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ABSTRACT. The control of black fly larvae using 2 aqueous suspension formulations of Bocillus

thuringiensis,serotlpe H-lG;; ";;i;atei in 6 trials o"'.-"it and Iarge'sized-streams in New Brunswick'

Applications equivatent to 2; ;;; iv;;"bac' 12AS) ";lt;;p; (Victobac--24AS) over a 1-min period

resulted in 100% .o.,rrot or'ttlit fi; i;;;;p;s L,n a;"'.ir.am of the application point' over the 6

trials, eflective carry was ."r" t" irrc.ea.e *iih increasJ stream discharge wlich varied from as low as

0.8 #i;i" in the small stream to 108'6 m3/min in the large stream'

INTRODUCTION

The development and use of Bacillus thurin-
siensis var. isiaelensis B.t.i.\ (serotype H-14) as"a 
btact< fly larvicide has been reviewed by several

authors (-Gaugler and Finney 1982, Margalitand
Dean 19b5, Lacey and Undeen 1986). Field ef-
fectiveness of the early, wettable powder for-
mulations of B.t.i. was limited by the large par-

ticle size which resulted in rapid settling out
from suspension and poor "carry," or-down-
stream transport, of larvicidal activity (Molloy

et al. 1984). Despite the development of flowable
concentrate formulations with reduced particle

size and improved miscibility with water, effec-
tive larvicidal activity downstream of the appli-
cation point has, with the exception of treat-
ments made to rivers with very high discharge
rates (Lacey et al. 1982), tlpically been m,eas-
ured in hundreds of meters (Lacey and Undeen
1984, Colbo and O'Brien 1984, Horosko and
Noblet 1983, Pistrang and Burger 1984) com-
pared with tens or hundreds of kilometers in
some operations with chemical larvicides (Dep-

ner et al. 1980).
With increased public demand for target spe-

cific pesticides with reduced environmental im-
pact, the need for formulations of Bacillus thu-
ringiensis (,B.t.) to be as economical and effective
as chemical pesticides has been reduced' Al-
though B.t. based pesticides are now regarded.as
an e;vironmentally "safe" choice, the economics
of large scale black fly control programs still
remaiis an important consideration when decid-
ing which pesticide formulation to use. In this
regard, development and testing of higher po-
tency B.t.i. formulations with improved efficacy
and increased carry has continued (Lacey and
Heitzman 1985).

The objective of this study was to provide
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oreresistration efficacy data for the use of 2 high
poten"cy B.f.i. formulations in eastern Canada'

MATERIALS AND METHODS

This study was conducted in 1987 on sections
of Burpee Mill Stteu- and Bull Pasture Brook
Iocated within the Acadia Forestry Experimen-
tal Station, Fredericton, New Brunswick' The 2
formulations used were Vectobac@-12AS (ABG-

6193, Abbott Laboratories) rated at t-,-200 Inter-
national Toxic Units (ITU)/mg and Vectobac*-
24AS (ABG 6221\ lated at2,400ITU/mg' Each
Droduct was tested on 3 separate occasions on
sections of water located either upstream of
these previously treated or 2-3 km downstream
of previously unaffected stream sections'

ihe stream parameters for each of the 6 tests
are listed in Table 1' Stream discharge rates
were calculated immediately prior to each test
using width, depth and stream velocity measure-
*"nit. Depth was assessed at regular intervals
to give at least 20 measurements across the
widih of the stream. Surface stream velocity was
assessed over a 20-m distance for each treat-
ment. Stream discharge was calculated by mul-
tiplying the average stream depth by the average
stiearn-velocity. Actual stream velocity was as-
sumed to be 85% of the observed (surface)

stream velocity (Horosko and Noblet 1983)'
Water temperature was recorded at the time of
treatment.

Each test was comprised of 6 applications'
Sections of shallow fast-flowing stream were
sequentially dosed at 10-m intervals down-
stream from the previous application using
ei ther  ABG 6193 at  I ,2 ,3,4 '  5  and 10 ppm or
ABG 6221 at 0.5, 1.0, 1.5, 2.0, 2.5 and 5 ppm

maintained over 1-min periods. This procedure
produced increasing cumulative doses at each
iuccessive downstream section for a maximum
additive concentration of 25 ppm or 12.5 ppm'
respectively. In each case, the appropriate
ambunt of formulation was added to a watering
can and diluted with stream water to give a total
volume of 3 liters. The diluted formulation was
mixed thoroughly and applied 10-20 cm beneath
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Table 1. Stream parameters encountered during the evaluation of 2 Vectobac formulations for the control of
black flies in New Brunswick during 1987.

Treatment Location Date

Stream
Vectobac discharge Width

formulation (m3/min) (m)

Water
temp.
('C) Comments

I Lower Burpee
millstream

Mid-Burpee
millstream

Upper Bull pas-
ture brook

July 1

July 6

July 10

12AS

24AS

12AS

24AS

108.6 t7.0

37.2 16.5

0.84 2.0

r.26 2.4

No rocks exposed.

Rocks exposed,
some moss.

Low water, moss-
covered rocks
exposed.

Low water, moss-
covered rocks
exposed.

Stream bottom
covered with
weed extending
to water sur-
face.

Low water level,
stony bottom
with weed.

rb.o

16

l7

Mid-Bull pas- July 27 24AS
ture brook

Extreme upper Aug. 4 12AS
Burpee mill-
stream

5.118.6

165.0r3.8Mid-Burpee Aug.6
millstream

the surface of the water while walking steadily
back and forth across the stream. The watering
can was calibrated to empty after 1-min. The
total application time for each test was 20-30
min. Stream beds were generally rocky and/or
covered with weed; however, efforts were made
to minimize the amount of silt disturbed.

Sequential collection of larvae from predeter-
mined sample sites began at the upstream loca-
tions t h after treatment. Working downstream,
subsequent samples were collected approxi-
mately t h after passage of the larvicide treat-
ment. Sample sites were located at intervals
between 20 m upstream (the control sampling
site) and 4 km downstream ofthe first applica-
tion point.

Black fly larvae were collected from artificial
sampling surfaces which had been placed in the
stream up to 10 days prior to treatment. Each
artificial sampling surface was made from eight
20-cm plastic Ty-wrap@ cable ties attached to a
base of perforated steel angle approximately 30
cm long. Four such substrates were at each of
the sampling sites. The colonized plastic Ty-
wraps from each of the 4 artificial samplers were
cut off and immediately placed in screw-topped,
l-quart mason jars containing ca. 750 ml of
stream water. The jars (up to 4 from each sample
site) were placed in coolers with iced stream
water and returned to the laboratory.

In the laboratory, the lids were removed and
the jars placed in a Iarge tray (50 x 200 x L2
cm) containing 10 cm of cold running water for
up to 48 h. Each sample was continually aerated
with a gentle stream of filtered, compressed air
supplied through an air stone.

The samples collected from each location were

divided into 2 groups and assessed for larval
mortality after 24 h and 48 h, respectively. In
cases where 100% mortality was observed after
24 h, the remainder of the sample, designated
for 48-h assessment, was also counted. Following
mortality assessment, randomly collected sam-
ples of larvae from each treatment were pre-
served in 80% ethanol/water and stored at 4'C
prior to identification.

RESULTS AND DISCUSSION

In all cases, the black fly population was dom-
inated by the species complex Simulium uenus-
trum Say/5. uerecundum Stone and Jamnback
in association with S. tuberosum Lundstrom,
and occasionally S. uernum Macquart. Mortality
within the control samples for each treatment
was low, ranging from 0 to 4.6% over the 24-h
period and 0-20% over the 48-h period. Mean
Iarval mortality results, corrected for control
mortality using Abbott's formula, are given in
Tables 2 and 3. With the exception of the second
24AS treatment, nearly 100% control of black
fly larvae was achieved after 24 h at the lowest
treatment concentrations of 0.5 ppm (24AS) and
1.0 ppm (12AS). In keeping with the findings of
other workers (Undeen and Lacey 1982), the
distance over which control was achieved ap-
peared to be related to stream size. In the stream
sections treated with the 12AS formulation, con-
trol after 24 h was 100% effective up to 3,000 m,
400 m and 200 m in streams with discharge rates
of 108.6 m3/min, 18.6 m3/min and 0.84 m3/min,
respectively. With the 24AS formulation, the
same effective distances were observed in
streams with discharge rates of 37.2 m3/min,
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Table 2. Mean corrected mortality (%) of simuliidae following treatment with vectobac-12AS'

Distance trom T.""ttn.,'t 1 tt"u'-"nt,' 
, , 

ttt"t*"tt,U 
, ,

first Ivto*"'--lity G.orpl. .ir") rvt-rtarity (sample size) Mortality (sample size)

application
point (m) Z

10 ee.2 (126) e6.5 (e5) e8.8 (qg) 19t'9 13:l
,i) ee.8 i413i 100.0 i2?il) 100.0 (68) 00'0 (25)

50 e8.1 i1o0i ioo.o irsl) 100.0 (13e) 100'0 (10)

40 ee.3 (143) ioo.o iisoi 100.0 (1e?) 100'0 (10)

50 1oo.o (238) loo.o (?4) 1oo'o (11)

60 100.0 i216i 100.0 (155) 100'0 (6)

100 100.0 (215) 100.0 (342) 100'0 (7)

200 100.0 (198) 100.0 (98) 100'0 (40)

320 100.0 (67)
4oo 4.4 (45) 49'9 (28) 100'0 (150)

520 100.0 (317)
600 6'3 (151) 82'7 (151)*

ioo 1oo.o (2oe) s.e (23) 47 '7 (33)

800
1 , 0 0 0 1 0 0 . 0 ( 5 2 ) 2 . g ( 7 0 ) 1 4 . 3 ( 1 1 2 ) 0 . 0 ( 2 1 ) 0 . 0 ( 2 1 ) *
1,400 0.0 (ffi) 0'0 (35) 0'0 (13s) 3'7 (138)*

2;ooo 99.? (33?) 1oo.o (296)
2:,500 o'o (58) o'o (43)

s.ooo 99.2 (384) 100.0 (3oo)
4,000 2.0 (356) 1.3 (154)

* Same sample used for 24 h and 48 h assessment'

Table 3. Mean corrected mortality (%) of Simuliidae following treatment with vectobac-24AS'

Distance from Tt*t*""t '� Treatment 4 Treatment 6 
.

first. 
--I\,Iott4ity 

G"-ple size) Mortality (sample size) Mortality (sample size)
application
po in t  (m)  ZOn *n  ^n  *n  'nh  *h  

,
10 100.0 (60) 54.5 (22) 50'0 (8) 98'2 (57) 89'e (135)

20 100.0 (5?) 75.0 (8) 100'0 (23) 100'0 (98)

30 100.0 (63) 100.0 (20) 1oo'0 (13)

40 100.0 ie?) 1oo.o (56) 100'0 (185)

50 1oo.o (44) loo.o (12) 1oo'o (46)

60 100.0 (34) 100.0 (69) 100'0 (22)

100 100.0 (212) 100.0 (18)
r2o 100'0 (31)

200 100.0 (51) 100.0 (38) 100'0 (206)

aoo 100.0 (23) 0.0 (?) 223 (22) 100'0 (30)

600 0.0 (10) 0'0 (21) 72'3 (53) 8e'5 (5e)

700 100.0 (83)
800 20.0 (10) 9'1 (11) 0'0 (62) 0'0 (80)

1 , 0 0 0 1 0 0 . 0 ( 2 1 0 ) 0 . 0 ( 3 0 ) 0 . 0 ( 9 ) 0 . 0 ( 9 4 ) 3 8 . 5 ( 1 8 0 )
1,200 0.0 (25) 0.0 (22)
1,400
2,000 100.0 (103)
2,500
3.000 2.2 (L25) rt.4 (22)
4,000 0.0 (4) 0.0 (4)

13.8 m3/min and 1.26 m3/min, respectively. Con-
trol beyond 3,000 m, 400 m and 200 m was better
after 48 h. but in no case did it reach 100%'

The results observed compare favorably with
those from studies using other formulations in
streams with comparable discharge rates (Lacey
and Undeen 1984, Lacey and Heitzman 1985)'
In a Newfoundland stream with a discharge rate

of 39.9 m3/min, Colbo and O'Brien (1984) ob-
served 9?-100 Vo lawal mortality at a distance of
750 m following a 1-min treatment of Teknar
(600 ITU/mg) at 10 ppm. This was despite a
very low water temperature of < 1'C. At 17'C
similar treatment of a stream with a discharge
rate of 9.5 mS/min resulted in> 95% mortality
up to 200 m but only 65-70% at 350 m. Com-
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parable results were observed in the present
study with Vectobac-l2AS and Vectobu._ZAeS
in,streams with discharge rates of less than 1.8
m3/min. Back et al. (19-gb) investisated the ef_
fects of a Teknar water dispersablJconcentrate
(600 ITU) ap^plied to a streim with a discharge
rate of 114 m3/min. Despite a water temperatuie
of 12'C, larval morrality following the applica_
tion (5.86 ppm for a period of lb min) did ,rot
reach 100% even at the 100-m sampling dis_
tance. At a discharge rate of 108.6 mymin. the
Vectobac-12AS treatment in the present siudy
resulted in 100% mortality betwe-en 3 to 4 km
downstream of the application point.

From the results of this study, it can be con_
cluded that both Vectobac-l2AS and Vectobac_
24AS represent effective formulations of B.t.i.
Although differences in application procedures,
dosage rate, formulation potency, stream dis-
chgSg, water temperature and iarget species
make it difficult to make close comparisons be_
tween the results of this and other studies, both
formulations exhibited improved effective carry
and excellent control of black fly larvae.
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