
Bull. Org. nmond. Sant) 1966, 34, 405421Bull. Wid Hitha Org.

Testing Blackfly Larvicides in the Laboratory
and in Streams *

H. JAMNBACK 1 & J. FREMPONG-BOADU 2

The early discovery that DDT is extremely effective in controlling blackfly larvae led
to its widespread use in control programmes. Recent evidence that DDT accumulates in
the food chain has made it desirable to investigate the effectiveness of other, less persistent,
insecticides in reducing populations of blackfly larvae.

A method of testing larvicides in troughs was developed and tests were carried out with
a number of insecticides both in the troughs and in streams in New York State. Fourfold
or fivefold differences in the susceptibility of larvae to different formulations of the same
chemical were noted. In the laboratory, emulsions were less effective than oil solutions or
wettable-powder suspensions. The effectiveness of emulsions under field conditions, noted in
the course of their widespread use in Africa, may be due to the ease with which they become
uniformly distributed throuighout the water even when no special effort is made to ensure
even distribution. When aircraft are used to apply larvicides in oil solution the insecticide
is similarly distributed in fine droplets resulting in control at unusually low dosages.

In trough tests and in streants, methoxychlor and DDT in oil solutions were about
equtally effective; carbaryl in wettable-powder suspension was highly effective in the labora-
tory but relatively greater concentrations were required in streams. Abate in oil solution
was effective at low dosages in the laboratory and, in a single test, in a stream.

For Simulium control, DDT has been described,
with considerablejustification, as " the perfect weapon
for the perfect target" (Brown, 1962). It is highly
effective in killing blackfly larvae, has outstanding
" carry " (i.e., it remains effective for long distances
downstream below the point of application), costs
less than other insecticides, is reasonably selective
in not killing other stream fauna, and has a low
mammalian toxicity. Because of these characteristics
DDT has become the unquestioned insecticide of
choice in most Simulium control programmes.

However, recent indications that DDT may
persist and accumulate to harmful levels in verte-
brates (Barker, 1958; Burdick et al., 1964) and the
likelihood of increasing larval resistance to DDT,
already reported from Japan by Suzuki et al. (1963),
have given impetus to the testing of less persistent
larvicides (Jamnback, 1962; Nagahana et al., 1964;
Travis & Wilton, 1965). Recent studies with other
larvicides, carried out in New York State by us in
1964-65, are described below.

LABORATORY TESTS

Blackflies have not been colonized routinely,
although Wenk (1963) reared Boophthora erythro-
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cephala through two generations of mating and
blood-feeding. It is therefore necessary to use wild
larvae with all their inherent variability in screening
tests. Laboratory studies are further complicated
by the larval habitat, moving water, where the effects
of currents, duration of exposure of larvae to the
toxicant, tendency of the formulation to rise or
settle in the water, absorption and solubility of the
toxicant and its irritant or paralytic effect (as it
influences larval feeding and detachment) all become
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doubly important in determining the effectiveness of
a given chemical and formulation.
A simple method of testing the effectiveness of

chemicals in killing blackfly larvae by immersing
them in water containing a toxicant for a specified
period and then holding them in aerated jars for
24 hours before determining the mortality was
described earlier (Jamnback, 1962). This method
has advantages of rapidity, mobility, and low cost,
but the larvae are in an artificial environment during
both the exposure and the holding periods. Using
this technique, fenthion in alcohol solution was the
most effective of 19 chemicals tested in killing
blackfly larvae, requiring one-sixth the dosage of
DDT for equal kill. The effectiveness of fenthion
was confirmed in substantially similar laboratory
tests using wettable powder suspensions carried out
in Japan (Nagahana et al., 1964). However, field
tests both in Quebec and in New York State failed
to confirm its laboratory superiority (see " Field
Tests ", below).

While the lack of close correlation between jar
and stream tests does not reduce the value of jar
tests for detecting changes in the physiological
susceptibility of larvae to insecticides, it suggests the
need for a method in which the larvae are exposed
to toxicants in an environment more closely
resembling that found in nature. For this reason,
an alternative testing method using running water
in troughs, where the normal larval environment is
more closely approximated, was devised.' These
troughs are modifications of flumes developed in
early testing of blackfly larvicides out-of-doors by
Kindler & Regan (1949), Gjullin et al. (1949) and
used more recently by Wilton & Travis (1965).

MATERIALS AND METHODS

Preliminary tests in running water were made in
large troughs, each 13.5 feet (4.1 m) long and
13 inches (33 cm) wide. Water entered through an
adjustable valve at the upper end and poured out
over an effluent lip, 10 inches (25 cm) wide and
4 inches (10 cm) long. These troughs, formerly
used for rearing salmon, were housed in a State
fish-hatchery at Cambridge, N.Y., which the New
York State Conservation Department was kind
enough to place at our disposal.
When stones, with blackfly larvae attached, were

collected from near-by streams and placed in a

1 This method was described in 1964 in an unpublished
communication to WHO.

trough just above the effluent lip, most of the
larvae soon migrated " downstream " to the shallow
and rapidly moving water flowing over the lip.
A considerable portion of the larval population was
carried over the lip without being able to attach.
About 20% (range 8% to 34% in 10 replicates)
attached in the first passage. Those that were
washed over the lip were caught in a cloth strainer
and could be reintroduced into the trough for a
second passage, reducing the number of larvae
required.

Larvae that were able to attach did so by allowing
themselves to be carried slowly " downstream " on
a silken thread produced by the salivary glands.
The thread was attached at the upper end to the
lip or to a rock or blade of grass. In the rapidly
moving water flowing over the lip, a larva would
fasten a drop of silken secretion (the " holdfast ")
to the substrate, embed the hooks of its thoracic
proleg into it and then draw up the posterior end of
the abdomen and embed its anal hooks. It could
then assume the normal feeding position by
detaching its hold with the proleg hooks, allowing
the body and head to trail downstream, venter up.
When the larva is in the feeding position, the mouth
fans are open and extended but flick closed inter-
mittently and are drawn across the mandibular
teeth. The teeth act as combs, straining out the
filtered material from the fans, and transfer it to the
oral cavity.
Once the anal hooks are embedded, the larvae

remain in place, even in swiftly flowing water, with
no expenditure of energy. This is demonstrated by
the fact that larvae killed by ingesting a stomach
poison (GS-10133) or, less commonly, high doses of
other toxicants, including DDT, may remain in
place in rapidly flowing water in the normal feeding
position even after they die. In contrast, lower but
effective concentrations of contact insecticides such
as DDT produce a spasmodic muscular tetany which
gradually and involuntarily works the anal hooks
loose so that the affected larvae detach and are
carried helplessly downstream. Laboratory obser-
vations indicate that this type of involuntary release,
suggested by Field (1961) for DDT, occurs with
other insecticides including methoxychlor, carbaryl,
and allethrin.

After preliminary testing had been carried out in
large troughs, 24 smaller ones were built, so that
more tests could be run each day. Each trough
was 3 feet (91 cm) long, 1 foot (30 cm) wide, and
6 inches (15 cm) deep with an effluent lip 6 inches
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(15 cm) wide and 4 inches (10 cm) long. They were
made of wood and painted with glossy white enamel
to facilitate cleaning. The reactions of the larvae
could be observed easily through the thin film
(about 3/8 inch; 9.5 mm) of water flowing smoothly
over the lip (Fig. 1-3).

Water, obtained by gravity flow from a spring-fed
pond, entered each trough at the upper end through
an adjustable valve at a rate averaging 0.04 x 106 ml
in five minutes. Water temperatures in the labora-
tory were remarkably stable during the spring and
summer, ranging from 44°F to 54°F (6.7°C-12.2°C)
(morning temperatures) between April and July and
never exceeding 58°F (14.4°C) during the warmest
part of the day.

Insecticides were introduced into the troughs
at the upper end, where the entering water created
a local turbulence that aided in dispersion of the
insecticide in the water. The passage of insecticide
through the trough could be followed by adding a
water-soluble marker dye such as safranin 0. When
100 ml of aqueous dye solution were poured into

the upper end, water in the upper third of the trough
turned red almost immediately.

Within 30 seconds, the first traces of pink appeared
at the effluent lip.

Within 1.5 minutes, the water was uniformly red
throughout the trough.

After 2 minutes, the water became slightly lighter
at the upper end.

After 3 minutes, the water in the upper half was
distinctly fainter red than that in the lower half.

After 4.5 minutes, the water in the upper two-
thirds was faintly pink but that in the lower third
distinctly pink.

After 5.5 minutes, the water was clear at the
upper end and only faintly pink in the lower half.
Within 8 minutes, the water was essentially clear

throughout the trough.

TESTING PROCEDURE

When one or two stones, heavily populated with
blackfly larvae, were placed in a trough, more

FIG. I
ARRANGEMENT OF BLACKFLY LARVICIDE TESTING TROUGHS IN LABORATORY
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larvae than were needed for testing usually migrated
to the lip. All small (first and second instar) larvae
were removed with forceps or fingers and, for con-
venience in counting, only 25-35 medium to large
larvae were left for testing. The insecticide was
applied by pouring or pipetting it into the upper end
of the trough all at once. The concentration was
calculated on the basis of a five-minute exposure
period, although, strictly speaking, the concentration
varied during the exposure period, as indicated
above. The flow in each trough was calibrated
shortly before testing. A control trough was treated
with acetone each day with concentrations ranging
from 0.4 ppm to 4.0 ppm per five-minute exposure
period. The control concentration equalled the
maximum concentration of acetone applied as part
of a toxicant solution that same day. Even at the
higher concentration, acetone alone had little effect
on blackfly larvae. Detachment rates in the control
troughs averaged 3.6% for 30 replicates 24 hours
after exposure to acetone at a concentration of 4.0
ppm for five minutes. Counts of larvae present on

the lip of each trough were made before and a
nominal 24 hours after exposure. Those that
pupated during the test period were not included in
calculating the detachment rate. When the tests
were completed, the troughs were scrubbed with
detergent and water and thoroughly rinsed before
being restocked with larvae. A different trough was
used as a control each day so that contamination, if
if had occurred, would have been detected.
The effectiveness of an insecticide was measured

by determining the larval detachment rate (knock-
down). In nature, larvae that detach drift into pools
or eddies where they sink to the bottom, where
water movement and the amount of available oxygen
are reduced. Numerous workers have shown that
untreated larvae held under these conditions die
quickly, usually within 24 hours. In an effort to
determine whether the treated larvae die directly
because of poisoning or indirectly because they were
disabled and carried into an unfavourable environ-
ment, larvae that detached following exposure to
insecticides were caught in cloth sieves and trans-

FIG. 2
COUNTING BLACKFLY LARVAE ON EFFLUENT LIP OF TROUGH
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FIG. 3
BLACKFLY LARVAE IN NORMAL FEEDING POSITION

ferred to aerated jars for a 24-hour holding period.
Under these conditions, favouring recovery, larvae
that detached after exposure to methoxychlor or
fenthion died, while untreated larvae survived with
little or no mortality. Microscopic examination of
dead larvae showed that the digestive tract was
usually partially filled, indicating that starvation was
not the cause of death. Mortality in these cases can
probably be ascribed directly to poisoning rather
than indirectly to anoxia. However, this does not
rule out the possibility that anoxia may be a signi-
ficant factor in control under field conditions when
larvae are exposed to dosages that are disabling but
not directly lethal.
Detachment with subsequent recovery was detec-

ted following exposure to carbaryl and pyrethrins by
using two long troughs in series. Larvae that
detached from the lip of the upper trough after
exposure to insecticide were carried into the slowly
moving water of the second trough. With carbaryl
and pyrethrins a few larvae reattached on the lip of
the lower trough 24 hours after treatment. This

never occurred when fenthion was tested in the same
way. Travis & Wilton (1965) recorded detachment
and subsequent recovery of confined larvae in
running water following exposure to both carbaryl
and lindane. Recovery is probably not an important
factor under field conditions, except where minimal
or borderline dosages of chemicals that can rapidly
be detoxified (carbamates and pyrethrins) are
applied, especially since larvae that detach are
carried downstream along with the insecticide and
thus remain in contact with it over longer periods
than if they had remained in place. Recovery was
not observed when carbaryl was used at high dosage
under field conditions (see " Field Tests ", below).

Since it was not practicable to maintain identical
flows in every trough, a series of tests was run to
determine the effect of different flows at a constant
concentration (ppm). These tests, shown in Table 1,
suggest that detachment is independent of flow. In
screening tests, variations in flow were held within
the range from 0.025 x 10" ml to 0.050 x 106 ml per
five minutes.
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TABLE I

THE EFFECT OF VARYING FLOW WITH CONSTANT
CONCENTRATION OF TOXICANT a IN CAUSING

DETACHMENT OF BLACKFLY LARVAE

Water flow per 5 minutes Percentage detached
(ml x 106) (and number of replicates)

0.019-0.023 77 (5)

0.026-0.030 83 (8)

0.036-0.047 88 (4)

0.048-0.057 86 (3)

a I % methoxychlor in acetone solution at the rate of 0.4 ppm
per 5 minutes.

SIZE OF LARVAE AND SPECIES TESTED

Seasonal changes in larval size and species com-
position during the test period from March into
July made it impossible to use larvae of a specified
size or a single species. Although tests comparing
small, medium, and large larvae do not indicate
great differences in susceptibility (Table 2), only
medium and large larvae were used in tests.

TABLE 2

DETACHMENT OF BLACKFLY LARVAE OF DIFFERENT
INSTARS WHEN EXPOSED TO A TOXICANT a

Size of larvae _ Percentage detachedSizeoflarvae(and number of replicates)

Small (1-2 instar) 92 (5)

Medium (3-4 instar) 95 (4)

Large (5-6 instar) 84 (8)

a I % methoxychlor in acetone solution at the rate of 0.4 ppm
per 5 minutes.

Three streams located near the Cambridge, N.Y.,
hatchery were used as sources of blackfly larvae.
The first, Owl Kill, is a small, warm, lake-outlet
stream. Large numbers of Prosimulium gibsoni'
larvae were present in early April. As their numbers
declined owing to pupation, there were replaced to
a large extent by Cnephia dacotensis and Prosimulium

1 This is the first record of P. gibsoni from New York
State. Larvae, pupae and reared males and females have been
deposited in the New York State Museum collection.

magnum larvae in late April and early May. The
first Simulium venustum larvae were found in early
May and they soon became the dominant species.
Cnephia mutata and Simulium vittatum larvae were
present but not common. By the end of May, Owl
Kill became unsuitable for larvae, perhaps because of
high water temperature and excessive algal growth.
The second stream, Camden Creek, is a typical

cold, gravel-and-stone-bottom stream originating in
low mountains. Blackfly larval production was high
and sustained from March into July and most of the
larvae used in the screening programme were
collected here. Medium and large Prosimulium
mixtum and small P. magnum larvae were present
in about equal numbers in early April. The first
S. venustum were found in early May and by mid-
May their larvae were dominant. They remained
dominant until late June, when Simulium tuberosum
larvae became the most abundant species. Simulium
corbis larvae were collected in mid-May and early
June, but were never abundant.
A third stream, Chunks Brook, was used only

occasionally as a source of larvae. The species
present and seasonal succession were similar to those
in Camden Creek.

RESULTS OF INITIAL SCREENING

All the candidate chemicals were tested initially
in acetone solution. The results are summarized in
Table 3.' The chemicals were divided into four
groups on the basis of their effectiveness in causing
larval detachment at two concentrations, 4 ppm and
0.4 ppm, both calculated on the basis of five minutes'
exposure.

In group I, detachment was high at both con-
centrations.

In group II, detachment was high at the upper
and moderate at the lower concentration.

In group III, detachment was high at the upper but
low at the lower concentration.

In group IV, detachment was low at 4 ppm and
essentially nil at 0.4 ppm.
Most of the chemicals in group I were further

tested at a concentration of 0.04 ppm for five
minutes (the results are included in Table 3).

IMPORTANCE OF FORMULAT[ON

Tests with different formulations of insecticide
indicated that there was often a fourfold of fivefold
difference in the susceptibility of larvae to different

' The materials are further identified in the annex to this
paper.
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COMPARISON OF
FOR THEIR

TABLE 3

33 INSECTICIDES TESTED IN 1 % ACETONE SOLUTION
EFFECTIVENESS AGAINST BLACKFLY LARVAE

Percentage detached a Approximate mammalian
Insecticide LD5o (mg/kg) b

4.0 ppm 0.4 ppm 0.04 ppm Oral Dermal

Group I

p,p'-DDT _ 98 (4) 57 (4) 118 2 510
Methoxychlor - 97 (22) 33 (4) 6 000 6 000 +
OMS-44 (Bayer 37343) 100 (4) 98 (4) 11 (4) 14 -

Fenthion 97 (5) 89 (5) 0 (4) 310 330
Dimethrin 100 (4) 89 (4) - 40 000 not measurable
OMS48=8 98 (4) 70 (4) 11 (4) 317 -

Folithion or Sumithion c
(= fenitrothion) 95 (4) 65 (8) 13 (4) 870 3 000

Baygon 86 (4) 83 (4) 5 (4) 104 1 000+
OMS-437 98 (4) 61 (4) 6 (4) 280 2 500 +
Allethrin 70 (5) 67 (4) 5 (4)

Group II

Carbaryl 98 (6) 47 (12) - 540 5 000
OMS-859 92 (4) 44 (4) - 238 -

Dichlorvos 98 (4) 41 (4) - 56 75
OMS-648 99 (4) 38 (4) - 50 -

Dursban 100 (4) 32 (4) - 135 2 000
Naled 100 (5) 22 (5) - 430 1 100
Abate 56 (4) 25 (5) - 1000+ 1 370

Group III

OMS-712 100 (4) 9 (4) - - -

OMS-144 99 (4) 8 (4) - - -

OMS-711 97 (4) 10 (4) - - -

GS-13005 97 (7) 6 (7) - - -

Folithion or Sumithion c
(=fenitrothion) 87 (4) 11 (8) - - -

Diazinon 90 (3) 13 (5) - - -

OMS-595 (SD 8447) 80 (4) 9 (4) - - -

Imidan 85 (5) 3 (5) - - -

Group IV

OMS458(=bromophos) 35 (3) 0 (4) - - -

OMS-315 35 (5) 3 (4) - - -

OMS-754 15 (4) 6 (4) - - -

OMS-869 13 (4) 1 (4) - - -

Dimethoate 4 (4) - - - -

Lethane 384 2 (4) 1 (4) _ _
Dimetilan 2 (4) _ _ _
Deet 0 (4) _ _ _

a Detachment after 24 hours following 5 minutes' exposure. Figures in parentheses indicate the
number of replicates.

b Data from Gaines (1960), the manufacturers, or the World Health Organization.
c Same chemical from two different manufacturers.
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TABLE 4
COMPARISON OF THE EFFECTIVENESS OF DIFFERENT FORMULATIONS OF SEVEN

INSECTICIDES FOR THEIR EFFECTIVENESS AGAINST BLACKFLY LARVAE

Percentage detached a
Insecticide Formulation

4.0 ppm 0.4 ppm 0.04 ppm

Methoxychlor Acetone solution - 97 (22) 33 (4)

Wettable-powder suspension b 89 (4) 86 (5) -

Emulsion b 83 (4) 20 (4)

Fuel-oil solution 94 (8) 87 (8) -

" Special " oil solution c - 92 (2) 86 (2)

Fenthion Acetone solution 97 (5) 89 (5) -

Emulsion b 98 (4) 24 (4) -

Fuel-oil solution 93 (4) 92 (4) -

Carbaryl Acetone solution 98 (6) 47 (12) -

Wettable-powder suspension b 100 (2) 89 (8) 85 (1)

Emulsion b 94 (4) 30 (4)

Abate Acetone solution 56 (4) 25 (5) -

Wettable-powder suspension b 100 (5) 87 (2) -

Emulsion b 49 (4) 12 (4) -

Fuel-oil solution (unstable) 78 (4) 66 (4) -

"Special " oil solution d - 87 (1) 22 (1)

GS-13005 Acetone solution 97 (7) 6 (7) -

Wettable-powder suspension b 100 (2) 84 (4) -

GS-10133 Wettable-powder suspension b 99 (4) 70 (4) 2 (4)

Diazinon Acetone solution 80 (3) 13 (5)

Wettable-powder suspension b 100 (4) 90 (5) 59 (5)

Emulsion b 75 (8) 13 (4)

Fuel-oil solution 86 (5) 68 (5)

a Detachment after 24 hours following 5 minutes' exposure. Figures in parentheses indicate
number of replicates.

b Commercial formulation.
c 23 % methoxychlor in HAN plus fuel oil, 0.5 % Triton X-161; specific gravity 0.985.
d 20 % Abate in Panasol, 0.5 % Triton 161; specific gravity 0.998.

formulations of the same chemical. A comparison
of the detachment rates after exposure to acetone
solutions, wettable powder suspensions, emulsions,
and oil solutions is given in Table 4.1 In most cases,

1 The materials are further identified in the annex to this
paper.

the superiority of wettable powders and oil solutions
is evident. As has been reported elsewhere (Gjullin
et al., 1949; Muirhead-Thomson, 1957; Travis &
Wilton, 1965) emulsions were generally inferior to
other formulations in their effects on blackfly larvae
under laboratory conditions. However, the extensive
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use of DDT emulsion in blackfly larvae control
throughout much of Africa (Brown, 1962) attests to
its effectiveness (at relatively high dosages) under
field conditions. Possible reasons for this effectiveness
are considered below in the section on field testing.

It was necessary to modify the laboratory testing
procedure for oil solutions. If poured in directly,
the oil and dissolved toxicant passed over the larvae
in the form of large globules which were much less
effective than fine, evenly distributed droplets or
an oil film.
The oil formulation was poured into a small

screw-top jar containing about 100 ml of water and
shaken vigorously before pouring it into the trough.
When applied in this way, fuel oil alone was toxic
to larvae and caused 27% detachment in three
replicates at 4.0 ppm and 21 % detachment in two
replicates at 0.4 ppm for five minutes.
The formulations of the highly effective " special"

oil solutions of methoxychlor and Abate listed in
Table 4 closely parallel the DDT formulation ap-
plied routinely for blackfly larval control by aircraft
in New York State. It is made up of 20% DDT
(w/w), with heavy aromatic naphtha (HAN-
Humble Oil and Refining Co., New York, N.Y.) as
the prime solvent and with sufficient fuel oil included
as an auxiliary solvent to lower the specific gravity
to 0.985-0.999, plus 0.5% Triton X-161 (Rohm and
Haas Co., Philadelphia, Pa.) added to reduce the
surface tension. The high solvency of HAN helps
to avoid precipitation of the DDT when it is exposed
to temperatures below freezing. The specific gravity
is adjusted to slightly less than 1 to reduce contact
and loss ofDDT on the river bed and to concentrate
the toxicant in the zone near the water surface where
the larvae of man-biting species common in New
York State are found. The Triton X-161 is added to
facilitate mixing of the toxicant in the water.
Although wettable powder formulations were

highly effective in the laboratory, field tests indicated
that they are less effective in streams if the particles
are heavier than water. This was demonstrated in a
laboratory experiment when I % carbaryl wettable
powder suspension was added to a 3000-ml jar of
water thoroughly mixed, and allowed to stand for
an hour. The amount added was sufficient to give
a concentration of 0.4 ppm for five minutes in each
of two troughs if it remained evenly distributed.
After one hour, the top 1500 ml of water were
siphoned off and poured into a trough as in regular
testing. The bottom 1500 ml were poured into
another trough with an identical flow. In two

replicates, an average of 6% of the larvae exposed
to the top 1500 ml of suspension detached while
64% of those exposed to the bottom 1500 ml
detached. This demonstrates rapid settling and also
suggests that carbaryl did not go into solution in
amounts sufficient to be effective although its
solubility (at 86°F; 30°C) is of the order of 40 ppm.1
These observations suggest that a wettable powder
suspension used for blackfly larval control should be
made up of particles slightly lighter than water to
avoid rapid settling.
The importance of particle size in determining

the degree of effectiveness of a wettable powder
suspension has not been investigated but Anderson
& Dicke's (1960) analysis of the intestinal contents
of blackfly larvae show that these larvae readily
ingest particles of about diatom size (representative
diameters 10 p-20>). Fredeen (1964) recorded the
remarkably efficient and rapid ingestion of Bacillus
subtilis (0.81 x 3.0") by blackfly larvae. When the
bacteria were added to circulating water in aquaria,
some larvae filled 25% of their digestive tract within
eight minutes. These data indicate that a particle
size range of about 1 -20, would be favourable
for ingestion and therefore for effectiveness of
suspensions.

BEHAVIOUR OF LARVAE EXPOSED TO TOXICANTS

Blackfly larvae exposed to insecticides respond in
different ways. These responses were observed
following exposure to a chlorinated hydrocarbon
(methoxychlor), a phosphate (fenthion), a carbamate
(carbaryl), a synthetic pyrethrin (allethrin) and a
stomach poison (GS-10133).

Methoxychlor
The response following pipetting of 1 % methoxy-

chlor in acetone into a trough at a concentration
of 0.4 ppm for five minutes may be summarized as
follows.

After 2 minutes, the larvae began writhing as if
irritated.

After 5 minutes, some larvae had released their
hold with the posterior hooks and were held in
place, head facing upstream, only by a silken thread.
Most of these soon detached completely and were
washed away. When examined under the microscope,
these larvae showed extreme, uncontrolled muscular

1 Sevin insecticide. Summary of technical information
F-40874 (1963) from the Union Carbide Corp., 270 Park Ave.,
New York, N.Y., USA.
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movements, hypermobility of the mouth parts,
bizarre movements of the mouth brushes and
twitching of the anal hooks.

After 12 minutes, most of the larvae had detached.
Under the microscope they could be seen spinning
loops of silken thread, thrashing and rolling about
erratically.

After 32 minutes, larvae were still thrashing and
tumbling about; anal discharge was observed.

After 47 minutes, the larvae had slowed down
with only occasional bending. Under the micro-
scope muscular contractions could be observed,
although movements were feeble.

After 62 minutes, the larvae were very weak,
paralysis had begun, and the larvae rarely moved.
Under the microscope they appeared helpless, the
mouth brushes were immobile; occasional slight
twitching of the segmental muscles was observed as

well as quivering of the mouthparts which continued
overnight in moribund larvae kept in untreated
aerated water.
The reactions of larvae were rarely as clear-cut as

indicated in this summary. Reactions overlapped
considerably and differed in intensity and timing
from one larva to another. In general, the higher the
dosage, the quicker the detachment and paralysis.

Fenthion
The response following application of 1 % fenthion

in acetone at 0.4 ppm for five minutes differed from
that after methoxychlor primarily in its slower
action (Fig. 4). Little detachment was observed for

FIG. 4

DETACHMENT RATE OF BLACKFLY LARVAE AFTER
EXPOSURE TO THE SAME CONCENTRATION OF THREE

INSECTICIDES APPLIED IN ACETONE SOLUTIONS
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nearly two hours after exposure, yet after 24 hours
detachment was nearly complete. It was not possible
to predict which larva was about to detach. They
would appear normal, then, seconds later, one would
twist and bend a few times and then detach. The
detached larvae could hold on to their silken thread
longer than was the case with methoxychlor and
could make attempts, sometimes temporarily success-
ful, to return to the troughs by inching their way
back up the silken thread.

Carbaryl
Carbaryl acted even more rapidly than methoxy-

chlor. At 4.0 ppm per five minutes, applied as I %
acetone solution, an almost immediate response
was noted. Most of the larvae detached within
minutes, although some managed to hold on to the
silken threads with their bodies dangling freely in
the current. Occasionally the entire body of the
larva would vibrate for several seconds like a re-
leased bowstring. Paralysis began within five minutes
of treatment. At a concentration of 0.4 ppm for
five minutes the reactions were similar but occurred
slightly later and were less intense. Some larvae
remained attached without any sign of movement
although not paralysed and not feeding. When
touched, they responded; and after 24 hours they
had apparently recovered and were feeding normally.

Allethrin
The response following application of allethrin at

0.4 ppm for five minutes in acetone solution was
also very rapid. Signs of irritation were followed
quickly by detachment at higher doses. At lower
rates, the larvae often went through a regular
sequence of movements. Immediately after exposure
they began writhing about. Some stopped feeding
and assumed a passive position, dorsum uppermost
and facing downstream, with the posterior hooks
attached " upstream " and the anterior proleg and
mouthparts attached below so that the larvae were
bent in a streamlined U-shape. Many of the larvae
that took this position survived and were feeding
normally after 24 hours. Other larvae attached
themselves with their proleg and mouthparts to the
holdfast and allowed the rest of their body to dangle
freely in the current. Many of these eventually
released their hold and were carried downstream
slowly, still attached by the silken thread to the
substrate until finally they were washed over the
edge of the lip and down the drain. Some released
without spinning a thread and were carried swiftly

-;w
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over the lip. Quivering of the entire body described
for carbaryl often also occurred following exposure
to allethrin.

GS-10133
This stomach poison was unique in its action both

at 4.0 and 0.4 ppm for five minutes in water sus-
pension in that the larvae were not irritated or
affected in any visible way during the exposure

period, and showed no sign of poisoning when
observed at frequent intervals thereafter. There was
no detachment seven hours after exposure to 4.0
ppm. When checked superficially after 24 hours
they appeared to be alive. Closer examination
revealed that they had died in their normal feeding
position. Because of its effectiveness as a stomach
poison, GS-10133 may be selective in killing only
susceptible filter-feeders among the stream fauna.

FIELD TESTS

COMMENTS ON THE USE OF AIRCRAFT

The application of larvicide by aircraft has
obvious advantages over ground application me-

thods. These include speed, ease of treating areas
that are inaccessible from the ground, uniformity
of application, and a high degree of effectiveness, as

demonstrated by the studies of Arnason et al.
(1949), Gjullin et al. (1949), Hocking et al. (1949),
Travis (1949), Jamnback & Collins (1955), West et
al. (1960) and others. For these reasons, this method
of larviciding has come to be widely used in New
York State. The technique differs in some ways
from mosquito control and most other operations
for the control of nuisance insects. The larvicide is
applied in parallel swaths, each nominally 100 feet
(ca 30 m) wide, with untreated strips one-quarter
mile (ca 400 m) wide between swath centres. The
portions of streams between the swaths receive
treatment only to the extent that the current carries
the insecticide downstream between the swaths. It is
usually convenient to express the dosage in gallons of
larvicide dispersed per flight mile, e.g., 1 US gallon
of 20% DDT per flight mile (3.1 litres per flight km),
the rate used in New York State programmes. This
is equivalent to 1.7 pounds of technical DDT per
flight mile (485 g per flight km) or 0.1 pound of
DDT per acre (113 g per ha) within the 100-foot
(30 m) swath. It is usually not practicable or useful
to calculate the concentration of larvicide in the
water. The amount falling into the water is governed
by the stream width and length.
When streams are treated from the ground by

hand application methods, the usual practice is to
specify the concentration of larvicide in the water
and the length of the application period. The usually
recommended concentration is 0.1 ppm maintained
for 15-30 minutes (WHO Expert Committee on

Insecticides, 1963; West & Peterson, 1957; and

others). As can be seen from the following example,
effective dosages of insecticide are appreciably lower
when the application is made by aircraft. A stream
10 feet wide (3 m) and 1 foot (30 cm) deep, with
water flowing at the rate of 2 feet per second (60 cm
per second) requires 2.4 ounces (65 g) of technical
DDT to maintain a concentration of 0.1 ppm for
20 minutes. If treated from the air, the amount of
DDT emitted over the stream in a single swath would
be 0.05 ounce (1.4 g) or 0.002 ppm (calculated on
the basis of a 20-minute exposure period) if applied
at the rate of 1 US gallon of 20% DDT per flight
mile (3.1 litres per flight km). This dosage has
proved to be effective under New York State con-
ditions in regular, routine blackfly larval control
programmes over a period of more than 10 years.
This nearly 50-fold difference is somewhat reduced in
practice because the streams are re-treated at
quarter-mile (ca 400-m) intervals when aircraft are
used and at intervals of a mile or more with hand
application methods. Even so, the net amount falling
into the streams is considerably lower when aircraft
are used to apply the larvicide.

In field control programmes using aircraft accord-
ing to the pattern described above, small streams
flowing parallel to and between swaths must be
treated separately. Lake outlets and beaver-flow
outlets may require supplementary treatment (usually
two swaths flown just above the outlet). This is
because it is difficult to obtain adequate penetration
of the larvicide through the swift but laminar flow
often found at these outlets. The swath application
technique was further tested at Baie Comeau,
Quebec, by West et al. (1960). They obtained
effective blackfly larval control at dosages ranging
from 4 pounds to 18.3 pounds of technical DDT per
flight mile (ca 1120 g-5150 g per flight km) but did
not test the lower dosages (1.7 pounds per flight
mile; 485 g per flight km) used in New York State.
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One major difference between applying oil solu-
tions of insecticide by aircraft and using ground
application techniques is in the particle size and the
distribution of the formulation in the stream. When
applied by aircraft, it falls in a wide band of finely-
divided droplets, but when applied by the " drip-
can" method or by hand-pouring, it falls into the
stream in much coarser and less uniformly dis-
persed droplets.
Two similar streams were treated experimentally

with larvicides in oil solution to investigate the
possible differences in effectiveness owing to differ-
ences in droplet size. In one stream, the material was
dispersed with a hand atomizer in fine droplets
similar to those applied by aircraft. In the other
stream, the material was applied by hand-pouring as

coarse drops similar to those used to treat streams
by the " drip-can " method.
The two streams tested, High Rock Pond Outlet

and Elbow Creek, had identical flows when each was

treated with 7 ml of 23% methoxychlor solution, a

formulation that had been used earlier with good
results when applied by aircraft (see below). In
High Rock Pond Outlet, the larvicide was applied
with an atomizer over a 20-minute period in an

effort to approximate the fine droplet size and dis-
tribution obtained when an aircraft is used. When
checked two days after treatment, larval populations
had declined from 25 per unit just before treatment
to nil for a quarter of a mile (ca 400 m). Further
downstream the numbers of larvae increased gra-
dually from " rare " to " no apparent reduction "

about half a mile (ca 800 m) below the treatment
point (Table 5). This effectiveness approached that
obtained using aircraft.

Methoxychlor solution in the same amount and
concentration was poured, a portion at a time, into
rapids in Elbow Creek over a 20-minute period.
In this test, larval populations were reduced from
100 per unit before treatment to zero two days after
treatment for only 110 yards (100 m; 0.06 mile) with
a barely perceptible reduction a quarter of a mile
(ca 400 m) below the treatment point (Table 5).
Although more detailed studies are indicated, these

preliminary data suggest that the effectiveness of
insecticides in oil solution may be related to the
uniformity of distribution of the larvicide. It seems

reasonable to infer that the more evenly distributed
and more finely divided droplets spread over the
water surface in a thin, broken film which would
come into contact with more larvae than would be
the case with coarser droplets. A similar result was

obtained in the laboratory, where more larvae
detached when the oil formulation was thoroughly
mixed with water than when it was poured directly
into the trough in coarse droplets. These observa-
tions may explain why DDT emulsions work well

under practical field conditions (Brown, 1962) but
are less effective in the laboratory. Emulsions can

be poured into rivers with little attention to droplet
size and will tend to become uniformly distributed in
the stream. This is less true of oil solutions, except in
large, long turbulent rivers. Oil solutions, if applied
as coarse droplets in less turbulent streams, are less

TABLE 5
BLACKFLY LARVAL CONTROL WHEN TREATING STREAMS FROM THE GROUND

Foml-Concentra-IBlackfly Efetv oiatChemical a For tion for larval distince Date treated Dopminest Stream
tin 20 minutes control a dsac pce

Abate Alcohol
solution 0.1 ppm Nil - 23 March 1964 P. magnum South Branch Crystal Creek

Allethrin Alcohol
solution 0.1 ppm Poor _ 12 May 1964 P. magnum White Birch Pond Outlet

Carbaryl Weftable
powder 0.5 ppm Poor

(larvae rare) 0.06 mile (100 m) 2 April 1965 P. magnum White Birch Pond Outlet

Methoxychlor (1) Oil solution 0.02 ppm Excellent
(no larvae) 0.25 mile (400 m) 8 June 1965 S. venustum High Rock Pond Outlet

Methoxychlor (2) Oil solution 0.02 ppm Excellent 0.06 mile (100 m) 9 June 1965 S. venustum Elbow Creek

a Abate, allethrin and the second methoxychlor test poured in by hand; carbaryl applied as a dry powder and poured in.
A hand atomizer was used to spray methoxychlor into the stream in the test at High Rock Pond Outlet.
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likely to become uniformly distributed and therefore
may be less effective under field conditions than their
laboratory performance would suggest

TESTS OF BLACKFLY LARVlCIDES IN STREAMS

Some of the insecticides that appeared promising,
because of high detachment rates, rapidity of action,
or unusual effects on the larvae in the laboratory,
were tested in streams as possible substitutes for
DDT. These included fenthion, methoxychlor,
carbaryl, Abate and allethrin. The experiments are
summarized below.

Fenthion

In early laboratory tests using exposure- and
holding-jars to screen blackfly larvicides, fenthion
was superior to DDT (Jamnback, 1962). When it
was tested in streams both in Quebec and in New
York State, however, its laboratory superiority was
not confirmed with the formulations used. In Baie
Comeau, Quebec, streams treated with fenthion in
fuel-oil solution applied at a concentration of
0.1 ppm or less for 15 minutes by the " drip-can "
method caused only localized reduction in blackfly
larval populations.' When applied at the high rate
of 0.48 ppm for 15 minutes, fenthion was effective
in one instance over a distance of at least one mile
(1.6 km), but killed much of the other invertebrate
fauna of the stream.

In New York State, 9.4% fenthion in kerosene
solution was used to treat two streams in the
Adirondack Mountains. The material was applied
with a Piper Super-Cub (PA-18A) aircraft at the
rate of 1 US gallon per flight mile (3.1 litres per
flight km), using standard Piper Aircraft spray
booms with three D4 nozzles, flying at 80 miles per
hour (128 km/h).

Fenthion was applied at about half the concentra-
tion used routinely for larval control with DDT in
anticipation of its greater effectiveness. Larval
blackfly populations were low before treatment,
averaging 2 per unit. Two days after treatment,
larval populations were reduced less than 50%
(Table 6). New York State Conservation Depart-
ment studies (unpublished) of the stream-bottom
fauna indicated that fenthion was less selective in
killing blackfly larvae rather than other arthropods
than was DDT. Because fenthion was not markedly

1 H. Connell (1963) Report on tests of Baytex and
related compounds as larvicides for blackflies (unpublished
manuscript from the Chemagro-Queen's University Project).
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superior to DDT in the formulations tested and
because it appeared to be less selective, it was not
tested further.

Methoxychlor
The difference between the effectiveness of fenthion

in jar tests and in streams, noted above, led to the
changes in laboratory testing methods described in
the first part of this paper. When troughs were
used as the test vehicle instead of jars, DDT was the
best of 33 chemicals tested in acetone solution, with
methoxychlor a close second. Although approxi-
mately 2.5 times as costly as DDT, methoxychlor
breaks down more rapidly, at least in warm-blooded
vertebrates (Lehman, 1952) and is less likely to
accumulate to injurious levels. Whether or not this
is true for cold-blooded vertebrates has yet to be
determined.

In the initial stream test with methoxychlor, the
Piper Super-Cub aircraft described above was used
to apply the toxicant at the rate of 1 US gallon per
flight mile (3.1 litres per flight km). The formu-
lation was made up of 23% methoxychlor (w/v)
dissolved in HAN (heavy aromatic naphtha). Fuel
oil was added to reduce the surface tension. The
rationale for this formulation has been considered
in the first part of this paper. In the first test,
methoxychlor was about as effective as DDT
(Table 6).

Five-minute " drift samples " were taken before
and after treatment by setting a square-foot (ca
90-cm2) sampler (Surber type) in the swiftly moving
portion of the stream so that insects that were
carried downstream during the specified period were
captured in the net. A sample taken just before
treatment 0.2 mile (322 m) below the swath con-
tained one blackfly larva. One hour after treatment,
a similar sample taken at the same spot contained
400 blackfly larvae, 32 Ephemeroptera naiads,
28 Trichoptera larvae and 4 adult dytiscid beetles.
This suggested, in a preliminary way, a reasonable
degree of selectivity in killing blackfly larvae rather
than other stream arthropods.
The effective control obtained in this test en-

couraged larger-scale field testing. Methoxychlor
was next used to treat all the streams draining in
lake-trout waters in two areas (not shown in Table 6).
In the first, in the town of Webb, 35 square miles
(90 kM2) were treated with 20% methoxychlor in an
oil formulation similar to the one described above. It
was applied at the rate of 1 US gallon per flight mile
(3.1 litres per flight km) in a modified swath pattern

by a Piper Aztec (PA-23) aircraft fitted with standard
Piper Company spray booms and four D4 nozzles
and flying at 120 miles per hour (ca 190 km/h). The
streams in a second area of 70 square miles (180 kM2)
draining into Piseco Lake were similarly treated.
Twelve streams with high larval blackfly popu-

lations (mostly Simulium venustum) in the treated
areas were checked shortly before treatment and
again two days after treatment. Larvae were
entirely eliminated from six of the 12 streams,
extremely rare in three others, and present in greatly
reduced numbers in another two streams. The
latter two were unusual in having immense numbers
of larvae occurring in dense layers with thousands
attached to every available site before treatment.
In the last stream, larval populations below a lake
outlet were unchanged, but it was later learned
that this stream had not been treated owing to an
error by the pilot.

These tests confirmed Travis' (1949) early obser-
vations that methoxychlor was about as effective as
DDT in reducing larval populations of blackflies.
Our preliminary observations on the effects on
other stream fauna, described above, and those of
Conservation Department personnel (unpublished)
suggest that methoxychlor may be about as selective
as DDT in its immediate effects on blackflies as
compared with other stream fauna.

Carbaryl
Carbaryl wettable-powder suspension (Sevin

Instant Wettable Powder, Union Carbide Chemicals
Co.) was tested because of its effectiveness and
speed of action in the laboratory tests. In the first
stream test, on 12 June 1964, it was applied at a
high dosage of 4.8 pounds of technical carbaryl per
flight mile (ca 1350 g per flight km) using the Piper
Super-Cub described earlier to apply two swaths
along a half-mile (800-m) length of High Rock Pond
Outlet. The stream was shielded by heavy foliage
at the time of application. Two swaths were flown
because a small portion of the stream was missed
by the first swath.

Three hours after treatment, larval blackfly
populations had declined from 25 per unit to the
point where only an occasional larva could be found
by long and diligent searching. Larvae were elimi-
nated beginning at a point 20 yards (18 m) down-
stream from the end of the treated stretch. The
end-point of spraying could readily be determined
by the absence of white spots of dried carbaryl
suspension that were to be seen on foliage beside
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the stream in the treated sector. Larvae were also
almost entirely eliminated for a distance of a quarter
of a mile (ca 400 m) below the treated stretch of river.
Below this point the stream became unsuitable for
larvae. Although knockdown and recovery of
blackfly larvae had been observed in our laboratory
studies and elsewhere (Travis & Wilton, 1965), it
was not detected when the stream was examined
three days after treatment.

Square-foot samples of stream arthropods present
in a riffle midway along the treated stretch of this
stream were taken before and three days after
treatment. A reduction of about 50% in arthropods
other than blackfly larvae, particularly in Plecoptera
naiads, was recorded (Table 7).
Two other tests with carbaryl wettable powder

suspensions at lower dosages were made by flying
single swaths at right angles across two streams,
Wheeler Creek and Black Creek, using the same
Piper Super-Cub aircraft. Control was excellent at
9.6 pounds (technical) per flight mile (ca 2700 g
per ffight km), but nil at 4.8 pounds per flight mile
(ca 1350 g per flight km) (Table 6). In another test,
carbaryl was poured by hand into White Birch

TABLE 7
SQUARE-FOOT SAMPLES TAKEN BEFORE AND 3 DAYS
AFTER TREATMENT OF A STREAM WITH CARBARYL
INSTANT WETTABLE-POWDER SUSPENSION APPLIED
AT THE RATE OF 0.5 POUND PER ACRE (570 glha) ALONG

HALF A MILE (800 m) OF STREAM LENGTH

[Pretreatment I Post-treatmentArthropod I (12 June 1964) (15 June 1964)

Crayfish (Decapoda) - 1 2

Plecoptera naiads 26 2 8

Ephemeroptera naiads - 6 5

Odonata naiads - 1 -

Trichoptera larvae 3 4 2

Coleoptera adults 11 5 9

Coleoptera larvae 5 6 -

Diptera larvae b 4 1 2

Chironomid larvae 12 3 4

Mites I - I

Total 62 29 33

a Two samples.
b Except Chironomid larvae.

Pond Outlet as 80% wettable powder undiluted
with water at a concentration of 0.5 ppm for 20
minutes. It effectively reduced larval populations
of blackflies for only 300 feet (90 m) and quickly
became entirely ineffective further downstream
(Table 5).
The relatively poor performance of carbaryl

wettable-powder suspension in streams (except at
high dosages) in comparison with its effectiveness in
troughs may have been due to rapid settling of the
toxicant particles, as described earlier in this paper.
Effective control at the higher dosages may have
been due to the presence of a sufficient quantity of
fine toxic particles that remained in suspension and
were carried far downstream.

Abate
Although it was not outstanding in the laboratory,

Abate (52160, American Cyanamid Co.) was tested
in streams because of its remarkable effectiveness
and selectivity as a mosquito larvicide and its low
mammalian toxicity, as indicated by the studies of
the American Cyanamid Co.' In ar. initial test it
was poured into a stream in ethanol solution at the
rate of 0.1 ppm for 20 minutes and was ineffective
(Table 5). When the great differences in the ef-
fectiveness of different formulations of the same
chemical became apparent in our laboratory tests,
Abate was retested in oil solution made up of 20%
Abate in Panasol AN2K (Amoco Chemicals Corp.)
with 0.5% Triton X-161. This formulation had a
specific gravity of 0.998. The day following treat-
ment from aircraft, blackfly larval populations were
unchanged above the swath but gradually diminished
in numbers for about 100 yards (90 m) downstream.
Below that point not a single larva was found for
the remaining half-mile (800 m) of suitable larval
habitat although pretreatment counts taken im-
mediately before the treatment averaged 6 per grass
blade (Table 6). The failure of Abate to affect
larvae immediately beneath the swath and for a
short distance downstream can probably be as-
cribed to the reduced flow and lack of turbulence
resulting from an unusually dry year.

Allethrin
Allethrin was a spectacularly fast-acting chemical

in the laboratory, causing larvae to detach within
moments after the toxicant flowed by. When applied

1 Abate insecticide. Information Bulletin PE-5360-TM-3/65
of the American Cyanamid Co., Agricultural Division,
Princeton, N. J., USA.
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in alcohol solution to a stream by hand-pouring at
the rate of 0.1 ppm for 20 minutes, it greatly reduced
larval populations of blackflies within 30 minutes
but was effective for only a very short distance, less
than 100 feet (30 m) (Table 5). Large numbers of
abnormal stonefly and mayfly naiads as well as
numerous caddis-fly and chironomid larvae, small
minnows and crayfish were observed acting ab-
normally within 30 minutes of treatment. Snails

and frogs were apparently unaffected. One day
after treatment, a dead slug, a small minnow, and
numerous dead Ephemeroptera and Plecoptera
naiads as well as Trichoptera larvae littered the
bottom of the stream. However, many apparently
normal fish, frogs, and snails were seen in this same
sector of the stream. Allethrin, in the formulation
tested, had very little carry and was very non-
selective.

Annex

THE CHEMICAL NAMES OF MATERIALS IDENTIFIED BY CODE, COMMON OR
PROPRIETARY NAMES IN TABLES 3 AND 41

Code, common or
proprietary name 2 Chemical name

Folithion and Sumithion 0,0-dimethyl 0-(4-nitro-m-tolyl) phosphorothioate
(=fenitrothion)

OMS-44 0-(3,5-dichloro-4-methylthiophenyl) O,O-dimethyl phosphorothioate
OMS-315 S-p-chlorophenyl 0,0-dimethyl phosphorodithioate
OMS-437 toluene-a,a-dithiol-bis-(O,O-dimethyl phosphorodithioate)
OMS-595 (SD 8447) 2-chloro-1-(2,4,5-trichlorophenyl)vinyl dimethyl phosphate
OMS-648 0,0-diethyl 0-(5-chlorobenzisoxazolyl-3) phosphorothioate
OMS-658 (= bromophos) 0-(4-bromo-2,5-dichlorophenyl) 0,0-dimethyl phosphorothioate
OMS-659 0-(4-bromo-2,5-dichlorophenyl) 0,0-diethyl phosphorothioate
OMS-711 2-chloro-1-(2,5-dichlorophenyl)vinyl dimethyl phosphate
OMS-712 2-chloro-1-(2,4-dichlorophenyl)vinyl dimethyl phosphate
OMS-754 S-(o-chlorophenyl) 0,0-dimethyl phosphorodithioate
Abate 0,0,0',O'-tetramethyl 0,0'-thiodi-p-phenylene phosphorothioate
Baygon 0-isopropoxyphenyl methylcarbamate
Dursban 0,O-diethyl 0-3,5,6-trichloro-2-pyridyl phosphorothioate
Imidan phthalimidomethyl 0,0-dimethyl phosphorothioate
GS-13005 0,0-dimethyl S-(5-methoxy-1,3,4-thiadiazol-2(3H)-on-3-yl-methyl)-dithiophos-

phate

1 The list does not include insecticides whose chemical names are given by Billings (1963). The chemical names of
OMS-144, OMS-868 and OMS-869 were given in confidence to WHO and are therefore not listed. The chemical name and
structure of Geigy Chemical Corporation's GS-10133 has not been disclosed.

'Chemicals with OMS numbers were obtained through the World Health Organization. The rest came directly
from the manufacturers.
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RISUMt

Les auteurs ont compare I'action larvicide de plusieurs
produits sur des larves de simulies, dans des cours d'eau
et, suivant une methode qu'ils decrivent, au laboratoire
dans des bacs a eau courante. Les larves se r6partissent
spontan6ment sur le rebord du bac; les mouvements de
leurs brosses cephaliques entrainent le materiel filtre de
1'eau vers la cavit6 buccale. C'est ainsi qu'elles concen-
trent et ingerent les particules d'insecticides. Les auteurs
exposent les raisons pour lesquelles il est preferable
d'evaluer l'activit6 de l'insecticide d'apres le nombre de
larves qui se detachent plut6t qu'en fonction de la morta-
lite determinee dans des conditions artificielles.
Parmi 33 insecticides en solution dans l'acetone etudi6s

par cette methode, le DDT et le methoxychlore ont
donne les meilleurs resultats. La sensibilit6 des larves au
meme produit pr6sente cependant des differences de
l'ordre de 1 a 4 ou 5, suivant la preparation utilisee.
Dans l'ensemble, l'activite des larvicides a e beaucoup
plus 6levee lors de l'emploi de solutions huileuses ou de
poudres mouillables au lieu d'6mulsions ou de solutions
dans l'acetone. L'activit6 des poudres mouillables, tres
elevee dans les bacs, est diminuee dans les cours d'eau, du
fait de la decantation qu'elles y subissent. Les particules
de poudre mouillable doivent etre plus legeres que l'eau

et leur taille doit varier de 1 'a 20 ,. Les auteurs d6crivent
le comportement des larves exposees a divers toxiques.
La pulverisation par avion permet de reduire les do-

sages necessaires a la lutte contre les larves de simulies.
Les verifications preliminaires faites dans des cours d'eau
indiquent que cette difference peut etre due a une reparti-
tion plus egale du produit lorsque cette methode est
employee.

Au laboratoire, les emulsions sont moins efficaces que
les solutions huileuses ou les poudres mouillables. L'effi-
cacit6 des 6mulsions sur le terrain est peut-etre due a ce
que l'on obtient facilement une distribution uniforme dans
l'eau, meme en l'absence de soins particuliers pour
obtenir un melange satisfaisant. Le fenthion a e moins
efficace en cours d'eau que ne l'indiquaient les premiers
essais en recipients au laboratoire. En bacs et en cours
d'eau, le methoxychlore en solution huileuse a eu a peu
pres la meme efficacite que le DDT; le carbaryl, tr6s
efficace en laboratoire, n'a agi en cours d'eau qu'a fortes
doses tandis que, au cours du seul essai effectu6 sur le
terrain, l'Abate en preparation huileuse a e au moins
aussi efficace que le DDT. L'allethrine ne conserve pas son
action sur une longue distance.
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