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ABSTRACT

Two consecutive applications of 0.070 kg Al/ha azamethiphos

were studied to assess the impact of this compound on several

components of the forest ecosystem. A general knockdown of

terrestrial invertebrates was noted following each application.

Apart from large increases in the drift of caddisfly larvae of the

family Philopotomidae, the effect on aquatic invertebrates was

minimal. Analysis of brook trout stomach contents indicated that,

although some changes in the composition of the diet occurred,

overall availability of food was not significantly reduced. Forest

songbird populations were unaffected with no significant disruption

of breeding activities.

RESUME

Les auteurs ont etudie* les effets de deux applications

conse'cutives d'azamethiphos afin d'evaluer l'impact de ce compose1 sur

plusieurs e'ie'ments de 1'e"cosysteme forestier. Un abattement ge'ne'ral

a e"t£ observe" chez les inverte"bre"s terrestres a la suite de chaque

traitment. Sauf d' importantes augmentations de la migration des

larves de moucherons de la famille des Philopotomidees, les invertSbre's

aquatiques n'ont subi qu'un effet minime. L'analyse du contenu de

l'estomac des truites de ruissaeux a montri que, malgre certaines

modifications de la composition de leur menu, la presence des aliments

generalement ingurgites n'e"taic pas significativement re'duite. Les

populations d'oiseaux chanteurs forestiers n'ont pas et& affectees et

on n'a oberve" aucune perturbation significative de leurs activite's

d'accouplement.
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INTRODUCTION

Large scale spray operations using chemical insecticides

are conducted annually over Eastern Canadian forest regions in

order to reduce the damage caused by the spruce budworm,

Cnovisioneura fumiferana (Clemens), The search for more effective

and environmentally acceptable forest insecticides is a cooperative

venture involving both private enterprise and agencies of the

federal and provincial governments. Laboratory screening trials

conducted at the Forest Pest Management Institute (FPMI) in 1978

and 1979 showed azamethlphos to exhibit sufficient contact toxicity

to spruce budworm larvae to warrant its use in aerial field trials.

These trials were carried out during Hay and June by personnel of

the Forest Pest Management Institute in the vicinity of CFB

Gagetoun, Mew Brunswick. In conjunction with the efficacy trials,

field trials to determine the effects of this compound on

selected components of aquatic and terrestrial environments were

conducted near St Donat-de-Montcalm, Quebec. These studies were

carried out by FPMI in cooperation and with support from Ciba-Geigy

Canada Ltd.

SITE SELECTION

Environmental impact studies were conducted in a 50 ha

spray block located approximately 2% km south of the town of

Notre-Daine-de-la-Merci, Quebec. The block was bounded on the west

by the right-of-way of Highway 18 and on the east by a 2^ km

section of Rulsseau Castor (Figure 1).

Terrestrial studies were carried out in a 4 ha forest plot

typical of the spray block, where diversity of habitat indicated a

healthy resident avifauna population. Selective cutting in the

area had left a fairly open stand of predominantly black spruce,

Picsa mariana (Mill.) BSP, speckled alder, Alnns vugosa (DuRoi)

Spreng., honeysuckle, Loniaeva sp. L., balsam fir, Abies balsamea

(L.) Mill., aspen, Populus tvemuloides Michx., and larch Larix

larioina (DuRoi) E, Koch. Approximately half of the plot was

upland, falling off sharply to lowland, boggy conditions near the

stream.

A 4 ha control bird plot was set up approximately 2% km

north of Notre-Dame-de-la-Merci, along the west side of Highway IS.

The forest cover was similar to the treatment plot, but more dense,

with aspen, beaked hazel, Corylus covnuta Marsh., honeysuckle,

balsam fir, black spruce, white birch, Betula papyvifera Marsh.,

and speckled alder the predominant species.

Aquatic studies were conducted in Ruisseau Castor. Within

the spray block Ruisseau Castor is a fairly small stream between

3m and 4 m in width and generally less than 1 m in depth. Flow

measurements taken on 19 June and 10 July were 0.18 and 0.15 m3/sec
respectively. The upper half of the treated portion of this stream
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is relatively slow with occasional riffle areas and large pools.

The bottom type is predominantly coarse gravel and sand covered

with silt and organic dehris. The area around the stream is low

and open and provides very little stream cover, Bank vegetation

is primarily larch, speckled alder, willow, Salix sp. L., dogwood,

Cornus sp. L., bayberry, Myrioa sp. L., Spiraea sp. L., grasses

and sedges. The lower half of the treated portion of this scream

flows through mixed forest and is much faster and more turbulent

with a boulder, rock and gravel bottom. Bank vegetation Is

primarily white spruce, Picea glauaa (Hoench) Voss, white birch,

balsam fir, mountain maple, Acer spicatum Lam., larch, cherry,

Prunus sp. L., speckled alder, willow, and beaked hazel, and

provides abundant stream cover. A downstream sampling station was

located about 2 kilometers downstream from the spray block where

Ruisseau Castor crosses Highway 18 (Figure 1). Just below the

spray block Ruisseau Castor flows through a large, open bog, but

from about 500 m above the downstream station to its confluence

with Riviere Dufresne, the stream gradient increases and the bottom

is primarily boulder, rock and gravel.

A small unnamed stream which crosses Highway 18 approx

imately 5!3 km south of the town of St-Donat-de-Montcalm, Quebec,

was used as a control for the aquatics studies. This stream is

between 3 m and 5 m wide, is generally less than 1 m deep, and has

a boulder, roc'k and gravel bottom. The flow is fairly fast with

many riffle areas and small pools. Flou measurements taken on

19 June and 10 July were 0.22 and 0.13 m3/sec respectively. The
most common tree and shrub species along the stream are sugar maple,

Acer saacharum Marsh., mountain maple, white birch, balsam poplar,

Populus balsamifera L., ironwood Ostrija virginiana (Mill.) K. Koch.,

mountain ash Sorbus sp. L., speckled alder, willow and beaked hazel.

METHODS

SPRAY APPLICATION

Azaraethiphos was applied twice to the 50-ha spray block and

a 2.5 km section of the treatment stream, with a six day interval

between applications, at a dosage rate of 0.070 kg active ingredient/

ha. Application was carried out by a Cessna 185 aircraft equipped

with a Micronair® spray emission system calibrated to deliver the
formulation at the rate of 1.46 1/ha. A small amount of automate

"B" red dye was added to the preformulated spray mixture to

facilitate deposit assessment. The composition of the spray

mixtures were as follows:

First treatment 1.51 H automate "B'

42.17 I Cellosolve2

32.02 !, Alfacron2

dye1 (2% by volume)
(55.7% by volume)

(42.3% by volume)



Second treatment 0.98 I automate "B" dye1 (1.3% by volume)
42.47 I Cellosolve2 (56.1% by volume)
32.25 I Alfacron2 (42.6% by volume)

At 0705 EST on 29 June 1979, the plane made its initial

pass down the treatment stream. Subsequent swaths were north-south

along parallel lines, 60 m apart, starting at the highway and

progressing east toward the stream. The last pass was at 0718 EST.

The second application began at 0425 EST and ended at 0439 EST on

5 July 1979. The same basic flight plan was followed.

Meteorological measurements taken at the St. Donat airport

on the mornings of spray application are presented in Table 1.

DEPOSIT MEASUREMENT

Deposit samplers consisted of two stainless steel plates, one

plate covered with a 100 cm2 Kroraekote® paper card. The samplers
were placed in fairly open areas along the centre line of the bird

plot and on stakes in the water and along the banks of the treatment

stream. Samplers were also put out close to the highway near the

downstream station to measure atmospheric drift of the spray

products.

A NCR microcard reader was used to size and count droplets

deposited on the Kromekote® cards. Spread factors were calculated
for each size class of spray droplet, and deposit was estimated after

the method of Hurtig et al. (1953), Droplet densities (drops/cm-)

for each size class were totalled to give a drop density value for

the entire spray card.

Deposit on the plates not covered by Kromekote® cards was
estimated by colorimetry. The plates were washed with a small

volume of toluene and the quantity of dye rinsed off them was

measured using a Bausch and Lamb Spectronic 100 spectrophotoraeter.

This was compared with the amount of dye in a reference standard

taken from the original spray formulation.

TERRESTRIAL STUDIES

Terrestrial Invertebrate Knockdown

Terrestrial invertebrate knockdown was monitored by collect

ing invertebrates from 39 cm x 33 cm x 15 cm plastic wash buckets.

Sixteen buckets (8 treatment; 8 control) were placed under typical

coniferous cover (balsam fir and white spruce) in the bird plots.

Treatment buckets were located at stations along the centre line of

1 Morton Williams Ltd., Ajax, Ontario

2 Ciba-Geigy Ltd., Cambridge, Ontario (Cellosolve and Alfacron

received pre-mixed by this supplier).
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Table 1

Weather conditions at the St. Danat-de-Montcalm airport

for the first and second azainethiphos applications

29 June and 5 July 1979

Date

29 June 1979

5 July 1979

Time

0430

0645

0700

0715

0400

0424

0440

0455

Temp.

(°C)

B.5

13.5

14.5

15.0

5.0

5.5

4.5

5.0

(%)

100

98

94

94

100

98

95

95

Wind Speed

(kph)

0.0 - 1-5

Q.O - 1.5

0.0 - 1,5

0.0 - 1*5

3.5 - 7.0

5.0 - 7.0

7.0 - 14.0

8.5 - 10.0

Wind Direction

(QMag)

330

330

330

330

330

330

330

340

Cloud

Cover

10/10

10/10

10/10

10/10

Comments

•

Heavy fog

■

Wind increasing

Starting to drizzle

V/l
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the plot, perpendicular to Che spray lines, so that each swath was

sampled. An additional 12 buckets (6 treatment; 6 control) were

placed under typical stream cover (Table 2) along Ruisseau Castor

and the untreated control stream. Invertebrates were collected

each evening and preserved in a 30% methanol solution.

Birds

Forest songbird population impact studies were carried

out on 4 ha plots utilizing a singing-male breeding territory

mapping technique similar to that described by Kendeigh (1947).

Bird populations were censused each morning shortly after dawn,

commencing five days prior to the initial application and continuing

throughout the experimental period, terminating five days after the

last treatment. Each singing or sighted bird was recorded on a

plot map while the censor slowly traversed the plot along parallel

lines established 40 m apart. All birds were identified to

species, sex and type of activity at time of record (singing,

foraging, flying etc). All male birds vocally defending a

territory were assumed to be mated and recorded as two birds, all

others (sighted, non-singing, etc.) were recorded as one.

Daily census maps were compiled covering the pre-spray and

post-spray periods to delimit breeding territorial boundaries.

The number of birds-observed during each census was used to

indicate activity trends and relative abundance on that plot.

AQUATIC STUDIES

Water Chemistry

Water temperature, dissolved oxygen, pH, alkalinity and

hardness were measured periodically at each station using a Hach

Kit, Model AL-36B.

Drift

Numbers of drifting aquatic invertebrates in the study

streams were monitored by drift netting before and after the two

azamethiphos applications. At the treatment and control stations,

drift samples of measured duration were taken twice daily, morning

and evening, using a standard 0.47 m x 0.32 ra. drift net with a

No. 54 mesh {363 micron opening). A drift net fitted with a metal

restrictor to reduce the size of the opening to 0.48 m x 0.025 m

was used for 12-hour nocturnal and diurnal drift sampling at the

downstream station. In both cases drift nets were placed in the

stream to sample a column of water from surface to bottom including

the surface film. Current velocity was measured at the opening to

each drift net halfway between the surface and bottom using a

-



Table 2

Tree and shrub species sampled for Terrestrial

Invertebrate Knockdown along streams,

Montcalm County, Quebec.

20 June to 9 July 1979

Ruisseau Castor Treatment Stream

Bucket Number Species

1 speckled alder, cherry, mountain maple

2 speckled alder

3 balsam fir, beaked hazel

4 balsam fir, willow

5 speckled alder

6 white spruce, beaked hazel, speckled

alder

Untreated Control Stream

Bucket Number Species

1 speckled alder

2 balsam poplar, willow

3 balsam fir, mountain maple

4 balsam fir, mountain ash

5 balsam fir, sugar maple, beaked hazel

6 ironwood



8

Teledyne Gurley No. 625 Pygmy Current Meter. Using the above

information, Che following could be calculated:

depth at station (m) x width of drift net opening

(m) x current velocity (m/sec) x duration, of drift

sample (sec) = m3 of water in drift column

Drift samples were either picked immediately and preserved in a 30%

methanol solution or preserved in their entirety in a 10% solution

of formaldehyde. In the laboratory, invertebrates were counted

and identified to order or family and the results expressed as:

number of invertebrates/10 m3 of water in drift
column

Terrestrial organisms were separated from the aquatic drift

samples, counted, identified and recorded as number of inver

tebrates per 100 m2 of surface area of drift column, calculated as

follows:

number of invertebrates x 100

width of drift net opening (m) x current velocity (ra/sec)

x duration of drift sample (sec)

Bottom Fauna

Bottom fauna populations were sampled periodically at each

station using a standard 0.093 m2 Surber sampler (Surber 1936).
Organisms collected from four randomly chosen rocks (approximately

20 cm in diameter) at each station were used to supplement the

population study. Samples were picked and identified in the same

way as drift samples. For each sampling date, results were

expressed as mean numbers and standard deviation of aquatic organ

isms of a particular group collected in four Surber samples or from

four rocks.

Caged Invertebrates

Aquatic insects from two taxonomic groups were held in

small, submerged holding cages at the treatment and control

stations at the time of the second spray application.

Number of Invertebrates

Trichoptera:Limnephilidae

Plecoptera

Treatment

11

18

Control

8

10



The cages consisted of 30 cm lengths of 10 cm diameCer ABS tubing,

screened at both ends, and fitted with a hinged door. Several

plastic baffles were located inside the tube to break up the

current. Insects were counted and transferred into the cages three

days before the spray and Che cages were placed in the streams in a

position that allowed the current to flow through the ends. Cages

were checked periodically for mortality up to two days after the

spray.

Fish Diets

Fish for stomach content analysis were collected either by

electrofishing or angling. Total length, fork length, weight and

sex were recorded for each fish caught. Stomachs were excised and

preserved immediately in a 10% solution of formaldehyde. In the

laboratory, the volume of the stomach contents was measured and the

composition of food items determined. In measuring the volume of

the stomach contents, the amount of indigestible material present

was estimated and the measured volume corrected accordingly so as

to represent actual volume of food items.

RESULTS

DEPOSIT

Deposit measurements for the first and second applications

are summarized in Tables 3 and 4 respectively. Because of the

problems involved in determining volume by the spot counting method

(e.g., loss of the most volatile fraction of the formulation from

descending spray droplets through evaporation; inability of the

spot counting method to account for droplets smaller than 20 u in

diameter), volume as determined by colorimetry probably gives a

truer indication of actual volume deposited.

Deposit on the bird plot was similar for both applications.

At the aquatic sampling station, however, a much better deposit

was achieved from the second spray than from the first, and for

both applications there was a heavier deposit on the mid-stream

samplers than the stream bank samplers.

Some drift of spray products was measured at the downstream

station for both applications. During the second spray, a malfunc

tion developed in one of the spray plane's Micronair® units. A
small amount of spray product continued to leak from this unit

after the plane had completed each south to north pass of the spray

block and made its turn over the downstream station in preparation

for a north to south run. This may partially explain the higher

deposit measured at the downstream station for the second spray.

There is a very large discrepancy between deposit as measured by



Bird Plot

Treatment Stream

Mid-stream samplers

Stream bank samplers

Downstream Station

Table 3

Deposit assessment summary from the

Azaroethiphos Treatment Plot* sprayed 29 June 1979 ,

Montcalm County, Quebec,

Number of

deposit

samplers

Mean Drop

Density

(Drops /cm**)

12.77

10.31

1.88

<o.oi

Colorimetry

Mean Volume Mean Percent of

Deposited Emitted Volume

(l/ha) Recovered

8.67

4.80

1.20

4.00

X ID"2

x 10"2
x 10"2

x 10"3

5.94

3.29

0.82

0.27

Spot

Mean VoluniG

Deposited

(l/ha)

4.76 x 10"2

3.08 x 10~2
1.21 x 10"2

4.00 x 10"6

Counting

Mean Percent of

Emitted Volume

Recovered
■ i

r-1
O

3.26

2,11

0.83

«Q.01

* spray emission rate 1.46 l/ha (20 fl. oz./acre)

1
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Table 4

Deposit assessment summary from the

Azamethiphos Treatment Plot* sprayed 5 July 1979,

Montcalm County, Quebec,

Bird Plot

Treatment Stream

Mid^stream samplers

Stream bank samplers

Downstream Station

Number of Mean Drop

deposit Density

samplers (Drops/cm2)

Coloriraetry

Mean Volume Mean Percent of

Deposited Emitted Volume

(1/ha) Recovered

7.08

6.30

2.74

Spot Counting

12

20

7

,20

,20

.42

10.

9,

4.

33

20

00

X

X

10 *

10-2

lO^2

,-25 0.02 3.00 x KT* 2.06

* spray emission rate 1.46 1/ha (20 £1. oz./acre)

Mean Volume

Deposited

(1/ha)

3.25 x 10-2

5.88 x 1CT2
2.03 x 10~2

7.54 x 10"5

Mean Percent of

Emitted Volume

Recovered

2.23

A. 03

1.39

<0.01
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spot counting and colorimetry however, and It is possible that In

the latter case the spectrophotometer was measuring something other
than dye.

TERRESTRIAL INVERTEBRATES

Forest Plot

On the days of application (29 June and 5 July) terrestrial
invertebrate knockdown in treatment buckets was nine times that of

control (Appendix I, Tables 1 and 2), a sixteen-fold increase over
the average pre-spray daily totals (20-28 June) prior to the first
spray, and a six-fold increase over the average (1-4 July) prior to
the second spray.

Diptera, Homoptera, Hymenoptera and Araneida were affected
by both applications, but Coleoptera and Acari responded to the
first treatment only (Figures 2 and 3). All groups were affected
immediately except Araneida which exhibited a one day delayed
response. Peak numbers of Homopter.i and Hymenoptera were observed
two days after the second application.

Recovery was observed two days after the first application
but effects of the second application were still evident in all
groups up to the conclusion of the study five days after the second
spray application.

Stream bank

A significant knockdown of terrestrial invertebrates was
observed in the first and. second post-spray samples (3 and 5 times
the pre-spray average respectively) following the first azamethiphos
application (Appendix I; Table 3) Adult Diptera and Hyraenoptera were
affected immediately. Increased numbers of Acari, Araneida
Collembola and Coleoptera:Staphylinidae did not show up in the
buckets until the day after application (Figure 4). By two days
after application numbers had returned to normal.

Collembola were knocked down immediately by the second spray
Increases in numbers of Acari, Hemiptera and adult Diptera were not
observed until two days after application (Figure 4).

Numbers at the control station fluctuated relatively little
over the course of the study (Appendix I, Table 4; Figure 5).

Drift

Significant increases in the drift of terrestrial forms of
Araneida, Ephemeroptera, Plecoptera, Trichoptera, Hemiptera
Hymenoptera, Formlcidae and Diptera were observed at the treatment
station within two hours of the first spray application, but numbers

.
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Figure 2. Terrestrial invertebrates collected from
buckets pLaced in treated forest plot.
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Arachnida

Hemiolara

Homoptara

Adult Dipiera

Adult Hymenooiara

Qlhor InvarleOraiea

T

-9 -8 -T -6 -5 -a -3 -I 0 *' *2 *3 *4 -5 0 *1

Oay» bofora or attar aoolicalion ol 0.07OkgAl/ha

Figure 3. Terrestrial invertebrates collected from

buckets placed in control forest plot

.
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Arachnida
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Hemioiera

Adult Coleoptara

AdulT Diptara

Adult Hymencptera
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Figure 4. Terrestrial invertebrates collected from

buckets placed along the treatment stream
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Figure 5. Terrestrial Invertebrates collected from

buckets placed along the control stream
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had returned to normal by chat evening (Appendix I, Table 5;

Figure 6). No similar increases in terrestrial invertebrate drift

were noCed at the control station at this time (Appendix I,

Table 7; Figure 6), Diptera and Hymenoptera appeared to be the

most severely affected. No significant knockdown was recorded at

the downstream station for the first spray or at either Ruisseau

Castor station for the second spray (Appendix I, Tables 5 and 6).

BIRDS

The population structure of forest avifauna on the treated

and control plots was similar (Appendix II; Tables 1-4). A total'

of 33 species representing 11 families were recorded on the

treated plot and 33 species representing 15 families on the un

treated control plot. Populations of Parulidae, Fringillidae and

Turdidae, the predominant families in both areas (Appendix II;

Tables 1 and 2) remained relatively stable through the study

(Figure 7).

Insectivorous bird species such as the Nashville warbler,

Vermivora ruficapilla (Wilson), the magnolia warbler Dendroica

pensytvanioa (Linnaeus), the common yellowthroat, Geothlypis

trichas (Linnaeus) and the American redstart, Setophaga rutioilla

(Linnaeus) were not affected by the treatment (Appendix II,

Tables 3 and 4; Appendix III, Figures 1-4. The number of alder

flycatchers Enrpidonax alnorum (Brewster) , declined significantly

on the treatment plot following the first application, however, and

their territories remained unoccupied for the rest of the study.

The control plot did not support a population of alder flycatchers,

hut eastern phoebes, Saynovis pkoebe (Latham), a similar species,

continued to defend their territories in the control plot, suggest

ing no natural abandonment of flycatcher territories at this time

(Appendix II, Tables 3 and 4; Appendix III, Figure 5).

The breeding territories of representative species of

Turdidae and Fringillidae were not disturbed (Appendix III,

Figures 6-8). The ruby-crowned kinglet, Regulus calendula

(Linnaeus), small pesticide sensitive species, continued to

actively defend their territories throughout the study (Appendix III,

Figure 9). Plot searches following each application did not detect

any dead birds or birds exhibiting signs of pesticide stress (bill

wiping, tremors or other erratic behaviour).

AQUATIC STUDIES

Water Chemistry

The water chemistry parameters for each aquatic sampling

station are summarized in Table 5. Although stream water tem

peratures were fairly high.(14.5-20,0°C) at the time of the study,

dissolved oxygen content did not drop below 8 ppm.
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Table 5

Water quality parameters in study streams,

Monteaim County, Quebec.

16 June to 31 August 1979

Sampling Station Date Temperature Dissolved 02 Hardness Alkalinity
(°c> Cmg/1) (gpg CaCO3) (gPE CaCO3)

Control

Ruisseau Castor

Ruisseau Castor Downs cream

16/6/79

3/7/79

9/7/79

2S/B/79

16/6/79

3/7/79

9/7/79

31/8/79

17/6/79

3/7/79

9/7/79

19.0

17.0

17.0

18.0

20.0

15.0

17.0

15.5

17.0

14.5

18*0

6.5

7.0

7.0

7.0

7.0

7.Q

7.5

7.0

7.0

6,5

7.0

9

9

8

8

9

10

a

B

8

8

8

2

2

2

3

3

7

3

3

4

2

3

2

1

2

1

2

1

2

1

2

1

2

O
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Aquatic Invertebrates

The results of drift netting and bottom fauna sampling are

summarized in Appendix IV; Tables 1-9. Numbers of most groups of

aquatic invertebrates were too low and too variable do make any

certain statements regarding changes in population levels result

ing from the two azamethiphos applications. Since heptagenid

mayfly nymphs (Epheraeroptera:Heptageniidae), baetid mayfly nymphs

(Ephemeroptera:Baetidae), and caddisfly larvae (Trichoptera) were

among the most abundant groups present at all three stations, and

since these groups are usually good indicators of insecticide

effects, their changes in abundance over the course of this study

have been illustrated in Figures S and 9.

A severe regional storm which began on the evening of

1 July, two days after the first azamethiphos application, and

continued throughout the night and most of the next day, resulted

in extremely high water levels and increased current speeds at all

three study stations (Table 6). The first post-spray bottom fauna

samples could not be taken until water levels had receded enough to

allow crews to work in the study streams, and even then sampling

was still extremely difficult. Because the flood occurred between

spray day and the first post-spray bottom fauna sample, it is

impossible to separate which changes in abundance of aquatic inver

tebrates were due to the insecticide application, and which to

flood effects and poor sampling conditions.

Sometime after the 30 July sample date, construction began

to widen Highway 18 south of Hotre-Dame-de-la-Merci. This con

struction had significant effects upon the Ruisseau Caster water

shed. By the time of the two month post-spray sample on 31 August,

heavy siltation was evident along the entire length of the treat

ment stream as a result of earth moving and heavy equipment

traffic. In addition, the section of stream including the down

stream station had been re-channeled to facilitate bridge

construction.

Ruisseau Castor Treatment

There was a very significant increase in the number of

caddisfly larvae (Trichoptera) caught in the drift net set on the

evening of the first application (almost 300 times the average

number caught in pre-spray drifts) (Appendix IV; Table 1). A much

smaller increase (< one order of magnitude) in drifing water

striders (Hemiptera:Gerridae) was observed in the + 1 hr and +

2 hr drifts on spray day. This increase is significant, however,

because up until this time only one water strider had been caught

in six days of pre-spray drift netting. The increases in the drift

of baetid mayfly nymphs and chironomid larvae (Diptera:Chironomidae)

recorded on the evening of 1 July were probably the result of flash

flooding.
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Figure 8. Changes in abundance in selected groups of
aquatic invertebrates from Surber samples
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Table 6

Change in water level and flow* of Ruisseau Castor

and Untreated Control Stream as a result of

1-2 July 1979 regional storm.

Date

Ruisseau Castor Treatment Ruisseau Castor Dovmstream Untreated Control

depth current velocity depth current velocity depth current velocity

(m) (m/sec) (m) (m/sec)

30

1

2

3

4

5

June

July

July

July

July

July

am

pm

am

pm

am

pm '

Jim

pm

am

pm

am

pm

0.22

0.22

0.21

0.47

>0.50

0.50

0.50

0.40

0.40

0.37

0.37

0.31

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

36

30

30

69

63

57

45

51

45

30

36

0.16

0.15

0,16

0.48

0.47

0.40

0.36

0.30

0.27

0.23

0.20

0.21

0,33

0.30

0.96

0.69

0.54

0.51

0.45

0.39

0*36

0,36

0

0

0

0

0

0

0

0

0

0

.22

.22

.13

.70

.70

.58

.53

.53

.52

.47

0

0

0

0

0

0

0

0

0

0

.39

.24

.12

.48

.36

.42

.45

.48

.44

.39

to

4--

measurements taken at drift stations
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Other Chan a slight increase in springtails (Collembola)

there were no significant changes in the drift pattern at the

treatment station following the second azamethiphos application.

Immediately following the first application a reduction

(< one order of magnitude) in the number of caddisfly larvae in

Surber samples was observed an the treatment station, but not at

the control station. By four days after the second spray, numbers

had returned to close to the pre-spray level. A reduction (< one

order of magnitude) in the population of baetid mayfly nymphs at

the treatment station immediately following the second application

was accompanied by a reduction of similar magnitude at the control

station.

Numbers of most groups of aquatic invertebrates collected

from rocks at both the treatment and control stations decreased

immediately following the first spray and then increased again

after the second spray. There are two probable explanations for

this, both of which are related to the effects of the 1 July flood:

1) Organisms living on the surface of rocks and

exposed to the current were washed off during

the flood and later recolonized.

2) Water levels were still high at the time of

the first post-spray bottom fauna sample and

organisms were washed off the rocks as they

were brought to the surface.

Numbers of caddisfly larvae and pupae, many of which firmly

anchor themselves to the substrate, remained essentially unchanged

over thia period at the treatment station, but increased at the

control station.

There was no mortality of caged caddisfly larvae or stone-

fly nymphs at either the treatment or control station.

Ruisseau Castor Downstream

In general, more organisms were caught in nocturnal than in

diurnal drift net sets. Following the first application there were

no apparent changes in the drift pattern at this station. There was

a significant increase in the number of caddisfly larvae caught in

the first nocturnal drift sample taken following the second applica

tion (> 4 times the number in the nocturnal drift from the day before)

(Appendix IV; Table 2). No corresponding increase was noted at the
control station.

A very slight reduction in numbers of stonefly nymphs

(Plecoptera) collected in Surber samples was observed immediately

following both the first and second azamethiphos applications. By

ten days after the second spray, however, numbers were back to the
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pre-spray level. Over this period, the population in the control

stream remained at a fairly constant, low level. Although a

significant reduction in the population of riffle beetle larvae

(Coleoptera:Elmidae) following the first spray is indicated at this

station, this is probably due to variability in sampling since

these insects seem to appear and disappear randomly over the course

of the study at all three stations. Heptagenid and baetid mayfly

nymphs and caddisfly larvae all decreased in abundance at the down

stream station after the second spray. At the control station a

similar decrease was noted for baetid mayfly nymphs and caddisfly

larvae, but heptageniid mayfly nymphs increased in abundance.

Aquatic invertebrates collected from rocks at the down

stream station exhibited the same general trends in numbers as

those at the treatment and control stations.

Fish Diets

Brook trout for stomach content analysis were collected on

five occasions between 21 June and 31 August. Over this period

the ratio of volume of stomach contents/body weight steadily

increased to a peak on 9 July after which it dropped off, and the

composition of the diet changed significantly (Appendix V, Tables 1

and 2) .

Two dietary changes of particular interest were noted

(Figure 10) :

1) Caddisfly larvae were an important item in the

diets of brook trout up until 9 July (an average

of 22.7 percent of the volume) after which they

became of minor importance (< 10 percent).

Conversely, chironomid larvae were of little

importance in the first part of the study

(5 percent of the volume or less) but were eaten

in significant numbers after 9 July (an average

of 25.2 percent) .

2) Baetid mayfly nymphs made up a large part of

brook trout diets (an average of 25.7 percent of

the volume) in all but the 9 July sample (5.5

percent).

In this sample flying Diptera were by far the most

important food source (61,6 percent of the volume).

Most other invertebrate groups eaten were of minor importance

throughout the study except terrestrial Homoptera and Lepidoptera,

which were important in the 21 June pre-spray sample (25.5 and 17.5

percent of the volume respectively), and burrowing mayfly nymphs
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Other Invertebrates

Oiplera (adults)

Epherneroptera! Baetidae (nymphs)

Trichoptera (larvae)

Diptera^Chiranomidae (larvae)

C

o
u

21 June 3 July 9 July 15 July 29-31 Aug

Figure 10. Dietary changes in brook

trout sampled from the

treated portion of

Ruisseau Castor
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(Ephemeroptera:Ephemeridae) which appeared in the 3 July sample

(two individuals making up 15.5 percent of the volume).

DISCUSSION

DEPOSIT

Deposit for the two applications (0.27% to 5.94% of the

emitted volume by colorimetric analysis in the first and 2.06% to

7.08% in the second) was much lower than expected considering the

type of spray aircraft used and the near perfect weather conditions

at the time of both treatments. Using the same aircraft and spray

emission system, Kingsbury and Kreutzweiser (1979) measured

deposits on mid-stream sampling units of from 3.4% to 59.2% of the

emitted volume by colorimetric analysis (permethrin oil soluble

concentrate in insecticide diluent "585"). In the latter study the

insecticide formulation was applied at a rate of 4.68 1/ha, how

ever, as compared to 1.46 1/ha in the present study. One possible

explanation for the low deposit measured is that in most cases

deposit samplers were positioned under some type of cover, and that

overhanging vegetation filtered out a large proportion of the spray

droplets before they reached the ground or the water surface.

TERRESTRIAL EFFECTS

Azamethiphos had an immediate broad spectrum effect on

terrestrial invertebrates, but delayed and extended effects would

seem to indicate that this insecticide continues to be toxic in the

environment for up to five days or longer depending on weather and

spray conditions.

Although deposit on the bird plot was similar for both

applications, knockdown results were very different. Three days of

precipitation immediately following the first application may have

washed insecticide residues from the vegetation, limiting the knock

down effect. No precipitation occurred during the post-spray period

for the second application, however, allowing the chemical to remain

in the environment longer, and resulting in a prolonged knockdown

effect.

Weather conditions at the time of application will also

influence invertebrate activity and hence the likelihood of individ

uals physically contacting the pesticide. Warm temperatures at the

time of the first spray were probably at least partly responsible

for the especially large knockdown observed on 29 June. Less of an

impact was observed for the second treatment which was applied at

an earlier time in the morning when temperatures were cooler (5nC),

and invertebrates less active.

In general, litter inhabiting fauna appeared to be unaffected,

possibly because they were protected from the effects of a direct
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spray by the forest canopy and underbrush. Although stream bank

buckets were fairly successful in collecting springtails and

staphylinid beetles, overall, numbers of litter inhabitants

sampled were quite low, which may reflect limitations of this

method as a true indicator of pesticide effect for this group.

Delayed increases in che knockdown of Homoptera and

Hemiptera, plant feeders, and of insect predators such as Araneida

and Acari, may be due to ingestion of the chemical through contam

inated food. Despite the fact that: there was a considerable impact

on. most terrestrial invertebrate groups, there was no observed

effect on Lepidoptera.

During the nesting season, arthropods are more critically

a necessary food source for birds. Adults expend a greater amount

of energy in foraging, in order to fulfill brood requirements. At

this time, adults have been shown Co diversify both foraging area

and method of predation, which enables them to exploit alternate

resources (Root 1967). Feeding studies prove that a change in

food supply will evoke a change in foraging behaviour (Hartley

1953). Therefore, it would seem probable that a temporary deple

tion of arthropods, such as the knockdown experienced in this

program, would trigger natural adaptations to fluctuations of

arthropod populations.

Owing to their specialized mode of feeding, flycatchers are

potentially the most vulnerable to a knockdown of flying insects.

Reports on stomach content vary, but Bent (1942) listed Hymenop-

tera, Coleoptera and Diptera as the major food sources of the Alder

flycatcher (41%, 18% and 14% respectively). The fact that the

documented knockdown was largely of these groups, suggests that

territorial abandonment by the alder flycatcher may have been due

to a depletion of their food source. With constant emergence and

immigration of insects, any localized depletion should have been

shortlived however, and individuals may have foraged outside the

block until insects were again available in that area.

As mentioned above, three days of rain occurred immediately

after the first application. These adverse weather conditions pose

a potentially greater threat to the food supply than pesticide

knockdown, by increasing energy costs to maintain body heat, while

decreasing insect activity and hence, availability of food.

Another possible explanation for the disappearance of alder

flycatchers may be the natural breakdown of territories after nest

ing. Data for the alder flycatcher in this area is not available,

but in areas where egg dates for both the eastern phoebe and the

alder clycatcher are recorded, the eastern phoebe nests earlier.

Despite this, the eastern phoebe was observed to be in territory

after the alder flycatcher. This may have represented a second

brood however, as the eastern phoebe has been reported to produce

two broods per season under favourable conditions.

.-
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AQUATIC EFFECTS

Fredeen (1962) and Fredeen et al. (1953) found that control

of blackfly larvae in Western Canada with DDT and heptachlor was

most effective when the water was turbid or if the insecticide was

introduced in a formulation containing diatomaceous earth. It was

assumed that the toxin became adsorbed on to the suspended

particles in the water which were trapped and consumed by the

blackfly larvae. It was also noted that the treatments had less

effect on other aquatic insects which do not normally feed on

small particles suspended in water.

On the evening of the first spray, 241 of the 245 caddisfly

larvae (98.4%) caught in the drift at the treatment station

belonged to the family Philopotomidae. Similarly, 29 of the 31

caddisfly larvae (93.6%) caught in the first nocturnal drift net

set at the downstream station following the second application were

also Philopotomidae. This family of Trichoptera is roughly clas

sified by Pennak (1978) into a group called "net filter feeders"

according to their method of obtaining food; i.e., they "construct

fine nets that strain particulate material from the water; the

larvae may eat the whole net and its contents periodically, or they

may remove the particles from the net".

Lipophilic molecules with low solubility in water, such as

azaraethiphos, adsorb readily onto sediments and suspended partic

ulate materials in an aqueous environment. Azamethiphos, adsorbed

onto particles trapped in a caddisfly larva's food net, or onto

the proteinaceous net itself, when ingested, would act as a stomach

poison. This method of feeding may explain why only this

particular family of caddisfly appeared to be affected by the

application, and also why in both cases the response was delayed by

several hours.

Caged caddisfly larvae of the family Limnephildae were

unaffected by the second spray. Members of this family are

"grazers", which feed on algae, fungi, detritus and very small

invertebrates picked up at random from the substrate (Pennak, 1978)

and do not remove suspended particulate matter from the water.

It is interesting to note that the increase in drift of

caddisfly larvae at the downstream station following the second

spray corresponds to an unusually high measured deposit of spray

products at this station as a result of the malfunction in one of

the spray aircraft's Micronair units described earlier.

A slight increase in the drift of water striders was noted

immediately following the first spray. These insects inhabit the

surface film of water, and in streams prefer areas with little or

no current. By virtue of their habitat requirements, these semi-

aquatic hemipterans are likely to occasionally come in direct

contact with either the spray cloud or an insecticide-carrier oil
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>pl 1ihM.hi u« ' £l\ „■ u,h ,'4 ,.,„.,

■I .. . I I •■

Table 4

Terrestrial InvurtuLirntc Kn

Untreated Control Stream,

!' .t^l= !■ County, Qu.uDec

21 Juno CO 9 July 1979

PayB bpforo or after unification _? _& _& _4 » _2 _i o +1 +3 +4 +5 0 +1 +2 +3 1^
of 0.0J0 kg Al/hfi ozo>c-:tlitphoy**

, o.so a.it

Arachnids

Aroneida 0,16 0.33 0.16 O.U Q.6a Q,16 fl-50 O.?O

CollcnLuld 0-16

Eplieaocopteira adulrn 0.50 0.50 0.20

jiJulco 0.16 0.1b Q.25 0.16 0.40 0.20

0,20 0,16 0.20

Ccicupldac 0.J3

Other 0.16 0-16 0.16 0.20

Coleuptera

CarnblJjE .idulce 0,16 0, l£ fl.lt 0.16

Sujihylinidsc adult* 0.50 0.40
Elulurldae adults 0.16

Other ndultw 0.50 0.16 0.60 0,20 O.lfi

MlclolepidupLur* adults 0,It

Oilier larvae 0.2O

TlBUUfee fldulta 0.33 0-li D-16 0.1b 0.16 0. 33 0,33

ColleidM mlulu °-2D
ClilroiifinHdji^ ujiilca O.lfi U.iO

Elii.u3I.idae mSulta 0.16 0.16 0.33 0.33
0.1b O.;0 0-40

0,16

Hu-culdae didults 0,20 0.20
otl.cr ij-lta 0.B5 0.16 0.83 0.75 0.33 O.?D 0.16 0.13 0.20 O.aG 0.&6 0.16 0.60 0.20

0.16 0.31 U.20

Othir' udulta 0.33 0.20 Q.lb 0.20

inv*irn;bcflces 3.11 U.B1 1.32 2.9b 1.50 1 Ai> 1.20 O.*0 1.20 0,64 O.g1) 1.B0 1,31 1.35 B.ffl D.«fi 2.40 1.40

* eipiesscd ue Bean nimter of inVi-r itl.i jCisL

pi!f bucket

** appllcatloji -il j ,!ij ,;=, on 29 Jan4 197H and

dguln at 4*15 urn on 5 July 1979



Table 5

Terrestrial arganiaaii caught. In drift net sees*.
Riilaseun Castor Treatment Station,

Montcaloi County, Quebec.

22 June to 9 July 1973

before or aftdr application -? -7 -6
of O.070 fcg

it velocity (n./u«)

r«« drift ..l

-6 -5 -5 -4 -4 -2

an

-I -1

on

-1

pm Pre

0.5a 0.30 0.36 0.J0 0.33 0.2? 0,24 0,M 0.30 0.32 0.33 0
(■*) 245.^ IW.« 152.3 126.9 139.6 «*•> 101.5 101.5 12G.9 13... 139.6 |»

Spray Day

0 lit +*j lir +1 ]iE +? I.

0 27

+1

pra

+2

am

0,37 0.24 0. 6 0.30 0.30

114.2 161.5 152.3 12&.9 126.'J

11 li r.-.i fj c u i' .i

Tciclmptera

Oilier

Total

BtlulES

adults

JdnJ1-

.idtjj L-:

^ ■■.! l: J r. u

uduttu 1.22 1A.18

1.23 15.76

0.79 0-88 0.98 1.58

ft.SB

U.72

0.B&

1.75 3.50

0.7B

(1.88 O.tifl 2.63 3.50 3.50 1.24 1,3a l.Sfl 0.7fl

O.Bfi

Q.&& 0.8B 3.50 2.63 O.aa

2.6i

0.7U l.Sfi

0.73

7.

0.9S

0.9B

0.74

2-36 16,75 10.2<i 26.60 7.H6 17.:

D.0O 0.79 0.72

I). 62

1.75 1.75

o.se 0.66 D.7H

o.as 5,

O.BB 0.

4.3B 4.

0.88

0.

3(1.53 111.20110.

J5 2.&3

SB o.as

38 3.SO

O,7iJ

D.,63

20.69 11. S3 29. 55 7.88 18.9J 1.75 4fl, 16 125.21

32

3.

61.

79.

5(J

;y i

6fi 1

y.62

i.76

4. aft

6.

a.

5?

5,

1.56

7.HO

• expressed as iiiinl.er Of organlnms/100 m2
of surface urea of drift column

** ,-.|r(Jl Jcit i.,[i at 7:05 am an 2 June

and again at 4:25 am on 5 July 1979



Table 5 (cont'i!)

urganJ :■■_:. caugtit In Jt'.'.L ll-L

Li Er, '.L.ii! Cutitor Treatment St.ii.tlun,

!:,>i:i o.iIn County, Quebec.

22 Junu Co y July 1979

of 0.070 kg M/tu ^^'jiMi.L,,!,'-'

CiirrunL ■.■!■!-i; ; i v (:■./;,.■>■!

,].:;;.■...■ .: L-j uf drift cuIilbui (m*)

ulte

AranelJu

.'.IL.1 ,l.[.,., i .,

ik-c=Ipteru

IfDcuipi^ra

Tci-chopccra

LcplJaplcra

Jul til

+2 +3 +A ■K

larvue

+S

p» 0 lir

Spcuy Day

be +1 Hr +? lit

+ 1 +1 +2 +2 *3 *3 ti. +/,

P"» "■< pm api pm am pm am p-ia

0.63 Q.5J 0.45 0.51 B.45 0.30 0.30 0.30 0.30 0.30 0.54 0.36 0,33 0.27 0.30 0.30 0.27 0.117 O.JO 0.21

aa.fl BO.4 63.5 71.9 61.S B4.6 84.6 B4.6 34.6 a4.t 152.3 101.5 13?.6 114.2 12G.9 1Z6.9 114.2 114.2 126.9 It)1.5

l.Jta o.7a

0.

1.03

1.37

1.18

1.31

0.66

1.11

1.58

1.1A

0.72

O.UB 0.7!)

o.ae

0.7V U.9=j

Formic1dad

Oilier Ijjv.il

D.3-. 2.36

i.lB 1.IB

3.IS

0.72

0,98 0.72

0.90

0.78 0.79

0.B3

Supliy 1 litldac odul Ea

l.£kDjf3yrlduc adul tit

Othur adulta

Dipttrn 1.03 1.13 4.73 1.39 1.5& I.IB 1.16 2.36 2.36 1.1B 1.31 1.97 2.63 6.30 O.fiB ?,63 ^.36 Q.99

4.80 3.18 0.0Q 6.30 2.JB 1.5& 3.55 1.1H 2.36 4.73 i.73 3.2B 4,*J2 2.1i 2.63 11.03 0.79 1.75. 4,3B 3.y4 1.9a

at ■:;:,-,.,.,■ area of drift column

tidn at 7505 aw on 2 June 1979

ln «L 4:25 am on 5 July 1979



.■ ni's.£rl,il prganissa cmjglit in drift lice fi

Etul^jiiiju Castor Uiiwiislreiira Stution,

t: mi i:«ls-. Cuuncy, Qlje-Ih-c .

24 June to 9 July WJ

Days tmEorc or after application
of 0,070 ' ,;

Cuticnc

.': -i!,i ' ■!.

PlecopEccu

cf drift column

-jJlllLi

jdult*

Triclioptcrj

l.ep ldupturji

l[,-: ..■:...[,l.-:: .

Finnic Id ui,

Other

Ulptura

T.>C<ll Ctsircutrlal

larvae

larvae

odulta

-In £ ; :■

-S
Olu. Hue.

0.24 0.36

237.6 412.0

-4 -3

. 24 |ir Hoc.

-2 -1

Dlu. JJoc. Dlu.

Day

Noc.

■HI

Dlu. Hoc,

+2

24

O.M 0.27 0.34 0.3b 0.27 0.21 0.2ft 0.27 0.12 0.21 0 33 0 30

294.3 57S.fi 291.6 332.1 2*7.4 206.3 203.4 290.0 164.9 159.1 420.3 389,7

0.3C

0.34 LOS 0.97

*•*

O.fil

0.61

0.95

0.46

0.2/,

O

u

.26

,51

0.97
0.71

0.51

0.2c,

1.03

0.26

0.69 0.6* 0.30 3.60 2.91 6.HB

0.00 0.97 0.34 0.6? 0,69 0.30 5.05 J.HB 12.7S 0.00 5,46 u.00 2.38 2.B2

Dlu. - Diurniil drift ittOa about 7tfl0 ou. to 7:O(J pa)

Nf*C. - Nocturnal drift (froa about 7:00 pa Co 7^00 no.)

* expressed aa nunier of Invcrtebrati?*/100 pi3
of surface .m ■. of drifc column

*" appHcaclan at 7:05 *a an 29 June 1979 and

again ni 4:25 da an 5 July 1979



Table d (cant'd)

iul orjjuniiittiu cauglit In drift nor

Kuluuuaki CuuLor ■-..; :,.■;;.t^-s=- - :■!"! ii = i..

«.iL.i I'uli. CountyN Quebec.

It, June tc 9 July 1979

-i applicationDays before or nft

o£ O.aTO kg Al/lm

:.: velocity (n/uec)

area of drift cbIuhei <nz)

+3

Dlu. doc.

Q.96 0.69

722.9 790.7

0.54

Din. Hoc.

Spray

DIm.

+1

0,51 0.45 Q.39 0.36

«3.* 515.0 361 .S 429.3

Dili.

+2

Dlu. Hoc. Hoc.

+4

Din.

0.36 0.42 0.3& D.36 " D-iO 0.42 0.30 0.36

69.B 397.4 443.9 312.1 A02.8 J37.O JBB.S 324.S

Arachnids

Aranelda

EpTiect copter a

Trlchoprera

I.:;.J:!.^;ii.-

Othtr

■.■•h'\i;.

lidul tB

1 u ri'uu

larvae

■dulta

larvu.ii

lnvortebraEen

O.li

0.19 0.2B

0.0B 1.12 0.19 1.38

0.76 0.7H 1.11 0.93

0.19

0.78

1.29

0.77

U.2G

0.26

0,32 0.26

0.64 0,74 0.3U 0.26

0.30

0.23

0.21

0.95 1.22 1.75 1.38 1,16 4.26 0.52 0.23

0.14 0.0Q 2.66 5,43 3.50 4.15 2.10 4.6fl 3.10 D.45 0.96

O.U

0.31

U.D1

0.31

pin, - Diurnal .u Lit (from about. 7i00 em Ip 7fOO jia)
Hoc, - Nocturnal drift (frcn about. 7:00 pa ti> ?;OO am)

of lpvertehr*teB/100 m2
Jrlft colusui

•* application mt 7:05 «b oo 29 Ami 1979 nnd

jEHin oL 4iZ5 on on 5 July 1979



TubI* 7

Terrestrial organises caught in Jt'lfC ncC nets' ,

Js-.rs.L-; j i l. County, Ifucjicc .

22 Jtiiw 10 l Stptwitber 19JS

Daya before ct a fi.tr application -7 -7 -6 -b -5 -5 -4 -4 -2 _2

«F 0.070 kg Al/t» uMeUilpiiuu" an [* a. pB BB ^ at, pa a!a pB

Current velocity [a/Bee) 0.42 0.24 0.15 0.39 d.*,*, 0.4S U.2^ D.1B 0.30 0.24

Surface ar«tf drifc colu^ <»■<) 177.7 101.5 63.4 165.0 1BG.1 203.0 101.5 76.1 12&.9 101.S
0,24

101.5

-1

0.2? 0.33

L14.2 119.b

0.33 Q 33

139.6 139,6

0 31

119.6

0 3} 0 33

139.6 139.4

0 36

L52.3

+1

0.39

Atuc hilled.

of tern ad k

0.93

0.98 0.49

1.31

D.

2.

71

14

0.

0.

71

'I

0,71

0.71 0.65

■ 1.ou 0.61

U.71

TrlcliopLeca

Le|il Jojict [u

OthBt

Scujvfiyllnldae

LI i.rl

larvae

isrwu
adults

adulcu

udulcs 0.9U

0.5-4

1.31

1.31

I.Gfi 2.96

2.25 5.91 (J.OO 0.61

0,98

0.61 1.07 0.49 2.96 3.94

2.36

0.76

1.57

0,7B

3.15 3.9H ;.92

0.7L

7.B8

0.71

7,00 1.43

?.fla 5.U2

0.71

0.71

O.Jl 1.43 0.71

2.15 2.87 1.63

D,

1.43 0.

1.43 ;

71

71

H

1

0

.31

.65

0.65

0 .65

5_02 0.6]

• expiesoed as number of lnvertebraEee/100 m2

uf Hurface uruu of Jrlfc column

•* appllCBtlon fit 7:05 an on 29 June 1979 mid

again at 4;25 *a cph 5 July 1979



Table 7 (cone*d)

rjjjniGBUi caught In drfiL n. i

liiii. .,!. ,L Conrrul iiireao,

i: n'li. .-ii. i.'.t:..[i-, ijii.'in.'.-.

22 Junu Co 1 ■ r,.i , s .'.i. i- 1979

Unya beforu ur after application

of 0.070 i .- ',j.'iiii amr™ Llii plica**

«.. at drift (b2)

+1

p»

1.3

+ 2

0.12

50. B

+3

pa

0.48

67.7

■B

0.36

so. a

+4 +5 Spray buy

A jus 5 en 6 urn

+1

am

+1

pB

+2

an

+2

pa

+1 +3 +4

[icn am

Arsclmlda

Araneida

i'lucopcera

i i ;■ i I ■;.: ^ ,

ttyswnapziiTU

Other

Other

Dl^tera

0.4Z 0r« 0.46 0.45 0.48 Q.48 0.19 0.42 0.39 0,39 0.30 0 24 0 24 0 36 0J9 o 6t
S9,! 63.4 67.7 67.7 67.7 £7.1 110.0 177.7 It5.0 1&5.0 126.9 101.5 101.5 153,3 165.0 lAn.J

adulta

•dolEft

lurvus

i..i .....

ji Jul t a

larvae

II Jlil CH

D.9B

1-97

1-97

1-48 3.94

i

1.48

1,12

2.96

2.96 5.91

1.82

1.31

0.66

0.7S

1.97 0.96

O.MJ

1.B1

3.94 1.4B 1.97 1.68 4.43 L, &2 1.12 2,43 l.J.2 2.9t 1,11 3.03 1.08

.42 5,^1 4.43 9.flS 1.69 0.00 O.OO 7.39 10.34 0.00 3.04 2.25 3.64 2.42 0.79 4.^2 0.00 3,36 5.46 1.61

* expressed a a numb&r of ifivertebrjtBy/100 a2

(it J,::1 .. „■„■.■■■ of Jrjft colusui

■■ .

** Hppllcatian at 7:05 am on 29 Jumj 1979 flnd
•ijflln at 4:25 an on 5 July 197?



APPENDIX II

Population structure of bird communities

on treatment and control plots.

Montcalm County, Quebec. 1979.



Table 1

Forest bird population cenaui

AEamctUlphou Treatment Plott

Montcalm Cuimcy, Quebec

24 Juno to 10 July 2979|

Tetraonldaa

PicIdas

Tyrsnnldse

C°rWlJ"
PflIlJuu

Sittiddc

Tucdidae

Sylviidoe

Bombycillldao

bn,lldu

F|-lnBUlJdaa

Total Birds

June

24

. -5

0

0

4

0

0

0

6

6

3

16

IB

53

■ lb—ail

June

25

-4

0

0

6

0

0

0

15

6

1

30

9

67

Jung

26

-3

0

1

0

0

0

2

11

4

1

25

17

61

i appi

June

27

-2

1

0

0

0

0

0

9

0

26

12

1CSC1

June

2B

-1

0

0

2

0

1

0

in

6

3

34

12

76

on

"ally

avg.

0.2

0.2

2.4

0.0

0.2

0.4

11.a

5.2

1.6

26.6

13.6

62.2

Coal

30

0

0

0

4

0

0

14

6

3

2a

17

72

July

1

0

0

0

0

0

0

13

6

1

26

13

59

lac f

3

0

2

2

1

4

0

12

2

4

26

12

65

4

+5

0

0

0

0

1

0

9

0

4

IS

13

45

0

0

0

1

1

0

12

3

3

24.

13.

£0.

h.
.0

.5

.5

.1

.3

.0

.0

.5

.0

.5

.a

3

f.

0

l

0

0

i

2

22

2

G

25

20

)9

Poat-apray 2nd

J S

+2 +3

5

0

□

0

1

0

23

2

2

25

14

72

0

0

0

a

0

0

15

□

4

22

19

60

9

1

0

0

0

2

2

17

1

0

21

a

52

10

0

0

2

0

3

0

22

2

2

25

2!

7B

0.2

0.4

0.0

1.4

o.a

is.a

1.4

2.a

23.6

16.6

68.2



i

Tubla 2
i'jfL-sii bird population eeimuu

A.'-iii iL'i.h ijijui:. Untreaiud CanCTiil Plot

ii.i i t.-.i I: County, Quebec

24 Jiu.a to 10 July 1979

Prt-ppr«y Ut application Pout-spruy lat application iMec-flpmy 2nd appl lcnciun

F*»iir J;j* J™ J™" »«■ J;« Dfliiv -1-' JW» **» J"Jv Dally *&V my Jujr JTrtj Jyiy fclIy

-5 -4 -3 -2 -I PVB' +1 +2 -K +5 *vs" +1 +2 +3 +4 +5 *VB"

TetrauntJBa 01100 0.4 0000 0.0 0 0 1 0 0 0.2

PiclduE 00001 0.2 OQOO0.O 00000 0.0

T>rannldao 0 0 0 0 0 Q.O 0 0 0 0 0.0 3 0 2 D 2 1A

CofvlJae 1 1 0 3 0 1.0 0 U 0 0 0.0 1 3 1 2 0 1 .i,

Psrldae 0 0 1 0 0 0.2 0 0 ] 00.3 0 0 2 2 1 1.4

SiLCidau 0 2 2 0 0 O.a O 0.0 0 0.0 0 0 2 O a OJ,

Hifflidjn 0 0 2 2 21.2 2 0 0 00.5 2 2 0 2 0 1*2

Tuirdldo.1 4 B 7 7 25.6 10 i, 0 3^.3 2 10 Q 2 45.2

SylvilJae 2 2 4 0 2 2.0 2 2 0 2 1,5 0 0 0 2 0 0.4

BoEbyeillidqe 2 10 0 0 0.6 13 11 1.5 23123 2.2

ViCHunUae 24444 3.6 2002 1,0 0 i, i> J, 1 J.fl

Parullda* 12 2S 1$ IB IB 19.2 22 18 16 19 IB.8 19 20 22 19 19 19,0

Ittetidae 0 t, A 0 h 2.6 4 2 4 5 3.B 0 1 D l ] 0.6

TTiraupidne 0 0 U Q Q a.O a O ' 0 0 0,0 2 0 0 0 0 0.A

FrinKaiidac 7 9 2 4 . 6 5.6 7 6 7 3 5.fl <i 4 7 5 A 4,fl

TpioI bLLJ. 30 61 46 38 41 43.? 5tf 35 29 35 3J. 3 35 47 50 41 3tf «.J



Toble 3

t'uieat bird population cenu

Aiiinetlii|ilioi TraetnienL Plot

:'- -.ilcjii. County, ;;. , i,_.

24 Jun«i to 10 Jiily

Family

Picidae

Tyr u rift 1<1 iii}

Carvidae

ParldHe

M( I J. l! .J *:

-. .■■'■■:!.;,..

fluffed Crouu

lil j

Alder Flycatcher

Olive-uidiiil Flycaeclier

Blue Joy

Red-lire fig ted liut n.i; t li

American Tlabtin

Hood Tlinifiti

Hermit TJirush

Sualnuan'n Thruuh

Vuery

Cedar Uaxulng

WurtUer

Warbler

UurblvE

ed WarLJec

Haurning Uu

Canaan

Citnuda

Purple Finch

Pint Siskin

■..i,<rL." , :;.,■■■.; C

DHrk-eyeJ JunC

till! ta- LliruuceJ

Grosbeak

24

-5

0

0

0

4

0

0

0

0

0

2

0

4

a

s

3

0

0

2

4
2

a

4
0

a

2

Q

2

4

2

0

0

2

1LJ

25

-4

0

0

U

6

0

0

0

0

1

2

1

7

4

6

1

0

2

4

4

a

4

4

0

2

4

2

4.

2

0

0

0

0

7

pray lui

26

-3

0

1

0

0

0

0

0

2

0

a

0

5

6

4

1

0

0

8

4

A

0

&

0

0

2

I

0

4

0

0

0

2

11

aL.p

21

-2

1

0

0

a

Q

0

0

0

a

o

0

5

4

0

a

0

6

e

2

a

4

41

&

4

2

4

2

0

0
Q

6

2H

-1

0

0

0

2

0

0

1

0

1

2

a

10

e

3

0

0

a

4
4

0

6

0

a

a

2

2

0

2

0

Q

0

10

on

Dally

avg-

0.2

0.2

o.o

2.4

0.0

0.0

0.2

0.4

0.4

1.2

0.2

5.2

4.6

5.2

1.6

0.0

0,4

5.6

4.8

2.4

o.a

4.6

0.0

0.4.

4,0

1.4

2,0

2.6

1.2

0.0

O.D

o.a

a.a

June

30

+1

0

4

0

0

0
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Catbird
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Blackbucnlan i'jrfc 1 er

■ .'!!■■-,c:.i!L :.!■!(.■/ Warbler

QvunLlrd

Cannon Yullowtliroat
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0

0

0

0
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0

0
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0
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0
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Pre-spray Post-spray 1st application Post-spray 2nd application

Figure 1. Breeding territories of the Nashville warbler, VVunivOJia Au&lcapiUa (Wilson)
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Fifiure 1. Breeding territarififl of the K«h*ilL

Fooc-Bpray lac li Voac-upray 2nO app'ilcutl

r±gure 2. Breeding territories of the Magnolia warbler, VlndAoica niagnoUa (Wilson)
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Figure 5. Breeding territories of the Eastern phoebe*, SaijoilUA pfioe.be. (Latham), and the
Alder flycatcher**, Empi.itonax atnonwn Brewster
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Fleure b. breeding LeuLiui.icU «»■ >/"- —J- •
Ald fl e BrewsterAlder flycatcher**, Empidonax

Pre-spray ' Post-spray 1st application Post—spray 2nd application

Figure 6. Breeding territories of the Swainson'a Thrush, CttfhaMU, u&tlitatuA (Nu
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Figure 9. Breeding territories of the Ruby-crowned Kinglet, RegutuA calendula (Linnaeus)



APPENDIX IV

Aquatic invertebrates collected in drift net sets

and by Surber and rock sampling in treatment and

control streams, Montcalm County, Quebec. 1979.



T(iMe 1
Aquntic ot^flii Lama caught In dilft net acle*,

Hult.ai-.iu Castor Lieaineni Station,

Mnntcnln Cokincyt Quebec.

22 June Ic- 9 July

Dnya before nr afnec ajiplicnLfon -7 -7 -6

:. . ■ ! !i ■ r '. i ■ - - flpj rjtf. jiriof 0.070 kB

l". i ' I- (mj

Cutrent vcliiclLy l.r-./r.i-i

Volume of Jrjft column

HimjIrda

Peltcypoda

Arach

Coll retool a

Qdonaca

Curlxldae

llntoncc: 1 Jne

Tticlinptcro

llallplidac

Elnldae

Tipulidae

larva*

pupae

adultb

adulEe

larvae

adults

laruflp

larvae

lltleldat

Total Bqtiiitlc Invertebrates

-6 -5 -5 -t -A -2 -J -1 -x Sprny Iluy +1 Hi +2

pm am pa am pm am pw tun pm Fre 0 hr +S lit +1 hr +2 Jir pm an pm nm

0.3O 0.26 D.25 0.26 0.26 0.25 0.25 0.25 0.22 0.2* 0.2^ 0.2( 0.24 0.2L O.22 0,23 0.23 0.2] 0.22 0.22 0.21

0.5ft 0.30 0.36 0.30 0.33 0.27 0.24 0.24 0.30 0.32 0.33 0.30 0.27 0.27 0.27 0.27 0.27 0 24 0 36 0 30 0 30

73.CO 32.-)9 3B.07 32.99 36-29 26.55 25.DQ 25.J& 27.92 32.46 33.5(1 3B.4G 21 .'.1 ZJ.98 25.13 ZS.27 26.27 21,32 33-50 27.92 26,95

0,10 0.J8 0.7O 0.62

0.56 1.52 1.B4

0.27 0.30

0.52

0.11

0.26

0.70 0.39 0.39

0.83 l.*0 1.58 0.36 1.23 1.79 2.30 0.73 1.67 1.1?

0.76 0.3B 0.47 0.37

0.47 0.61 fi, J6 ] .48

0.35 0.66

0.39

0.39

0.39 039 0.33

O.io

o.eo o.38 0.3a

1.52 0.76

0.40

D.

D.

26

79 0. zs 0. 70 <l

.39

.39

0.fi2

0,31 0,30

0.36

0.3B

I1.3B

0.30

D.3D

Q.

0.3fl

1.08

0.3B

O.JS

0.60 0.3S 0.38

0.36 0.37

1.3& 1-82 A.20 0.30 1.38 3.85 3.94 0.79 0.J& 2.77 2.C9 4,37 1.46 l.$7 3-18 4.19 6,47 117.26 2.15 1.7? 2.60

sed as number of -organls-BHi/H! m'* of

nppllcnClun nr 7;(15 am on 29 June 1979

and ny..iln at A : 21 am an '■ July 19 79

Table 1 (pant



Dnyv before or : . t r ;■,,■! );:..; :.i il

a( 0.070 kg Al/lm -,;..■ ii.ij,!.,,-.'■

D*pth <■■;

Current velocity Cn/tiec)

Voluae of Jrift column {*t$}

+3

pa

+■1

pn

a. so

LJ.S7

** application *t 7:05 in on 25 June

.:,■..! *,Batn nt 't:25 «n en 1 jLil

Tabl« 1 (cont'd)

Aquatic organism* caughL in drift net u

KuIseuuu Caster TrentmL'nc Station,

Hantcsln County, Quebec,

22 Junu co 9 July 1979

+5

am

+5

pa rrt 0 tir

Spray

hr +1 hr

Day

+2 lir ■»■ c': l.i pi

+1

1 1111

+1

pa

+2

an

+2

pa

+3

0.40 0.37 0.37 0.37

D.S1 0.45 0.30 0.30

0,37 0.3? 0.32 0.31 0,31 0.30

0.30 0.30 0.54 0.36 0-33 D.27 0.30 0.

+3 +4

).2i o.:

A37.1S 44.42 40.19 25.38 2fi.?6 23.4o 31.30 31.30 31.30 31.30 31.30 48,73 31.47 43.27 34. It, 35.53 3U. 07 35. 'A 34.2fc

+4

D.23

29.44

Nenatodu

;■ L.■.:;.■;, ...1..

0.07

0.07 .25 O.39

0.20

0,20 0.32 0,29

Cstrncodfl

CullcnbOla 0.25

0.52

.92 0.32

DacciJut

QJonata

llenlpteru

Itat on net id tie

PiwrrHm

!.■■,■,■.):.[■! .■[.-.

larvae

0.21

1.H2 1.13 0.1J 1.97 2.09

Q.39

0.22 0.41

0.-23

0,15

0.32 0.34

7.35 1.92 0.64 0,64 1.38 2,BJ 0.64 0.46 1.46 1.97 0.26 O.BS 5.55 2.51 1-36

0.32 0.12 0.62 0.26

0.29

0.2B '

Cnrcullap.iJ.ao

Uclufdue

Empldlttue

Flit)

larvae

adultg

adulCfl

larvae

larvae

liirvje

larvae

aquatic Invertebrates

0.45 0.29 0.32

0.43

0.7*

0.39

0.32

0.31 0.64

0.22

1.09 O.6B

0.15 0.66

0,07

0.07 0,32

3.94 4.26 0,?5 *5.12 3.13 0.43 fl.63 1.92 1.93 3.51 1.-J2 4.y^

* ^»prL'nu*J «b number of ul]■■■;, Li »;:/! [j b^ o£ wacur In drift

0.02 0:46 0.29

0.20 0.64

0.26

0.29

U.56 0.50 0.2U

0,J2 0.56 0.3B 0.56

1.65 2.34 2.B2 1.B4 2.54 7.UB 2.7?

** appllCitloa *t 7:05 u on 29 JunB 1979 and >b«1h at 4:25 an orv 5 3uly 1979



Hays bcfure ar att.ec application
at 0.070 kfc Al/ho asacuLMpLujai*

Uuptti (in)

Current velocity (Wsec)

VI of ddft toluoa (B3)

Castrapedu

Ctualaceo

Quota

>■■!»> Mil

orjjBiiiaBi caught In drift net utta* ,

stau Castor DQwnjiEreiLia Station,

Hmucnlni County h Qutbuc.
24 June ta 9 July 1979

-3 -H

DIu. Hoc, Dlu. 2
-3 -2

r Hoc. uiu. Noc. Noc.

+1

0.19 0.12 O.Jfl 0.16 0,14 0.13 0.13 0 U OH

?;" ?;3' ?:3? ?:» ?•« <••« o-2J 0:21 O;24

0.22 0.2D U.J9 0.22 0.« 0.23 0.2B 0.32

0.11

0.16

0.27

46.4

3.41

0.21

3b. fa

1) ,27

Q.

0.

25

It,

21

,4

0.1B

0.33

75.6

0.

0.

0.

0.

16

3a

32

It.

0.20

' ..-.:■

O,97

0.11

0.55 0.55

0.44 1.5?

0.35

Q.32

0.64

TrldiopL^n

CDli-DTicera

Inrvae

pupil!

tlJ'.i! t:T

rniulru

lurvac

0.22

Ulepharlrerldaa lurvi

pupa*

lrwertebr*teo

0-61 0.19 Q.22 0.49
0.23 0.22

0.1*

0.40 o.ll

1-21 0.32 0.49

0.22

0.22

D.22

Dili.

Woe.

l.ai 0.22 0.73

0 28 0.22 Q.55

1.37

0.32

1.37

6-HB 2,45 1.40 1.47 0.23 3 61
1-01 0.24

0.2b

[)

0

.It

.64

0.4B

2.

0.

*).

U.

44

lfi

fi4

32

0.39
0.2S

0.23

0-65 1.05 2.ao i.9i 1.18 1 65

D-2a °-" 0,22 0.27 0.39 0.26

16-79 4.34 4.10 S.Ofl 1.16 B,*3 2.5B fl.73

DlurnMl drift (fro- ubouc 7:00 .» to 7:00 ,,*)
tocmciMi drift (free jibouc 7:00 ril tp 7i0D «,)

^preaBed i«,-; nunbec of urfiflniuma/lO e3
of water In drift column

application at 7:05 *n on 29 June 1979
and in at 4:25 en on 5 July 1979

1.2S

0.16

0.16

10.43



dtl.l -«H 1 .1 .1 1 t'.'J

in drift nee

Tablt

iaiflB c

u Castor

nLcalD CDqniy, Quebec.

k June ta 9 July 1979

Djyfi befora ur after application
o( Q.O70 kg /

Currcnc velocity (m^e

Volune of dliU col u

Gastropoda

CniBtBcea

OdQiiflCa

Notonectidae

TrloMopLura

Tlpulidati

SlB=ullidUe

Flali

Total

pupa«

adult*

larvab

larvae

larudq

pupae

I.iTl , L

larvvt!

pupae

invercebratea

0.10 0.06

0.52 0.11 Q.13
a.jj

CLIO

019 0.20 O.io
0.06 0.16 2,19 0.62 0.32 2 8?

0.05

0,05

0.11

0.11

0.22

0.10

0.06

0.06

0.03

0,11

0.10 0.06
1-83 0.16 0.2T

0.06

O.CIf.

0.05

0-05

O.CS 0.17

0.10

0,10

0.1a

0.33 0.11 i.23

0.13 O.?20,14

0.10

0.10 0.06 0.05

0.10

0.35 0.05 O,Sp

0.59 0.05 0.27 0,19

O.Jt

0.15

rt.os

D.08

0,19

0.74

0.5&

0.10

1.16

0.15 0.39

1.06 1.91

DI«. - tl drlfi (from

uSMl drift (fco
7.00 iu* Co ?;00

of argan

of Htttur in drift column

■[»plicaiion at 7:05 i> dd 29 Ju

<[J5 jib en 5 July 1979m>d



Table 3

Aijuacic organisms caught In Jrlft Mt

22 June to & July 1979

betarc at ufter application -7 -7 -6 -6 -5 -5

at 0.070 kg Alfht

Current veluclcy (n/sti

VuIlidw of drift culumn

Oi igucliatta

pra

-4 -2

Ah

-2 -1 -1

4 an 5 am

0.23 0.Z7 0.21 0.23 0.24 0.23 0,21 U.21 0.21 0.17 0.J2 O.'£2 0.17 0.17
0.42 U.K4 0.13 0.3V 0.44 0.48 Q.24 0.24 0,30 0.24 0.24 f>.27 U.33 0.33

'.O.fl6 27.41 14.59 37.94 44.67 46.70 21,32 21.32 26.6i 17.26 22.33 25.70 23.73 23.73

0.66

Spray pay

t ^m 7 aa

0.17 (l.JV

0.33 0.33

23.73 I-3.73

a ua 9 jm jina

fl.17 O.i? 0.24

0.33 0.11 Q.3fr

23.73 23.73 36.55

Arachnids

Crustacea

0.47 0.3S

{..:!.,.'...;,. 0.36

0,47

0.B2

UJonata

Acs tin IJoe

1.22 6,5? 1.37 0.26 0.b7

a.id

0.47 0.42
4.69 0,47 2.63 2.32 0.44 0.76 4.64 0.B1 2.11

0.47

a.42

a.42

,42 0.42

0.27

riotontctldflt:
0.39 0.42

Elm iJ tit:

lorvua

pupae

larvae

adults

2.19

0,26

0.26

0.38 0.44 1.17 0.84 0.84

l>lpteira

Slmulildae

Fish

Totul

larvae

lar^jo

lnvtitebratus

a.n a,6a

C-24 0JS 0.68

0.73 0.73

0,2;

0.22 0.21 0,53

0.47

1,05 1.12 0.21 0.47 0.47 1>.3B B.SH 1.17 O.fl* q.42

0.22 0.90 0.33 0.42

0.42

2.69 11.31 3.43 1.B4 2.46 0.43 6.57 1.B8 4,13 2.90 1.79 3,SO a.01 I,26 J.ll (1.42 1.69 0.42 1.09

' C-ipiens(_-d as nusiier ot

** aiipl lent Inn at ? ;05 un

5 July L979

29 JirA

of water in drift



before or after application
"t 0.070 kg Al/ha ->, ■■ .■[;ii1'.j,1J ,«-

Dbpth fdj

Cutrettt velocity (s/fcoc)

v.jh.l .. d| drift ,:.L,1,.- , (BJ)

Table 3 tcon

Hmitcalp County, Quebec,

22 Juris to 9 July 1979

+4 44 +5 +5

am yon am pn 4 ,

J.70 O.iB 0.53 0.53 0.1

Spray Bay

pm 6 aw pc
+1 +1 +2 +2 41 +1

pm Pffl *™ pm OB u>

%
48.22 34.52 «.« 50.25 46.19

4

-"-.--<_ I.: i I j ..

Ccustac^4

Ue cjippj a

CQllcriolu

L pi it si; ro |j 111 ra

1.09

0.26

0,90
0.2B

0-19

0.49 l.M 0,^2 0.29 O.^IB 0.20 0.21

llcmlptcre

Uotoncctidaj

adulta

Poeplitnldae larvae

mpteu

> '-[•"} it!, u larvae

eicpliirlcetldat: laCvje
SimullldiKi larvae

ri»ij

Tot4l

larvae

pupsa

1.09

2.19 1.0&

0.56 0.39 ll71 0<5B fl

0.19

O.B7 0.2a 0,5b 0.2&
0.29 Q.89 O.2fl 0.50

0,29

1.09
0.3Q

2-19 1.26 1.6a 0.Z9
1.09 0.6] 0.29

0.2B

0.5b

0.29 0.19
0.23

U.21

0.1! l

0.20

0.40 0 21
(J.^0 0.21

0.20

°-46 Q.07 0.24 0.40 0.

D-" O.Ui l.lfi O,6U

0.28

6-U 3,9^ 2l3] 2.08 0.56 ^-00 D_5fl l_lfi j ^

' ««preaBed ,, puBlber a£ orEanlfiffis/10 B3 o[ uater ,n dtlft MlBim

7:05 «■ on 29 June

0.21



(Salton faund populations* p

Kulsuuau Castor Treatment SlulI

Honccalm Couiuy.

16 June t» 31 August

Duyi* before or nfcer first

(on-J uecond) application o

0.070 V» Al/ha

i'.. i; . .3.1

co pt e rn

OJuiutti

Aeahnidne

Plecojitera

lJ

llallplidae

S|iluierlldae

OnLdue

Tijmlidae

Slnullldae

UulcJtlac

TuLanlJae

Eoi|j JdiJoe

'..■:./: , .11.11 11- !:.'.. 1 ■ r ';.,;..

-

Q

&

1

16

13.

.15

.25

,00

June

C-:

t

t

*

0.50

0.50

2,00

-5

0,35

June

C-U)

l 0,50

0

0

3

.25

.75

July

(-2)

i fl.

1 D.

50

50

9

10

0.25

July

(+4)

1 0.50

0,25 t 0.50

3.25 t 2.3& 2.30 £ 3.00

13.00 t 6.21 5.J5 1 4.B0

larvae

pup.ui!

..ij.il L i.

adults

larvae

edulLti

larva*

larvao

larvae

pupHC

1 a r vim

latvue

1arvac

0.25

0.25

0.25

2.25

0.25

0,25

0,25

0.25

a.5a

0.25

0.25

a.25

1

X

t

t

t

t

t

1

1

±

1

0.50

0.50

a.50

2.22

0,50

0.50

O.50

O.bO

1.00

0.50

O.SO

O.50

1 uoa

2.00 l 2.45

4.00 i 3.40 0.75 1 O.fJ6

B.50 1 7,D5 0.25 1 O,S0

13 July 30 July

+16 (+10) +31 (+25)

0.50 t 1.00

0.25 1 0.50 0.25 1 0,50

1.25 1 2.53 0.J5 1 1.50

>- .:■■' 1 1.00

3.50 ± 4.51 0.25 1 0.50

3.00 1 2.5S 2,00 1 I.fi3

31

0.15 Z 0.96

0.25 1 0.50 0.25 1 0.5(1

1.00 I 2.00 0.25 1 0.50

0.50 l 1.0D

0.25 1 0.50 0.75 l 1.50

0.25 i 0.50 0.25 i 0.50

0.25 2 0.50

1.25 i 1.30 0.75 1 0.9t

0.50 1 0.58

0.25 1 0.50

1.75 S 3.50

0.75 J 1.50 0-50 t 0.5fl

0.25 * 0.50

0.75 1 1.50 0,50 1 0.5B

0,25 ± 0.50 0,50 1 1,00

0.25 ± 0.50

0.5O ± 0.58 J.4.75 1 11.35

0.25 1 0.50

23.25 1 7.00 9.75 1 6,40 17.50 1 S.S5 5.25 * 0.56 15.00 1 9.70 19.75 1

(+57)

0,35 l D.50

0.75 t 0.96

3.00 i 2.16

6.00 i 6.22

1,75 1 1.71

0.25 1 0.50

0.50 1 0.5fl

1.25 1 1.50

a.ou t a.68

0.50 i 0.5B

4.50 l 4,43

0.25 i O.&O

29.25 1 54.51

0.2S t 0.50

1,50 i 3.00

56.00 1 66.25

* Dirran numiiuru and BcandjirJ devd aLlu

coliectud in four 0.093 a^ Surbcr
uf

*■ oi.|.l L^j: I-11 it 7:05 j;-. On 2? June 1979 and ■,.-,.!:!

lit 41Z5 bn en 5 July ]<j ■'■.



J>nte

Days :_. - *. j ; ._■ or ■',:.-■■ first

(und uccoilil) application of

0.070 kg Al/lia iiEomutMiflLou*

17

-12

Tablt 5

,--.'„-.. fauna :.■■ ■.•:-,...'

Uulaaeau Cantor downstream Etc

Hontcslin County4 t)oeW'£.

17 June to 30 July 1979

(-19)

23 June

■6 (-U>

3 July

+4 (-2) +10 (*4) tic (+10) +31

i-.,:-: .".,!'::.!;

Col lenbola

Epheiuei rtd.ee

]luptii|;cnild

flu lit ill* n

- -■ ■ 11

CoryJiUdat

Tridiupicra

■ .!u-.--.: . i -

Tipul

0.15 t 0.50 1.25 1 0.50 2,50 t 1.29 0.25 t 0.50

0,25 1 0.50

0.25 1 0.50

0.25 z 0.50

0.25 i 0.50 2,50 t 5.00

5.DO i fl.tS 9.25 I 9.07 fi.50 1

4-25 1 1.26 21.50 i 16.05 13.?5 1

0.25 1 0.50 0,50 i 1.00

0.25 x 0.50

i 1.15

.50 ± 1.00

3.00 i 2.1

0.50 i l.<

7.S9 3

7.50 3

0

50 i 3.32

00 t 1.C3

Z5 ; 0.5a

5D i D.5a

6.75

Q.QO

i 5.62

t 6.38

0.75 t

0.50 i 0.S8

5.50 t 7.U5 2.75 i 3.10 1.25 i 1.26

0.25 1 0.50

larvae 1.50 1 3.00 2.00 i 1.63 1.75 t 1.26 0

pupae D.50 2 1.00 i.OD 1 1.41

l">-vae 6.25 i 6.70

uduUa 0.25 1 O.SB 1.25 1 1.50 1.00 * 0.B2 0

lorv^ 0.50 ± 1.00 1.25 1 2.50

O.?5 1 0.50 0.50 * 0.5S

?5 1 0.50

50 ± l.QO

2.25

0.75

2.00

LD0

l.OO

t 3.30

i 3.86

i 0.50

t 1.63

i 1.41

a 1.41

2.00 i 2.31

0.25 i 0.50

0,75 1 1.50

0.50 i 0.5B

0.25 1 0.50

2.25 l 2.06

O.J5 i 1.50

Ch i. t li uoalda a

Tatiil Jiquji.it lnvjirtcbralcbi

1 U E~VUU

pupue

lj.CVfle

pupnli

0

a

ts

.25

.50

.23

,25

.00

t

1

£

i

Q

1.

0,

.50

.00

.50

6

1

59

.50

.25

.00

l

l

2.

0.

36.

52

9£

94

Q

1

41

.25

.5U

X

t

1

0

0

9

.96

.96

.33

t

0

10

.on

.25

.?}

*

1

1

2

0

7

.00

.50

.23

i>

1

0

33

.25

.50

-SO

.25

s

X

t

t

D,50

i.29

0.58

15.52

4

0

15

.75

.25

.25

1 2

t 0

1 fl

.22

.50

* mean niurfjerfl ai\6 Bti g

collected 1ji four 0.0?D »3 SutLcr uanpldu

* npplic^clpji At 7:05 am an 29 Jtua 1979 and again

(it 4:25 ma on 5 July



TaUla &

, ;l!,.... I. i:jii |'i'E-iJ ' ■' <- !~'.f. ' ,

ii:.i :,-.:i<-. I Control Stream,

H.fL.i ■ jilij i..hiiii y h Quebec:.

Id Jung to 2B Auguut 1939

Days berate or after first

(arid second.) . n,.; ; o .!_ 1: ■. of

O.aiQ kg Al/ha Bian*;iMplioa"

16 June

-11 (-1

23 JutlC

-6 (-12)

jui,

(-2}

Jjly

liuptagunlidue

Bactidae
1.75 1 O.SO 0,25 i 0.50 l.OQ i 0.B2 t.flO * 2,94 1.75 t 2 06 1 25 i 1 50
1.75 t 3.30 4.75 2 A.27 3.50 i 3.0fl 0.25 t 0.50 2.00 1 2.16 1.50 1 0.56 l!oD • o!fl2

0,25 t 0,50

0.25 i 0.50 D.SO I 0.5&

1.75 i 1.26

0.25 t O.50 0.50 t O.Sti 0.25 , (j. 50

0.25 t 0.50 0.50 i 0.5B 0.50 1 0.58 5.25 t 3.77

2.50 t 2,52 0.25 t 0.50 2.25 t 1.50 1.00 ± l.]f, 1 75 1 2 &)

0.50 i q.J8 o.25 j a.50

larvae

larvae

larvae

larvae

lnrvne

0.25 z 0.5O 0.50 » l.00

0.75 I 0.96 1.25 i t.3t 0.50 1 0.58 1.55 1 1 ia
0.25 i 0.50 0.25 i 0.50

0.25 1 U.50

3.00 i 2.I& 6.25 1 4.65 3.00 i 2.AS 0.50 1 Q.5fi 4.50 1 5.01 3.00 1 2.L6 5 DO • 3 It,

0.25 £ 0.50

aquatic invertl>Tateti 11.00 i 5.35 12.25 1 6.99 10.50 i 5,07 3.25 i 2.63 17.SO i
B.5O 1 5.-15 16.1>5 :

* maan nuahere acid ucondikrd dsvlatlona of .j: , .,

collected in four O.OS3 a2 Sutbcr Bl

■■ application *t 7 i05 as en 29 June 19J9 and

ui A:25 ar tin 5 JuJy 197?



Table 7

invertcbraLtiH collected tram, r

Byenu Castor Treatment Station

Maintain County, Quebec,

Ib June to 31 August

Days before or after first

(dnd scccuid) application of
0.070 kfc AI/ha .:/.■-. L;y... ■■

16 JUna It, julle 3 July g Jjly J5 j^^

-13 (-l$> -S (-11) ^ f2> +10 (+4> +16 (+1QJ

30 July

+31 +63 (+57J

Pelecypoda

Arachnida

NyJrncarina

Qdonnia

fi -■, l.1. ,.L l-: .

3.75 1 2,36

3.25 ± 2.99

O.50

0.25 X D.50

A.25 i 7.3,0 1.2b i J.5O 5,DO i 2.16 3.50 i 3,32

B.25 i 11.90 1.25 ± fl.Sfi 4.25.^,23 D.SQiQ.sa

0.7-5 j 0.50

0.25 i 0.50

Q.25 t 0.50

1.75 i 2.0&

0.50 i I.00

3 2H »

t.35 11.26

0.25 i 0.50

0.50 0.50 1 D.5fl

0,25 i LI.JO

larvae

pupae

4.00 11.41 0.75 i 0.50 0.75 i 0.50 1.00 ±0.62 1.75*1.SO
0.50 1 0.55 0.25 i Q.50

1.00 ± Q 62

Tlpulldae

'-' I J.ll.jt i!.L-L J J.i,-

tatvae

pupae

0.50 i 1.0D 0_25 t 0>50

0.25 X 0.5G
0.25 i 0,50

0.50 * 0.58 1.75 t 2,87

. rt^ 1.00 £ 2.00

2.00 J 2.16 3.50 1 2.£5 J.00 i 2.71 3.25 i 1.71 0.75 i 0.96
0.25 ± q.50

0.25 1 0.50

1.50 j 1.51

Tot*! flquoclc lnvertcl)»te, 15.25 t J.M 19.75 i 11.02 7.50,3.70 U.tf * MS B.00^5,7? 6.00 IS. 23

1 50 ' 0 SB

t 5.M

* toesn numbers and standard ditvlddans of orfcuniBB

Erum four rocka approxlicaLely 20 en In JlameiLtr

** application be 7i05 am on 29 June 1979 utid uksIii ui A:i5 an
on 5 July 1979



Table 8

iii.ii !.- js,vl ;: l'M .,[. i collected frca racks*,

llulaeeau CiiatOt !i.n .1:.; j ■_■ ,i; Station,

Manccjilu County, Qucb-uc.

17 Junu to 30 July 19?y

""« 17 June

Liayii before ur after firat

(dnd ■>■ Li'nJ} jj[;;i) l.-.n I..11 of ~12 (-Ifl)
0.070 kg Al/ha aiu

23 Jinit

-6 (-12)

3 July 9 July ,5 July 3Q

Arachnids

Hydrjscarino

An 1 sop turn.

Hflcrooiidie

., : '. !l..ltS L:r.:,

0.25 1 0,50

0.2S ± U.50 0.25 ± 0.50

9.25 i 1.03 3.25 1 3.30 1.50 t 1.73

4.75 i 5.50 20.25 i ID.59 1.5D i 1.73 3.00 ± 2

[>

•

.75

.DO

t

1

±

0

0

.■

.50

.96

.lfc

a

3

4

.25

.25

.00

1

:

a.

z.

a.

so

22

24

1,50 t
1.75 -

1

2

.00

.B7

0.25 1 0.50

0.50 i T.DQ

1.00 t a.16 0.75 i 0.9& 0.50 t Q.5& 0.25 1 0.50 O.!5 t U.50

pupae

8.7i t 7.6B 1.00 1 1,41 3.75 i 0.96 1.75 r 2

2.GG i 2.71 1.73 i 3.50 0.75 1 0tM) 1.00 1 0
1.00 2 0.S2

0.50 2 1.00

if.oo i a.:

1.25 i LI

Elalrfae

fncphtnldae

Tipul iiluii

liivtrL

1*^»« 0.75 i 0.96

adults 0.25 1 0,50 0t5fl I 0.S5 0.75 1 0

larvae 0.25 1 0,50
Ufc

larvae

larvae

pup-as

0.25 1 0.50

1.00 i 1.41 0.35 t 0,

5.?5 i 4.19 6,50 1 3.00 9.25 I 9.2J 16.00 1 17.

32.25 x IB.£4 35.75 1 7,BO 1B.O0 1 6.3B 28.25 i 14.29

D.50 1 1.00 0.75 •

50

J / S .25 1 2 .22

Q.

8.

0.

SO

50

2b

t

X

l

1.00

B.7Q

0.50

r 7.3? 23.(10 i it.i

tiutubetH and standurJ deviations of ^r|-itUJ[na

~ :■'., four cocks ..jijiriJi: Iniiilt] y 20 tui lit Jliunottr

ic 7:05 Nra un 29 June 1979 and

5 July 1979

nc 4:2S a



Table 9

Aquatic invertebrates collected from racks*,

UncreaEed Control Stream,

Mantcitliu CounCy, Quebec.

16 Jun4± ta 28 August: 1979

Date
June

before or after first

(and second) application of -13
0.070 kg Al/ha

23 June

-6 (-12)

3 July

+4 (-2)

9 July

+10 (+4)

15 July

+16 (+10)

30 Jli]y

31 (+25)

28 August

Arachnids

Hydcacarlna

pupae

larvae

larvaa

larvae
pupae

Chlrouomldfie larvae

pupae

MM

1-50 j 1.29
1.50 t 3.00

3,25 t

5.50 £

2.50

5.20
0.25 ± 0.50 O.25i 0.50 0.25 1 O.50 2.50 1 2 39 4
4.50 ± 2,65 3.00 ± 1.15 6.00t 2.16 2.00 i 2.16

0.75 1 0.96

i 1.26 10.25 ± 7.63

4.75 1 3.59

3.50 i

0.50 i

2.3B

0.5B
O.» , 0.5B ,06 , 2.J5 5.50 , m 3.00 * 2.S3 4.00 » ,.„ 4.25 ,

l./S 1 1,71 1.S0 i 0.5S 0.50 i 0.58

0.50 ± 0.5B 0.75 i 9.57

4.00 ± 1,63 4.25 l 0.96

0-25 i 0.50 U.25 1 Q.50

Q.25

O.?5

5.75

1

t

t

0.50

1.50

8.02

0.25 i 0.50

2.25 ± 4.50

3.0a 4 6.00

10.00* 8.60 l.QD z 0.02 27.25 ±26.76 47,50 t 37.29
0.25 t 0.50 0.25 ± 0.50

0.25 1 0.50

, 1-00 l 2,00

5-50 t 6.61 57.50 ± 45.36

0.25 1 U.MJ

2Q.25

1 3B.66 18.75 i 6.95 79.00 i 43.55

numbers and Btundard deviations of rganiaa

from four rocks approximately 20 cm in
diameter

application at 7:05 am on 29 June and again at
A:25 atti on 5 July 1979



1

APPENDIX V

Fish diets in the treatment stream

Honccalm County, Quebec. 1979.



Table 1

Brook trout sampled for stomach content analysis,

from Ruisseau Castor Treatment Station,

Montcalm County, Quebec.

21 June to 31 August 1979

Date

Number of Fish Sampled

Mean Total Length (mm)

Range

Mean Fork Length (mm)

Range

Mean Weight (g)

Range

Mean Volume of Stomach Contents (ml)
Range

Mean Volume of Stomach Contents (ml)

Mean Weight (g)

21 June

10

92.30

74 - 110

90.50

72 - 109

8.56

4.4 - 12.6

0.08

0.0 - 0.2

3 July

11

57.00

44 - 91

55.36

43 - 89

2.25

0.7 - 7.8

0,09

<0.1 - 0.2

9 July

12

50.92

41 - 62

49.25

40 - 60

1.18

0.7 - 1.8

0.06

0.0 - 0.2

15 July

13

54.62

41 - 112

53.54

40 - 110

2.34

1.2 - 14.2

0.05

0.0 - <0.1

29- 31

August

10

105.00

53 - 131

104.40

57 - 130

13*74

2.3 - 23.6

0.12

O.I - 0.3

0.009 0.040 0.051 0.021 0.009

■

-



Table 2

■,■.-.. ii (■■.mi !.-ii i. ■, of brook ciiiiiL from

Kuluui;uii Cuutor Treatment Scacian*,

HantenIn County, Quebec.

21 Juciu to 31 August 1973

Jun* July July July *u,u« June July July July /J(,uliC June Ju]y ^ j" «-»

Ho

Aquatic Insects

20

1.0

0dOn,cB 5° " " "I * «'« 22"» 5 5 "■» »3 X.8 ,.0 Irf
HuulpLera ll? l.U

Carridae

Sialldat;

Corydalldae

ichnpietA larvjin

pupae ■-

CaleoptcfA larvae

tiJultt jo

larvae

pupua

Odier Aqu&tLlQ j11-,.,;j t ,

Ai actilllda

liydriica rini

Cruacaeca

Terr^utrlal

in

55

55

9

9

Z7
]6

9

B

25

5B

a

25

17

54

B

21

15

fl

21

It

IS

a

B

in

50

10

50

20

10

•){J

in

LO

id

10

30

40

22.4

22.5

1.3

.

15.5

22.9

26.4

0.9

4.t

5.0

4.7

1.4

2.3

1.1

5

19.

S.

3,

0.

.5

.2

,9

!7

1

5

3

D

7

.'6

4

1

5,

.9

.7

r0

.a

.a

.1

.3

.6

.7

,0

0.5

29.6

l.fl

0.5

a.i

3.0

0.6

24.1

D.5

2.0

D,5

0.5

1.5

s.i

i.e

40

20

20

91

9

16

9

17

8

67

fl

15

a

B

<Q

ill

10

40

2fl

4.2

2.7

1.0

2.0

3.7

1.0

1.0

3.0

1.0

1

2

3

1

.6

.0

.0

.0

1

1

t

1

1

1

1,

.0

.0

.0

.7

.7

.0

.0

,0

I

]

:

]

l

3

2

1

1

1,

1.

1.

.D

.0

.8

,i

.0

.0

.0

.0

0

0

3

El

l.ll

l.U
25.5 1.1 1,1 5.6 3.5 4.0 1.0 i.a 3.0 ;.3

11 * *"* , , I0
0.5 1.5 liQ

l»P*e™ 2D 9 fiQ 4 0 0 9 ?V l0 20
u^:^ 20 » « . » - iS:? 6,6 fcj s:; j;fl° w -

* application at 7:05 an on 29 June
*nJ jyaln «c i:25 «a on 5 July 1979
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