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INTRODUCTION

Research into the development of environmentally acceptable
forest pest control methods has recently focused on the potential of a
synthetic pyrethroid, Permethrin, as a chemical insecticide., The
Forest Pest Management Institute (formerly Chemical Control Research
Institute) has previously studied and reported on the effects of
Permethrin applied at rates of between 35.0 and 140.0 g AI/ha to trout
streams and lakes (Xingsbury 1976a and b, 1977). Spruce budworm,
Choristoneura fumifzrara (Clemens), efficacy tests conducted in 1977
indicated that multiple treatments of 17.5 g AI/ha Permethrin were
effective in controlling budworm populations (DeBoo, pers. comm.).

In 1978, Chipman Inc. applied to the Department of Supply and
Services and was granted funding through the unsolicited proposal
program for research into the effects of double applications of 17.5 g
AI/ha Permethrin. This involved studies of the eavironmental impact
and fate of pesticide residues in terrestrial and aquatic ecosystems
of an eastern Ontario forest block and in coldwater streams of the
Caspé Peninsula. This study of impact on forest ponds and streams was
part of the program and was directed by the Environmental Impact Section
of the Forest Pest Management Institute in cooperation with Chipman Inc,

SITE DESCRIPTION
Pond Studizs

Impact studies on lentic organisms were carried out in Larose
Forest, near Ottawa, Ontario. Several small semi-permanent ponds in a
poorly drained spruce-pine, Ficea glauca (Moench) Voss, Pirus strobus L.,
plantation were selected for study. The three treatment ponds (Fig. 1),
approximately 1 km apart are surrounded by alders, 4lnus sp., willows,
Salix sp., and wetland grasses providing little or no canopy cover.
Alder, spruce, maple, Acer sp., birch, Betula sp., and aspen, Porulus
sp., trees border the control pond providing 5 to 10Z cover. All ponds
are characterized by dark coloured water ranging in depth from 0.25 to
1.5 m. Bottom types consist of sand and silt heavily littered with
detritus, organic debris, and aquatic vegetationm.

Stream Studies

The treatment study streams are part of the watershed systenm
draining the boreal, spruce-balsam forest lands of Temiscouata County,
near lLac Temiscouata, Quebec (Fig. 2). North Baker Brook originates
southwest of Lac Temiscouata and flows in a southeast direction to th
Saint John River. The unspraved headwater portion of North Baker Brook
was used as a control station while the mid section of the stream was
established as a treatment area. Little Baker Brook is one of :the
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larger tributaries of this river system and intersects North Baker Brook
approximately 4.0 km downstream from the North Baker station (Fig. 3).

A treatment study area was selected on Little Baker Brook about 0.7 km
upstream from the confluence. A supplementary station was chosen as
Downstream Baker approximately 1.7 km below the North Baker and Little
Baker junction.

Ruisseau de la Pointe au Sable is a much smaller river with no
major tributaries and flows into the northeast corner of Lac Temiscouata
(Fig. 4). A survey station was established on this stream approximately
0.5 km from the mouth. Table 1 summarizes the physical and descriptive
features of each of these streams.

METHODS
Site Selection

The ponds and streams used in the study program were selected
on the basis of sampling accessibility, public acceptability, and
apparent capability of supporting viable populations of aquatic fauna.
Other factors such as surrounding forest type, existing canopy, and
suitability for aerial pesticide application were also considered.
Insecticide Application and Deposit

Two applications of the synthetic pyrethroid, Permethrinl!, at
a dosage of 17.5 g AI/ha were made within a six day interval (31 May
and 6 June 1978) to the spray plot in larose Forest. Permethrin mixed
with insecticide diluent 585 and automate "B'" dyve was delivered at the
rate of 1.34 %/ha by a Pawnee D aircraft fitted with model AU 3000
Micronair atomizers (Fig. 5). Sixty metre swaths were sprayed from a
height of approximately 15 m above the forest canopy.

The study strz2ams in Quebec were treated with double applica-
tions of 17.5 g AL/ha Permethrin’® at five day intervals (13 June and
18 June, 16 June and 21 June 1378). The spray was emitted at the rate
of 4.68 2/ha from an AU 3000 Micronair system mounted on a Cessna 185
flying single swaths up the stream bed (Fig. 6). As a general rule,
the spraying was initiated immediately downstream from the sample
station and terminated approximately 5.0 km upstream.

1

!permethrin 50% oil concentrate, 500 gz AI/2, Chipman Inc.

ZNorth Baker Brook, Ruisseau de la Pointe au Sable - Permethrin 507%
0il concentrate 500 g AI/Z, Chipman Inc.
Little Baker Brook - Permethrin 300 z AI/Z solution, Shell Canada Ltd.
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Stte description for study streams
Temlscouata County, Quebec

1974

e e

Little Baker

Approxlimate Approximate Flow Inatrean Shorellne Bottom Surbier
. Depth _Description Caver e VBT i Type o ) 1L
10 - 50 cm medlum fast current abundant - fallen 30-90% coanopy alder small stones, gravel, Depth-approx. 12 cm
frequent Intersperslon trees and logs flanked by spruce, satd, sllt depuslts Carrent - med, fast
of riffles aml pools aspen, cedar Bottom-pgravel, swall
. Blunes
20 - 60 ¢m medlum Fast to [ast avallable - logs, 10-20% canopy alder boulders, rubble, Depth-approx. 12-30 cm

(ll(ltllu up
to 200 cm)

20 - 1) ¢em

25 - 150 em

- 30 cm
(poals up
to OO cw)

current - few pools
molnly ciffles

eRtens fve

med bum fast to
riffle areas-
]mu]g

last
few

malnly slow - amall
vect lon of viffles

wed Pom Lo med bam
Lasl current
froequent riflles

branches, boulders

Hwtted-logs,
branches, boulders

limited - logs,
undereut hanks

limlted -
boulders

logs,

ond willow [lanked
by cedar, spruce,

and lowland hardwoods

20-30% canopy alder
and willow

0-2Z canopy alder,
wlllow, marah
prasses )

0-30% canopy alder,
poplar, spruce

pravel, few silt
deposles

houlders, rubble,
pravel-pools with
sand and sf{lt

gravel, sand, clay

boulders, rubble,
gravel , sand, some
heavily silted
areas

Current-medium to fast
Bottom-gravel , small to
Liarpe stoney

Depth-approx. 30 cm

Currvent=slow to medlum

Bottom-gravel, suall
Lo large ntooes

Depth-npprox. 30 cm

Current-olow to medlon

Bat tom-gravel, aoamd,
clay

bepth-approx. 15 cm
Curvent-medium to
medlom {ant
ot tom-gravel, small to
med Lum stones



Figure 5
Pawnee D aircraft applying Permethrin
to Larose Torest, Ontario

Figure 6
Cessna 185 aircraft applying Permethrin
to study stream, Temiscouata County, Quebec




Deposit was measured on double aluminum plates, one plate

covered with a2 100 cm? Xromekote paper card, The plates were placed

at zporoximately 15 m intervals on floats or stakes in the water and
aloné'the banks. After the spray the depcsit samplers were transported
to the laboratory for volumetric deposit analysis. The aluminum plates
were washed with 5 ml of absolute methanol and the amount of dye in

the resulting solution was measured colourimetrically. Deposit on the
Xromekote cards was determined using a spot-counting system (Hurtig

et al. 1993).

Tnsecticide Restdue Analysis

Samples of fish, stream bark foliage, surface
bottom sediment were taken periodically before and aft
applications for analysis of Permethrin residue. Ia L
fish were collected from a supplementary sample pond (Fl, Fig. 1)
within the treatment area. Water and bottom sediment were sampled
from one treatment (T-2), the control, and the fish pond.

water, and

er the pesticide
arcse Forest,

I

ac
a

Water, foliage, and fish residue samples were taken period-
ically from each of the study streams in Quebec.

Insecticide residues were analyzed by the Technical Department
of Chipman Inc. in Stomey Creek, Ontario. A representative 50 g
sample of foliage was macerated in a blender containing 200 ml of
30%:20%, V:V, hexane:acetone. The ground material was filtered, and
extracted three times with 150 ml distilled water and 25 ml of a 1 M
sodium sulphate solution. The lower aqueous and emulsified material
phases were discarded then each time. A 40 ml portion was drained
off after extraction and evaporated to near dryness, and made up to a
inal volume of 10.0 ml. A 2.0 ml aliquot of this solution was put on
a chromatographic column containing 2 g of Merckogel and washed with
25 to 35 ml of hexane to remove the impurities, followed by 15 ml of
2.5% diethyl-ether in hexane solution to elute the Permethrin. This
volume was collected, reduced to near dryness on & rotary evaporator,
redissolved in hexane, and then transferred to a 5 g activated
florisil column for final washing with 25 to 35 =ml of hexane. Th
Dermethrin was then eluted with 50 ml of a 5% diethyl-ether in hexane
solution. This eluats was collected and its volume reduced to 2.0 ml
from which a 7.5 ul fraction was taken and injected in a gas chromato-
graph fitted with an electron capture detector. A concentration (ppm)

was derived by comparison of its peak with a reference standard peak,

A representative 1C0 g sediment sample was ground, filtered,
and extracted as per foliage. An 80 ml aliquot was collected from
the extract and reduced to a volume of 10.0 ml. Of this, 2.0 ml were
cleaned on a 10 g activated florisil column with 15 =l of hexane.

The Permethrin was aluted with 175 ml of a 57 diethyl-ether in hexane
solution. The volume of che 2luate was then reduced to 2.0 =l from

which a 7.3 ui portion was injected in the chromatograph.



10

Two litre water samples were extracted twice with 100 ml of
hexane and rinsed with a further 25 ml of hexane. The solvent contain-
ing the extract and the rinsings was collected, consolidated, and reduced
to a volume of 10.0 ml. From this, a 2.0 ml aliquot was cleaned on a
Merckogel column with 10 ml of hexane. The Permethrin was eluted with
10 ml of a 2.5% diethyl-ether in hexane solution. This eluate was then
collected and reduced to 2 ml from which a 7.5 ul fraction was sampled
and injected in the gas chromatograph.

Twenty grams of whole f£ish were ground for 3 minutes in 40%:607%,
V:V, acetone:hexane (150 ml) and granular anhydrous sodium sulphate
(100 g), transferred to a Buchner funnel, and filtered through a No. &
Whatman filter paper into a Erlenmeyer flask by suction. The filtered
material was extracted a second time in 50 ml of extraction solvent,
then re-extracted and filtered as above. Acetone (100 ml) and ethylether
(100 ml) were used to rinse the blender container and then passed through
the previously filtered material. The extract was transferred to a
round bottomed flask and evaporated to dryness or until a film of oily
extract remained.

The extract was re-dissolved in 20.0 ml ethyl acetate, from
which a 10.0 ml aliquot was taken and transferred to a separatory
funnel. This was partitioned with 50.0 ml acetonitrile saturated with
hexane and 25.0 ml hexane, and set aside for 10 minutes to allow the
phases to separate. The lower phase (acetonitrile) was transferred
to a second separatory funnel and the hexane phase partitioned with
10.0 ml acetonitrile saturated with hexane. The two acetonitrile
phases were combined and partitioned with 25.0 ml hexane, and left
for 5 minutes to allow for separation. The hexane phase and any
emulsified materials were discarded.

A 70 ml acetonitrile aliquot was drained off, transferred to
a round bottomed flask, and evaporated to dryness with a rotary evap-
orator. The dry extract was re-dissolved with hexane and transferred
quantitatively to a graduated centrifuge tube, resulting in a final
volume of 10.0 ml. A 7.5 pl fraction of this solution was injected
in the gas chromatograpnh for comparison with a reference peak.

Water Quality and Stream Flow Analysis

Water quality parameters were measured in the field before
and after the Permethrin applications, using Hach model AL-36B and
DR-EL/2 portable test kits. Water volumes were not determined in the
study ponds, but relative depth measurements wera made at each sampling
time to provide an indication of changes in water levels.

Stream flow was calculated using the following formula:

width (m) x average depth (m) x current velocity

(m/sec) = m°>/sec stream flow
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Measurements were taken with a metre stick and either a Teledyne
Gurley No. 625 Pyzmy Current Meter or a Teledyne Gurley No. 665 Direct
Reading Current Meter.

Zooplankton. Pre- and post-spray sampling of zooplankton
populations was conductad in the study ponds
using a 12 2 Schindler-Patalas plankton trap (Schindler, 1969), The
samples were immediately preserved in formaldehyde and taken to the
lzboratory for subsequent counting and identification.

Drifting Organisms. Numbers of drifting invertebrates in the
study streams were monitored with the use

of drift nets before and after the spray applications. The nets,
measuring 0.47 x 0.32 m, were positioned in the streams to collect
drifting organisms from a column of water for a predetermined length
of time (Figure 7). The nets were placed such that a water column was
sampled from the surface to the stream bottom where possible, and from
the surface to the net bottom where water levels exceeded the height of
the net opening. The current velocity and the depth of the water at
the net opening were measured and recorded with each sample (Fig. 8).
The collected organisms were picked from the samples and preserved in
30% methanol to be counted and identified in the laboratory. The
resulting numbers were then quantified and expressed as organisms per
cubic metre of water using the following formula:

number of organisms collected

depth of water column sampled (m) x width of net opening (0.47 m) x
current velocity (m/sec) x sample duration (sec)

Drift samples were taken twice daily, morning and evening,
before and after the spray, and at more fraquent intervals immediately
following each treatment.

Bottom Dwelling Organisms. Bottom fzuna populations were
periodically assessed in each of
the study areas with the use of a 0.093 m® Surber sampler (Surber, 19358).
The pre- and post-spray samples collected from the Larose Forest ponds
were preserved whole in 10% formaldehyde and later picked, counted,
identified, and tabulated as number of organisms per sample.

Surber samples from the study streams were picked immediately
and preserved in 30% methancl and subsequently counted, identified, and
presented as mean number and standard deviation of four samples. Or-
ganisms collected from four randomly chesen rocks (approximately 20 cm
in diameter) at sach stream station were used to supplement the bottom
fauna population study. The invertebrates were picked and documentad
in the same way as described for stream surber sampling.
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Figure 7
Drift net being set in stream sampling
station

Figure 8
Stream velocity measurement being taken
at drift station
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Non—-tarzet Insect Knockdown. Qualitative sampling of the non-
target insect kill in the Larose
Forest experimental spray area involved the collection, preservationm,
and identification of dead insects found floating on the surface of
the ponds. Collections were made immediately following and for several
days after the Permethrin applications.

Terrestrial insect knockdown was measured quantitatively with
the drift nets set in the study streams. Terrestrial organisms were
separated from the drift sa mgles, counted, identified, and recorded as
number of organisms per 10 m* of surface water flowing through the net,
calculated as follows:

number of organisms

width of net opening (0.47 m) x currently velocity (m/sec) x sample
duration (sec) x 10

Other Invertabrate Mortality. Supplementary invertebrate
mortality studies in Larose
Forest involved placing live organisms in fine mesh bags suspended just
beneath the surface of the treatment and control ponds. The number of
living organisms in each bag was tallyed at regular intervals before
and after the pesticide application. The invertebrates used in this
study included adult predacious diving beetles (Coleoptera: Dytiscidae),

water boatmen (Hemiptera: Corixidae), whirligizs (Coleoptera: Gyrinidae),

caddisfly larvae (Trichoptera), dragonfly nymphs (Odonata: Anisoptera),
non-biting mosquito larvae (Diptera: Chaoborus), and water mites
(Hydracarina).

Fish Diet and Mortality., Studiss of fish mortality in Larose

Fores; were conducted in & manner

similar to that described above for invertebrate mortality. Several
species of fish including cyprinids (pearl dace, Semotilus margarita

(Cope), golden shiners, lVotemigonus 2rusolzucas (Mitchill), common
shiners, Notropid cornutus (hutland) central mud-minnows, Jmbrz Iimi
(Kutland), and brown bullheads, Ietalurus nedulosus (Lesueur), as well
as frog larvae, 2ana clamitans (Latreille), were caught in a 50 ft seine
and placed in screened plastic containers suspended in the treatzment

and control ponds. Prior to and at intervals following the Permethrin
applications, the living organisms wers counted and recordad.

-.L'l

Fish mortality studies as such were not included in the Quebec
stream study program, however, direct observations on fish populations
within the study streams were recorded,

Indigenous fish populations from each of the streams were

ampled with the use of an shocker for measurement, sexing,
aﬁd diet analysis. Total length, fork leangth (when applicable), weight

J =
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and sex were determined for each of a minimum sample of 10 fish using
a measuring board, an Ohaus 1600 gram capacity balance, and dissecting
tools. The stomach from each of the fish was extracted and preserved
to be opened later and analyzed for content and volume. The slimy
sculpin, Cottus cogratus (Richardson) was the main species collected
for this study, although samples were occassionally supplemented with
ling, Lota lota (Linnaeus), and brook trout, Salvelinus fontinalis
(Mitchell).

RESULTS
Pond Studies

Water Quality. Most water quality parameters measured in the
ponds fluctuated to some extent throughout the

sampling period (Table 2). The inconsistencies appeared to be related
to weather and seasonal changes with steadily increasing temperatures
and decreasing water levels., Periodic water level measurements indicated
a total drop of 56 cm of water in the control pond and a reduction of
18 cm in T2 pond, while Tl and T3 had completely dried up by the end of
the three month sampling season.

Insecticide Deposit. Measurements of insecticide deposit from
the first application show that the percent,

mean density, and mean droplet diameter values of the deposit increased
consistently from the southernmost to the northernmost pond (Table 3).
The second application resulted in variable volumes and droplet densities
but virtually identical droplet sizes were deposited in all four treat-
ment ponds. Deposit volumes determined by the spot counting analysis
varied from 0.16 to 2.44 1/ha (12.1 to 182.07% deposit) while the
colourimetric analysis produced results ranging from 0.25 to 1.07 1/ha
(18.7 to 79.9% deposit). Unusually high results were obtained from
the spot counting method in instances where the aircraft passed
directly over the deposit samplers resulting in a high density of large
droplets deposited.

Insecticide Residues. Measured amounts of Permethrin in water
samples from the treatment ponds never

exceeded 2.66 ug/% and did not persist beyond 48 hours (Table 4). The
sample ponds contained 2.3 to 4.5 times greater amounts of pesticide
following the first application than the level of residues found in the
water after the second application. The pattern of insecticide degrada-
tion was similar after both sprays with no detectable amounts of
Permethrin found in Fl after 12 hours and in Tl after 24 hours. Yo
insecticide was detected in the water of the control ponds following
either application.




Sampla Data Temperaturs Dissolved 0, _. Hzrdness Al%ELiﬂE:? Golour
Station (1978) 9e ag/l mg/l CaCl~ =g/l CaCla
Concrol 16 May i3 8 743 137 N/A N/A
22 May 13 11 10.0 140 35 75
25 May 23 10 7ial 60 80 10
30 May 25 10 7:2 110 10 60
3 June 22 1 7.3 30 5 30
9 June 20 3 7.3 50 10 30
12 June 21 8 ¥ 110 70 73
20 June 21 7 g.0 1c0 70 100
27 June 21 6 5.0 130 100 70
3 July 24 7 MN/A 170 10 N/ A
g 7 14 5 6.0 51 /A /A
22 17 3 6.2 a0 40 275
26 21 3 5.2 A0 30 333
30 22 5 5.8 50 20 375
3 13 5 6.2 50 30 325
) 13 S 6.2 43 25 350
13 12 8 6.8 40 10 230
20 20 4 6.5 ey 10 10
27 21 3 6.0 40 2 10
2™ 17 May 1L g 5.0 51 N/A N/A
22 May 13 6 5.3 30 50 500
25 May 21 3 £.9 50 40 &75
30 May 22 6 5.7 40 5 300
3 June 19 10 5.3 30 3 300
8 June 19 4 3.8 30 i5 300
13 June 18 7 8.0 50 5 3C0
20 June 20 6 6.3 40 10 20
27 Juns 29 4 &.0 40 10 10
5 July 21 4 N/A 80 10 N/A
T3* 17 Mav © 33 & £ 3 33 / £ 14
I3 1 May i3 6 5.3 835 A N/a
22 13 8 Fod 20 i3 338
e = P . -
23 20 6 5.4 g0 35 200
30 23 4 §,2 30 15 223
3 J 13 3 6.4 40 20 2480
9 J 15 3 8.3 35 25 280
13 Ji 13 3 g8.% 30 10 130
20 J 13 3 8.6 1300 30 173
27 June 21 2 8.7 g0 20 123
o R &% g8 & N o ariydn 31 Mo 2 e T 1978
treatec witn 1/.5 g AI/ha Permechrin on 31 May and zgain en 6§ June 1973



Table 3
Deposit analysis of 17.5 g Al/ha Permethrin applied at an emission
rate of 1.34 1/ha to study ponds
Larose Forest, Ontario

1978
Spot Counting Analysis Colourimetric Analysis Mean Density Mean Droplet
L/ha % deposit 1/ha % deposit (brops per cm?)  Diameter Deposited(1h)

Control VFirst spray 0.0 0.0 0.0 0.0 0.0 i
Second spray 0.004 0.3 0.0 0.0 0.7 42 .4

ok o First spray 0.16 2= 0.25 8.7 17..2 49.7
Second spray 0.25 18.8 0.29 21.6 7.+18 82.7

;i First spray 0.26 19.5 0.37 27.6 24.7 52.7
Second spray 2.43 181.3 0.87 64.9 68.7 83.1

Py First spray 0.59 43.8 0.64 47.8 33.7 61.1
Secoud spray 0.70 52:.3 Q.43 32.1 23.3 82.0

F1* First spray 2.02 150.4 0.86 64.2 55.4 T2
Second spray 2,44 182.0 1.107 79 .9 70.4 82.8

* treated with 17.5 g AT/ha I'ermethrin on 31 May and again on 6 June 1978
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Table 4
Permethrin residues in water from ponds
Larose Forest, Ontario

1978
Sample
Period Control T F1
First Application
2 hr N.D, 2.5 ppb. 2.6 ppb.
12 hr N:D, 0.70 ppb. .40 ppb.
24 hr N.D, 0.25 ppb. N.D,
48 hr - N.D, N.D.
96 hr 55T i D N.D.
Second Application
2 hr N.D. 1.1 oppb. 0.58 ppb.
12 hr N.D. 0.36 ppb. 0.27 ppd
24 hr N.D. 0.26 ppb. N.D
48 hr N.D. N.D. N.D
96 hr N.D. N.D N.D
7 day N.D. N.D N.D
14 day - N.D N.D
21 day - N.D. N.D
28 day - N.D. N.D

Limite of detection = 0.25 ppb.

N.D. = nondetectable
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Pesticide residues in bottom sediment samples taken from T2
pond did not exceed 0.040 ug/g but persisted at a concentration of
0.010 ug/g for at least 28 days (Table 5). Detectable amounts of
Permethrin were found in the control pond bottom sediment samples
after the second application.

Fish samples from the Fl pond indicated that Permethrin residues
reached a peak concentration of 0.12 ug/g in the fish 2 hours after the
first application and then fell to below the limit of detection within
12 hours (Table 6). The second application resulted in a second
accumulation of pesticide in the fish (up to 0.08 ug/g) which remained
fairly stable for the duration of the sampling period (28 days). The
occurrence of Permethrin was also documented from severzl untreated
control fish samples,

Zooplankton. Results from zooplankton sampling in Larose
Forest showed drastically fluctuating populations
but did not indicate an effect of the Permethrin applications,
Although zooplankton in the treatment ponds were reduced following
the pesticide applications, a similar occurrence was documented for
the control pond (Appendix Tables 1-4).

Bottom Fauna. Bottom fauna sampling did not indicate a
significant overall effect of the Permethrin

applications on bottom dwelling invertebrates. DMNumbers in samples
fluctuated to a large degree but generally corresponded to similar
changes in the control pond (Appendix Tables 5-8). Evidence of an
impact of the pesticide was apparent only amongst three bottom fauna
groups., Trichoptera larvae disappeared from all three treatment ponds
immediately after the second spray, while Culicidae larvae were
reduced from a prespray average of 3.9/0.093 m? to a postspray
average of 0.2/0.093 m?. Chironomid numbers declined substantially
in two of the treatment ponds following the second application, and
while they remained virtually absent in one of the ponds, the popula-
tion in the second pond reached and exceeded prespray levels within
two weeks,

Non-target Insect Knockdown. Following the first application
to the forest ponds, large

numbers of dead water boatmen, predacious diving beetles, whirligig
beetles, and adult dragonflies were found in some of the treatment
ponds, mostly within 24 hours of the spray. Smaller numbers of dead
insects were found after the sscond treatment but over z longer period
of time. Visual counts indicated that surface insects (water striders,
whirligiz beetlas) disappeared from the treatment ponds and did not
return within the monitoring period although still present at the
untreated control pond. Insects apparently affected to a lesser
extent included dragonfly nymphs, ziant water bugs (Hemiptera:
Belestoma), and predacious diving beetle larvae,.
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Table 5
Permethrin residues in sediment from pends
Larose Forest, Ontario

1978
Sample Period Control T2
First Applicacion
2 hr N.D. 0.030 ppm
i2 hr ¥.D. 0.020 ppm
1 day N.D. 0.040 ppm
2 day N.D. N.D.
4 day N.D. 0.030 opm
Second Application
2 hr 0.016 ppm#* ¥.0.
12 hr - 0.040 ppm
1 day 0.10 ppm* 0.010 ppm
2 day N.D. 0.025 ppm
4 day N.D. N.D.
7 day N.D, 0.025 ppm
14 day N.D. 0.007 ppm
21 day 0.02 ppm* 0.010 ppm
28 day N.D. 0.010 ppm
N.D. - nondetectable

Limit of detection - 0.005 ppm

*See page 27 for comments



Table 6

1

Permethrin residues in fish from ponds

Larose Forest, Ontario

1978
Sample Period Control Fl
First Application
1 day prespray 0.06 ppm* -
0 day prespray -— N.D.
2 hr 0.06 ppm* 0.12 ppm
12 hrx - N.D.
1 day N.D. N.Ds
2 day -— N.D.
4 day N.D. N.D.
Second Application
2 hr N.D. 0.07 ppm
12 hr - 0.08 ppm
1 day N.D. 0.08 ppm
2 day -- 0.03 ppm
4 day - 0.08 ppm
7 day 0.16 ppm* 0.06 ppm
14 day N.D. N.D.
21 day N.D. N.B.
28 day 1.10 ppm* 0.05 ppm

N.D. - nondetectable
Limit of detection - 0.0l ppm

*See page 27 for comments



Other Invertebrate Mortality. Studies of the eif
Permethrin on sele
invertebrates exposed to the treatments in larose Forest are doc-
umented and summarized in Table 7. Definite results were difficult
to attain because of inadequate insect caging facilities, increasing
water temperatures and decreasing water levels. However, the data
imply that caddisfly larvae, water boatmen, adult predacious diving
beetles, whirligigs, and non-biting mosquito larvae were fairly
susceptible to the pesticide, with most mortalities amongst these
groups occurring within 2 hours of the initial application. Water
mites and dragonfly nymphs appeared more resistant and survived for
longer periods of tinme.

Fish Mortality. Results from fish and amphibian mortality
studies in the forest ponds indicate that

the pesticide applications did not contribute to mortality of these
organisms (Table 8). The few occurrences of fish mortality in the
treatment ponds reflect similar losses in the control samples and may
be attributed to factors other than those induced by the Permethrin
applications. No observations of fish mortality among native fish
populations were made in any of the ponds.

Water Quality and Stream Flow. Water quality of the study
streams appeared to be rel-

atively stable (Table 9). Water chemistry parameters were found to
be typical of those associated with coldwater stream types and
appeared suitable for sustaining fish and invertebrate populations.
Results from stream volume measurements, as outlined on Table 9,
indicate that the total stream flows declined by a2 moderate extent
over the sampling pericd.

Insecticide Deposit. Data from deposit measurements indicate
substantial variation with spot counting
analysis results ranging from 0.05 to 1.93 1/ha (1.0 to 41.3% emitted)
and colourimetric analysis data showing from 0.10 to 2.77 l/ha (2.1 to
59.2% emitted) deposit (Table 10). Shoreline samplers consistently
received less depesit than instream samplers (40 to 76% less), but
both shoreline and instream types indicated comparable mean droplet
sizes. Droplet sizes remained fairly consistent for 2ach application
with the exception of the second treatment of Little Baker. Other
applications averaged mean deposited dreplet diameters of 58.7 u
while the second application to Little Baker resulted in a mean

deposited droplet diameter of 46.2 u.

In all instances, dep £
analysis method were higher (10 to
spot counting calculations.

s netr
than those obtained from the



Tatile 1

Summary of vaped Tovertobiste woatalloy srody seoulin do Latose dusest, 1578

Mo Hu i e,
S s in I e i e VIR a1 || 2 1 1V 1 o
a P V1T ek wan e 0 T 126 44B a%h =D T aa2 420 4R 49E Sueples -0 02 002 424 [F T T
R 3. e a Yy Sl . (Y Y S 1O _An ke _he b __ AN b e e ba bt aH kb _dig Be ki
Atarbnlde UHydems as lus (03 1] u 1 i ! 37 3 1l S ! ] u (1] L 1Y (Y 11T 1 u L] 1 fi i LTS T T Be LR [T
Uleiial & Anlaoptera  ppeplia L] u u o wol (1) wr uh 9 i [ % a4 (13 Y] T 0 [ i W M { TR T T ) (1) E T 1T
Tobehaptrin lavvie " 1 o n 1 u Tu [ [ T1IY)
miptera  dut laldas adulin 4 0 A Y] w 0 Iy 1 [ i)
telewptera Uptlacidas adultas 1m0 o u () o o A L1l A0 il n 4 L u BL 100 3 LB LV ]
adulie T 0" LB EL I L T T 1T b [l o 4 u 13 1) 13 L T T
Ppiess Clomubisitie b "0 L] LU (U] i o 71 o
(B ]
(5]
'
Tukde A
fivwensty i caped Flal sertalloy sty vemnlin b Darose Ferest, 1978
T ) T T T T T Emitrel S B SR e 1i
e, 1 terteling oA RECTITINGES e amenallg
Pint mind fmplidhtmos n T T TS T T R L T B T T L T FT AT E RN DO L IE T I BT E CE DR Y BT FIRY U IR TR TR B & B 1
fSemplen Samplen b | h (13 A bt b hr T R T O T TI T A Ll
MW e e e e A he b he P 1 ohe b b b ! T3 =
da il in ape ) 18 o 0 0 u n 3 5 3 5 1 n o 0 o o a o u a u nia
Blonmim (0 upainsabes) 12 n n u “w n (¥ [T F ¥ FF o L o o ] o o o o u 12 u 1] a o [ 3 1w i m
poaskesdissniinam £ tmdepse o } " 0 0 0 1] 0 & A . L] m n w0 n (] 1% 13 1% 1 [ s
T s Lhamn e lor Farin) 19 o 0 0 ] o 0 nou oo " 0o o o 0 u 1] 0 0 o ] ¥ o o o u ] a [ I TR 1} n




Sampel e
Statlon

Control

Polnte au Sable

North Baker

Little Baker

Bovwngtrean Baker

Table 9

Hater quality parameters In stody streams

Tuemlscouvata County, Quebec

1978

Date Temperature Dissolved 0y lHardness Alkalinlty pil Vo lume
(1978) () (mg /1) (gpg Ca cOY) (epg Ca COy) md fuec
10 June 9 9 5 1 1.5 u. 098
1 July L2 -] 4 1 F .04}
1 August 16 8 1 5 1.5 0.024
25 October 2 12 5 4 1.5 N/A
10 June 12 10 4 4 B.0 0,132
1 July 12 8 [ 5 9.0 0. 164
I August 14 10 10 9 B.5 0.016
25 October ) 12 6 2 1.5 H/A
10 June 10 10 b & 1.5 0, HU6
1 July 12 9 5 1} T 0.956
1 August 14 9 ] 5 8.0 0.250
25 October 1 11 i 4 15 N/A
10 June 9 10 4 2 130 0,847
1 July 12 9 4 2 1.5 1.280
1 Aupust 14 9 (] 5 8 0.153
25 October 1 12 5 3 5.5 N/A
16 June N/A 10 4 2 1.5 nfa

1 July 12 9 4 2 T3 2.122
1 Aupunst 15 11 ; i H.0 0.281
25 Ovtober 1

N/A H/A H/A

# gralons per gallon calelum carbonate

n/A N/A




Table 10

Deposit analysis of 17.5 g ATl/ha Permethrin applied at an emission
rate of 4.68 1/ha to study streams
Temiscouata County, Quebec

1978

Spot Counting Analysis

Colourimetric Analysis

Mean Density

Mean Droplet

1/ha % deposit 1/ha % deposit (Drops per cmz) Diameter Deposited(y)
Control 0.0 0.0 0.0 0.0 0.0 B ——
Pointe au Sable

First spray instream 0.32 6.9 0.66 14.1 15.6 61.7
shoreline 0.1 2.3 0.25 5.3 5.0 52.5
Second spray instream 0.12 2.7 0.16 3.4 4.4 60.0
shoreline 0.05 1.0 0.10 23 2.8 63.0

North Baker
First spray instream 1.93 41.3 2.7 59.2 104.5 60.0
shoreline 0.86 18.3 1.20 25.6 570 54.7
Second spray instream 1.23 26.3 1.37 29:2 581 61.2
shoreline 0.29 6.1 0.42 9.0 20.6 54.9

Little Baker
First spray instream 1.7 36.4 2.33 49.9 92.7 61.3
shorel ine 1.13 24.1 1.87 40.0 69.4 58.1
Second spray instream 0.44 L4 0.57 121 25.0 49.8
shoreline 0.16 3.4 0.21 4.5 13.4 42.7

o
P
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Insecticide Residues. The amcunts of Permethrin measured in

water samples taken from the treatment

streams ranged from 0.23 to 1.8 ug/l and fell to below the limits of

detection (0.2 pg/l) within 24 hours (Table 11). Unexplained insec-

ricide residues wers also measured in the 7 day and 96 hour postspray
samples from the control station and Little Baker, respectively.

Results from stream bank foliage sampling indicate that the
pesticide accumulation was minimal (genmerally less than 1.0 ppm)
but persisted for at least 12 days after the second application
(Table 12). Analysis of Permethrin residues in fish produced extremely
variable rasults which are presented in Table 13.

Aquatic Invertebrates. The initial application of Permethrin
to the three treatment streams resulte

in a sharp increase in the number of drifting organisms (Fig. 9). The
aeffect was apparent immediately following the spray and remained
evident for a relatively short period (about 15 hours). Although the
patterns of increase in each stream were similar, the numbers of
organisms varied, with the magnitude of the drift increases cor-
related to the persistence of insecticide residues found in the
streams (Table 11). These increases consistad mainly of baetid and
heptagenid mayfly nymphs (Ephemeroptera: Baetidae and Heptageniidae),
stonefly nymphs (Plecoptera), and caddisfly larvae (Trichoptera).
Much smaller and shorter lasting increases were evident among black-
fly larvae (Diptera: Simuliidae) and midge larvae (Diptera:
Chironomidae). More detailed descriptions of drift increases and
composition for sach stream are included in the appendix (Tables 9-12).

The second Permethrin applications resulted in a second
increase in drift, similar in duration to the first, but smaller in
magnitude (6 to E”ﬁ of the total peak numbers recorded after the first
application)., The extent of the increases again correlated with the
persistence of the insecticide residues in the streams. The second
increases consisted mainly of stonefly nymphs which represented 20.1
to 44 .3% of the total drift in different streams. Caddisfly larvae,
which comprised a major portion of the first increases, were virtually
absent from the drift following the second sprays. Table 14 sum-
marizes the changes in numbers of the four most frequently occurring
drift organisms. Drift net catches in the control stream remained
relatively stable throughout the sampling period.

Data from bottom fauna sampling indicate that pepulations
decreased significantly after the initial applications of pesticide.
The second applications resulted in a furtnher reduction of bottom
dwelling organisms in all three streams (Figures 10 and 11). Results
from Surber and rock sampling were similar and showed that the most
significantly 3::eczed organisms were those that had demonstrated
the createst increases in drift. Heptagenid mayfly nvmphs and caddis-
fly larvae were virtually eliminated from the stream bottoms while
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Table 11
Permethrin residues in water from streams
Temiscouata County, Quebec

1978
Sample Control Pointe North Litcle Downstream
Period au Sable Baker Baker Baker
First Application

¥ hr -- 0.25 ppb  0.55 ppb  0.43 ppb N.D.
2 hr N.D. N.D Trace 0.23 ppb Trace

12 b i N.D. N.D. N.D. N.B.

24 hr N.D. N.D. N.D. N.D. N.D.

48 hr . N.D = N.D. ——

96 hr N.D. N.D —-— - -—

Second Application

% hr - 0.36 ppb 1.3 ppb 1.8 oppb N.D.

2 hr — N.D. Trace 0.67 ppb N.D

12 hr - N.D. == N.D. -

24 hr - N.D. - N.D -

48 hr s N.D. - N.D. s

96 hr - N.D. - 0.60 ppb -

7 day 0.26 ppb* N.D. - - -—

14 day — N.D. - - ==

N.D. = Nondetectable Limit of detection - 0.2 ppb

Trace - <0.25 ppb *See page 39 for comments



Table 12
Permethrin residues in streamside alder Zfoliage
Temiscouata County, Quebec

1973
Sample Pointe Little
Period au 3Sable Baker
First Applicatien
Q hr N.D. N.D.
2 hr 0.52 ppm 1.08 ppm
1 day 0.44 ppm 0.9 ppm
2 day 0.41 ppm 0.69 ppm
4 day 1.07 ppm 0.556 ppm
Second Application
2 hr 1.11 ppm 0.68 ppm
1 day 0.40 ppm -
2 day 0.27 pom 0.71 ppm
4 day 0.43 ppm 0.43 pom
8 day -- 0.55 ppm
12 day 0.43 ppm 0.61 ppm
N.D., - Nondetectable

Limit of detection - 0.0l ppm



Table 13
Permethrin residues in fish from streams
Temiscouata County, Quebec
1978

Sample Control Pointe North
Period au Sable Baker

Lictle
Baker

First Application

8

LSy U I el i L S B LR N |

day presprav - - -
day prespray - —— -
day prespray - - 0.12 ppm*
day prespray 0.06 ppm#* - -
day prespray - 0.03 ppm# —
day prespray = - -
day postspray -— 0.03 ppm ==
day postspray - - 0.08 ppm
day postspray 0.03 ppm* = -

Second Application

1

O 00Oy W

=

day postspray - — =
day postspray — ES ==
day postspray - - -
day postspray - - N.D.
day postspray - 0.01 ppm -
day postspray — e e
day postspray — = ==

N.D.

- nondetectable

Limit of detection - 0.0l ppm

*See

page 39 for comments
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Table 14

Summary oI selacted aguatic invertebrates*
caught in drift nets set in study streams
Temiscouata County, Quabec

1978
Location Heptageniidae Baetidae Plecoptera Trichoptera
no./m3 no./m3 no./m3 no./a?

North Baker

Prespray averazs 0.01 0.07 0.02 0.04

First postspray peak 16.8 164 .4 51.8 60.8

Second postspray peak (S 6.5 35 .4 1.2
Little Baker

Prespray average 0.04 0.28 0.18 0.07

First postspray pezak 172.0 470.0 1050.0 320.0

Second postspray peak 0.0 148 22.6 38
Pointe au Sable

Prespray averagze 0.04 0.0 0.02 0.01

First postspray peak 67.0 36.0 25.5 4.2

Second postspray peak 7.0 6.6 8.7 0.3
Control

Prespray average 0.00 0.13 0.01 0.00

First postspray average 0.00 0.05 0.01 0.01

Second postspray average 0.00 0.03 0.00 .01

*Expressed as number per cubic metre of flow through

o)
w
r
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baetid mayfly nymphs, plecoptera nymphs, and midge larvze were reduced
oy 40 to 907 in most cases (Fig., 12). Complete sample results are
listed in the appendix (Tables 13-20).

At the Downstream Baker station located 5.7 km below the
North Baker station and 2.4 km from Little Baker, an increase in
drifting organisms as well as a reduction in bottom faunz populations
were documented following the first Permethrin applications (Appendix
Table 21 and Table 22). The second applications did not substantizlly
increase the drift numbers but did contribute to a further decline in
bottom dwelling invertebrates in the untreated downstream area.

One and a half months after the treatment most of the affectad
organisms were showing significant trends toward recovery, with the
exception of heptagenid mayfly nymphs which had not reappeared in any
number in the streams despite steadily increasing populations at the
control station. Midge larvae populations had exceeded prespray levels
in all streams by early August reflecting a similar increase at the
control. Subsequent sampling in mid-October indicated that bottom
fauna populations had returred to or exceedsd prespray and control
levels (Fig. 12).

Non-target Insect Xnockdown. Bnth Permethrin applications ro
the study streams resulted in
substantial increases in the number of terrestrial organisms drifting
on the stream surface (Fig. 13). These increases consisted largely of
adult Diptera and Homoptera, as well as Hemiptera, Plecoptera, and
Coleoptera adults. Knockdown persisted for 24 to 48 hours after each
application (Appendix Tables 23-27).

Fish Diet and Mortality. No incidents of fish mortality were
documented following the insecticide

treatments, however, effects on fish food organisms were avident.
Prior to the Permethrin a opllcatlonb, slimy sculpins in the streams
were feeding on a variety of aquatic invertebrates of which heptagenid
and baetid mayfly n;mprs, stonefly nymphs, caddisfly larvae, and midge
larvae were the most important (Appendix Tables 28-35). The increased
number of drifting invertebrates directly following both applications
was apparently utilized by the sculpins for opportunistic feeding, as
the mean number per stomach, percent contribution to volume, and per—
cent occurrence of the food organisms increased immediately subsequent
to the treatments. However, as illustrated on Figure 14, the ciet
composition had become ;lﬂOSh exclusively comprised of midge larvae
one and a half months later. In one of the treatment streams the per-
cent occurrence of empty stomachs in the sample fish increased from
17 to 20% to 40 to 60% during the postspray period, reflecting a
reduction in available food. The results of supplementary fish samples
includino brook trout and ling showed a similar trend with initial
heavy feeding on drifting organisms immediately after the spray followed
by a subsequent decline in utilization of preferrsd food speciss
(Appendix Tables 36-38),
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Sampling of sculpin populacions approximately four months
after the treatment showed a return to a normal diet consisting of a
variety of aquatic insects.

DISCUSSION AND CONCLUSIONS
Pond Studies

Insecticide Deposit. Deposition of the insecticide on the
ponds varied to some extent but certain

trends were evident. Measurements from the first application to Larose
Forest indicate that the percen¢, density, and droplet size of the
insecticide deposit increased as the distance from the centre of the
observed flight path of the aircraft to the ponds decreased. The air-
craft flew the spray line closest to all four treated ponds at an angle
such that the distance from the centre of the flight path to the ponds
increased as the plane moved north to south. This resulted in a progres-
sively smaller deposit of emitted spray on the ponds located further
south in the treated block.

The consistently higher deposit measurements documentad for the
second application correspond to recordad field observations stating
that the aircraft passed directly over all the treated ponds. Variations
in the deposit on individual ponds correlated well to the amount of

surrounding canopy cover.

The unusually high deposit measurements obtained in some
instances from spot counting analysis may have been because of the
high droplet density on the sample cards and may not be reliable
measurements of the actual volumetric deposit.

Insecticide Residues. Detectable amounts of Permethrin dis-

appeared from the treatment ponds within
48 hours indicating that the persistence of the insecticide in standing
water is relatively low. The accumulation of pesticide in fish and
bottom sediment appears morz stable. According to results from residue
analyses, low levels of the insecticide in these samples persisted for
the duration of the sampling period (28 days). The measurable quantities
of Parmethrin found in the control pond fish and bottom sediment were
apparently due to contamination during collection, transportation, or
analysis of the samples.

5
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ects of Insecticide on Invertebr

i
I
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Zooplankton populations
displayed drastic fluc-
tuations that were apparantly not related to the insecticide applications
as similar patterns were documented for the control pond.
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Despite somewhat errat results from pre
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it is apparent that the Permethrin applications to the forest ponds
were not overly detrimental to most benthic organisms. The second
application to the ponds appeared significant in that the impact
demonstrated by reductionm in a few invertebrate groups became evident
only following the second spray.

Both Permethrin applications resulted in substantial mortality
of surface dwelling and terrestrial invertebrates. Certain groups
were affected to an extent that they were eliminated from the treat-
ment ponds for the duration of the monitoring period. Organisms that
commonly inhabit surface and littoral sections of the ponds wers
affected to the greatest extent.

Mortalities amongst groups of selected aquatic invertebrates
exposed to the treatments confirm indications from visual surface
counts. Surface dwelling and littoral species, as well as caddisfly
larvae, comprised the most sensitive groups used in the study, while
water mites and dragonfly nymphs appeared less susceptible to the
pesticide.

Effects of Insecticide on Fish. Recorded field observations
and data from caged fish
mortality studies indicate that the Permethrin applications did not
result in fish mortalities.
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Insecticide Deposit. Deposit of insecticide from the treat-
ments was variable, but comparable to
results obtained from operatiomal aerial pesticide application programs.
The amount of deposition on the streams generally correlated to
subsequent Permethrin residues found in the water, in that the streams
with the greatest deposit contained the highest insecticide residus
levels.,

The lower deposit measurements from shoreline samples indicate
that streamside foliage is effective in screening out a portion of the
deposit and therefore less volume of emitted spray reaches the shore-
line ground level than the amount deposited on an adjacent midstream
water surface., Differences in deposited droplet diameters were not
significant, suggesting that although streamside foliage effectivaly
reduces total volume deposited, it does not eliminate specific droplet
sizes.

Reduced droplet sizes deposited from the second treatment of
Little Baker were apparently the result of the late morning application
period. The Permethrin was applied at 1140 hours when the evaporation
rate of the most volatile fraction of the spray formulation, the
carrier diluent 585, was greatly increased because of higher air
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temperature and lower relative humidity. The evaporation of the carrier
diluent resulted in decreased droplet sizes deposited from this partic-
ular application. The smaller droplets in turn increased the occur-
rence of off target drifting, as evidenced by the lower droplet density
and spray volume deposited on the second application than those doc-
umented from the initial treatment.

Insecticide Residues. The lavels of Permethrin in the treated
streams, which did not exceed 1.8 mg/l,
were fairly unstable and disappeared within 2 to 12 hours. The insecti-
cide residues measured in the 7 day and 96 hour postspray samples from
the control station and Little Baker, respectively, were probably the
result of mis-labelling or contamination of the samples.

Accumulations of pesticide in streamside follage were generally
minimal but more persistent, with detectable amounts still present
12 days after the second application. Fish residue analyses produced
extremely variable results and do not appear to be reliable measurements
of the actual pesticide accumulation. The discrepancies are apparently
due to sample contamination during collection, transportation, and
analysis of che fish.

Effects of Insecticide on Invertebrates. The Permethrin applica-
tions to the streams

resulted in immediate and dramatic increases in the number of drifting
organisms for a period of about 15 hours. Bottom fauna populations
declined following the spray, with the second applications significant
in further reducing the invertebrate numbers. These substantial
increases in postspray invertebratzs drift followed by significant
reductions in bottom dwelling populations indicate that the impact of
the insecticide was such that the recuperation and reestablishment of
the afifectad organisms were not possible in the treated zrsas for at
least 45 days., The effects of Permethrin were also doCumentad
below the treated sections of the streams. A reduction in bottom fauna
at the downstream station indicates that residual insecticide from the
upstream treated areas adversely afifected the invertebratas ia the
lower section as well, even though water residue sample results from
Downstream Baker showed a minimal or no trace of the pesticide., Lower
drift numbers at the downstream station after the second treatment
(Appendix Table 21) apparently resulted from a decrease in the number
of invertebrates affected in the upstream portionms.

Trends in re-establishment of invertebrate populations wers
avident by 45 days after treatment and a return to or above prespray
levels was documented four months after the applications.

Increases in the number of te r
stream surfaces were recorded following both pe
kno
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nce the pesticide was usually

ect flying activity was low and
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therefore exposed insects inhabiting the peripheral foliage dropped to
the ground or the water below when affected. The large increase in
drifting terrestrial organisms at Little Baker reflects the comparatively
dense foliage canopy characterisitic of this stream (Fig. 15),

Effects of Insecticide on Fish. Although no incidents of fist
mortality were observed, the
applications of Permethrin affected the diets of indigenous fish
populations. Following initial opportunistic feeding on drifting
invertebrates, the diet of native slimy sculpin populations shifted
from various aquatic insects to almost exclusively midge larvae for
a postspray period of at least 45 days. Bottom fauna sampling in-
dicated that invertebrate populations had been significantly reduced
during this period such that the most frequently selected fish food
organisms would no longer be attainable and a greater dependence on
the available species would result. A return to a normal diet was
evident by four months after treatment.

GENERAL CONCLUSIONS

Water analysis results indicated that Permethrin residues
never exceeded measured quantities of 2.6 mg/l and fell to below
the limits of detection (0.25 mg/l) within 12 hours in streams and
48 hours in ponds. The magnitude and duration of increases in
invertebrate drift correlated to the amount of insecticide residue in
individual treatment streams.

Accumulations of pesticide im f£ish, foliage, and bottom sedi-
ment were not clearly defined but appeared to be fairly stable with
measurable levels persisting throughout the monitoring period.

The applications of 17.5 g AI/ha Permethrin to forest ponds
resulted in significant reductions of surface dwelling and littoral
invertebrates but had limited effects on bottom fauna and zooplankton.

Immediate and dramatic increases in drifting organisms, fol-
lowed by a substantial decline in bottom fauna populations, occurred
in the treatment streams following both Permethrin applications. The
second application was significant in further reducing populations to
a point at which recovery of numbers was considerably slower than
after the impact caused by a single application of this dosage
(Kingsbury and Kreutzweiser, in press). The effects of both insecticide
treatments persisted downstream from the treated portions for a distance
of at least 2.4 km.

Although no incidents of fish mortality were documented, fish
food organisms were affected to an extent that the diet of native
slimy sculpin populations shifted from various aquatic insects to
almost exclusively midge larvae for a postspray period of at least 45
days.
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Figure 15
Little Baker Brook sampling station



The impact of Permethrin appeared limited to the season of
application as invertebrate populations had returned to or exceeded
prespray levels and a resumption of normal fish feeding activity was
evident by four months after the treatments.
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Tahle 1

Zooplankton populatlonsa* untreated control pond
Larose Forest, Ontarlo
16 May to 4 July, 19718
Sample Pertod 16 t'ay 22 MNMay 26 May 30 MHay 3 Tune 9 June
tnetlfera Feratel la 3 5 0 11 9 2
Monostyla 14 49 0 13 21 0
Asplanchna 19 a 0 12 15 2
thera 12 16 0 2 0 4
Subtotal LR R 0 IR 56 R
Cladocera Naphnlia 24 B 55 1 16 5
Rosmina 1 0 0 2 (]
Chydorua 4 2 0 0 6 0
Alona f 9 0 9 25 3
Subtotal 14 20 55 10 49 a
Outracoda a 0 0 1 4] 2
Copepoda  Cyclopotda 61 76 20 42 B2 1)
Immatures 3417 24 335 jlo 17 974
Suhrotal 410 50 3155 152 1140 1007
520 148 410 401 1245

* expreased as

TOTAL

numher of

organiams

per 24 t water sample

1025

12 Tune

20 June 27 Tune 4 July
1 9 | 3
7 4 1 3
10 22 B 3
5 8 [ 4
23 47 14 11
0 1 0 3
1 0 0 0
0 0 0 0
1 12 2 2
2 13 2 5
0 2 ] 1
22 15 24 15
A5 410 222 16
107 15 246 31
132 1313 50

262




Tahle 2

Zooplankton populatfons*, Tl pondAs
l.Larose Forest, Ontartlo
16 May to 27 June, 1978

Sample Pertod 16 May 22 May 26 Yay 30 May 3 June June 12 June 20 June 27 June
Rotifera Yerntella 5 23 43 329 117 0 19 7 5
Honostyla i) [3 7 1] 13 0 2 2 5
Asplanchna 166 A 8 11 i 0 4 p | 18
MNthers 1 2 4 0 0 0 0 1 2
Subtotal 177 39 62 161 174 n 25 13 50
Cladocera Daphnla G4 241 56 154 b) n 4] 0 0
Nosminn 0 n ] n 1] (1] 1 1] (]
Slmocephalus L 0 D 0 0 0 0 n 0
Scapholebenn 0 0 0 5 0 0 n 0 1
Macrothrix 0 2 n 0 n 0 n 0 ]
ANona 0 0 0 0 0 0 0 1 0
Folyphemuaa 54 R 0 0 n 1] 0 0 0
Subtotal 149 251 56 159 3 0 1 1 1
Nstracoida 1 45 10 11 17 0 2 3 n
Copepoda Cyclopolda 408 790 161 119 76 5 25 2 28
Immnturen 159 B9 23 a5 118 5 105 9 117
Subtotal 167 B79 104 204 194 10 110 11 145
Malocodtrnca Tsopoda 0 0 1 0 0 n 4] 0 0
Amphipoda 0 1 0 0 0 0 0
Subtornal 0 2 0 n 0 0
TOTAL 1094 1214 134 7 38R 10 158 28 196
* expreasaned as number of organtama per 24 t water sanmple
ffcreated with 17.5 5 Al/ba Permethein on 31 May and agatin on 6 .June, 1978



Sample VTeriod

Yeratella
Monostyla
Asplanchoa
Others

Rotlflera

Subtotal

Tardiprada Mancroblotus

Cladocera bDaphinla
Scapholeherls
Chydorus

FPalyphemus

tubtotal
Dgtracoda

Calanaida
Cyelopotda

Copepoda

Immatures

Subtotal

Malacostraca Amphipoda

TOTAT

* vupressed aa number of

41
15
14

7

0y

113
22

138

orpgantsms

4]

td

o DN Do

per
A% treated with 17.5% g Al/ha Permethrin on 31 May and again on 6 June 1978

16 May 22 May 26 May 30 May 1

A

wuater sample

Table 3
Zooplankton populatlion*,
Larose Forest, Ont
16 Hay to 4 July,
June
1 42 15
0 27 9
0 11 12
h 10 6
95 110 4h2
0 1 0
1 1 [}
0 5 1
5 17 4
N 1 0
6 26 5
0 2 3
0 0 0
4 6 |
1 7 7
5 11 14
1 0 1
17 152 hS

T2 pond**
arto
1978

9 June

4
0
&
29

37

-

R = =}

il

-

0

49

12 June 200 Tune 21 June 4 July
33 11 2 6
[ 0 1 0
36 7 13 i
4 ] 0 i}
17 14 316 22
0 (§] 0 0
n (1] 0 o
0 0 [}] 1}
3 0 2 ]
4] 1] ) 0
4 (1] 2 ]
k| 0 4] 4]
0 0 0 0
i 1 0 0
3 1 19 111
6 2 19 111
fl 0 (1] 4]
71 20 17 135



7Zooplankton
Larose Forest, Ontarlo

Table 4

populatlonat,

T pondas

Potfflera

Copepoda

16 MHay to 27 June, 1978
Sample Pertad 16 May 22 May 26 May 30 Maw 3 June 9 June 12 lune 20 June 27 June
Yeratella (4] 12 6 0 n 1 1 1 8
“onoatyla n n n n n 0 n 0 2
Ascomorphella 0 0 n 18 n 13 10 20 0
Asplanchna ] 2 2 0 17 n 2 1 1
Nthers 0 1 1 3 0 n 1 2 4
Subtotal ] 15 9 21 17 14 14 24 15
Cladocera Daphnia n 5 1 7 n 0 0 2 6
Simocephalus 0 n 2 12 10 0 0 0 4]
Chydorua 0 0 n 0 0 ] 0 1 1
Nunhevedla n 2 0 0 0 0 0 0 0
Alona 0 0 0 0 (4] 4] 0 2 0
Subtotal 0 7 ! 19 10 0 ] 5 7
Ostracoda n ] 1 3 0 15 1 0 2
Cyclopoida B 316 98 364 2315 12 40 13 ]
ITamatures 0 2 1 3 0 0 8 3 12
Subtocal HA 318 29 367 Zy¥5 12 48 16 15
TOTAL 68 341 112 410 262 41 63 45 39
* expressed an number of organisma per 24 t vater asample
frtreated wieth 17.5 B Al/ha Permethrin on 31 May and again on 6 June, 1978




Poatram fauna populations=,
laross Foteat,
Ti Has to & tuly,

14 Hey 1 nay L
tldas ' '
Pibetlul : 1 1 1 7 3
wiai Larnagrionidas : ? [}
[}
)
Memiptein, Luilaldae : n
Fleldas ] ]
Trdchupiers. larvar ! ]
WA "
falvoptais: Hal tdas lasves [}
adidin ! 1 ] 1
figi lactdan | '
- b L]
Hotaridae sdulis < H '
Ly tdae adulie - 1
Wiptera: Chir umldaer larvar - s L] 1 ] .
Fupee . ' I
Halatdar lagens =3 1 [} ] )
FHpas .
Tabanid lasve * 3
fapididas larvae
Hematoda 1 1
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Table 6

Motcam faunn populacionss, T) ponds s
Larouse Forest, Ontario
17 May ta 27 Mune, 1078

Sample Perilod 17 May 22 Mavw 26 tay 30 May 1 June 9 lune 13 June 20 June 21 June

Ndonata 7 optera
ROp

"
Coenagriontdae nympha 1 : 1 1
'
flemiprera Corixidae H 1 2
'
]
Trichoptern larvae ! L 5 4 1 4 1
)
Colevptera Naliplidae adulean 1 3 1
Nyttactidae larvae H 1
adulta 1 1
h
"iptera Tipulidae larvae ! 1
Culictdar larvae o 1 22 16 1 1
Chitronomtidae larvae 1 = 2 f ! 47 23
pupae 3
-
Oligochaets . ? 2 1 5 6 10 1 2
o
Gastropoda H 6 4 1 4 2 16
'
)
Pelecypoda L : 1 1 10 i
|
Arachntda Nydracarina : 1
.
Crustaceae Tnopoda 10 (O 1 10 1
:
TOTAL 1A - 21 29 6 1 19 1R 27 1 1 : ] n 23 1 1 2 G ¢ |

*exprrased aa pumber of organiams per 0,093 p?
*ftveated with 17,5 mp AT/hn Permechrin on 11 May and apaln on 6 June, 1978



Sample Perlod 17 Hay 26 Hay 10 May Y June 3 lune 1} June 20 June 27
Odonata: Anlaoptera:
Litbellulidae uympha 1 . 1
)
Hemiptera: Cortntdae : 1 1
'
i
Trlchoptesa larvac 4 : 1 1 b
pupne ' 1 1
'
'
Colenptera: Nallpltdae ndults : |
Hydrophtlldane pupnae ' 1
Chrynomelidae Intvae ! 2 '
L
Dipteras Tipnifdae lurvae = 2
Culteldae larvae b ? 1 10 1 2
Chtronomidee larvae 1A s [ S L 2 15 ] [
pupae o 1
Tabantdae larvae 5 1 1 1
[l
'
Ollgochueta 6 i 4 1 23 1
)
Ll
Castropoda : 2 1
'
Telecypoida ! 7 2
'
'
Cruntacene loopodn ' 1
i
TOTAL 19 = 1t 4 e 17 21 ﬂ n 59 14 1 n 4 n 0 0
* ecxpreasned as nunher of organtama per 0.09) w?
frtreated with 17,5 g Al/lia Permethrtn on 31 May and agaln on & lune, 197R

Talble 7

Nottom fauna populationa*, T2 pond**
Larnae Forest, Mnrtaclo
17 May to & luly, 1978

27 Hay

Tune

sanmple

ne

L July




Tahle R

rottom fauna populatfona**, T3 pond*s
Larose Foreast, Ontario
22 Hay to 21 June, 1978

Sample Pertod 17 Nay 22 Mnay 26H “lay N Mav 3 lune 9 Jlune
Trichoptera larvne 2 3
pupae 1

Coleoptera Chrysomelldae

larvae 1 2
Niptera Cultctdae larvae 1
Chironomidae larvae i 11 1 1 41 9 £ f L
pupae 1 21 1
Meleldae larvae 1 f 2
Musecidae pupne 1
Matdenttfled larvae 1
Menatadta 2 1
N fpnehaeta i ) 109 7
Ttrudinen ?
Cantropoda & 1 5 T4 4 5 17 11 1
Felecypoda 1 i 1 o 5 1 i 2
Arvachntda Yydracarinn 1
TOTAL - - 1A 1G4 12 2 17 19 12 24 16 13

?

* cxpreaned ns number of organlama per N.0N7Y n
aspppated with 17.5 g Al/ha Permethrin on 31 May and agatn on 6 June, 1978

4]

1Y fune

"~

2001

aH

e

e

21

101




Table 9
TR TR T caught L il
eatvd Comtonl Sticam, Temisn ty, dpirher
B June to J& Juie sod

; 3 dupe ¥ Jome B0 June 10 bune B June 12 Jowe D dune  BD dune 1A 15 Juse B3 Juws 06 June 1o Jowe 4] duoe
b L an M an i an ol A m At rH an I Al
Vdume sl Pl Ghopongl wer {m') (IR ik b A Wl N4 Shh bbb LR Hob R sl (] 1| 3.4 o, TN T
Cupvent weluciny (mfwec) [N 0.9 0. [NE} [T 0k (AT} [T} [T} 0.5% u.un ol it ol i fu W3k W,
Fiboemetuplesa Hoptagreal bdae (TN u.ul
Pt bibas won o w.ar . .2 won 0.7 LN o 1 u. ks LA 1% o, 1s U3 (TS (TR
Flovigtein h.oh nouh wou NS
Hembpt e o Uhae (UM ([N} ]
vove Ll dae
Yedehoptes s 0.y W, hh o [IRTEY ITRITS
Coleopiren MWaliplidae safy) u.nr 0. 04
(A} Wy Wodth [T
Flmldae (5] (TN1]) CRIF o u, 0 b4l e vl [T (O
(A} 0.0
Uigtrss Thjpul Lidae w.ul [T ]
e fdar .01 [TRTH 0w
LA [P iy ol 0_un 0.0 (LIS G.0% w. i a.13 0.1} w1 0ol o.0% Oois 0.l 0. M (TN}
i (VN ]
Vg i il [{}] (LN 13Y w.or 0.0 0.ul LY NS .l [T T] [N [T Y ol u. 0k
irj oo 0.06 (Y} .08 wom
.
[N TH (TN 0o
e TR e ) ok (IR} [UNTFS (LR ot
Howat ida
WL hmet w0l
[ 0o
Avas bl My andnae o N n.0% 0.01 0.02 no o.ur w1l TN un a4 w0 a.us U
it T e [INTY] "oty 0o L w1l [T} [TH13Y (TN [T [INTE) 0.0y w.
TR T ¥ 0, 4% 0,4 0. 0,91 4% w1 [T 0,99 2.2 .ar 0,78 w1 0.3 UL .9

SEapronned o organiume et of Tl Dot e,
1) larvas .
-
im sdulte



Wi kit Tane

i
Wulume ol Flos through ner (=)

Vs tent selucity [wfsec)

tplwmeruplots Heptapeniblas

Flecupl eia

Membpt i

bibe i

Cale

Piptesa

Bt d o Pl
Hemalwda

W g et o
Lamt fupanla
Al

LT I

Totala

Baci Hdan

Levslilae
Haciuvall bdae

plldas

Flaldas

Thpaal 0 das
bisldae
Bimal Lhdae

LY R TT Idme

leleldae
Arhss bo blare

Mypdracaying

(18]
(Y]
[{8]
(a)

o
)
18]
)

L CE
M

anh
u.kl

w0

0.k

(LAY

18 luie
AM

3.
0.%%

n.03%
002

0.1

s

nory
.ol

02

L [T
rm

LR
0.3

[THEY

w12

[IN1EY
0n.n%

0.0
(U [}

.

AN

344
b.es

LY

oo}

w.ul
i

(AU
(TN IF

o

% lune

M

LR
0.4

0.1

o.ul

O.u)
0.0y

[T}
(IR}

[N}
oo

w. I8

i

AN

W8
Ul

o.u2
a.02

(LT

Th il
(TN

0.0
a1

oM

LT

LTS T

¥H

A0, b

oAy

0,12
0.0z

n_oing

LCRCEH

LU

(TN LF

Table 9 (conc'd)
F g I

At

AULE

o,a%

s

(T4

U.us

u. i
0orh

m

1.8
u.n

(T ]
([N}

21 dune

AH

1%.)
.l

o_ul

b1l

war

P T

29
U, 5%

(TR

[TRTTY
UL

n.ng

0. b4

(IS}

23 e
an

10
URET

U

(RS

.

1) dune f4 bune 25 dune
[l A [
[ (TN
o [T+
[NH]
0.
ot
w0l
w0l
ol
ols
uoa
[T ]
[ [TRT
0.09 o ['NTE)

b Rughit

AN

n.s
u. i

[T

wor
(TN

o

b At

L
uois

(ALY

uoll



Bays before o alter -4
Pervmethor bnonppl Heat ton AN
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Table 10

Aquatie organtams® coupht b dedle nets set I

Ta Polnte au Sabiler  Temlnconata County, Quelic

9 June to 21 June and 2 Augant, 1978
-3 -2 -2 -1 -1 -0 0 e g e 4D e 02 e
e AH M AN rm A
61.2 41.3 441 39.2 10.2} 27.8 271.4 2.8 9.9 3.5
0.5%8 0.49 0,55 0.49 0.40 0.52 .52 U.42 0.52 0.%2
0.0y u. o 0.02 u.or 11.4 20.5 66.Y9
11:2 24.9 15,6
0.0l 0.11 o 29,5 8.7 12.4
0.8 0,14
0.u7
0. 14 LAY
0.03
0.04 .04 ol 1.45 304
.03 0. 04 0.12
0.ug
0.0z .06 .04 0.4y
U.0h [P a.18
o2 0.0 0. 04 0.473 2.5% .91
0.7
504 ([ 5:] 0.
0,10 0.1% 0,11 0,05 0.0 0w.07 0. 14 345 b 46
.02 0.02 0.4 0. B 1.09
0.02 0.18
0.02 0.02 0.0 0.14
0.21 0.29 0.19 0O.08 0.09 0.40 .84 GO.3 73.2 1280
A Erpressed as orpand ses per wd of Llow through et
A Preated with 17,5 g Perwethvdn/la av 210 AR, 13 June,
1978 and ar 44y AM, 18 June, 19748,
dhe (1) larvae
() pupae
(A)  adulus

13 hr

0.52

16.0
1.90

4,36

v

0.5%%
.55
1.2
0.91

0. 14

0./73
a.713

15.6

14 hre

2.2
0.4

U.45

0.4

.45

0.07%

fl |
AN

ir.H
u.ul

0.11
0.16

U0

u.ud
1.5
[

0.6

0.0

.01

11
'

. b
.19

0.03
.05

0.02

[VRVE]
0. 86

O 0#
0. 14
0.1

0.03

k2
AN

6l

w1y

.ol
0.01

o.or

0. 10

0.

uom

0.0l
[TTY
0.1%
0.0l

u.ul

v.12

+2
"

6hl.1
0.9

v.al

0.07
006

0.01

.04
.0l
0.0l
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.ol
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Pays Belare o

Pevmethe bo appl Leat fon

Valume of flow thraugh net {ml)

Current

veloctty (m/uec)

Ephiencropteva Ephemner Tdae

Mlecoptera

Hemiplera

Trichoprera

Caoleaptora

Miptera

Blgachineta

Avachnlda

Totals

Flsh Fry

Heptapgend Ldie
Bt e

Cerr ldae
Velitdae
Hebo tdae
Suldidae

Haliplidae
bytisctidae
Hydropht ) Ldie
Fluddiae

Coreul Lon fdae
Others

Thpul tdae
Cullcidae
HSlawal Hdae
Chid womvom e

e bexdebine

Hydracarina

(L)
()

(L)
(A)

(L)
(L)
)

L ]
AM

69,6
LU

0,01
0,04
0.6

0.03

.0l
.04

0.10
0.01

o.m

0,04
0.01

[T

0. 5%

3
I'M

HO. 1
U, 70

a.01
0.0%

0.01

u.ol

0.02

0.1

0n.12

h
AM

G4

.79

0.02
0,04

0.0z

0,02

0.02
0,02

. O

136
0.52

.03
0.03

0,03

0,09

0.12

Table 10 (cont'd)

15 10 hre 5 bir
AM (2nd
spray)

41.3 41.3 8.3

0.7 0,73 0.73

0,0% 0,02 0. 36

0.02 084

0.12

0.0% 0.12

0.12

.12

0.0% 0.0y 1.68
0. 24 0,07

41 ha

H.1
0,73

0. 14
3.49

8.67
0.12

J.m

0,24

21.9

0.12

12 hr

4.1
0.73

R
4.63

5.85

9.0

3

4.1

0.73

1.07
bh.59

5.37

0.24
0,49
0,24
0. 24

U- 2!‘
146

0,24

G

6.1
0. 64

0.06

.o

0.013

0.12
.06
{0, 0

0. 47

0.086

1
AM

1.4

0.6l

0.0}
u.15

(IS}

0.2
.09

0.03

126

.09

+1

21.5
.49

.04
0,07

0.22

.14

0.1
0.04
004

O, uh

0.1l

U. 649

w.07

+2
AN

9.4

0. %%

0.0}
0.0}
003

0.0

L

29.4

U, 54

a.0l

007

0.03
a.07

s
AMH

Lz.4
.52

0,08

.08
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AH

2.7
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u.

LY
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15
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Table 11 (cont'd)

Days before or after It or K +1 b +h 5 M e s bt hr 42 he 43 hr 1A e 1 +1 +2 13 13 +1 43 +4)
Jud Peroethrin application AM I'M AM '™ AN :sf?-'r""y) AM I'M AN [ 45 ] AM [i;5] AM 5]

Volwae of flow thvough net lml) 24,5 A9l 2405 2303 491 4,91 491 4,91 4.491 4.1 23.1 0.3 23,3 5.8 S1.6 46,4 Su.h 12,0 368

Current Veloctty (mfoee) U.58 DLSR 0,58 055 058 [T 14] .54 (VT 1 0. 58 .54 0,55 .0/ 055 0.6l O.61 0,61 043 60,15 0.0
Fplicmet opteca Heptapend Tda 004 004 004 u. 20 A 4l H
et bl ave .04 .04 0.k 0. 20 U6l 4,48 6.52 2,06 (LR LU (13}
Plecoptera 0.04  a.10 0 Do04 0.04 0.41 1.02 [ B 354 2.32 0.3 0.21 0.0z
Hemlptera Corlxidae n.41
Gerrldoe 0,20 .41 1.63 1.22 .26 .17
Veltfdae
Irichoptera 0.08 0.06 0.04 0.6l 1.22 0.81 2.04 0.08 0,28 0.39 h 0.02 o.0& .22 0.03
Coleaplera Byt laetdae %
Eloid il (L) 0.04 0.02 0.28 0.17 o .19
(A) 0.04  0.04 .20 122 4,849 B.55 h.2l 0.8 0.13 55 .06 0.03%
OUthens ('}i 004 0,02
I prera gk falane .04 0,10 0,04 0.02 0.4l 0.81 A.20 0. 86 042 0.7 U. 06 hood
Pryehod Ldae 0n.n2 U084 0.0z
s
St b I Ldae (L)Y 0.04 0, 20 0.4l 1,42
(F)
Chiltonomtdae (L) 0,28 0,53 0.04 0,17 0,10 .41 0. 41 5.70 Ih. 3 1. 80 085 0,10 a.10 0.92 Ul
(r) 0nong (1 ) .14 .04 .02 0.08 0.05
Bhag tonddae
LAITETR PN
Uthers
Hemat owmor phia 0.0
llpochacta n.u2
Avinchinlda Wydtavar lia 0, O 3.26 .81 U.t4 026 .05
Totals 0,57 L.06 0,16 0,21 0,30 0.20 2.04 5.70 jr.o 9.8 1 B 2,61 1.97 0.41 0,09 0.5 1.00 0.27

A Expressed as <|rgmllr;uas!m-l of flow through net. (L)  larvae
(1) pupae
(A)  adulrs

A rreated with U105 g Permethrbo/hn at 4:30 AM on
1o dune amd agatn at 7200 AM on 21 June, 1978,
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Table 173
Aquat Ie tovertebrates® collect=d from rocks taken frum the
Untreated Contral Streas, Teslascesata Couaty, (uchec

7 June to 2% Uctobes, 1978

Sawmple bate 7 o 12 June 17 dune 221 June 21 June 2 July 2 Aupnist 25 Detohvr

Fphiemeruptera Heptagent blae 500 2 5.2 1.% £ 1.9 1.4 ¢ 1.0 1.2 1.3 4.9 )8 6.2z 9.9 (PSR T ) bod 2 2D
138 = 114 2.2 ¢ 14,7 Va2 1.5 12.% 19.48 154 = 15,0 12.0 ¢ 16.7 h.% 2 % H W 20
Flecoptera 0.2 £ 0.5 LU+ 1.2 0. e 1.0 1.2t 1.3 LIS I L)
Trichoptern Lavvie 7.0 ¢ A5 .2 ¢ 1.3 5.5 ¢ 55 G.8 i S 3 1 2.0 bo& 1508 IH.) d6.S ¢ 1L
Joanpribis SR o+ A 1.2 ¢ 4.3 7.4 ¢ 11.3 0.8 ¢ 1.0 ho2 ot 1.2 4.k 2 6.7
Coleoptera albplidae Fawvae [ B
bt Lot vane 1.2 2 1.9 [ I B 0.8 ¢ 1.0 ERLUEE a3y 6.8 bl 2.% 1. 1.) bt bl
adulin .t 1.9 oo 1.0 3.2 ¢ 8.1 ERLUEE S|
Wipieta Erpil bdae barvae 5o bk 2.% 2 2.9 2.8 2 &9 0.4 £ 0.5 0.5 2 1.0 1.0 2 1.4 3.5 v 1 2.5 L. ¥
I . 0.2 0.5 WS * i 0.2 = 0,4 0.8t 1.0
Bl L bdae Takvae 1.2 : 8.0 15.2 ¢ .Yy 2.8 1 5.9 1.% = )0 2.0 1 &0 1.5 ¢ 1.0 0.% 2 1.0
Puapae (L I B
Chlvomomidne  bayvars 17.48 ¢ 17,2 L8 2.6 U.0 + 8.} 20.2 ¢ 6.9 B 8t 8.5 6.5 29.) Te.u s el 1.1t 1.9
e .5 & 1.0 8 1Y .22 1.3 0.8 t 1.5 1 1.5 0 S B
e L babaes 0.8 ¢ 1.0 u.d 2 1.9
Al b Tlae 0.2 £ 0% 0,2 2 0L 0.2 £ 0.5 0.5 1 1.0 .oe 2.0 1.3 140 0.8 2 0.8
Fmp Lol bikaw u.s D 0.5 1.0
Hemarada 0.5 & 0. G.2 0
Tor b vl Sl blae 0.2 1 0.
Ara b b Py e an fna 1.0 ¢ 2.0 [0 I 1 [ ) 2.4 2.9 G 3.2 £1.0 [P
Tt als fiv, & & AR LY 49,2 ¢ 21.9% S9.0 0 6.0 H1.% ¢ A 969 t 0.2 61,5 ¢ 4l BULLU 2 ah 6 19,0 2 1B
-

Hean nosdicrn and stamdard deviat fone of organlsms collected
Levm Lonr rocks spproxisately 20 en o dlaseter,
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Bays belore o

atrer

lut spray (dod speay)

Eplicketoplera

Flecapivsa

Titchoptena

Culvapiera

Bematila

st

L T TR L

Tutaly

Heptagentidae
bnvt ldac

Elmtdao

Metervcaer tdae

Tipul Ldae
Rl
5

vat beer idae
[E NPT
Chil vt dan

Enipedad b dine

Wydiacar lna
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[T

Layvau
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wldults

bavwaw
Lok vue
Tavvace
Tawvae
i

Lot vae

H Tune

-5

(R =N

29.% ¢

o

Aquatic tnvertobiaten® collected from tocka
taken from Kulsycan de la Falnte au Sable**

Table 14

Temiscousta County, Quebec

8 Juue tu 26 Octobier,

12 June 17 dane
=1 14 (=1)
23.5 2 5.6 b.% = 1.0
0.5 1 1.0 --
5.2 2 4.6 9.8 3 1.0
L.2:g 2.0 vd 1.0
1.0 + 0.0 0.4+ 1.5
1.8 £ 3.5 0.2 ¢+ 0.5
L.ihox 0. 2.% 1 2.4
il s ) 0.8 ¢ 1.0
0.2t 0.3 0.2 ¢ 0.5
- 0.2 0.5
6.2+ 1.3 1.% 1.3
L3

e owmlieorn il standarvd deviat bons ol orpan s

1978

22 June

(4

0.2 * 0.%

0.2 2 0.5

1.2 = 1.0

27 June

414 (+4)

1.4 + 1.4

collocted foow tour rocks approgimately 20 cm 1n

dldmeter.

Treated with 11,5 g/ua Permethinta on 13 June, 1978,
1906,

and apatn on 1B Juase,

2 July

iy (eld)

1 Aupust

LY IRy

Shaan o249,

2o Decuber

FLAS (g

5.5 1 .4



Table 15
Aquatle tnvertebratest collected from rocky
taken from Horth Baker Urookss
Temlscovata County, uebee
1 June Lo 2% Octuber, 1978

it e 7 June 12 Jane 20 Jue 25 June Y9 June 3 July 1 Aujust 45 Ovtubur

Days betore or after . p
Int spray (2nd mpeay) -3 - ot-1) 19 (14) 113 (18) V) vai (141) ETITN RIS

Ppliemeroptera Heptagentidae 1.5 ¢ 2.4 1.0+ 1.2 = -- - - -- S.8 2 3.6
Do tdoe .5 2 U.b .00 1.4 p . e B e -_— i 0.5 £ U.6 L VI A k - O T |
Plewopteea .h 2 L0 0.5 = 1.0 L. U8 - - .2 U5 0.2 £ 0> 2:2 2 LG
o lohopteras larvae 1.2 ¢+ 3.2 5.0 02 2.4 0.4 r 1.0 0.5 ¢ 0.6 1.0 & 1.4 =L 19.0 ¢ 149 H.! o+ 8.5
rudfrae 1.2 ¢ L0 0.2 = 0.5 W.5% * 0.6 0.2 2 0.5 0.2 2 Gy .2t 0.s - U B
Caorlepleds Fluldae Lavvae -— -= - - - - S I | --
adults - 6.5 & boo D.H 2 L5 0.2+ 0.5 0.2 2 0.5 | P R - -
plprera Fhpalldae 2.5 ¢ ¢4 (T T A T ) LV S S G.H 2 0% A x4l 1.2 = 1.0 0.5 1 5.5 L 4.9
Sl b1 Edae Low e 7.9 ¢ b0 - 0.2 0.5 == 0.2 = LY == b =
(U = = - -— -— s | ek L -
Clhibronembdae  Tagvae S 2t 1h.2 ¢ lu.# oo 02,4 Lo« L4 6.0 £ 19,7 s s 5.4 6.2 ¢ 3.0t i
P -= = - - P ¢ B 0.2 s B.S 6,2 ¢ 4.
Mt dedae -~ - - - - -- [T} =
Aty L bdae 0.2 1 u.h S o uh == - b o 0.5 e D2 r Uh .5 1.0
Gastoopoda = - e —= - - ) e ¢
Mot anda .- e L= - - - 0.2 2 .Y -
Avachindda Mydracar i 200 G0 | 755 S o 3 0.2 & 0.3 0.5 = 0.0 B.2 2 0.Y 1.5 r 1.9 0.2 & 0% -
Tt ks Ah. 1 356 21.2 & 16.5 15.86 ¢+ 12,6 b Y BT o | Qa8 229,01 17.0 ¢ d.4 20,5 2 HhLL E LNV

& plean ouebers oand standard deviations ol organlsos
coblected @yos foot tocks approabmately 200 co o dlameter,

s fpeated with U705 pdha Persetholo on 16 June, 1uth,
sl gl on 21 June, 1978,



Date

Ihays bhetuee ni after
Iat spray (Zwd spray)

Epbwmeroptera Meptagent tdae

Flecoptera

Trlechoptera

Coleapters

blpters

Tusbellorta
st vupndad
e becyponda
Arachnida

DU gl ta

tutals

Bt Bedaee

Elmldae

Tl Ldaw

e hlan
Db b bt Ll as
Emplad el

Ay DT T

MWydwacar fna

lagvae
P

Jurvae
adultn

Tavvae

Perpae

I June

[

-

WNowE & W
“m o
- -

1=
.
=]

17:52 12,4

Table 16

Aquat e fovertebrates® collected trom rocks
taben I[rom Little Boher Brookss

Tewlocouata Connty, Qucbeo

7 June to 29 Uetober, 197H

12 June

-

w

1.5 ¢ 2.4

14,5 ¢ 5.1

20 June

wh (-

15,5 =

1)

i1,

£

25 June

19 (1)

0.% 2 U.b

3.2 1.7

leviat boviw sl

Trwa four wocks spprodleately

Treated with ML g/ha Permethin bo on M Juie

wid agatn o 21 June, 1978,

29 June

111 {(iH)

-
-
o

2.0 1.4

LRI ATy
PO R T

1914,

1 July

P17 (ee)

(U I I ]

cw

u.d 2 0.3

I Augunt

thu (aal)

0.2 ¢ 0.5
0.2 ¢t 0.%
0.2 ¢ 0.%
1.2 1,0
1.5 2 LY
1.5 ¢ 1.}
S9.2 1 105
.22 1.0

63,31 13,9

2% et olivr

vl (1 din)

5.0 2 410

R
-

-



e

Ephvseroptera leptogent fdae
LB S I P

Cdonata Cordulepgont e idae

Plecuptera

Trlehopiera

Colouptera Mydeaplit L ae
oy bl
Elmiidan

Wlprera Clitvonmomlilae

Stand Hidae
Thpul Lilae

Ather be Libiw
Ermpe Lol B aase
Heleldae

R e Y
g i b
Gantn st
Peleeypoila

ysde dan biva

Tatuln

barvie

i

Tarvae
adulte

lary

P
Tavvae

g
larvae
Pupae

I June
1.0 ¢ 1.4
26.2 & 13.6
G4.% ¢ 1.0
U O S P
1.0 v L4
RECPL RS S
10.0 = 9.
1.0 £°5:3
0.2 £ 0.5
0.% = 1,0
).2 v 2.2
1.0 = 0.8
.2 = 0.9
ns : l.u
g% T 1.0
1.2 L4
0.2 20,5
B T I T
TH.2 ¢ 56.0

Bottom Favna Fopolat loas*, Untreated Conteol Stre.

Table 17

Temincouata County, (uehec

VT odune to 2% etober, 1978

Tanve 1 June 22 June 271 June 2 duly L Aupust

1 1.1 2.2 2 L5 1.8 = 2.1 0.8t )0 Luor w8 w.s 19
t 1.6 18.5 + 1.9 15.5 * 10.0 6.5 ¢ 7.0 Ja.% ¢ 12.6 58.5 = 3.9
- - - -- o 0.2 1S
£ 1.5 2,0 = L.8 .2 & L0 .0 s 3.2 7.0 ¢ 3.7 5.9 ¢ 4.a
t 1. I A R T I 2.%1 L.b w29 123.5 ¢ 12u4
L 1.0 v 1,2 1.0 ¢ 1.4 0.5 ¢ 0.6 1.0 ¢ 2:2 0,2 ¢ 0.5
-- - - - - oo ouh
1 9.4 LRS- T S § 2.8 22,2 L T la. 0 ¢ 4.2 2 I )
E O ) b I S 2.0 02 L4 b Y. T T VA 29.5% + 21.5 13,5 = 11.})
1 23.1 L2+ 2.8 12.2 2 19.2 LU I ] 1.4 127 R U Y |
1 1.4 0.2 ¢ 0.5 2.0 1 ). .4 = L% 2200 2.2 = 2.1
t )6 1.3 v.4.5 - [V I 1.8 ¢ 5.7 -

- - B2 0.y - = -=

t 2.9 2.%2 0.1 2.8 ¢+ 3.6 1.6 ¢ 1.5% L T 4.2 1 3.9
t 1.0 G.5 1 v.6 1.2 % 01.) 0.% * 1.0 - 2=

s Nib -- 1.0 ¢ 2.0 1.0 ¢ 0.8 IRVIRE I 115 = 10
T 1.4 U.h s dl 0.2 ¢ 0.5 0.2 2 0.% 0.2t u.5 —

t 0% 0.2 + 0.5 V.2t 0.5 U.y * 0.6 -=

xcir .2 2 u.% 0.5 & 1.0 e L2 LI i S 5 | b.H o 3.0
: 0.6 - R = 3.0 0.8 ==
1.20.3 Wi B¢ 157 32.0 ¢ ADY P O O L 1 T S I T b [V I VN 0

Heaw nuesbers wid standard deviat bons of argoanlase
collected In four 0.09) w? Surber waiap b,

45 i rubier

6.2
2.0

1.2
|||II

[REUNT
(LY

0,2
i
21,2

LI

ad

(U

Vdi b

6.1
.9

L.y
LR

119
[T

0,4
1.
[T

S0



Table 18

Bottom fauna populations*, Rulsscau de la Polnte au Sabler,
Temlscovata County, Quebec

8 June to 25 October, 1978

Dite B June 12 June 17 June 22 June 27 Jdune 2 July 1 Aupust 25 October
Days hefore or afle .
s helore or after -5 -] a4 ((=1) +9 (+4) 14 (+9) H19 (i14) 149 (+44) 1134 (+129)

st spray (Ind spray)

Lphemeroptera Heptagenitdae 16.0 ¢ 9.5 14.2 ¢ 6.7 3.B ¢ 2.2 0.5 2 0.6 - L2 & L2 8.2 £ 0.5 14.2 + 4.4
Bact fdae .8 + 1.0 0.2 + 0.5 3.2+ 2.8 0.2 2 0.5 s 0.2 £ 0.5 0.8 ¢+ 1.0 11.8 ¢+ 4.3
Odonata Gomphidae - = == 0.2 + 0.5 -- e 0.2 2 0.5 -
Plecoptera 0.2 + 0.5 0.2 0.5 0.5 % 0.0 8.5 0.6 0.2 £ 0.9 0.2 + 0.5 2,22 1.9 249 £ 1.1
Telchoplera Lt wvae U8 1.5 2.2+ 1.0 0n.5 £+ 0.6 0.2 + 5 —-= - 2k Ih 4.0 = 1.9
pupace - = o —= - 0.5 £+ 1.0 - 0.% 1,0
Coleoptera Elwldae larvie - - R i B 0.2 £ 0.5 - 1.0 £ 1.4 2.8 + 3.0 [T |
adults Q2 £ 0.5 = 0.2 2 0.5 0.5 + 0.6 = 0.% 2 0.6 Y@l T 135 2 1.3
Chrysomel fdac - - e - - - 0.5 v 1.0 -
Hydvoscaphbdae = - 0.2 2:0:5 - - - - -
Diptera Tipul fdae 0.5 + 1.0 - = - i 0.5 2 1.0 1.0 = 0.8 2.8 + 1.0
Stuul Lldae 6.2 £ 0.5 - = = 0.2 t 0.5 == = -
Chilrouomldae  larvae 0.5 ¢+ 1.0 0.2 + 0.5 0.8 £ 1.5 0.2 £+ 0.5 0.2 * 0.5 0.5 ¢ 1.0 Bodhx 408 2.0 ¢ 1.4
pupac — e 0.2 + Q.5 = == 0.2 £ 0.5 2.0 2 2.7 -
e e Debine - == - e — = - n.g & 1.5
Athericldae - = = -— - L] - .2 = 0.5
Ol ipochaeta - - - = - 0.2 + 0.5 —-— 0.2 = 0.5
Gast rupud-‘l z = 0.2 * 0.5 Foes - = ity - o
Pelecypoda - snra - - - - — 0.8 + 1.0
Totals 19.2 + 8.8 17.5 ¢ 1.4 9.8 2 2.6 2.8 % 1.5 0.8 £ 0.5 5.2 ¢ 1.9 22.5 + 7.0 41.2 £ 1.3

A Mean numbers and standard deviations of orpanisms
collected in four 0,093 wm* Surber samples.

% Treated with 17.5 g Permethrin/ha on 13 June, 1978,
and agaln on 18 June, 1978.



Table 19
Butters Eauwna populationns, NHorth Miker Brook®s,
Tewmlscouats Gouuty, Guchec
1 dune ta 2% dwtober, 1978

Mite T e 1 June 0 Juwpe 25 Junuy 29 Jupe 3 July 1 August 25 Uetales
Diyr hefore or afrer . . N 4 o
Lt mpeay 2l npeaiy) -4 4 by (1) 9 (rd) w13 (+8) HED 1z pho (H41) LS I B )
Eplivmcroprera Heptogend {dae Bod o+ y.2 1.5 ¢t 2.4 0.2 x 0.4 LV A S T - s — ¥ S0 G 15 1 |
Rart fdae 17.0 + 10,2 1B *» 9.5 2.h21,3 2.0 = 1.6 0.2 2 0.5 1.2 ¢ 1.3 35273 Gy 2yin
Flecoplera B2t o= i h.h & 14.4 2.0 2 )0 6.0+ 9.4 2,0 % 2.7 L.5 2 2.9 b.2 2 9.3 2.8 s
Hendpreca e - e = s = -t 0.2 905
Teldchoptora Taryvae P A LN 1] .5 ¢+ 8.7 0.2 ¢ 0,: 6.5 ¢ 1.0 - 0.4 ¢ 1.0 1r.2 2 23.2 100.% = 12009
P BB R 2012 2.8 0.2 2 0,° - 0.2 & 0.5 -- - 0.5t Uh
Culeaptara Elrddie bk e b 5.0 £ 7.4 2.5 2.4 1.B 2 4 6.0 3.} 9.2t 5.6 U.Fr 1.2 1.0 = 23,7
adulis ., LhoB 2 24,2 4.5 ¢ 6.1 10.2 ¢ 4.8 15.0 ¢ 4.5 Y.8 * 8.7 b S R 2505 100
Uiddent 111 ed 0. - - -~ - - -- --
Mipters wl b 1.2 + 1,0 1.0 = 0.8 0.2 ¢ 0.8 1.0 = 0.8 .4 2 1.6 1.2 ¢ 1.1 1.0 2,00 % /.4 = 8.8
Sl b ae Lar 2.2 v 4.8 5.0 £ A1 - =z = u.? £ 0.5 5.8 + H.% --
[T 0.% ¢ L - - - 4= o acn s
Inrvae 6.5 v 5.7 1L.A ¢ 106 4.5 » &2 2.8 2 3.1 .% = 3.1 3.8 1 3.0 25,0 ¢ 6.8 1.0 1 15,1
Pl 0.2 v 0,5 = 0.2 ¢ 0.5 .52 1.0 5.5 £ 0.6 6.5 £ 0.6 2.5 2 4.4 =
Hae Lok - - 0.5 =2 0.6 4.5 0 S0 o2t 0.8 3.2 & ¥2 0.8 = 1.9 1.0 1.5
At te ddae - - -— - -— - 0.2 = 0.5 1.0°¢ 1.0
Emgrid £ larvare - w5 e - e = 1 S . o ta
P g e - w2y — - 0.2+ 0.5 -
Untdeat L Led = - e 0.2 & 0.5 -- [ ] -- -~
Bzt plhi -= 0.5 ¥k 1.8% {.} 0.2 2 0.5 - (LR BT - —
G L bt it - -- U2t 0.5 -- - == Ouli'= 1.5 dod ot
Pebeeviada - -- 0.2+ 0.5 -- -- == < 0.2 x 0.5
Av e b bl Mydvacar o u.as L.y - - G2 0.5 -— BT I Y - .2 3 0:-5
P aprentay .l ox 0.5 el ¢ 0.5 L H = = = -
Porvalu L N 1} .5 ¢ 52,2 FLU R T 6.2 2 22.8 27.5% £ 0.7 AllLh ot 4.5 P Y A 3422 2 lun.0

A Mean ouahierd and standacd deviaclons of organism
coltected dn toue 0.0 w? Surber sanplis.

A Trested with 7.5 g Permethedonfin oo 16 June, 1974,
aodd agato on 21 Juge, 1974,



Bare

Boays before o alter
Lt apray {(dold npray)

Ephwmecoptera Eplner blae

Cabaviial o

Plecapraerns

Todehiptoras

Megaloprora

Caolenptera

Mlpbena

Wbt a
Pa by i
A b bt

[ s ]

lautuly

Hlepeagend tdae
Havgtdae

Coapliidae
Lo

dalegaut rldae

Stalbibie

Elutdig

1A pad bbb
el Dlitae
ok v oo ddane

Mo Le il
B L Echnpand 1w

At bbb
Pagr 1l e

Iydeacar hua

larvae
e

Tagwie
adulen

Tawwae
pagiae
Patwae
P

P

7

9.0

Junie

-y

Table 20
Bottue fawna populations®, Little Baker Hruoks®
Temlncouara County, tochec

7 Juie to 25 October, 1978
12 June 20 dunw 2% lune 249 June
oy 4o (=1) (4 W13 (1)
- 0.2 = 0. .- (PR )
1.2 2 1.0 [T N == -
B.oH e 68 2.5 £ 1.7 U,y & 1.0 0.5 = 0.6
1.0 ¢ 6.1 2.0 = 1.8 1.0 2 0.4 .4 ¢ 0.5
1.0t 3.9 1.5 = 1.0 1.8 & 2.1 1.2 » 1.2
4.5 = 5.1 0.2 £ 0.5 = 0.2 2 0.5
5.2 21,4 1.2 2 0.% 1.5 1 3.0 2.5 ¢ 3.0
1.5 £ 2.4 A8 2 3.6 Fosg 103 2.5 ¢ 2.6
10 2 Lk - - L
0.2 & 0.3 - —= i
4,5 £3.,5 hoD o2 2.7 2.0 0.8 h.2 2 3.2
-— (1 S B - -

0,2 & 1% U.h 052 1.0 o2 2 ULS
- w2+ 0.5 = -
0.4+ Lo 0.2 ey U5 2 dh ot 2 0h

0,2 £ 0.5 - - e
0.2t U5 0.2 * 0.5 0.2 2 0.5 -
LM.S r 2LS 19.0 = 1.9 9.5 £ 6.5 13.2 2 5.0

HMian b rs amld ntalband
collected,

L four 00491 wd Suiber

evlat Luneg of ovgandsmg

FRTTRTE BT

Tronted with 10,5 g Perwmetheobnfha on Lo dune, 1974,

amd agaln oo 21 Jane,

JRFL

3 July

L ey

VI

4

u.s

[}
1.4

[N

2.4
h.h
1.0

0.5
L.y

u.h

(Y]

1 Avpuat

thk (Hl)

R

1a.u
o

2.0

b

0.5 .2
1.4 f: 7}
0.k 164
. .2
.3 16t
0. L0
2.5 2.2
1y 19.5
1.5 [
[N b
Ty u.od
1.0
0.4 6.5

(]
(] [T
b2

0.4

L2
Yl bt

25 ertuber

VLA Glte)
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Table 21

Agquatle orpanlems® caupht bo dedft nets set ot
Notth Boker Brook Dowisore s Stacton**  Temdscounta County, Quebee
12 June to 24 Jupe and ) Augusc, 1978

Pavs before or ol Ler 4 =4 -3 -1 -2 -2 -1 -1 -0 Al (EE) o 42%hr (np) o vAhhae (HB) O e L0k (HE) O H15%ha (NB) i il 12 12
Permethn o applicat lon At M A rM Al "1 AM BN AN “Lhe (L) 4lhe (L) 43 (b)) 4 B4%hee (B) O 404 e (L) AH ' Ak M
Volwme of Flow thoouph aet (;u‘] AhL 6 0L ¥ALA 19LA D41 1202 27.9 0 5310 7204 12,4 12.4 ah. 3 3.3 12.2 33.0 29.% 21.8 16.5
Current Yelootty (mfaec) .46 0,37 040 0.3 0.H2Z 073 0068 0064 0,50 .58 .58 U, 5H . (] .6 .40 0.4 0.4)

Fpheme vapteva Ephemey Ldae

feptagend Ldoe 15.5 5.28 .94
Tt Gilane 0.0 U.10 DLW .05 0.0 0.0¢S GLup oLud o o7 L19.2 a9, do u.09  0.07 U.uh
Flecoptera z.o i54.0 1.93% [V T I N R
P ] b ena Helin e .33
Hepaloptera Stlal tdae Ana(l) 0n.15
Corydal Bidaie (1) 0.08
e belptera (L) 0.12 1.1 U.56 0.25 0.1 0.0 0.06 0. 04 1.5 4.1 1.0y U442 0o ool
() .0
Coleaptera Dyl ge Lilone (A) {0,314 .08
Hydropht I Bdoe (L) 0,33
(A) [V I VN T2
E L Ll (L} w.12 0.08 0.07 0.0l
(A) .03 1.494 0.16 0,03 w0l
hers [ i1 0., oy 0.0}
Diptera Thpud Ll (1.} 0.0 .15 [V n
() (.03
Sl | hlae L) 0.02 0.15 w2 0.0l 0.6 1. on [T
(ry o.o02
Cliteonombdae (L) 0. 0n 0.82 0,04 0.4 0.0l 8.20 21.9 oo .06 0.l oulll 012
() .21 0.3) 1.51
Bl Do dakaine (L)
() (V0T I P T .31
Oihern w.n3 0. 15
O Lo b La
Avachunlda Hydracarina 0.05% 0. 0.2} 0.3 0.013 0.4 D06
Totaln 0,33 0,40 1.u0 J.0%  0.By 0.82 0021 0.21 0,19 0.06 .06 4467 .1 8.7 9.4 G4 g.29 0.4 0.2
A Expressed as orgoanlamsfod of flow through net,

AA2 0 Em o dowasteean trom Litele Baker Brook (sprayed 17.5 g
Permethoda/ha on 16 June, 1928, and apolo on 21 June, 1978)
ad 5.7 Ko odownstoeam (vom Horth Baker Drook (aprayed 17.5 ¢
Permethoa bafha on L6 June, 1978, and apatn oo 21 June, 1978).

MAA (L) Larwvae

) pupae
(A)  mdules

L) Applicatfon Lo Horth Baker Brook
() Applteacton o Little Baker ook
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Date

Iays belore or after
lat spray (Ind spray)

Ephemeroprern Ephiemecldae

Odonata
Plecoptera

Trichoptera

Coleoptera

Dipteca

Ol lgochacta
Arachulda

Cantvapmla

Totalsy

Heptagenildoe
Bactidae

Gomphidae

Elmldae
Hydrophl Hdae
I'seplicnidae

allpl tdae
Hydroscaphidae

Tipul ldae
Atherie ldae
Stmul ldae

Clid ronowl doe

Heletdae
Empled L e

Unident bbicd

lydracarina

Bottom Favnn populatlons

Lurvae
jl\l}l.’ll‘.

Larvae
adults

larvae
ll(ll\ill.?

lavvae

Jronpribe

Larvae

Jrogjraies

A

12 June

o
e
l= = |
[T T}

1.4y & ud
6.0 v 13,06
2,0 ¢ 2.4
1.2 & 1.5
0.5 * 1.0
0.2 20.5
0.2 + 0.5
2.8 3.5
6.2 £ 0.5
0.5 2 0.6
0.4 + 1.0
0.2 ¢+ 0.5
Jg.0 ¢ 18.5

Mean numbers and

I four 0,091 m

Table 22

A North Baler Brook Downstream Statlonh#t,
Temtsvouata County, (uchec
12 June to 1 Aupust,

20 June

+h (-1)

1+ i+
c
o’

4.3

P
=
|-

—
[

[
N o=
[
w

0.

15.0 + 9.4

2% June 29 June 3 July
19 (14) +13 (18) +17 (+12)
Al 225 0.2 + 0.5 2.2 » 2.2
2.5 1 3.8 0.8 ¢+ 1.0 4.8 2 4.0
J.5 ¢t 3.3 1.0 £ 0.8 0.5 £ 0.0
0.2 + 0.5 0.2 2 0.9 —
= .8+ 0.9 3.5 L 4.5
T 200 x 18 0.5 £ 1.0
- —= 0.:2-% 0.5
—sn 0.2 £ 0.5 -
- - 0.2 £ 0.5
0.5 ¢t 1.0 1.0+ 0.8 1.5 & 1.3
o - B2 & 85
== 0.2 ¢ 0.5 ==
1.5 ¢t 1.3 1.8 & L7 3.5 ¢ h=5
-— == 0.2 + 0.5
= 1.2 £ 1.5 L.8 = 5.0
-— - 1.0 £ 2.0
- -— 0.5 ¢ 0.6
A - 0.5 + 0.0
15.0 = 9.0 9.3 2 5.2 24,2 2 11,1

i

Yyl

standacd deviatlons o orpganlum collected

Surber samples.

2.4 Em downstrean from Little Baker Brook (treated with 17.5 g

Permethebafla oo

5. 7 Em Jownstream from North Baket

Permethe bn/hia on

16 June,

Brook (treated with 17.5 g

16 June, 1978, aud agalo on 21 June, 1978).

194, and agaln on 21 June, 1924) and

105.
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Flulitby larvon - - - i -- - - - -— .3 -s = =g - (] - +
b lal Iy fanvae 1] S i A n i 1.6 1.9 ) 14,4 4.8 TN du 2.6 Vik 19 .
Ajrind ebvnptaa o alulia - - n 1 - - -- e 1.5 0.3 . = —— 1.0 ron Lo =
a hor v e L m -- m - T.u ! -- 0.3 - -- 1.5 (1] .o = =
-- 1n m - - his - u.l .6 - -- Lol - 1.3 - =2 1.0
" Voo lasvan " . -- - 0 - 1Y - -- -- Vb -- O s -3 o
Lily Mmiwar - -- m -- -— -- -- - vl - - -- - -- o =¥ ok GE
L PR b Wi “u Al in s 1.8 1. 1. 0.y ITHRY 3.0 2.0 u. i 1.0 1.% 4t 1.4
Mt bed dilpiera laivae - - - e " - - - —= 0.1 1.6 - - —- == 1.0 1.0
Wher At b Tuvertebiaton
[LLN I TRR P Y - - - Fxi] — - - — =5 FE T | — - - i e L0 == -
Vhayltah - - 1 -- - - - -- 9.9 - - - -- -- M = = =
Tadnwwbiabuwl Ar
Bevnvnta bal Lo pddapie lLavwae h - -- 10 -- s (TN} - = (] 2.0 (1 = -
Fevauntabal Bipieyn wluliy " - - - - N1 == . == - (] - F - - -

foTrvated vl 1Y ) Permethe bundlon on 16 dune
nivl wgadn o 13 o, 1978,



Table 31

Slimy wculpin stomach vontenta, Little Raber Brooks,
Temlucousts County, fuelec
1 June to 2% dvtoher, 1978

5, o faka 1 T
gl [N UV

e bl Favnent i A i H (1} i

Aguat te lnnciin

Biat v buig syl by wymplin e = L2t Rl n n - - . 5.9 19.0 .3 i * il i.d 4.0 b
il syl y ympho iy ] 1 = - Sk Y.u 5 | - - — .0 98] [N
wmaghly wypmphin (101 1§ i —= - E (AN} L A - -— 1.5 1.9 4.8 . R 1.v
Stimael by symplin — 19 L n - 1 -= .n 15.8 (1] -- 1.2 -— ] LF) . - L
addinlly Jarvas L 1 W 10 1o 1 .8 .7 b LA .0 11.% i 2.8 [} N [ 2.0
be Cadoprera Tatvae - " - - 10 - F= 2.6 =) ¥ 9.0 = = L.u i 1.0
Iy larvae - - Tir - - [0 -- - h.H - s= 1.% - - 1. - - 1
Bompombid Lay vae L] n oy &0 |1 2] 20 1.2 7.0 13,9 b LT 4 6.2 3.0 .4 [ ] T, LI ra .0
Toaneatilal Ar
Adube Cadidtal Hve 1" - - = = = 0w am =5] et z = LD T E = a ==
Codnd Blptern whelow -~ 1] n ~= - -- -~ 0.l .3 = = < = Lo Lo = s
el Bipnera barvae = - -~ L - .- - -- -— ] - - e — . ] S

* Pranted 11.% g Pevmatb bnflia on
It bane and agato on 21 duee, 1970




Table 32

i lyale Do sl ivaly LTI T O T
Tual ol m Gonnty, s bt Tomlanbvmala s
¥ B ko 26 bctebes, 1914 9 bane o du ocakior, 190

L ] I Trere W s 28 b [ LU Froes T August b gubier E A BT In 24 Juue Wi e 4 Rusgral LTS e P
Hu. ol Tlak saspled w T i 10 1 (1 I L o ] o [t
vy L1 | L] 9i.4 la.y 132 AN il ii.n (TR} (R} (L ]
Honme W=y M o= 1a 21 - 147 L 11 LT (119 o - A v B - 43 31 =1 ah L1 id - 1w o~ mi
bengih (o) LIS 5.9 LT ] 91.a Sh.h 9.8 - -- -- - -
[ M- W A% = 12y LT 1] 38 - liws TR 1% - -- -
Proas Vv tpht | g LE %Y 3 (LU 3] .y b.2u L I.tb 8.1 &.za &t 1 F3T ]
LEr w.r el WY - 202 0.3 - 200 bS5 064 T - Tt Ll - us .- BEa 3% - 120 Y- L Y- ae bk - L N T |
Podi Voluae of Stosa b Go n.lu (TR LR 1] 0.2% U woa u.si Ui woub ol (TR (TR

Basnge LT R TR T 1 S P T T3 B TR SO T B S T ST ST U= (U U=l LU T | LR | (TR I |



Table 33
Seulpins sanpled for stomach analysls
trom Rulssean de la Polote au Sable*
Temtscouwata County, Quebee

11 June to 25 October, 1978

11 June 14 June 25 June 3 Aupust 25 October

Hos of Flsh sampled 10 12 10 10 10

Mean total Jength (ui) 99,3 35.3 52.8 571.9 59.1
Hanpe 449 - 75 42 - B0 A6 = 62 52 - 0h 51 - 73

Mean welpht (1) 1.88 2,15 2.0 2.24 1.97
ange 1.2 - 4.0 0.8 - 1.2 1.4 - 3.1 1.6 = 3.0 1.1 - 3.4

Mean voluwme of stomach contents (ml) 0,06 (.08 0.0l 0.02 0.0}
Tange 0 - 0.3 0- 0.2 0 - <o0.1 0 - 0.1 0 - 0.1

A Treated with 17.5 p/ha Permethrin on
13 Jdune and agatn on 18 June, 1978,



thee ol Ehale mompled

Meun tobnl Doty fes)
Pange

Ty Boad Doapgth (o)
Wange

Hean welght ()

Wanpe

thenn wolime of wiomuh contents (wi)

LA

Table

firook Ceont aampled for atemacl

i lysla Crom Hugth Raber Diook*
Tembsacounta Connty . (liebes
M b ko b fnpunn, 1IN

TR T 1,2 duly 1 Aujune
“ 2 2
1nr.a . (R
ey = 120 LA P 6y = lbu
[RE Y LA ]
lus - o 6P~ 12 Al - 155
15,21 1%, 80 2ho1h
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(L [1] ([P . ah

W.r = 0.4 0.y - 0.5 LA R T

* Jeented with 17.9% g/la e

Sevedpdun manplod for stumch
aoalynls Dviss Honth Bakes Ruook®
Temdpoonnta County, ucbor
PO due Lo 25 Detober, 1970

L dune 1 hune 23 e W e
1 1k ) 1
Gh Wh. ihol Tu.0
LY '] ] 49 - B4 LTS L] 35 =91
4,62 5.12 5.0 6. 16
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0.1 ol w9 w4t
<u.l - 0. 0-=0.7 LS I R R 9= 12

thebo v
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Ho, wt (ish saapled

s ol slowmach contents

Table

Senlplng sawpled tor stosach
wnalyuls from Little Buker Boook®
Temlscouats County, uehes
1 June ta 2% Uetuber, 1974

LHLIY June 23 hane 1 July
11 1mn 1)
S8.4 [ | 9.2

4 - M 45 = "o 45 - Ho
.50 6.05% 2050

1.9 - 6.5 1.8 - 11.4 ) (e TRt i
wotid LI h.ul

0 - 0.1 0.1 - 0.3 4 0.1

35

1 Aupgunt 25 Oeraber

o 1
b4 G62.8
47 - 101 50 - 7%
31 246
1.9 - 44,3 L.l - A4
.02 [T
<ULl o -n.2

A freated with 17,5 g/l Permethodn on 16 June

and agaln oo 21 dune, 19748

aualysis foow Littde Bakeg

Loy wampled for stowach

Temlscouata Connty, Huebeo

10 June ta 25 Qctaber, 1978
10 June e
3 1

136.4 1.3
108 - 165 i - 17y

3064 17.03
.9 - 12,1 4.1 = 32:1

u.l6 .y

U - 0.4 0.t 1.1

Brouk*

29 etuber

2
204 .5
20 - 209
2,15

29.3 - b,
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atcma b dontent e, desmiad wonal ool wnal buig
Now ate Camiaty, ek
¥ Juwe Lo M Boguler, 1900

Boawd 0

Hean Vegrenl Com

A duee 3R

A P TS -
iy Fak U

2 e

ot bused Farment o (l L o u "

[ P B

B sombing saglly sympha Fil - 1w - == - 3.3 - ok - - . 1.3 1.0 - - .-
Wephuprnld maylly my=pis m - .- [[1] -- 1o 1.3 - -- Wy - LN} (%) -- - 10 - 1.3
Ravibd saplly my ) wih (] (1) & (1 .5 . 1.4 () LAY .o .0 . 1 2.3 1A Vo
thy wy " - - - - n o .- > - - Y0 1.0 - - L -- [
Shunel Ly nymy L) m &y R b L] [ 1.% 1.0 1o 1.8 Ay b 1.4 .o [} { Jpd | 1.}
Fograt s Homiphoon -- .- - -= - - - -= - .- - -- - - -- .- - --
W d ge s b # -- - 1 - 1w -- - - [N - vl -- -- . 1o - NG .-
Hiw Varwae -- — - o - - = o=t == 0.3 -- = o ~ (] v .
Caddl il by Vmawar L L] W “ o &0y LL .y e . .. Loy i.8 1.2 | ) .y L.e 3% ]
10 .- - - — w {1 - - - ER] () - - -- - [
10 .o e n 10 [ w.y - Y 0 w.r (7% -- 1. - 10
10 (10 & o i 1 .y ] u Yok [ 1o [ 1A [ 1.3 1.0
an 1 i P i 1.1 0.y & oo [T 1.8 . L 1.0 Y (1)
EL] = o s L%} = - i = - ~
1 113 - - &k L) ] - - 1.4 v (8 u - -
i - - - u.? == . -- 10 - . - -
wlh i Bl I [ & 11 L) (] (] (] 1.} ] ‘e Vet 3h 14
- - m m L s - 0. o) -F () Lu ()
n - " - w1 ('8 ] - { P . 1.0 -
am - (4] - ny - - - .u ("] .- -
m - wm Wb - " [ ] - w4 1.3 La () -— 1u
1 - - -- .- (5] -- (| - -
Spaph bl by Lanvae -= - .- (1] = = = .y — - [N
I
Tuvestsbantre
¥ H - 1 L - @) 0.2 -- [} Lu u “ 1 -
1" - -= i in A 3.0 - == 0% P I - == [ Lo e
B bam -- - - - - 1w - - - .- - (T} - ” S "o
m " " 41 o " (%] Wl [T 0.y 0. [N} s ) [ bod Y (]
- s - - -a i ot - - — - I == = = = 25 i
- a0 M .- m b - 1 0.4 - 1.2 i - (B8] 1.0 .= [0} L
- - " I - - -- . u.k ol -— - L o -- -
-— - -- (1] - - = - S vl = - = = o Lo -
m n n ] 10 - .y 4.3 1 L) Lo - nu o 1T.u 1w [ -
- va " = N - - -- 2.0 . . , - 1.0 . e
- [T " - n .- - () 2.2 - 1.3 -~ o 1o i.3
[ P - W i ' m » -— 1.9 3.7 (38 Lo - 1.u i [ %] 10 .-
wvnta bul P 10 i L] [ 1] My " U L) 1.1 [N} [ [ 1.0 T L] (] 1.0 A
(RPN i 1 m m 1 - .u 0.y ny 1y 7.4 1.a L (Y N 1.3
Lowawnia bl 1 (] e s M - - .5 o (AW 1.3 - o 1.0 N i L
Nestsndadul My o i a= - . - - () - .- .- - I 3 - -
Wy vim alulis - i (1] " - w2 3.6 o 14 .- ia Iu (N7}
Calempiria slaite an b0 b - n.s 1 Rl - - i3 - 1 d 1o -
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Table 37
Brook tvout stowach contents, North Baker Brook
and Little Baker Brook* (cowbined), Temlscouata County, Quebee
10 June to 1 Aupuse, 1978

Tercenl Occurrence - Ml_.’;I!___l'_t ent € liﬂllml to Volume Mean H\u:r.‘b_él-':n.i:(; Ul_ﬁh_.:n_!_InF‘-:luun-i:h“ B

__‘i_O June 23 June 1,2 July | Aupust 10 June 23 .Iun;:.;‘_'_l,z July 1 August 10 June 23 June 1,2 July 1 Auguat

Sample Dace

Hoo Foud Yresent 0 0 0 0

Aguat le lascets E
Heptagenbd way by nymphe 25 - - o 3.4 - e e 1.0 e - -
Wact 1d waylly wymplia 15 50 o - 32.5 1.0 19.0 = 4.0 1.0 2.5 -
Stomel Ly nymphey 25 100 50 - V2.5 57.5 0.5 - 1.0 12.5 2.0 -
Flahf by lotvae - - 50 - - - 10.0 - m— - 2.0 -
kit slly  darvae 15 1001 - 50 20.4 15.0 B 2.5 4.7 1.5 1.0
Aquat be Coleoptera adults = - 50 100 - — 1.5 4.5 i == 1.0 1.0
Cranelly larvae 25 50 50 5 0.3 3.9 22.5 - 1.0 2.0 3.0 -
Blackily larvie 25 - - - 0.3 —— - — B = - cins
Chilronombd Larvae H0 50 50 50 1.0 0.5 1.0 2.5 .5 1.0 1.0 e
Chilvonomid puapae - == s 50 =~ — Hi= 1.0 = e — 1.0
el by Tarvae - -— - 50 - = — 1.5 - - e 1.0

Otherr Aquat Je Jovertebintes
Hentatan 25 - 100 100 0.3 - 2.0 1.0 1.0 o 10.0 5+5
Ol L poed 25 - - - 15.0 =— - - 1.0 - - -
I.l.'"l.ll""‘ ——— - SU - - - l]c 5 - - - l -l, e

Fervestolal Arthiropoals
Teveestrbal Hewlptera - - - 100 — s - .5 i —_ —— 1.0
Adult Caddlatly - = 50 S0 T - 6.5 4.0 - - 5.0 1.0
Tevvestelal Lepldaptera 2 L S0 4o 2.0 - a.5 = 1.0 i L.0 =
Tevveatebal Coleoptera ndults 25 50 - 50 10,0 17.5 _— 16.5 1.0 4.0 —— 1.0
Teveestrlal Dipteca adulta - 50 50 100 - 2.5 5.0 24.0 - rre Y0 h.5
Tervestrlal Diptera barvae 25 = 50 -- 2.0 - 1.0 = 2.0 1.0 1.0 -
Spbadey = 50 - - - 2.5 - - - 1.0 —= >

o Treated with 17.5 p Peometheta/ba on 16 Jupe, 1978,
and agaln on 21 June, 1978,



Table 38
Ling stomach contents, Little Baker Brook#,
Temlscounta County, Quebec
10 June to 25 October, 1978

__;__ G Dt I'l_'!‘_l__‘_(__'l‘lt-l?l(.'(!llrl.'l:llﬁu Hean Pes ____t[:_f:_y_a_{ul':_r:];liu_-llnn to Volume Mean Humber jﬂ’__ﬂ;ﬁx_lglj_mu Per Stomach
amp e It 10 June 18 June 25 October 10 June 18 June 25 October 10 June 14 June 25 October

Noo Food Present 20 0 0

Aquatle Ingecls

Burvowlng maytly nymphs 10 - - 15.0, o o 1.0 - e
Heptagentd wmayfly nymphs 20 07 - 0.5 4.0 - 1.0 1.5 -—
Bactld wmayfly nymphs 40 100 100 16.8 49.0 40.0 4.0 66,3 6.5
Stonel Ly nymphs 40 100 50 35.0 10.0 25.0 4.0 1.1 0.0
Cadd lstly lavvoe ) 100 50 1.5 14.3 35.0 155 13.0 4.0
Cranefly larvae - 33 - - 0.3 - - 4.0 -
Blackily lavvae - 13 - - 0.7 == i 2.0 -
Chil vounombd lavviae 40 JEVIS] = 25.3 1t e L.0 4.1 ety

* Treated with 17.5 g Permethrin/ha on
16 June, 1978, and agaln on 21 June, 19748,
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