F X8BE (000" 0§02

ALE FOV 38 04 F0€ F06 0IXB98GF8LLE 09-0%

QLLIFGL 0[X1360+5F9 €409

P 818008 P REEFOPE JLetF06s OIXIFE0FEEL'E 02108

4901+97¢1 01> 0830+841't 051001

EVL F916 2 L8EFOTY 28 FO9F P 60LF01G OIXEBIOFI89Y 081081

B0 F0001 qE16F06S q§eIF08L QYITF0LY 001 HIXOLUCF096'G 0¥e-091

0D 9 L'0aF0'6c DIXBAUOFI6S L 00€-005

BELIFO9R TETL 7016 GPEIF0T8 §9¢ OTX60107L19°6 09€-0%2

16815016 SOIXBYU0FBLIT 06#086

99 %06 ¥ 6'9 096 CF 89 =006 PEI= ¢ OIXOLTOF65FT 08%-08¢

E00 0001 ETEIF0LR Qe 6 =036 Qe E9 F0'68 1G98 F OLL BQLIF06G OIXEETOR10G 0t 009 -00F

EO'E =086 B6¢ F0¢6 €09 F0P6 DL F 06L EG0ZF0ES OIXFPTIGFI60°8 ¢l 08408y

IERIFE O6L OTRLETOTEEHE 1 0¥8-09¢

EEG T 006 E§'pgF00Y s0TXBET0+8ET T 971 096-0%9

G L01= 098 OTXBRINFLRIG 3l 0801024

BgE F 096 sOIXTEE 06510 0’8 0021068

sansodxy 0ol §3 sansodsy viy 0g[ arnsodxy Uty (6 armsodxy wIy 09 ansodxy I g ansodxy ww gf JOFUSTIOLS (Wdd) Swyndt
UESIN PIIRIUTISH [OAAM

SHOLEUSIUCT) JUDWTEIL],

r'saansodxa owin XIs 1€ 4g Jo

SUONRIIUIU0D BUIAieA 0) ungpe g Jo sajel Aeriow wadkad uespy [ IqeL



DECEMBER, 1980

MosqQuito NEwS

581

occurring within each of the 6 time expo-
sures at both the higher and lower treat-
ment concentrations. The remaining
intermediate mean mortality rates are
significantly different.

A possible explanation for these rank-
ings is that larval mortality occurs within a
very narrow range of treatment concen-
trations. The clustering effects at both the
upper and lower ends of the concentra-
tion spectrum appear to be a function of a
susceptibility threshold. This is most
noticeable at the 24-hr exposure time,
where larval mortality increases nearly
eightfold from 0.25 to 0.30 ppm treat-
ment concentration.

As Table 1 reveals, the estimated mean
spores/mL were not equally partitioned
between weight/volume classes. This
phenomenon was possibly a result of in-
consistent and imperfect suspension of
Bl spores when the powdered formula-
tion was mixed with water in preparation
for making dilutions and/or normal vari-
ations existing in quantifying plated spore
counts. An important factor to consider is
that spores/ml may not be directly and
consistently correlated with toxicity
(Dulmage 1971). However, attempting to
correlate these factors will contribute to
an understanding of the relationship
between treatment concentration and
corresponding larval susceptibility. In the
field environment, it will also assist in de-
termining spore distribution following
treatment application.

Figure 1 is a graphic presentation of
Table 1 using probit analysis. The mor-
tality of S. wvittatum larvae observed after
15- and 30-min exposures was distinctly
different from one another and from the
exposures of longer duration. The results
of exposures of longer duration are
noticeably clustered rogether. The data
indicate that larval exposures to Bi of
durations longer than 60 min have httle,
if any, additional larvicidal effect. The
LC50 and LC90 values, as illustrated in
the insert on Figure 1, indicate increasing
response of S. vittatum larvae to a given
concentration of B as durations of expo-
sure increase. As the exposure duration

increases, the amount of B# required to
produce significant mortality decreases,
with the sharpest decline occurring be-
tween 30- to 60-min exposures (Figure 2).

The fiducial limits should be consid-
ered as confidence zones or bands of the
estimated mean dose -of any particular
concentration. However, doses were vari-
able, as indicated by spores/ml. There-
fore, when using laboratory data as a
guide to field studies, the upper fiducial
limits probably should be used to estimate
concentration. Data from this study (Fig-
ure 2) indicate that minimum concen-
trations of 0.92 to 2.15 ppm of Bti should
be used to achieve 50% to 90% mortality
in larvae during a 30-min exposure.
However, caution should be taken when
using laboratory bioassay results for es-
timating field concentrations since actual
concentration requirements for the field
may be or are usually higher.

These findings differ somewhat from
those reported by other workers. Laird et
al. (1978) found 30-minute exposures of
Cnephia ornithophilia (field collected) and
Simulium verecundum (laboratory reared)
to Research Unit Vector Pathology
(RUNVP) Bii formulation resulted in
LC50’s of 1.5 x 10% spores/ml and 2.5 X
10® spores/ml and LC90’s of 2.5 x 10°
spores/ml and 5.6 = 10° spores/ml, re-
spectively. Thirty-minute exposures of S.
verecundum using the Institute Pasteur
Standard (IPS)-78 B# (1000 Ul/mg) pow-
der required higher spores/ml for both
LC50 and LCY0, i.e., 5.0 X 10" spores/ml
and 1.3 x 10° spores/ml, respectively.

However, the response of S. damnosum
to the IPS-78 powder during a 30-minute
exposure was similar to the findings re-
ported here for S. vittaium with an LC50
of 1.5 X 10* spores/ml and an L.C90 of 3.7
x 10 spores/ml (Undeen and Berl 1979).

Obviously, species differ in their re-
sponse to the same material. Also, the
same species respond differently to mate-
rials from different sources, even when
concentration is quantified by spores/ml.
The fact that concentrations presently
can be standardized only by comparative
bioassays reduces comparability of data
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ESTIMATED MCRTALITY RATES ( NO.DEAD LARVAE / 10 EXPOSED )I
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Fig. 1. The susceptibility of S. vittatum to varying concentrations of B# ai
6 different time exposures.
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2.- See Figure 1 for LC 50 & 90 Values

Fig. 2. The LC50's & LCY90’s of Bt to S. vitaiwm at 6 different time exposures.?

generated in different laboratories. This
indicates that some materials are more
reactive than others and presents the pos-
sibility ‘of ‘product improvement through
strain selection and improving produc-
tion and formulation methods.
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