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ABSTRACT

Both a single and double application of 17.5 g Al/ha permethrin

resulted in catastrophic drift of aquatic invertebrates and substantial

depletion of benthos in streams within the application blocks and up Co

2 km downstream. Despite massive disturbances of benthos, repopulation of

bottom fauna was evident within 2 1/2 months and was virtually complete at

the taxonomic level studied within 3 1/2 months. Terrestrial arthropods

demonstrated a light to moderate pesticide-induced knockdown from stream

bank foliage and forest canopy for up to 48 hours after each application.

There was no measurable impact on the activity of ground dwelling inver

tebrates or small mammals. Permethrin residues attained peak levels of

1.35 ug/L in standing water and 1.94 ug/L in flowing water and persisted at

low concentrations for up to 96 hours post-spray. Accumulations of resi

dual permethrin were negligible in sediment, but were higher and more

persistent in forest litter. Four 400 ha blocks in Kamouraska County in

the Lower St. Lawrence Region of Quebec were treated with 17.5 g Al/ha per

methrin emitted in L.46 L/ha. Two blocks received a single application and

two blocks received two treatments at nine or ten day intervals.
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RESUME

Une application simple et une application double de permethcine

a la dose de 17.5 g d1 ingredient act if/ha se sont tradultes, dans les

cours d'eau qui se trouvalent a 1' interieur des blocs d'application et

jusqu'a 2 km an aval, par une derive massive des invertebres aquatiques

at un appauvrissement important du benthos, malgre" lequel on a observe

le retablissment de la faune benthique apres moins de 2\ mois, pracique-

raenC complet apres moins de 3^ mots, au ntveau taxonomique etudie. Les

arthropodes de la vegetation rivulaire et du couvert fores tier ont subi

un ef fet de choc leger a modere, qui a dure jusqu'a U8 heures apres

chaque application. II n'y a eu aucune repercussion mesurable sur les

Invertebres au sol ou sur les petits mamraiferes. Les concentrations de

permechrine ont atteint un maximum de 1.35 )g/L dans les eaux dormantes

et de 1.94 )g/L dans les eaux courantes, et sont restees taibles jusqu'a

96 heures apres 1'application. Leur accumulation dans las sediments a

ete negligeable, mais elle a ete plus forte ec plus durable dans la lit-

iere de la foret. On a traite quatre blocs de 400 ha, dans Kamouraska,

dans le Bas-Saint-Laurent avec 17.5 g/ha de permethrtne, a raison de

1.46 L/ha. Deux blocs ont recu une seule application; les deux autres,

deux traitenents, a neuf ou dtx jours d'intervalle.

-
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INTRODUCTION

Experimental applications of permethrin, a synthetic pyrethroid

Insecticide were included as a part of the 1980 spruce budworm control
oroeram of the Quebec Service d1Entomologie et de Pathologie. The provin
cial program was designed to determine the efficacy of single and double
17.5 g Al/ha perraethrin applications on the spruce budworm. In addition to

provincial monitoring of the application's efficacy, the Forest Pest
Management Institute assessed the environmental impact and persistence of
the pesticide in screams and adjacent forested areas of the experimental
treatment blocks. Additional support and analytical services were provided

by Chipman Inc.

SITE DESCRIPTION

The four 400 hectare experimental blocks were located in Xamouraska

County in the Lower St. Lawrence Region in Quebec, 60 km southwest of
Riviere du Loup. Blocks were grouped in pairs, with blocks 301 and 302

located approximately 9 km southwest of blocks 303 and 304. All four areas

were comprised of a mixed boreal forest type, predominantly black spruce,

Fioea mar-ianaJ and balsam fir, Abies balsamea3 with sections of trembling

aspen, Populus tvemuloides, balsam poplar, Populua balsamifeva, white
birch, Betula papxjvifsva 3 pin cherry, Prunus pensylvanica3 and speckled

alder, Alnus rugosa.

An untreated control area was established adjacent to a section of

Riviere du Loup approximately 7 km east of blocks 301 and 302. The control

was characteristic of a more upland boreal forest type than that oE the

treatment blocks, but with a similar composition of black spruce, balsam

fir, white birch, balsam poplar, and white cedar, Thuja occ-idev.ta.li3.

In three of the four blocks, aquatic sampling stations were esta

blished on portions of streams flowing through the treated areas. Riviere

St. Denis flowed in a westerly direction through block 301 and was sampled

on the western perimeter of the block and at a site 7 km downstream

(Fi=. 1). Riviere Manie flowed through a section of block 304 and then

northward through the entire length of block 303. Aquatic sampling

stations were located 3 km below 303, on the downstream perimeter of the

double application block 303 itself, and in the single application block
304 (Fig.2). Block 304 was located immediately upstream from black 303 and

in effect contributed pesticide to the lower sections of RtvUre Manie

equivalent to an extended spray area during the initial application.

A sampling site approximately 1.5 km upstream from block 304 on

Riviere Manie was used as an upstream control, while a portion of Riviere

du Loup 7 km east of blocks 301 and 302 served as a second control.



aquatic biological

sampling station;

1 water residue

sampling station

Figure 1 Penr.ethr?.n application blocks on P.iviara Ft, ler.ia, Samoursska

County, Quebec, 1980



ic aquatic biological sampling stations

303-41

• 303-T2
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4.5 sediment residue sampling stations
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Figure 2 Permethrin application blocks on Riviere Mania, Kamouraska

Counry, Quebec, 1980



Table 1 summarizes the descriptive features of each stream sice,

and Figures 3 and 4 illustrate characteristic portions of Riviere St.

Denis and Riviere Manie.

METHODS

Insecticide Application and Deposit

A Pawnee D aircraft equipped with boom sprayers applied the

17.5 g Al/ha permethrin1 (mixed wLth insecticide diluent 585 and 1%
automate B dye) at an emission rate of 1.46 L/ha. Two single

application (blocks 304, 301) were treated on 6 and 7 June 1980, while

two double application blocks (303, 302) received successive treatments

on 6 and 15 June, and 7 and 17 June 1980, respectively.

Deposit from the applications was collected on 100 cm^ Kroraekote
paper cards and quantified using a spot-counting system described by

Hurtig ec al. (1953). For instrearn deposit analysis, 5 cards were

placed on midstream stakes approximately 10 m apart and 20 to 40 cm

above the surface the water. Shoreline cards were placed at the same

intervals on adjacent: stream banks of each sample site. Instream and

shoreline deposit was measured in blocks 301, 303, and 304 and at a

downstream station on Rivie Manie located 3 km below block 303.

Deposit cards were set in the terrestrial invertebrate sampling

areas of the double application block 303. A Kromekote card was placed

on the ground beside each of L0 knockdown collection samplers in 3O3-T1

and beside each of 10 pitfall traps in 303-T2 (Fig. 2). The overhead

canopy above the deposit cards was recorded and is presented with the

deposit assessment results.

Deposit analysis was also made at sediment and litter residue

sampling stations. Five Kromekote cards were set on stakes approx

imately 10 m apart and 40 cm above the surface of the water body from

which sediment samples were taken in the double application block (303).

Deposit cards were also placed on the ground beside five litter sampling

sites on the forest floor of block 303.

Insecticide Residue Analysis

Permethrin residues In water sediment, and forest litter were

analyzed by the chemistry section of Chipman Inc. Sixteen replicate

Ipermethrin 50% oil concentrate, 50 g AI/L, Chipman Inc.
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Figure 3 Riviere St. Denis,

Kamouraska County,

Quebec, 1980

- ■ - -.' ' '

■

Figure 4 Riviere Manie,

Kamouraska County,

Quebec, 1980



water samples were processed by the Analytical Chemistry group at the

Forest Pest Management Institute to confirm the results obtained.

Water samples were collected from Riviere Manle within and 3 km

below the double application block 303, from a small pond in block 303, and

from Riviere St. Denis in the single application block 301 (Figures I and

2). Two to rive replicate samples were taken at 10 ra Intervals from the

residue stations. Each sample was collected in two one litre amber glass

bottles held approximately 10 cm below the surface of the water. Fifty ml

of the collected water were decanted from each bottle and replaced with

hexane (distilled in glass). The bottlas were securely capped, shaken vig

orously, and transported to the field lab for extraction. Water samples

were field extracted as soon after collection as possible (usually within

12 hours) with a total of 700 ml of distilled hexane. This was later evap

orated to dryness, dissolved in 10 ml of hexane and analyzed directly by

electron capture on a Tracor 550 gas chromatograph. The detection lLmit

was 0.01 ug/L (ppb).

Sediment samples from the pond and outlet stream In double applica

tion block 303 and from Riviere Manie approximately 5 km below the double

block were collected with an aluminum cup-shaped dipper (5 cm dia. x 6.4 cm

length) immersed on edge into the sediment to a depth of 2.5 cm (half dia

meter). The dipper was advanced slowly until filled with sediment which

was then placed in a 750 ml screw cap jar and frozen. Five such samples

were collected from an area of two square metres at each site and combined

as one sample.

Litter samples from the double application block were collected by

cutting 30 cm x 30 cm sections of forest floor litter to a depth of 2.5 cm

using a conventional garden trowel. Five of these sections were cut from a

area of 10 square metres and combined as one sample at each site. Tne

litter samples were then placed in polyethylene bags and frozen for

subsequent analysis.

For determination of residual permethrin levels In stream sediment

and forest litter, 50 g of a composite sample were extracted with 200 ml of

acetone:hexane (2:8) in the presence of anhydrous sodium sulfate in a

Sorval Orani-Mixer. The extract was vacuum filtered and washed with water

to remove the acetone. The hexane was then dried with anhydrous sodium

sulfate and an aliquot equivalent to 25 g of sample was evaporated to

dryness on a rotary evaporator. The residue was redissolved in 10 ml of

hexane and a 2 ml aliquot was cleaned on a Floris 11 column. The eluant

fraction containing permethrin was concentrated, then rediluted to 10 ml

and analysed on the gas chromatograph. Permethrin residues in stream

sediment were measured to a detection limit of 0.007 <jg/g (ppra) while the

detection limit for permethrin in forest litter samples was 0.003 ug/g

(ppm).



Water Quality Assessment

Water quality parameters including dissolved oxygen, pH, alka

linity, hardness, and temperacure were measured at pre- and post-spray

intervals at each sampling station using a Hach model AL-36B portable

field test kit.

Aquatic Biological Sampling

Drifting invertebrates. Drifting invertebrates were monitored

before and after the permethrin applications with drift nets set in

Riviere Mania Upstream Control (1.5 km above block 304), single applica

tion block 304, double application block 303, and Downstream (3 km below

block 303) stations, as well as in Riviere St. Denis single application

block 301, a 7 km downstream station (Figures 1 and 2) and in an un

treated control station on Riviere du Loup. N'ets, measuring 0.47 x 0.32

m with a No. 54 (363 u) mesh collection bag, were positioned in the

streams to collect drifting organisms from a column of water for a pre

determined length of time. 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 when water levels exceeded the

height of the net opening. Drift samples were taken twice daily, morn

ing and evening, before and after the spray, and at more frequent

intervals immediately following each treatment. Current velocity

(measured with a Teledyne Gurley No.625 Pygmy Current Meter) and depth

of the water at the net opening were recorded with each sample taken.

All aquatic Invertebrates collected were sorted from the net contents,

preserved in 70°/, methanol, and subsequently .counted, identified and

quantified as organisms per cubic metre of water using the following

formula:

number of organisms collected

depth of water column sampled (in) x width of net opening (0.47 m) x

current velocity (m/sec) x sample duration (sec)

In addition to the drift monitoring at each station, a drift

profile was conducted on Riviere Manie in which drift samples from the

upstream control, the single block 304, the double block 303, and the

3 km downstream station were collected simultaneously. This was in an

attempt to compare the drift composition of each location at that spe

cific time. Several drift profiles were taken before and after the per

methrin applications.

Benthic invertebrates. Prior to and at intervals following the

pennethrin applications, bottom fauna populations were assessed with a



0.093 m2 Surber net (Surber 1936) at each stream station immediately below
the drift site. The ore- and post-spray samples were sorted, preserved in
70% raethanol and later counted, identified, and presented as mean number

and standard deviation of four samples. Organisms were also collected from

four randomly selected rocks (approximately 15 cm in diameter) in the
streambed at each station to provide additional data on the bottom fauna
population. The invertebrates were sorted and enumerated in the manner

described far stream Surber sampling.

Caged invertebrates. Plecoptera nymphs (Perlidae) were exposed to

both applications in Riviere Manie 303 in small tubular holding cages. The

cages were constructed of 30 cm lengths of 10 cm diameter ABS tubing,

screened at both ends and fitted with a hinged top section. A series of

polyethylene baffles were placed inside the cages to provide current eddies

for the Invertebrates (Fig. 5). A sample of 10 nymphs was placed in the

stream prior to the first application and checked for post-spray mortality

and sub-lethal effects including behavioral changes. Two days before the

second application, a new sample of 25 plecopterans was placed in the

stream. Observations of post-application mortality and behavior of the

nymphs were again recorded.

Tervest-rial Biological Sampling

Arboreal and flying invertebrates. Terrestrial insect knockdown

over the treatment streams was measured quantitatively with the drift

nets. Terrestrial organisms were separated from the drift samples,

counted, identified and recorded as number of organisms per 10 m- of

surface water flowing through the net, calculated as follows:

number of organisms x 10

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

(sec)

Plastic sampling buckets measuring 39 x 32 x 15 cm were used to

collect and quantitatively assess the knockdown of non-target arboreal and

flying invertebrates in the double application block 303. Twenty samplers

were placed under specified trees (10 under balsam fir and 10 under pin

cherry) in 3O3-T1, and 10 samplers were randomly placed under a peripheral

stand of balsam fir in 303-T2. The invertebrates were collected each even

ing prior to and following both applications, counted, identified, and

presented as the number of organisms per sampler for both areas. Similar

sample procedures were used in the control area.

Ground dwelling invertebrates. The level of activity of ground

dwelling invertebrates in 3Q3-T2 and control areas was monitored for three
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Figure 5 Invertebrate cages used for exposing Plecoptera nymphs to permethrin applications,

Kamouraska County, Quebec, 1980
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five-day periods during the sampling season with ths use of pitfall traps,

the craps consisted of plastic containers measuring 12 x 12 x 10 cm set in
the forest litter such that the edges of Che containers were flush with the

surface of the litter. A small amount of a weak detergent solution was

added Co the traps to act as a killing agent preventing the escape of

crapped organisms. Twenty traps were placed at 5 m intervals on an arbi
trarily selected compass cransect through 303-T2 of Che double application

block and Che conCrol area. The containers were emptied every evening of
the sampling period, although damage caused by porcupines prevenCed the

collection of some of the pitfalls on several occasions. All invertebrates

were preserved in 70% methanol, counted, identified and presented as the

number of organisms per sampler. Only those invertebrates in the Coleop-

Cera, Phalangida, Acari, Aranelda and Collembola taxonoraic groups were

included as indicators of ground dwelling invertebrate activity, as other

inverCebrates collected were of arboreal origin or adult flying insects.

Small mammals. Small mammals were collected in the double applica

tion block site 303-T2 and che control area prior to and two months after

the permechrin applications to assess relative changes In age class struc

ture and reproductive success in the small mammal complex. Snapback kill

traps, 300 in 303-T2 and 200 in Che control, were baited with a mixture of

rolled oats and peanut butter and set three per station on a series of

transects. All animals were preserved in 10% formalin and returned to the

laboratory for identification, aging, sexing, and determination of breeding

condition.

RESULTS

Insecticide Deposit

Results of pesticide deposit obtained from the double application

block 303 represent measurements taken from Che initial application only,

since logistical problems prevented deposit analysis of the second applica

tion. The amount of emitted formulation deposited on sample cards ranged

Erom 2.74 co 145.20%, with tnstream and open canopy samples receiving sub

stantially greaCer deposit than shoreline and heavily canopied areas (Table

2). Although droplet densities did not exceed 10/cm2, the mean diameters of
the droplets deposited were approximately 1.5 to 2 times larger than those

measured from previous experimental permethrin applications (Kingsbury and

Xreutzwetser 1979, 1980, Kingsbury and Zylstra 1932).

Three kilometers below the double application block 303 at Mania

Downstream, a deposit measurement of 0.004 L/ha (0.27°/ of the emitted

volume) was recorded following the initial spray. Ho indications of

deposit were found at Che St. Denis Downstream station 7 km below the

single application block 301.



Table 2

Deposit analysis p£ 17.5 g AI/lui perinethrin applied

at an emission rate of 1*46 l/ha to treatment blocks*

Kamouraska County, Quebec, 1980.

Uiviere Manie 304 instream

shoreline

303 instream

shoreline

Downstream instream

Riviere St. Denis 301 instream

shoreline

Downstream instream

Terrestrial sampling area

303-1

303-2 (canopy)

303-2 (no canopy)

Sediment residue sampling area

Litter residue sampling area

Spot Counting Analysis

J./ha

■- ■

0.33 ± 0.32

0.08 ± 0.03

1.00 i 0.24

0.73 i 0.50

0.004 + 0.002

2,12 i 2.05

0.57 t 0.16

0

0.20 i 0.08

0.12 ±0.09

0.86 ± 0.28

0.64 + 0.07

0.04 ± 0,03

Am

deposit

22.60

5.48

68.49

50.00

0.27

145.20

39.04

0

13.70

8.22

53.90

43.84

2.74

Mean

Density

(Drops per cm )

2.67

1.11

4.21

4.08

0.13

U.07

5.13

-

2.04

0.68

3.18

5.55

0.41

Mean Droplet

Diameter Deposited

Cw)

138.2 t 13.4

105.8 1 4.9

140.0 i 8.8

130.3 1 15.6

63.2 ± 5.6

125.8 J 41.8

107.2 i 14.B

-

116.4 1 7.3

147.3 i 15.4

161.5 I 10.8

121.9 I 2.1

111.9 * 15.9

^results from double application block (303) obtained from initial application only.

** one standard deviation
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Insecticide Residue Analysis

Differences in values of permethrin residues in water samples

analyzed by Chipraan Inc. and the Forest Pest Management Institute were, for

the most part, minor (Table 3). More than half of the 16 replicated

samples produced differences of 0.02 yg/L or less. Three samples varied by

0.03 to 0.04 ug/L, three by 0.08 to 0.13 ug/L, and a single sample resulted

in the maximum difference of 0.27 ug/L.

The mean values of pesticide residue calculated from several repli

cate water samples taken at each interval have been presented in

Table 4. Concentrations of residual permethrin in standing water ranged

from 0.03 to 1.35 (ig/L and persisted ac a mean level of 0.14 pg/L for at

least 96 hours after the initial application and at 0.06 pg/L for at least

48 hours following the second application to block 303. Residue levels in

the single application stream (St. Denis 301) peaked at 1.30 j^/L one-half

hour after the application and remained at 0.31 yg/L for at least 24 hours

pose-spray. Samples from Che double application strean (Manie 303) indi

cate residue levels ranged from 0.05 to 1.84 ^g/L with the exception of two

anomalous samples containing 13.77 and 86.21 pg/L permethrtn. When tested

against the four respective replicates the high concentrations of these

samples are statistically improbable (p <0.005) and have therefore been

excluded from the calculation of mean values (outlLers test described by

Dixon and Massey 1969). PermethLn concentrations in the water persisted at

mean levels of 0.13 ug/L for at least 96 hours and 0.03 pg/L for at least

43 hours after the first and second applications respectively. Pesticide

residue levels measured at the Manie Downs cream station varied from

0.03 ug/L to 0.91 pg/L with one sample (6 hours post-second application)

containing 29.38 ug/L. This sample was identified as an outlier (P <0.005)

(Dixon and Massey 1969) and has been excluded from the analysis of mean

concentrations. Residues persisted at a mean level of 0.03 pg/L 24 hours

after the initial application and at 0.04 ig/L 12 hours after the second

application. Actual concentration values for each water sample collected

are included in Appendix Tables A-l to A-3.

Measurements of permethrin residues in sediment collected from a

pond and its outflow streams in block 303 varied widely after the two

applications from non-detectable levels to 0.095 pg/g, but appeared to

stabilize at a relatively high mean concentration of 0.012 ug/g 59 days

after the applications (Table 5). Accumulation of residual permethrin in

stream sediment collected from a section of Riviere Manie approximately 4.5

km downstream from block 303 was minimal. Only 2 of a total of 24 samples

taken contained measurable amounts of pesticide. Appendix table A-4 con

tains complete results of sediment analyses.

Permethrin residue levels in forest litter from block 303

increased substantially following the second application (Table 5). Mean

concentrations ranged from 0.001 pg/g to 0.053 pg/g but were reduced to
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Table 3

Comparison of 16 replicate water samples

analyzed by Chipman Inc. and the

Forest Pest Management Institute

Permethrin concentration

in water pg/L

analyzed by Chipman Inc.

0.57

1.81

1.74

0.64

0.55

0.08

0.05

0.07

1.52

0.13

0.15

1.51

N.D.

0.63

0.71

N.D.

Permethrin concentration

in water (yg/L)

analyzed by FPMI

0.57

1.54

1.51

0.61

0.51

0.07

0.05

0.10*

1.51

0.12

0.14

1.62

0.02

0.71

0.67

N.D.

Difference

(ug/D

0.00

0.27

0.13

0.03

0.04

0.01

0.00

0.02

0.01

0.01

0.01

0.10

0.02

0.08

0.04

0.00

N.D. - non-detectable

Chipraan Inc. limit of detection 0.01 yg/L

FPMI limit of detection 0.02 yg/L

* Insufficient sample for exact quantification
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Quebec, i'JBO.

Sumpling Regime

Number of replicate sainp.l

Pre-spijy

TirsL application

li hr post-sprtty
1 1 ■ 1* .■
I ■.. in

6 hr

VI In

2A in-

96 hr

Second app3IcatIon

1 hr post-spray

■ i. i...
I '2 111

fi 111tJ lit

IV lir1 Z lit

2k [it

4tt Ur

tas

[1

0

o

0

0

1

0

0

0

Man it;

5

N.

fi?

.43

1 3

.11

.15

.58

.24

.IS

.55

UJ

D.

+

H

+

±

+

*

n

0

o

0

0

u

0

0

0

0

.07

.13

.09

.11*

.10

.24*

.22

.06

.59

.03

■ t

Mi

0

0

0

0

0

0

0

Man 1 u

.28

.5LJ

.25

.03

.09

.08

.04

L L

5

-

+

±

■j.

±

±

-

0

0

(j

0

0

0

0

ITU
nil

.15

.20

.25

AYl

.06

. 01"A

.02

0.

0.

0.

0.

0.

n
u.

0.

0.

0.

0.

I1 oud

303

2

N.D.

10 ±

62 i

U i

13 i

14 i

')"\ +■£ J —

77 t

B4 t

12 i

06 1

0.

0.

0.

0.

0.

11
\J p

(1.

0.

0.

0.

00

01

01

04

1G

1 0J \J

10

73

01

01

St. Denis

301

3

1.30 J

-

0.64 I

0.32 i

0.31 i

0.60

0.25

0.04

0.01

11 - " imlicaLea nu sample taken

N.l>. - mine JetccL^d

Limit of detection 0.01 iiy/fi. (ppb)
* Bieajis calculated from Eour ruplicatea

aa Que standard deviation

- anomalous samples (p < 0.01) have been

-1-



Table 5

Pennethrin residues (pg/g) in sediment

and litter samples from treatment area

Kamtmraska County, Quebec, 19B0.

Sampling

Sediment

Manie 303

(pond and outlet)

Manie

Downstream

Litter

Block 303

Number of replicate samtji.es

Pre-spray

First application

1 day pust-spray

4 days

Second application

1 day post-spray

4 days

6 days

8 days

26 days

59 dayri

7

N.D.

0.004 t 0.008

0.004 ± 0.008

0.015 ± 0.035*

0.006 l 0.009

0.012 ± 0.009

0.002 + 0.005**

N.D.

0.012 ± 0.028—

N.D.

5

N.D.

0.001 1 0.002

0.004 ± 0.006

0.030 ± 0.014

0.053 ± 0,073

0.039 ± 0.056

0.016 ± 0,012

N.D.

" - " ind icates no sample taken

N.D- - none detected

Limit of detection 0.003 |ig/g (ppm)

* increased mean and large variance introduced by one of seven samples with value 47 times

than Llie other six.

** increased mean and large variance resulted from single sample since four of five samples

contained no detectable levels.

- presented as mean and one standard deviation
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non-detectable levels by the end of Che 59 day sampling period. Results

from analysts of forest litter samples are presented in Appendix Table A-5.

Water Quality Assessment

The results of water quality analyses have been presented in

Table 6 and indicate conditions typical of boreal forest fast-water

streams. Temperatures fluctuated according to weather conditions, dis

solved oxygen levels approached saturation, pH was neutral and CaC03 con

tent was generally stable.

Aquatic Biological Sampling

Drifting invertebrates. Following the single persethrtn applica

tion to block 301, the number of drifting invertebrates at the Riviere St.

Denis station increased from a pre-spray average of 1.36 organisms per mJ
no a half-hour pose-spray maximum of 1555.6/nH (Fig. 6). Ephemeroptera

nymphs, Simullidae larvae, Plecoptera nymphs, Chironomidae larvae and

Trlchoptera larvae comprised the major portion of the drift increases.

Twelve hours after the application these increases were substantially

reduced although elevated drift levels remained evident for 48 hours

(Appendix Table A-6). There were no indications of an impact related

Increase in the number of drifting aquatic invertebrates at Che St. Denis

Downscream scation 7 tea below block 301 (Appendix Table A-7). A series of

drtfc samples collected from Riviere Mante 304 on the day of the single

application to block 304 demonstrated a definite but much smaller drift

increase attaining a peak level of 87.2 aquatic invertebrates per m3
(Appendix Table A-8).

Both permethrin applications to block 303 resulted in substantial

increases in the number of drifting Invertebrates at the Manie 303 station

(Fig. 6). From a pre-spray average of 2.48 per nH, the number of drifting

invertebrates increased to a peak, level of 2598.1 per m^ one hour after the
initial application. Numbers had declined to 102.6/m3 by 12 hours pose-
spray but did not reach levels slnilar to pre-spray values for up to 84

hours. The drift increases were comprised almost entirely of Ephemerop

tera, Trichoptera, Simulttdae, Plecoptera, and Chironomidae (Appendix Table

A-9).

The second application to Manie 303 produced a second Increase in

drifting invertebrates but of a lesser magnitude and duration (Fig. 6). A

peak level of 657.4 organisms per m3 was attained two hours after the
application, but numbers diminished Co an average of 1.36 per m3 within 36
hours (Appendix Table A-9). Ephemeroptera nymphs again comprised the raajor

portion of the drift, followed by Plecoptera, Chironomidae, and Trichop-
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tera. Although Sirauliidae Larvae represented a significant: fraction of

the drift increases after the first application, they were virtually

absent from the second post-spray increases.

At the Manie Downstream station 3 km below block 303, a sharp

increase in the number of drifting invertebrates was evident within one

hour of Che initial application to the block and reached a peak of

1051.6 organisms per m^ by three hours post-spray. The drift composition
was similar to that sampled from Manie 303 but did not persist for as

long. Drifting invertebrates returned to a level comparable to pre-

spray samples within 36 hours (Appendix Table A-10). Following the

second application to block 303, a resulting increase in the number of

drifting invertebrates at Manie Downstream was not evident until seven

hours afer Che spray. The numbers peaked at 149.8 per iiH 11 hours

post-spray and subsequently diminished to pre-spray levels within 36

hours. The invertebrate taxa comprising the drift increases were com

parable to those collected in the Manie 303 post-second spray samples.

Total numbers of drifting invertebrates in both the Manie Up

stream and Riviere du Loup control stations did not exceed 2.68 organ

isms per m^ at any sampling time, and usually ranged from 0.33 to 1.10
per m^ (Appendix Tables A-ll and A-12).

Table 7 summarizes the numbers of aquatic invertebrates collec

ted from drift profile sampling in Riviere Mania■ The number of drift

ing invertebrates varied considerably between stations and sample dates

but demonstrated an apparent reduction in the treatment areas. Eight

days after the second application to block 303, aquatic invertebrates at

the upstream control drifted in numbers similar to prespray levels,

while at Manie 304, 303, and Downstream numbers had decreased from those

in the pre-spray samples. Conversely, a drift profile taken at the end

of the season (24 September) showed a diminished level of invertebrate

drift at the upstream control but an increase in drift at Manie 303 and

Downstream.

Benthlc Invertebrates. Taxonomic and quantitative analyses of

the stream bottom fauna from each sampling station are presented in

Appendix Tables A-13 to A-26. Although a wide variety of invertebrate

taxa was represented in the samples, Ephemeroptera nymphs comprised the

largest proportion of the benthic invertebrates in all sample areas and

demonstrated the most apparent indications of pesticide effects. Surber

sampling in Riviere St. Denis in the single application block 301 showed

a significant reduction (75/!) in ephemeropterans, while benthic inver

tebrates collected from rocks were virtually eliminated following the

application (Figures 7 and 8). The benthic samples remained at low

levels for at least 32 days but showed a trend toward numerical recovery

by the 74 day post-spray sample. By the end of the season (109 days

post-spray) bottom fauna populations were comparable to those of the

Riviere du Loup control station. No pesticide-induced reductions of
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Table 7

Aquatic Invertebrates* collected from drift profile

sampling In Riviere Manie, Kamouraska County, Quebec,

26 May to 24 September, 1980

Manie Manie Manie Manie

Upstream 304 303 Downstream

26 May - 11 day pre-spray

AH drift 2.08 1.28 7.22 3.02

4 June - 2 day pre-spray

PM drift 0.68 4.96 3.75 1.04

23 June - 8 day post-spray

AM drift

PM drift

0

2

.89

.27

0

0

.27

.91

0.

1.

76

14

0

0

.66

.47

24 Sept. - 101 day post-spray

PM drift 0.56 - 3.19 1.11

expressed as total aquatic invertebrates per nH of flow through

drift nets.
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benchic invertebrates were evident at the St. Denis Downstream station

7 km below the treatment block.

The single perraeChrin application to block 304 did not result in

pesticide related benthic reductions at the Manie 304 station. The

numbers of Ephemeroptera and other invertebrates present followed a

pattern similar to that at the upstream control station.

Total benthos at Manie 303 declined in numbers after the double

application to block 303. Ephemeropteran nymphs were substantially

reduced in benthic samples after Che first spray and almost eliminated

following the second application (Figs. 9 and 10). At Che Manie Down

stream station 3 km below the double block, ephemeropterans were reduced

by about 90% after the initial application and remained suppressed aC

Chac level for approximately 30 days after the second application to

block 303. Substantial numerical recovery of benthic invertebrate pop

ulations at the caxonoraic level studied was apparent within 69 days and

was virtually complete by the 101 day post-spray sampling at Che Riviere

Manie 303 and Downstream staCions.

Seasonal fluctuations in benthos aC both the Manie Upstream and

Riviere du Loup conCrol stations demonstraCed a raid- Co late-May peak

density of Ephemeroptera nymphs followed by an early to mid-June decline

and a subsequent late season increase.

Surber and rock samples collected from all stations except Manie

304 one year afcer the permechrin applications (24 May 1981) contained a

variety of invertebrates comparable to or greater than the pre-spray

benchic samples from the previous year (Appendix Tables 27 and 28).

Caged invertebrates■ Visual observations of caged Plecoptera

nymphs subjected to Che pennethrin applications in block 303 demon

strated both lethal and sub-lethal effects of the pesticide on that par

ticular invertebrate group. The recorded observations have been sum

marized in Table 8.

Terrestrial Biological Sampling

Arboreal and flying invertebrates. The density of terrestrial

invertebrates collected in drift nets set in Sc. Denis 301 increased

after the single perraethrin application to block 301. From a pre-spray

average of 0.36 invertebrates per 10 m2 of surface waCer, the terres
trial invertebrate drift attained a half-hour post-spray peak of 16.57

per 10 m2, and did not return to pre-spray levels for 72 hours. The

increases in drifC were comprised almost entirely of adult Diptera,
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Visual observations it caged Plecoocera nyrapha exposed to

Peraachrln applications in &Bla 303

jlinouraska CauofiV, 'Tuesec, 19B0

Ftr3t application - 10

10 hours peBE-speay

36 hours post-ssray

SO hours po*t-3pray

d^ hours post-spray

".OS nours 3O3t-5nray

10 alive but several/ stressed - Ltt;le resoonse Co couch

»:i=ulli - noc able co aai^caln upright position

4 dead, 5 illve and -locaal, [ partially distressed - poor
response to :oucn s^l^ulus

h .iliva and nocaal

6 alive and normal

6 alive md aor=al

ation - 25 nymphs

3 hours posc-spray

3 hours post-spray

Zi hours

48 hours

72 hours

25 alive but severely scressad - little response -o touch

stimuli - noc able zo swia ot maintain upright posiilon

25 alive but severely stressed - stailar to above

t dead, 5 alive and recuperating Jlth isseiUce responsa
to touch sclmullt and able to suts, IS aliva but severelv
stressed

2 dead, 6 altva but 3everely stressed, 16 alive and

3 dead, 2 alive and partially stressed, I" altva and
nor-sal
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followed by Horaoptera and adult Plecoptera (Appendix Table A-29). Seven

kilometers below block 301 the number of drifting terrestrial inver

tebrates at St. Denis Downstream increased from a mean pre-spray level

of 1.59 per 10 m2 to a one hour post-spray peak of 12.40 per 10 m2 but
did not persist at elevated levels beyond 12 hours. Adult dipterans

comprised most of Che terrestrial invertebrate drift at St. Denis Down

stream (Appendix Table A-30).

The single application to block 304 resulted in a substantial

increase in the number of terrestrial arthropods drifting at Manie 304

with a 6 hour post-spray maximum of 163.80 per 10 m-. As indicated in

Appendix Table A-31 adult Diptera again contributed the greatest propor

tion of the drift, comprising 75 to 942 of the total number of terres

trial invertebrates collected.

Terrestrial arthropods drifting in Manie 303 increased notice

ably after the first application to peak levels ranging from 12.8 to

20.1 per 10 m2 at 2, 6, 12, and 24 hours post-spray. The second
application also resulted in increased terrestrial invertebrate drift

with maximum numbers of 12.60, 17.34, and 11.82 per 10 m2 at h, 6, and
24 hours after the spray. A similar pattern occurred 3 km below block

303 at Manie Downstream after the initial application with drifting ter

restrial arthropods attaining three and seven hour post-spray peak

levels of 20.9 and 10.2 per 10 n2. Little indication of a pesticide-
induced increase in the numbers of drifting terrestrial invertebrates

was found at Manie Downstream following the second application to block

303. All of the terrestrial invertebrate drift samples collected from

both Mante 303 and Downstream consisted primarily of Diptera adults

(Appendix Table A-32 and A-33).

Although drifting terrestrial arthropods in the Manie Upstream

control remained at a comparatively low level (the highest number col

lected was 3.91 per 10 m2 and 80% of the samples were below 2.0), the
terrestrial invertebrate drift results from the Riviere du Loup control

were somewhat more erratic. Numbers varied from 0 to 21.8 inver

tebrates per 10 m2 (Appendix Tables A-34 and A-35).

The permethrin applications to block 303 resulted in moderate

increases in the number of arboreal and flying arthropods collected in

the two terrestrial invertebrate knockdown sampling areas 303-Tl and

303-T2 (Figures 11 and 12). In three of the four instances the

increases were limited to the day of application and did not persist

beyond 24 hours, while the number of arthropods collected in 303-T1

following the second application continued to increase 24 hours after

the spray. Increases of similar magnitude in the number of arboreal and

flying invertebrates were collected in the control area as well but did

not coincide with the permethrin treatments (Figures 11 and 12). Flying

insects, mainly dipterans, as well as spruce budworm, hymenopterans,
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beecl.es, and spLders comprised the major portion of collected invertebrates

in both the treated and control areas (Appendix Tables A36 to A38).

Ground dwelling invertebrates. Results from pitfall crapping, used

as a means of determining a level of ground dwelling Invertebrate activity,

are summarized in Table 9. The number of arthropods collected in the traps

tended to increase later In the season and generally exhibited a similar

pattern in the treatment and control areas (Fig. 13).

Small mammals■ Sampling of small mammals in both treatment and

control areas did not produce numbers sufficient to determine a level of

impact. Although the number of captures almost doubled during the late

summer post-spray sampling period, the total number of animals trapped dur-

in<» the program was quite low, with an animal per trap-night success ratio

of 0.004 and 0.014 in the control area and 0.007 and 0.024 in the treatment

block (Tables 10 and 11). Approximately W% oE the animals captured from

both areas in August were young of Che year.

DISCUSSION AND CONCLUSIONS

Insecticide Deposit

The amount of emitted formulation deposited on the Kromekote cards

varied in relation to the extent of the overhead canopy. Instream and open

area samplers consistently received greater deposit than shoreline and

heavily canopied sample cards. "Hie mean diameters of the droplets depos

ited in all areas greatly exceeded those from previous and concurrent

experimental permethrin applications (Xingsbury and Kreutzweiser 1979,

1980, Kingsbury and Zylstra 1982) and resulted in a relatively high percent

deposit despite a low density of droplets per cm-. The deposit measurement

from St. Denis 301 that was 45% higher than the volume emitted probably

resulted from a flight line overlap of the application aircraft.

Since the Kromekote cards at Manie Downstream were located 3 km

below block 303 the deposit measurements at the downstream station repres

ented aerial drift of the pesticide. Although the actual amount of pest

icide measured at the stacion was minimal (0.27% of the emitted volume) it

indicates that aerial drift In that direction did occur and significant

aerial contamination of the stream outside the block, boundary was

possible.

Insecticide Residues

Levels of residual permethrin measured in standing and flowing

water within the treatment blocks were comparable to those reported from
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Table 113

Small mammals captured In untreated

conLrol block.

Kamouraska County, Quebec

Date Species

Sopex einereue

Ctethvionomys gappepi

Napaeosapus insignia

TOTALS

Sovex cinereus

Blanaria breviaauda

Clethrionomys gapperi

Zapus hiidsonius

Napaeosapus insignis

adult

2

4

6

2

1

MALES

sub-adlu] t

0

3

1.

2

sub-adult

0

FEMALES

not pregnant

0

2

\

2

adult

Pregnant

embryo scars

7 0

4 2

2

Total animals

1

3

4

8

3

1

6

1

3

23-31 Ma

20-24 August

TOTALS



Table 11

Small mammals captured In double

application block 303*

County, Quebec 1980.

Date

23-31 May

20-24 Augpflt

Species

Sorex cinareus

PeromysaiiS maniaulatus

Cletlwionomys gappepi

TOTALS

Sorex cinepeus

Pevortiifvcus mani.cn la tun

ClethvLonamys gappeiH

Synaptomys coopevi

Zkipuv hudson-iuQ

Hapaeo&apua insignis

TOTALS

MALES

adult sub

2

3

5

«■

3

2

1

1

13

-adult

0

0

1

I

2

1

3

6

sub-adult

0

0

0

0

4

3

1

1

9

FEMALE

not pregnant

2

0

0

2

3

1

1

1

6

adult

Pregnant

embryo

2

9

13

6

11

2

scars

13

2

1

13

6

Total animals

5

9

19

15

8

1

1

3

36

*block 303 treated wiLh J 7.5 g AT/ha permuLlirin at 0455 to 0528 hrfl on 6 June and again at 1430 tu 1500 brs on

15 June 1980.

Ln
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previous (Kingsbury and Kreutzweiser 1979, 1980) and concurrent (Wood

1982) experimental permethrin applications, but persisted at slightly

higher concentrations for a longer period of time. Residue concentra

tions in water did not attain non-detectable levels In any of the areas

by the end of the sampling period. However, water samples previously

reported as containing no detectable concentrations of permethrin may

have in fact fallen within Che range of detection now possible since the

limit of detection has been reduced from 0.2 ug/L in 1979 and 0.05 Ug/L

in 1980 Co 0.01 ug/L in the present study.

After the initial application do block 303, pesticide residues

in water at the 3 km downstream station approached those measured within

the block itself. This substantiates indications from deposit measure

ments that aerial drift of the pesticide may have contaminated portions

of the stream below the block since it has been previously demonstrated

that: residual permethrin is rapidly diluted downstream from an applica

tion area (Kingsbury and Kreutzweiser 1980, Wood 1982).

Among the replicated water samples collected from the streams

several contained extremely high concentrations of permethrin. When

tested against the other respective replicates (outliers test for detec

tion of extremes described by Dixon and Massey 1969) Chese values are

statistically improbable (p <0.005) and have been excluded from the cal

culation of means. Because of the Inherent adsorptive qualities of per

methrin (Sharom and Solomon 1981a), the pesticide is readily adsorbed to

various collection and analytical equipment and the likelihood of

samples being contaminated during the analytical process is considerable

Cpers. comm. tan Hill, ICI Ltd). Consequently, these abnormally high

values probably represent permethrin contamination from handling, and

not actual residue concentrations from the sampling sites.

Peraethrin residues in sediment samples from a pond and outlet

stream in block 303 were generally less than those reported by Kingsbury

and Kreutzweiser (1979) but comparable to the levels found in subsequent

perraethrin trials (Kingsbury and Kreutzweiser 1980, Wood 1982). Approx

imately 4.5 km downstream from block 303, the accumulation of residual

permethrin in stream sediment was minimal with only 2 of 20 samples con

taining measurable quantities of pesticide. The apparent minimal accum

ulation of permethrin in sediments is a reflection of the relatively low

residues in the water. Sharom and Solomon (1981b) and Rawn (1981) have

demonstrated that permethrin is readily adsorbed to exposed sediments,

but since the limit of detection for sediment analysis in the present

study (0.003 ug/g) was almost three times higher than the maximum water

residue sample, substantial accumulations of residual permethrin in sed

iment would have to occur before detectable levels were attained.

The second application to block 303 appeared to contribute sig

nificantly to the level of pesticide residues In forest litter. Mean
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concentrations persisted at 0.016 Hg/g for an Least 26 days post-spray but

had diminished to non-detectable levels by Che end of 59 days. Previous

experimental permethrin applications resulted in similar or slightly higher

litter residues but with a persistence extending beyond the sampling period

(Kingsbury and Kreutweiser 1980, Wood 1982).

Aquatia Invevtebvates

The single pericethrin application to block 301 resulted in a mas

sive disturbance of benthic invertebrates in Riviere St. Denis. A dramatic

increase in the number of drifting invertebrates, followed by a substantial

reduction in bottoo fauna populations, was evident within the block immed

iately following the application. There were no indications of an impact

on aquatic organisms at the St. Denis Downstream station although Kingsbury

and Kreutweiser (1980b) and Eidt and Weaver (1982) have reported increases

in invertebrate drift 7.6 and 4.2 km, respectively, downstream from a

treated block. A portion oE Riviere St. Denis between block 301 and the

Downstream station included several areas of slow water where beaver dams

blocked the flow and may have prevented the downstream transport of drift

ing invertebrates or residual permethrin.

The single permethrin application to block 304 resulted in a much

less pronounced level of impact to aquatic organisms than the application

to block 301. The comparatively lesser pesticide impact in Manie 304 con

curs with recorded observations and measurements of a significantly lighter

deposit and a shorter section of stream treated.

Massive increases in the number of drifting invertebrates and a

severe depletion of benthie organisms occurred in Manie 303 after the

initial application to the block. The second application resulted in a

second disturbance of aquatic invertebrates but of a Lesser magnitude.

Bottom fauna sampling during the interval between the two applications

indicated that a great proportion of the benthos had been removed by the

first application and consequently a smaller residual population responded

to the second spray. The permethrin application to block 304 (located

immediately upstream from block 303 and treated within two hours of the

first application to block 303) may have contributed to the post-first

spray benthos disturbances measured at Manie 303. However, because of the

small section of stream treated, the light insecticide deposit, and the

comparatively minor impact on aquatic invertebrates at Manie 304, it is

likely that the block 304 application had little contributory effect on

benthic organisms at Manie 303.

Within one hour after the first application to block 303, a sharp

increase in the number of drifting aquatic invertebrates was evident at

Manie Cownstream, 3 km below the block. The entire portion of Riviere

Manie between block 303 and the Downstream station was consistently fast
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water with an estimated velocity of 0.50 ra/sec (based on several currant

velocity measurements caken Ln "typical" sections). Residual permethrin

or drifting organisms from the application block would consequently

require a minimum of two hours to be transported the 3 km distance. The

virtually immediate post-spray drift increases at Hanie Downstream conf

irmed indications from deposit and residue analyses that substantial

aerial drift contamination occurred along the section of stream between

the application block and the Downstream station. The subsequent

decline in bottom fauna gave further evidence of toxic concentrations of

permethrin occurring at that station.

After the second application to block 303, a similar though much

reduced increase in drifting invertebrates occurred at Mania Downstream,

but did not become evident until seven hours post-spray. Although

deposit measurements were not taken, field observations, residue

analyses, and the delayed downstream effects indicate significant aerial

drift contamination did not occur outside block 303 following Che second

application.

From water residue analyses and bottom fauna sampling at Manie

Downstream after the second application to block. 303, it was apparent

that perraethrin concentrations at the downstream station were much lower

than those found after the initial spray. The residual pesticide may

not have been sufficient to induce drift but to cause disorientation and

spasmodic behaviour of invertebrates actively entering the drift such

that voluntary re-establishment on the stream bottom was not possible.

The seven hour and subsequent post-spray drift increases (2200 hrs to

0500 hrs) corresponded to the time when behavioral invertebrate drift is

normally sharply increased. The diel periodicity of invertebrate drift

described by Waters (1972), Muller (1974), Elliott (1970), and Coady

(1973), and supported by unpublished data collected by the Forest Pest

Management Institute from an in progress study of Icewater Creek,

Ontario, indicates that active drifting of aquatic invertebrates is

greatly increased shortly after nightfall. In this instance, the normal

diel drift peaks may have been exaggerated by toxic concentrations of

permethrin affecting the benthic invertebrates after they had actively

entered the drift. Perraethrin may have been present in the water column

in concentrations sufficient to subsequently produce involuntary and

prolonged drift. Eidt (1975) postulated a similar occurrence following

a Eenitrothlon application to a New Brunswick stream.

The seven hour lag time between the application to the block and

an increase Ln downstream drift may represent the period of time

required for affected organisms in the drift to reach the Downstream

station. Previous discussion has inferred that the estimated time

required for a unit of scream to travel the 3 km distance was approx

imately two hours, but this may not necessarily apply to the downstream

transport of drifting Invertebrates. Because of swimming and saltatory
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behaviour, the translocation of benthic invertebrates may be considerably

slower than the actual water velocity.

Substantial increases in invertebrate drift at various distances

downstream from an experimental perraethrin treatment have been previously

documented. Kingsbury and Kreutzweiser (1979, 1980b) and Eidt and Heaver

(1982) have reported pesticide Induced drift up to 7 km below a 17.5 g

Al/ha permethrin treated area, either as a result of toxic concentrations

of residual pesticide being transported to that point or long distance

drifting of affected organisms from the upstream treatments. Elliott

(1971), Waters (1972), and Townsend and Hildrew (1976) have clearly demon

strated that behavioral, mechanically induced, and even dead invertebrate

drift rarely exceeds 50 m and is usually less than 10 ra, but these authors

did not attempt to convey their conclusions to a pesticide impact.

Flannagan et al. (1979) described incidents of drift increases as far as

400 km downstream from a methoxychlor injection site but determined that

the drift was coincident with the arrival of the insecticide. In previous

(Kingsbury and KreutzweLser 1979, 1980a) and concomitant (Wood 1982) exper

imental applications it has been demonstrated that because of the Inherent

adsorptive qualities of permethrln, the pesticide concentrations are

rapidly diluted downstream from the application site, especially below the

confluence with a major untreated tributary. This infers that downstream

invertebrate drift following a permethrin application at the present exper

imental dosage rate (17.5 g Al/ha) may not be induced by residual or a

transported "slug" of pesticide affecting in situ benthic organisms, but

may be comprised of drifting Invertebrates from upstream treated areas.

Huirhead-Thomson (1978a,b) discussed the importance of non-lethal

concentrations of pesticide resulting in detachment and downstream drift of

certain aquatic invertebrates. Results from the present study demonstrated

that the majority of Plecoptera nymphs exposed to the applications In sub

merged holding cages did not die but did exhibit severe stress and diso-

rientation for a period of up to 48 hours, followed by an apparently

complete recuperation. Similar observations have been reported by

Kingsbury (1976) and Eldt and Weaver (1982). Following the permethrin

applications to Manie 303, St. Denis 301, and to a New Brunswick salmon

nursery stream In a concurrent study (Eidt and Weaver 1982) , masses of

drifting Invertebrates were visually apparent, and many individuals both in

the streams and in the collected samples displayed a cyclic behavioral

pattern of bursts of spasmodic swimming followed by a few seconds o£ dis

oriented drifting. At an arbitrarily selected site on Riviere du Loup 6.5

'Km downstream from Manie 303 and 1.0 km below the confluence with Riviere

Manie, a drift sample was collected five hours after the first application

to block 303 and contained an abnormally hLgh number of drifting inver

tebrates (219 in a two minute sample compared to one in a two minute sample

collected Immediately above the confluence with Riviere Manie). During the

collection of the sample below the confluence, a large number of benthic

Invertebrates (mainly ephemeropterans) was observed drifting in the manner

described above, displaying an erratic swimming behavior. This spasmodic
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behavioral response Co permethrin intoxication may induce aquatic inver

tebrate drift for much greater distances than normally occurs.

Since aquatic Lnvertebrate drift as a natural phenomenon is gen

erally considered an Intentional actlvLty in response to Incra-speclfic

competition and the maintenance of: optimum population levels (Waters

1972, Muller 1974, Dimond 1967, and Townsend and Hildrew 1976), a deple

tion in bottom fauna populations should result In a diminished rate of

active or behavioral drift. A marked reduction in benthic invertebrates

at Hanie 303 and Downstream after the permethrln applications was

clearly evident, but a pesticide induced decrease In the drift complex

at these stations was not as definitive. Drift profile sampling on

Riviere Manie eight days after the applications produced variable

numbers but did indicate that while drifting invertebrates in the con

trol increased during that period, those In the treatment areas had

decreased. By the end of the season the numbers of drifting inverte

brates In Manie 303 and Downstream exceeded those of the control, giving

evidence of substantial recovery.

Despite catastrophic drifts and severely depleted benthos In all

treated stations except Manie 304, repopulation of bottom fauna was

evident within 2 h months and was virtually complete at the taxonomic

level studied within 3H months. One. year post-spray sampling Indicated

that invertebrate numbers had returned to or exceeded the late May pre-

spray levels of the previous year. Rapid repopulatlon of benthic inver

tebrates following a severe pesticide impact has been reported by

Kingsbury and KreutzweLser (1979, 1980b), Kreutzweiser et al. (1982) ,

Fredeen (1975), van Frankenhuyzen (1979), and Wallace et al. (1973). In

previous experimental permethrin treatments it was demonstrated that the

double applications were "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" (Ktngsbury and

Kreutzweiser 1979). In the present study, however, the massive disturb

ance and subsequent recovery of bottom fauna In the single application

block 301 were comparable to the benthtc invertebrate response in the

double application block 303. The extent of the impact on the benthos

of the single block is probably a reflection of the unusually high

deposit and resulting insecticide residues measured at that station.

The magnitude and duration of the drift increases as a reflec

tion of the level of impact on benthic invertebrates were similar to

those in previous permethrin applications reported by Kingsbury and

Kreutzweiser (1979, 1982b) and EtdC and Weaver (1982). The drift com

position was apparently density related with the invertebrate groups

demonstrating the greatest impact being those that were most abundant in

benthic samples.
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Terrestrial Invertebrates

The number of terrestrial arthropods collected in drift nets was

substantially increased after each oerraethrin application. Although

aquatic invertebrates responded almost immediately to the applications, the

knockdown of arboreal and flying invertebrates on to the stream surfaces

continued to occur up to 48 hours after the applications and tended to

reach peak level between 6 and 24 hours post-spray. This delay in knock

down response suggests significant mortality induced by ingestion of or

contact with residual perraethrtn rather than a contact with actual sus

pended or deposited spray droplets during the application.

A similar increase in the number of terrestrial arthropods col

lected in samplers placed under foliage of block 303 occurred after both

applications. In three of the four instances the increases were limited to

the day of application and did not persist beyond 24 hours. The number of

arthropods collected in 303-T1 following the second application continued

to increase 24 hours after the spray but reflected a similar occurrence in

the control area and may have been the result of heavy rainfall from the

previous night. The knockdown of terrestrial invertebrates following

experimental permethrin applications has been described by Kingsbury and

Kreutzweiser (1979, 1980a), Kingsbury and McLeod (1979), and Kreutzweiser

(1932).

Results from pitfall trapping did not indicate a measurable impact

on the activity of ground dwelling invertebrates. The slightly decreased

numbers between the end of the pre-spray and the beginning of the post-

spray sampling periods in the treatment block may suggest a reduced level

of activity but the extent of the decrease and the resurgence of numbers

two days later reduce the likelihood of an indication of impact.

Small Mammals

The similar trends in trapping success and age class structure on

the treatment and control plots suggest a lack of effects of the permethrin

applications on the small mammal complex, but the low numbers encountered

preclude definite conclusions.
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Table A-l

PermeChrin residues (ug/L) in water collected

from block 301,*

Karaouraska County, Quebec, 1980

Sanpling time

Interval

Post-spray

H hr

6

12

24

3027

1.94

0.91

0.43

0.32

Riviere St

Sampling

3028

1.20

0.60

0.36

0.31

■ Denis

Site

3029

0.76

0.42

0.35

0.31

Limit of detection 0.01 yg/L (ppb)

Recovery 95%

* treated with 17.5 g Al/ha pennethrin at 0700 to

0720 hrs on 7 June 1980



Table A-2

Permethrin residues (.pg/L in water collected in block 303*,

Kamouraska County, Quebec, 1980

Sampling time

interval

Pre-spray

Post-spray

1 hr

6

12

25

96

Post-spray

I hr

6

12

24

48

3005

H

0

0

0

0

0

1

0

0

0

H

.D.

.57

.30

.08

.07

.27

.81

.15

.06

.28

.0.

Riviere Manie

Sampling

3006

N.D.

0.54

0.30

0.11

0.05

0.08

1.74

0.13

0.16

0.20

0.05

3007

N.D.

0.64

0.55

0.08

0.05

0.07

1.52

0.13

0.15

1.52

N.D.

Site

3008

N.D.

0.63

0.43

0.28

13.77

0.24

86.21

0.15

0.23

0.05

0.05

3009

N

0

0

0

0

0

1

0

0

0

0

.D.

.71

.56

.08

.27

.10

.27

.63

.14

.68

.06

Pond

Sampling

3010

N.D.

0.1O

0.62

0.14

0.16

0.25

0.30

0.84

1.35

0.11

0.07

Site

3011

N.D.

0.10

0.61

0.13

0.10

0.03

0.16

0.70

0.32

0.12

0.05

N.D. = None detected

Limit of detection 0.01 yg/L (ppb)

Recovery 95%

* treated with 17.5 g Al/ha permethrin at 0455 to 0528 hrs on 6 June

and again at 1430 to 1500 hrs on 15 June 1980.



Table A-3

Permethrin residues Cpg/U in water collected 3 km downstream

from Block 303*, Kamouraska County, Queec, 1980

sampling C ime

interval

Post-spray

1 hrs

6

12

24

Post-spray

1 hrs

6

12

Riviere

3022

0.53

0.91

0.65

N.D.

0.07

29.28

0.08

Manie

3023

0.16

0.54

0.08

0.06

0.05

0.09

0.03

-downstream

Sampling Stte

3024

0.20

0.53

0.L0

0.03

0.07

0.07

0.04

from Block

3025

0.9

0.37

0.34

0.04

019

0.07

0.04

303

3026

0.33

0.61

0.07

0.04

0.07

0.07

0.03

N.D. = -tone detected

Limit of detection 0.01 ug/L (ppb)

Recovery 95%

* block 303 creatd with 17.5 g Al/h permethrin at 0455 to 0528

hrs on 6 June and again at 1430 to 1500 hrs on 15 June 1980.



Table A-4

Permethrin residues (yg/g) in aquatic sediment collected from

within and downstream from block 303*, Kamouraska County,

Quebec, 1980.

Within Block 303

Sampling time

interval

Sampling Site in pond and'outlet stream

30L2 3013 3014 3015 3016 3030 3031

Pre-spray

Post-spray

1 day

26

59

N.D. N.D. N.D. N.D. N.D.

N.D.

13.012

N.D.

.005

.009

N.D.

N.D.

N.D.

N.D.

.011

M

N

N

N

*

.D.

.D.

.F.

.D.

029

N.D.

N.D.

N.D.

N.D.

.009

.022

.019

.095

N.D.

.012

~

N.D.

N.D.

.022

.014

N.D.

.013

.012

N.D.

Sampling time

interval

Riviere Mania - 5 km downstream

from Block 303

Sampling site

3032 3033 3034 3035 3036

Post-spray

6 days

8

26

59

N.D.

N.D.

N.D.

N.D.

N

N

•

N

.D.

.D.

062

.D.

N.D.

N.D

N.D.

N.D.

•

N

N

N

012

.a.

.D.

.D.

N.

N.

N.

N.

D.

D.

D.

D.

N.D. = None detected

= Sample not available

Recovery 1157,

Limit of detection 0.003 pg/g (ppm)

* treated with 17.5 g Al/ha permethrin at 0455 to

0528 hr on 6 June and again at 1430 to 1500 hrs

on 15 June 1980.



Table A-5

Perraethrin residues (yg/g) In forest Litter collected in

block 303*, Kamouraska County, Quebec, 1980.

Sampling Sice

Sampling t Line —■ *

interval 3017 3013 3019 3020 3021

Pre-surav N.D. N.D. N.D. N.D. N.D.

Post-soray

1 day

4

Post-soray

1 day

4

8

26

59

N.D.

N.D.

.017

.034

.138

.023

N.D.

N.D.

N.D.

.026

.183

.018

.028

N.D.

.004

.014

.052

.021

.024

.006

N.D.

N.D.

.008

.035

.019

.011

.022

N.D.

N.D.

H.0,

.022

.006

.006

N.D.

N.D.

N.D. = None detected

Limit of detection 0.003 jjg/g (ppra)

Recovery 80%

* treated with 17.5 g Al/ha permethrin at 0455 to 0528 hrs on

6 June and again at 1430 Co 1500 hrs on 15 June 1980.



Table A-6

AfUttfc collected la drift r.ct jets set In Avleie 5C> >z±s 101*

27 Miv 13 10 June :S£0

leys hef=re or after

^rsthrln .application

Valise of drift csLum (3s)

Current Valocity (a/sec)

If.nssttt.tera icai :wra

ietldae

EsraerellliiM

rVp—g«\l 'All

liptcohiebtlddi]

Oimta

-11

AM

25.05

0.33

C.19

0.04

o.ca

0J)4

0.04
-

-11

SI

26.05

0.33

0.12

0.08

-

-

-

AH

21.19

0.33

0.C8

0.03

-

-

-

-

-3

M

19.14

0.33

0.10

-

3.10

-

-

-

-6

ttl

19.34

0.33

0.10

o.:o

-

-

-

-

si

0,j6

0.13

0.17

0.21

-

0.04

-

-i

AH

19.54

0,33

0.10

0.10

■

-

-

-

-5

2UZ

o.a

0.14

0J5

0.M

-

-

.w

16.92

0.30

0.65

024

0.35

0.O6

0.06

-.lie

•m

ZM

0.30

KL7

315.:

1.30

3.00

1.21

-

***

1.69

0.20

727.2

=20.1

69.2

56.2

31.7
-

CsfrtdB

'Jiiliiae

Osrydalidu

Tbtal

H.-dr^cUiiio

UaiephU i rijn

?0 Lycent rrpodidaa

la aidesca

Statfiyllnidw Laf^

Eipcera: Ibtal

-Culicidae

Linne

QculidaB bran

WPartcidie La rule

0.05 QS6 39.1

0.00 0.00 0.00 0.00 o.eo 0.04 0.0

0.04

o.co 0.00

OJtt

27.0

5J9

0.1L*

J.tat

19.4

1.1 Jt

0.1 Is

:.:i 1.07 o.ii

2.07 1.07 0.-1 0.-6 n.in O.ifi l.M 0.47

o.w

213.0

47.9

6.31

3.59*

37.9

0.51 0.56 1.48 0.61 J.48 ^4,3 558.6

0^)5 - - 0.09 0J5 [0.7 HJ.

- - - 0.05 0.06 - 12.4

2116 170.4

0JM 0J]l

0.12 C.04 OJB

ZJO 1^3 OjA 0J* 1.07 1.59 0.93 3J5 512.7 1555.5

is jramls^B pit 3^ af flo/ :nrov^i drift net.

Lacaced in Slo* 101 -natot -Jld> 17.3 g AI,ha pnaaihrtS it ^"00 to 0720 hnoa' .Jra :9SG.



Table A-6 (concluded)

.nwi [-aerates" caL_ec=e- -a -rue sac «-» ^« to Sivi-i_ St. aenls 301*

Co 10 Am 1980

i_vs ie::™ or jfcer *■_"_-

BM

I.b9

mo

T-2hr -_-.r

"** ***

L-9 L-oO

G.20 0.30

-air

™*

3J3

0.20

*l3\r

JjS

].30

—1

AH

16.07

0.30

*i

FM

■**

25-S

0.39

-.

AH

15.

0.

"ibxmci drift colim la'! l-)9 t.-9 LjsO 3-i3 Jjj :&.O7 21-S I!j1 23J4 25^5 23.61

irrEic Velcclcy (nijed 9.30 0.20 0.30 0.20 J.30 0.30 0.39 0.45 0.67 0.67 0.67

Hbrai^cera; Sjcii xfmba x8.3 557.4 32S.1 159.8 11.0 1.31 28.2 5.C4 0.95 i.;3 0.47
iuc^iia 131.7 62.7 11.2 325 3J3 0.37 0X4x QM, ■)&. - 0.C4

207.1 35C9 23S.1. 119.2 *.76 0.37 ;6.» 1.77 0.53 0.57 0.17

50.3 31.4 26.3 9.1? 2J4 0.3L 1J6 0^15 0M 0.11 0.C8

l^'pccfhlebLldM 69.2 112.4 52.5 28.1 1.41 0.25 O.Oftc 2.59 0.35 0.45 0.17

- 0.59i - 0.06 0.04x C.19 -

232.0 213J3 218.12 125.4 11.0 1.1S 14.7 7j3 1.20 1J2 0.13

- 0^6 -

----- 0.04* Q.C6 -

0.62* 0.30* - - O.Oix - - 0.04

= »!"»» " - 0J&£ -------

Trl=xpi"n: ^ital Lii-jib 11.4 27.3 5.CO 63.3 3.94 0.25 0,55 0.o3 0.14 0.34 C.13

0.59k 6.51 O.ait 31.7 0.56 -

l.iSx 0.59i O^lt 3^5 0^6 - 0.16i OJtt

l.lftt 4.73n 0.62x 6.21 - 0.C6 0.24> -J.38 3.04 0.11 0.04

------ 0.13 --

17.J ll.Sc 2.5-Si 21.9 - - O.lfa 0.S6 - 0.15

Pol^encrcpodliiia - 0.59s - - 2.82 0.19 -

FhyocaitiUiiie I.IS* 3.5N OJiit OJCk - 0J2 0.11 - 0.04

Calecccera - _________

1.19* 1.7&t 3.12- 0.59ic 0.28 - 0.21* - 0.04 0.11

t.39 0J4 OJM 0-34

0.13 - - -

Hpcera; _)__. 27LD 316.6 193.75 !C_,fl )10 4-tl 1.30 -.58 T..C9 '3.91 J.21

T.nt__8 !_c\m 31.7 31.1 56.2 3J5 1J2 0.63 O.oTu 2.17 0JO 0J8 0__i

l.ISi 24.-3 - - 0.56 - 0.59* 0.32 O.Ii J.15

----- O.-d -

!.73k - 3.25 - - 0.1-x - - - -

rS t'mildic Larvae - ______ j_[3 q_q4

' iniie Lir-ou IS... 2C6.5 ::-2.iO 94.1 ;9.a 130 0.-3 1.32 0.23 J.23 0.38
0.06 0,06e 0.16 - 0.11 0.-4

0.04

0.19 -

]-!5 - - 0.1.x 0_^i

■3.Z5

1054.4 1121.3 7Sb2S -60.- 19.2 6.37 i7.S .1.1 3JJ0

d -a jr^snlaa per a oi QM ihreugi -ir^ic not.

in Mak JC1 ;^_ik1 Hl_h I'.i ? Al,ha 3er-s!hrtn JC 0J00 co 0720 hrs on 7 _\me 158Q.



A-7

LiLicJil Id drift m't.s wl In 'A. Ii -ill >e humcL'.tti1*

27 my In 10 .limi- l*«i

llirni.i VL-lcvliy ("A*-:) 0.41 QM 0.45 O.V. QM 0.J6 Q.f> f).H> 0.16 0.16 O.lfc 0.16 O.Jb U.fi4 \UA &JA 0.64 <U1 O.H. 0,73 0.73

IHjn N-lure nr nll»t "11 -I I "fl ~B -f> -Ii -5 -1 +1 +2 Ii -tJ. -Us I'} 112 41 l| 12 +2 f) pj

licmmirinapptrontlon AH 111 All III AH IM M\ 111 he lir In lir lir lir lir ffl 1(1 All m AM III

tyliuatfqitcmi LiiL.il ng_fi_ 1.49 0.54 0.13 O-fifi 0.22 O.lffi 0,1A 11.211 0.54 U.J2 a.W D.2^ O,i,l 0.13 ti.39 (I.2S O.n OJM 0*75 0.36 tl.'.S

BwUdw o^l OJl nj9 0.13 nj» o.'il D.H o.io ti.tt o.m B,l» - 0.2* - n.i4 0.16 DJM o.l5 0.4^ OJH OM

[jil-t»rtll[.li.. C1.4& 0.1! O.fl4 0.26 O.iV. n.Ifi - OJO ».M 0.45 U.I8 - 0.22 0.13 0.2^ 0.117 U.05 GLtt 0.15 li.Hi O.i9

ll-^t-v? n1 Ul.i- fl. 12 11.1*1 - Oji7 - J.lfi - - n.CfJ 0.(1*1 i>JW - - — UJ|2 (),()i - - pjjfl ijjj1)

li-,.l.,Wil.-l,IUl.»: 0.W II.!? - - - !).1O - - - 0.1(1 (1.22 0.22 - 0.0? QJJ3 0,13 <^I1» OtOft
Hoovwa OA* - OJM -------.--■ ()rin . _ ,,,„,

nridvittinai Tbtnl Inrwa n. 12 ".«'■ o.u n.o ti.o (l.«5 d.04 0.05 u.a 0.0 l>_JH 0.0 n.n 0.0 i).<ft uT02 0.0 o.i« 0.12 o.ti u.n

l^ilnirvjirlttili" 0.04 O.fH - O.IW -----___^___ ,)n, „„)

nn!mm-i.ho n^w ------ qjq --„„________ „,„

hiVi'iitni-hlNU- ___^______ ,,tUg ______ 0Jrt n_|2 (i|(1

Ili-.i.i^illhUi- 0.0'i - O.(|5 - ------___-__

piqnc - -.IW - - - [i,o^ -----^______,__

tyilselth- Liruie _________ ^___-___ 0^n _

KlmliLii- mtilt ---_____„ qih _______ t) ,,-j _

l"r«*P ---------_____^_ q_m [,_j7 q^^j (ji,j g_|Q

11 • 11; 11 ■ l . 1 ■ .1 ■ — o.(u —_-______ o.£i2 --- — — -___

U'liTlitic; - — — __---___^____ 0.02 -

l«I|.i.-r.i: ThfcaJ 0.M 1.0 0.12 O.Wi 0.S7 1.24 0.117 IJ.l^ 1.25 [!.rj(i l.JI. 0.% (_79 ti.n «,■« fi.4ft u.41 y.5^ tj.fi7 0 ;h 41 M

Itl.^L.rkvcM,-: Urww - 0.04 ---------___ lJjn _

IlilripurmliLii' Ijiruii' U.(V! fl.|7 U.Oft ft 13 0,04 0.1ft 0-(l4 (Ij)'i 0.18 [).U3 U. If! - (1.90 0.11 fl. I1) 0.05 (J.in ll.lfl 11.11 II. Ill 0.21

rnpiu n.f» Q.K! - ffcW - 0,05 o.wf - o.ia o.iu ojj - - - - (1.07 - 043 o.iw fljft n.10
iHfli'U' i»i[nc - 0.05 --__-_____ nJu u.nj (!.(«, ij.1)]

o.m n,7| o.iv. <i./,rh n.4H o.vj - o,IO 0.98 o_?7 QjH ii/ni n.9ti - it.w n.15 0ji7 o.sfl n.yi o/tij _J3
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Table A-7 (conclnded)

iI in lini'tirln.ii afi raifjhl [n ill I ft nab* nci In Si. Ltenlh

tvnnii.L-.kt IJniiy, If■ lir

21 thy 1^ HI _,«„■ I'MU)
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ll,,-i kforo t.r nftcr -II -II -H -8 -r> -(> -5 -% II H 13 14 n. W tiz M H '2 'J i i 11
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Hy.|i....irlnt - O.(tt - 0.13 0.0J - CL04 0.05 ------- 0.U2 -----

T.4*! 2.3i I.S7 O.«6 L.W 0.12 ?,13 (1.29 O.V; 1,66 1,41 1.88 I.L2 Z.h'J DJij l.J1) lt.7{> -.65

* cxjirinttffltl .ii' nrji nitFirei IXT id «l Him tlirtii+Ji tit I fl net.

** lumuil .inrtn^imilL-Jy 1 ktn ■liucitri-.tn frun a hjiwfc (301> tnailed wlUi I7.-B AI^-i |L-r-ctlirln .11 OWK) in t^-'J In-; ml 7 .'ha.- ]9Hl>.



Table A-8

A|iLiIiC !: ■

Vbtun! »f Drift (blunt (m1)
Uirn-iLt feloclty fabee)

I\iya before ft uEler

peiaalhrln B(i(41cBtion

Ebhomr^iterai Tutu I n'/i.^.ti-,

Bn»ldu

LeutuhlofcUdu!

Fleeonten

cubnte

26.73

0.33

-10

AH

0.0

-

-

-

—

0.04

i* I'.'] 1 <_■■

26.73

0.31

-ID
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U. 11

o.o;

-

-

-

id jiin>4ilfi

iuvu>ka Quily,

ttiy to

3l).3J

fl .45

-0

m
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0.01

-

0.03

0.03
-

_

it JiJIH

I'j.m

0.45

-to

hr

0.05

-

-

-
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nuti; tiL-L
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IL.^.

11.4

4JI

_
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+3
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IJJ5
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J.2H
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_
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3.31

1.^3

2J1

2.7a

-

—

39,33

"■"
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0.20

-

-

0,1 IJ
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!9<*|Jiir ii i-rliLic Inrwti1 'l.'l'i

.Li- lnr«M

OJ53

(I.?1* 0,3? (1.1-J HJ6

ii.m

-

[f.Ol

n. n

0.23 0.

O.l>1

_

U.Ofi

19 Q.17

O.EKi

-

-

0.11 OJW DjOII OJKI I.H

V-U*

l.ll (i.'>7si 1,0)

ii.i *.W l.lf. 3.9? !.h/ 1.05 tl.M IJ.11I I).Ill C1.CUI

;.5t [i,^;, f,.flL O.?8 0.13 - - -

21.5 l,9fl I.W 2.65 1.63 0, TO OrV «,l? ft.W

C1.I3-K l.fVi O.W (\J.t 0.^7 0.G9

- - 0.113 U.lll 0.2]

".III

- U« '». H) 049 O.Ui (1.26 fl.ll) 0,11 I),IV,

1"l-]i-«VI» "I'
AmlntiUi <iylm<»rlit

H.wt.-ur.i: O.lnonli

T.iinl

tl.17 O.ffli O.IH 0^01 t>.12 (1.16

1.0ft fl.ftT ri.H I *J.fi5 0.5 fl.J_ 0.2(i 0.80 0.14 5J. "JT.II 2'i.'i 11.1 1.93

fLCK

H.I)

nl .Ti iiij^iil in! |vi n i ! f Iru tliriif^i . La 111 il- ■ c ■;.

nn-mimitrlr 1 -t. .t-umcr™ fa-thisc*. HI inatftl win> IT_5 r, ii/lvi penetbrfniii WB3 tn uviUii- n b .J11-? L'nto, mi <<rr>i" «< 1*30 to L3»i-m mi
.-.I n~nlnHi_ ■ i i HiliTjk^i|f- l l b "~



Table A-ll

inwrtebmrwA collected t im drift nets set In ti* ratraited (Uvteri! Ifanl* tfcsteean s

Kmuraska fi«ityh QiuUh:

27 Hiy tn IS -Jww I9JU)

Xiiie 27 Itiy 30 Hiy N t\iy 1 J(iiie 2 June <■ Jwnf 7 JtilM H AflXJ
All IN AH IM AH HI rti IM AH IM Alt LT1 AM IM

felWB rf drift COlMBI fe3) 21.92 11.52 27.24 29.01 27,61 29.01 29A3 2«JJf3 31.14 27.12 27.63 27.12 Sl.G* 21.26

(hrrem ttUod* ^M 0-« °-« "•** «•« °^9 "-^ D'Wl °*W "■" °-^] °'^ Ul5] °-51 (>'"

Ki.lKm>uvlLT.r TbUl rwln 0.W 0,13 O.PU 0.03 0.22 0.24 11.10 0.19 9.06 0.00 0.31 O.W) 0.116 0.21
ttu.MdlH. - O.LO - O.]B 0.E4 O.U7 - 0.07 - D.Ol 0.09

btaDTGlUlfaa 0.05 0.O3 ~ 0.W 0.O3 O.Q3 0.03 0.06 - 0.11 - (MM
te*-ai£4ftiB 0 09 - - 0.03 - 0.03 - 0.0? - - 'U4 - - O.W
len'i jlili'tillrtie ~ Q-o:i ------ D.O'i O.(W

l:it lieii.ir inililurtClFfeil -
ElKtttten - - - - - - - 0J)3 - - 0.W - - -
Trtchcctcml Tol.il Lonxie 0.09 0.IK1 0,00 O.LU O.IX) 0.03 0.00 0.00 0.<H) O.CIO 0.07 0.00 0.01 0.00

., ._- — - — — - U.U3 —

llyiLrqiLlllitirt 0.05 - "

QjOb - -

Qraldi« fnkiTi - ~

.b1? t.tll QJiO 0.1X3 0,14 0.44 0.S7 U.I I 0JJ6 0*17

0.17 OJ33 - 0.12 0.31 0-58 0.117 - O.IUi

------ 0.07 -

-------- 0.0't

0.03 O.fi9 0.86 0.17 - O.Cfc 0.07 11.22 0.W 0.W 0.<B

0.O7 - - - 0.U4

TlpuUdoo tntwe *■ ~
0.03

0.03 -

0.11 ------

teadnUdai Ibthwatlin o.Oi - 0.10 nt04 0.14 O.03 0.03 -

OtBtoceiu atrmada - 0.03 0.04 0.14 - 0.10 0,03 0.03 - 0.0*. 0.22 - 0.04

0.% 0.44 0.11 0.34 1.05 Ijtf 0^.0 0.30 D^ 0.44 1.34 O.il QM 0/.3

trtera! Uit.il

AiIbtI^IiIi*1 Lirvue

Ibh-liiiL- piipdft

ntnae

0.69

-

0^9

IJ.1L>

0.19

-

0.0?

tUl4

-

0,07

0.03

0.03

-

■ i->i>qii^iJ .ui orffinlsnn per in3 t>f f liw ihnn^i 'lrif L Wt
**anuntl-ialtalconUcl9tattai ly^ceJ aptir.udiint.dy i.'i hi u|BLnsn frna block 304 jiikl 3 kn mwLrt.in f rfin Lilodt 303.



Tabls A-ll {concluded)

sl \c JmvrH.l'i-it'-s* CoUetfrd f run drJf I DCtfl Ri-t In tlw UfltlteltoJ Mlvtrru: Jhnlr-

Kjium! : i .1 Unify, 'Jr-Iwc

Illtl!

IfeillK

QhtbuI

I^Wl

i i.i 1,1

■ if ilrLft riiliim (in

. V_Jm:Iiy (w/ttrr)

ufitera: Tohil il>ihi1k

.Lip

,.,...] ][ri,L,

9 .

AM

) 21 /.5

0,64

i n.ii'J

BJJ5

0.05

IM

3(1JW

0.71

-

tU)1

IdJuDfl El June 13J.KW 66 June 1/.in* IB Ama

rtl IM W1 ■ HI AH ill AM 111 M1 Bl /ll IM

25.26 76.45 21.65 22.70 11.03 5.W 6.20 12/.

0.6'» 0J>t 0.61 (>,7ii II.W 0f"i3 0.55 D.1

1.

l>.

0,

a.

19

11

(LOO

_

14.

0.

0.

I!

/2

SB

14

1*1.

U.

Cl.

0.

51

i!

i i

0,04 O.O'i 0.0 IUXI 0.36 | ,00 O.&5

OJn - 0.2/ 0.^1 0.16

o.o<i - o.ih 0.33

ill.li,' - OJ11 - 0.09 Q.IB

kTti^<li-MIiliE- D.I8 0.16

I«C tafttnruntdmelfted D.fV. - 0.16

SCCfri urn ().(« - O.tlfi 0.(17 - 0.07

0.(10 [LOO O.OG (Lt)4 0.1) 0.00 (LOO B.18 9,00 OJM> II.IK) ILIHI

- - - - fl.ia -----

n.ijucH(iii] Maa ~ ~ ".o/i - -
QileflptPtn ___ _ __ ___

Klral.hc adult - - 0.LF1 - -

tnnno O.K. 0.1) 0.20 - - 0.4 - CL36 - - - -

Dptec»l -B>t.nl 0.11 0J3 0.16 (J.IR1 0.0 B.I3 0/5 O.Lfl (J.^ 0.16 0.51 11.13 OJu i)jjfF

WlM'i Irltlit1 liirwit! __ _ ___________

(lilKjuonldie l;.r>fii_ 0.05 0.06 0.16 - 0.15 0.27 O.tfl 0.05 O.ITf 0.2y 0.13 0.O7

r.[v>_ 0.10 - 0.09 - 0.14 - 0.14

Iblal-ao E»ii-io o.O'j o.m - -

ci.iiii L.'.s.■ Innoe 0-(>"5 ----- n.O9 - o.uJ - _ _
pipao ________ ____ |t.lK,

TI|niI1iIiq Inrmi? - O.03 __„_,._

UE^dmtn __-_ - _ __

Uicln

fti.iHm1.li: lfy.1rar-.irhn - - 11.114 - - - _ _ 0.19 - DwO6

Clirjtjiti'a: Ojlr.ii-.i.l.i 0.03 - 0.114 - - 0.(18 - 0.13 - 0.13

fctrti n.4Z 0,42 0^.0 0.11 0.0 0.26 0.90 l.W I .IS O.'.(> O.BIJ O./i5 r),4| H.10

* p»q>rrsw<l as OTplfll—1 f«:r en «f fl"J tllTH^l Jt|fI m.-l

**iiii Htltrrtilcd i'i~ili»l sl,iLl«»i Incntal nwrmiiulFly I-1 faa ii|rilic « (vn l.(>-l ^HVi .nil 3 ha Ujmtnm Trun IiIimJc KIT.



Table A-12

lmertelirjles* collected fan drllt nata snt in HIvLote <fci Ij«ii* tiuiruiUxt cxiirol

Kanuniske Court./. CJwbec

27 Ml? tu IR Jluvi I5BO

Iti AM 111 AH 1M AH ill W m Ml

Vol..1L. of drift mlimi (m3) 48J2 4B.22 45.00 31.L6 45.00 48.22 46.F4 3^.53 311.79 15.22 14.59 27 Ml
Ojcrenl uylixlty <ni/kec) 0.57 O.i7 0.57 O.-42 0.57 0.57 0,57 0.42 0.'.2 U.tt 0.4S 0.60

iHitnlnyHita 0.15 6.13 0,f» 0.06 0.04 0.0ft O.Oy 0.45 0.13 0.20 0.07 0.15
D.06 0.1 ft O.fr'. 0.1ft 0.04 0.02 OJG 0.17 1)j06 Q.07 0.07 0.07

0.04 0.O2 CUfi ~ - 0.04 0.04 {3.14 0.H6 0-13 - 0.07

QJXt - OjQB - OJH 0.L4 -

0.02 0.04 ----- - -

0.U6 0.02 - 0.03 - - 0.04 - 0.13 - - t>-U4

liitwie 0.06 0.00 0.00 O.IW D.0O 0.00 O.ai 0,11 0.03 O.UU 0.00 O.W

0,04 - - - 0.00 0J)3 -

li.-[ilil/iiU:iniL Mil' - ~

t.^ - - 0.07

0.04

0.44 0.21 0.24 0.51 U.lfl 0,41 0.13 0.17 0.4b 0.07 0.A8 0.4H

—

0.24

0.02

-

0.1)4

0.03

0.51

0.12

0.03

_

-

u.ia

0.02

-

(1.14)

—

0,41

o"04
O.W

0.02

0.30

-

0.13

0.02

OjO

-

II .IK)

0.17

0.W6

OJ33

-

0.U8

0.46

-

-

0.O1

0.42

0.07 0.14 0.11

0J1 0.15

0-04

SlmilUdag Lirvae 0.33 0.13 O.IB O.ib 11.16 0.30 ll.lf^ 0.08 0.42 - 0.14 0.1 'j

TlimHitie larvw O-'^1 ~

pupnc - - " W»

[fcmiS^ " - 0.06 - - - 9JJ?
tl] llpdUk'tH - -------

U.«i <).[£ 0.06 - 0.02 QM O.I I Q#3 - OJ]
D.Z7 fl.07

!„[-,) 0.79 Bh44 0.33 0.93 0.33 0.60 (UB 1.10 U.78 0.2& 1.10 O.RCJ

* enpresneri ns argmlaM i«r mJ nf 1 ]■• ii.i-i.'i imi hoc.

0.IJ6

0.{ft

0. IB

-

0.11

0.02

O.LU

OJJ!
-

O.ll

0.25



Table A-12 (concluded)

A|iut \r Inv^rti'tii.ilf-i* ijiI I.viihI 1 i ■.; 3i II I «k'Ih Bel In KIvIti- ifci Ijii|> mil ii^llnl <iml iol Rtfltlw

KJiinir,L;k,i Unity, 1)«'Iit

27 ihy tu in June iim

Ihro *3 JutK* 10 June 11 Ji.hh; If* Jikn* 17 Jisne 18 Ame

Alt 111 All HI AM EM All III At I III ATI HI

IfoW nf iMFt COlimi■ (■>) 3M5 »;S3 28.82 27,61 ?2.5fl 22.8'. 7.11) 21.57' 21.57 I7.7(. 11.19 LI.19

OiiTinit wi:l(n:ky [m/iirc) 0*85 O.J9 0.H 0.7l) 0.57 8.54 0.45 0.51 0.5t 0.47 0.36 0*36

r|.i»iitrttitt<Ri; Thtnl nyi^>l« O.I1 0.12 U.l'i Q.M O.',', O.LLL 1.2;

bet(Aw 0.03 O.f)6 0.07 0.1)7 0.11 n.i/J |}.85

^hmwalliibw 0.05 - 0.01 D.03 0.11

IV|>!.iiriil["l>L- O.O5 (1.06 0.(11 - - 0.42

leptqiilrfiUane - 0.03 - H.IW

Pleeoptera - 0.03 0.01 0.07 - - 0U4

THehqtteltll Tutsi! lnr«ip ft.00 [).O3 0.01 0.03 0.1X1 0.00 0M l*-«> 0.OU D.Ob C3.IH1 1I.IW

BkttchjnattrfdM _J^___--_ (jjjfi

- o.ra

iLlf! _ - _ _ _

(1.01 -

il "I -,• ■ I lIcLlE! ~ ~

pupm

D.I4

11.09

-

11.05

IJ.II5

D.I 7

fl,Oh

L),00

-

0,06
-

U.IHJ

-

-

(I.OEI

-

-

0.O1!

oam

-

-

-

-

ii. i.\

0.14

-

0.14

£L5fi

—

-

OJJS

-

O.CJO

I

—

-

-

-

I). 19

L1.05

-

-

-

0JM

I

—

-

-

-

0.0E1

ll.lfl

l.ll.j,!..-

l.awic D-Vl - 0.14 0.01 - O.CJ'i

Upcenu Twi^ 1 o*uB 0*12 0.10 0JT4 n.27 0.2h

- - - 0X1

0.03 - - U.ll 0.11

[1,0] _____

tl.03 - (UW

BJB - II.10 »_»« O.n O.tW (Ufi - O.Ki - 0,(ffl

0.03

o.tw o.cw

0.10 o.trt 0.W

TlfRdic

HnotodQ

Ollgachse

ftndmlib

rViinf.irf.

ilio liirvnc

Lie lan*»

[*ijvir

In

1: lljilf.uvirf

1: Oitnitvkti

Tlrtdl 0.59 0.32 0.45 0.57 O.fl'i O.fil l.tA I.U 0.51 0.2E1 0.1S 0.21

* fjqtnwctl fin nrjjinirtrti [«t m^ of fliu lliTinJi ilrllt ucl.
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Table A-13

Bottom fauna populations*

Riviere du Loup uncreated control station

Kamouraska County > Quebec

21 May to 24 September 1980

n(iy J;5 Huy JO Hay 2 June HI Juna 20 June D .Inly l'J rt-Jn"»t

fcl.lKM-rui.icra: TdcuI n?Pi>lm IH.5' 3..I 3fl.5ill.(. 40.2 1 12.; *7.2 i Jl.4 17.8 J 9.* ZJ.3 * 9.1 15.5- 5.7 i.B I UQ 12.& 1 7.4
Eaeltdae 1,6 • 2-1 M ! 2.5 5.0 J 3.3 Ui 1.3 O.fl J 1.0 13 i 2.2 2.5 1 1.3 1.2 1 1.3 0.2 J 0.5

BL-lHnerelll&H) 1-0 - 0.0 4-5 i 1.7 fi.2 1 2.2 U.O 1 2.3 4.U t 3.* 1 -H l 2-2 3.B i 2.a 0.5 i O.fc *;U I ?-7
ItuptwuMilidiw 15.0 i J.y 38.5 : 9.5 it,.5 i 15.0 32.8 t I.,a 12.5 i 5.4 K-0 I 9.5 6.5 * 3.7 5.2 t 1.0 8.2 I 7.1

biljaa d-B i 0-5 Z.O : 3-<- 1.5 J 1.7 b.u I b.9 0*3 t 0.? 3.0 • 1.6 2.a ± 1.9 »-2 i 0.5

PJUeapcera Ul ■ 2.5 4-3 ) 2-1 2.5 i i;4 3.5 i 2.5 U.I t 0.5 1.0 ! Q.S 1.2 1 1.9 Ii8 1 3.0 5.5 i 4.3

Trie »ta: BWl taw U« * l.S 2-« - 1.7 1.2 t Z.« i.ls 1..3 5.2- S.< Z.5 I 1.9 IB.2 • g.3 <=>>.JtlU.! 1.8 | ^.t.
BliHtflOiHiKtUftai! U.2 i ".5 0.2 ( «-5 0,« ! 1.0 0.8 I U.5 2.2 ! 1.5 1.5 I 1,3 ISO ! 7.4 )'J.5 I H.7 1.0 I 0.8
Uydrwayclildae n.H 1 10 L.2 i B.S l.fl ( «.« 0.5 i 0.6 1,1 I 1,5 0.3 1 0.6 1.0 ; I .A n.', 1 III.5 3.5 l 4.0

, " ' :, u.fl ± i.o
I.L'ii jilii-i [milil.ii? ,. _

L^nn-UHUiu- 0.2 i U.5 0.2 i 0.5
I.U 2.5 i 3.1

IlllUhll ■'■_*. ft ft VJ"« ■

PolycancropodUAe 0.2 2 U.I 0,2 ! U, 5 0,5 « (1,3 O.S t U.5
FhlLnpncaMlUUa °-2 * Ub
Pflvcluaylidae ",!j i 1.<i 1.2 - t.3
Klnaci.pl.aidae i.o < t-4 o.a i t.S 0.2 = O.S o? ! B-1 l.H . ',.2 l.o : U4
pupae USj 0,6 0,2; 0.5 0.3 i 0.5 l.S * l.J 1-2 ; M l.ll 1.0 1-5 ± 1-3

tl'iiJje adults 0.2' 0.5 4.0 i ^..6 I.B! 5.; 3.5= 5.1 0,5! 0,6 0.5 i 0.6 1 .0 • 0.8 2.0 1 l.fl l.S! 1.3
l£laid.it- Ijivj^ O.B i 1.0 0.2 1 0.5 Ul i 1.0 0-2 ! 0-5 3-J * ^-2 J-' - 21
llnl liil Wa« Htttt-lt W.i ^ 0-S
pseplmiUA«e jJuIlb i>.2 J C5

''■n'raiu^- inm 0-2 * 0.5 t"-2 * u-^ °-2 f IJ-S M ! "■"
.SliuLilllddit ln)r«ut 0.2 l 0.5 0.2 i 0.5 11^ » 14.0

Jlt! &,3 i 0.5 O.Z t 0.5 11.2 i. 0.5

CtilronM<4a« larwia o.a • l.o 0.2 1 0.5 5.it 1 2.C1 13.5 ± ib.^i i;.o 1 ?.i 5.7 j l.l I2.n t 14.1 50.0 t M.B 1't.H i t.a
puuno 0.2 > 0.5 0.2 i 0.5 0.5 1 o.fr 0.^ 1 o.% 1.5 1 3.0 1J.2 1 0,4

ll.-U-iJ.ic larw« 0.2 I 0.5 0-2 1 «■* »-2 > 6.15 l>-a ' l«*

aiepliarJeeriaoe J-irv.it 0.2 I 0.5 0.J ' 0.6 5.5 1 1.5

pupno u-2 j o.S 1..S 1 I.I

Unn» o.ft ■ 1.0 0.1 ! u.5 0.2 1 0.5 B-3 1 U.5

pupae 0.2 ! 0.5

Cant Inuod



tli-m.il ml-1

Table A-13 (concluded)

Bottom fauna populations*

Riviere du Loup untreated control station

Kamournska County, Ouebec

21 May to 'Ik September 1980

21 M.iy 25 H»y 10 M..y 2 June III Jmw W '""^ ' ■'"'» " Anoint 21

7.o i n.i

li11,...<.l,.i.-in 1.8 ■ 1-9 0-2 ' «-5 5.0 A 3.5 l.B 1 Z.S 1-a J 1-J O.I « f>-5 *.« I i.I 2-5 1 2.4 5.B 1 4.5

Gastropoda Ui 1.0 0.5- 1.0 0.2! 0.5 1.3- I.S B.I i 11.5 1.5 t 1.3 1.2 I 1.11 1.5- 1.3

rolcej la U.2 ; U.5 0.5 ! 1,0 0.2 J 0.5

trsc : Ujwlrwatrian O.S < 1.0 (1-5 ' >•«

GciMtneea «-2 » 0.5

Tdlnls 2'-5 I H.7 51.fl ! 16.5 62.5 ± IB.9 75.8 I V..B 70.5 ! 4'..2 11.2 I 7.0 5B.0 1 II.B UB.fl 1 «*.O *7.S • 22.7

•■•■(in nunban nnd sinmlnnl dpvlat Ions »f t>rRnnl«»in cdllscted 1« Int* U.0S1 ■' Surlier



Table A-1A

Aquatic invertebrates* collected from rocks

taken from Riviere du Loup untreated control station

Kamnuraska County, Quebec

21 May to 2h September L980.

Oilto

gplm 1'i^Lrr.i: In till "^ ;,!. .

I'lilifiw-I !■ 1 1 lil.if

llaptafcenllriae

l,i|iiii|'li 1 e-hl iil.i?

PJrcuptera

rrlctrnptarai T'unl larvae

dnnsniwnMi ' ''''
llvill IIJI'l J^ll 1 ll I'-1

1.1'JI lllll'il 41111 ll lll.lt*

|..-|.t ik-it 1 line

iii Inf.u aniiliic

I'.i 1 yri'iiL ii3|-.l.l lil-io

|.|min-|.lin liar

KI^ViIi-^pmIi 1 1 1 ^nt-*

Calvapten

RlMldna L*fVi«

nilalla

Itl^r.

ripulldac Enrvae
SI UI-I'K' l.irv.i-

riil ri ilda» tafva*

pupae

illi'l<li.n it i?r 1 ilri.' l,Trv;ir

i;;inL i apudn

I\>1 '.,

Amrlhilfl.i 1 lEjd t.it.tr 1 in

Ill'lll.ll <>lI,'1

2\

1.

Z.

D.

6,

2.

a.

0.

I.

B

S

a

.■

i

i

!'i

0

7

3

n

j

,3

.0

.0

.0

.3

.3

.0

.1

.7

tUy

t

i

t

1

1

.

i

1

1

t

1

IZ.

4.

0.

7.

l.

D.

0,

2,

1]

i

U

2

I

1

24

2

6

a

1

6

6

,6

,0

.b

.5

.7

.2

.7

3

27,

J.

Z.

17.

3,

1!

u,

1)

1

D

l\

Q

1

,7

5

a

0

a

i

2

5

2

,8

2

.a

.H

.0

.5

lUy

1

1

i

1

-•

1

(

t

j.

1

t

I

IL.

5,

1.

a.

2.

0.

u.

IJ.

2,

ii

1

1

1

2

13

4 1

1

4

3

S

S

1

5

.8

.0

11

.0

.3

30

22.

k.

I).

16.

0.

Z.

1.

«

9

1

5

2

B

B

3

2

0

.2

Z

,0

.6

0.4

0

i

43

.2

.o

,0

toy

■

1

1

i

I

1

■I

!

I

4

t

i

i

7.

2.

1.

3.

11.

a.

0.

I
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Table A-15

Bottom fauna populations*

untreated Manie Upstream srncian**

Kamouraska County, Quebec

22 May to 24 September 1980.
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Table A-16

Aquatic invertebrates* collected from rocks

taken from tUo untreaLcU Manie Upstream station**

Kamnuraska County, Quebec

22 May to 24 September L9flO
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Table A-17

Bottom fauna populations*

Riviere St. Denis**

Kacoouiaaka County, Quebec

20 May to 'lh September 1980
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Table A-l7 (concluded)

Uollqih fauna populations

Riviere St. Denis**

Kamo lira ska County, Quebec

20 May to 24 September
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Table A-18

Aquatic invertebrates* collected Erom rocks

takiin from Riviert St. Denis**

Kamouraaka County, Quebec

20 May to 24 September, 1980.
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Table A-19

Ho L Cum fainui pnpul at inns*

St. Denis Downstream**

Knniouraskn County, Quebec

22 Hay to 2*\ September
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Table A~19 (concluded)

lioLCom fauna populations*

Si. Denis J)tjwiistream**

Kiiiiioura skit County, Quebec

22 May to 24 September t'JBO (Concluded)
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Table A-20

AqiuiLlr. invertebrates* collected from rocks

taken from St. Denis Downstream**

Kainoucaeka County, Quebec

22 May to 24 September 1980
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Mable A-2J

Eioc Lout Fauna populations*

Riviere Manie 30A**

Kummiruukci CoiutLy, Quebec

2!i May to 24 September 19&0
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Table A-21 (concluded)

Hottom fauna populations*

Riviere Mania 304**

Kamouraska County, Quebec

23 May to 24 September 1981) (Concluded)
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Table A-2 2

Aquatic invertebrates* collected from rocks

taken from Riviere Mnnle 304**

Karaouraska County, Quehec

23 May to 2h September
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Table A-23 (concluded)
HliL Lorn fminu popul ;it J cms*

Riviere Manic 303**

Kainouriiska County r Quebec

21 Hay Co 24 September l'J80
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Table A-24

Aquatic invertebrates* collected from cocks

taken from Riviere Manie 303**

Kainournska County, Quebec

21 May to 2$ September I960
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Table A-25

Bottom fauna papuLat Lons*

Manle Downs t ream**

Kauiouraska County, Quebec

20 May to 24 September 19H0

B. Jhrit*]

(3"ll>
ill Hay tiny 2f n,.r

23.6

2.a ■

(1.5 +

.2 1 22.1

l.5 i 5.3

10.B

1" .l"nu

*****

0.9 i 1.0 0.5 ! I.LI 1 -& ♦ 1-3 4.II * 2-J

9.5 i 7.6 0.5 ! 1.0 3.0 1 ?.'• U-& ' I" :<<] ! 2-1*

;

(Wnuhtil

Ai i ntdn*

l:iln,rllU|!lr.

,,,„, t9

I i iim-jilil I I ■!.!'■

Oilmit ih:i-t lil.nr

I'll L IlllUlliUll^triC

I1..: ■■ ■■ /i.iII.I I-

i.e. 1-2 1.2 t 0.5

0.58

2.

2 1

5 1

(1

3

.5

.0

1)

2

.5 1

.0 ■

L

l

.u

.4

0.

2,

1 •

,2 i

(1.

1.

5

i

0.

2.

2

&

i

t

ii

I

.5

,1 U.8 6.2 3

Jg O.S

U. 5 ! I .U

as a aisis sia t i ■

Ui

.... «...,

n-2 i 0.5

B-B*

n'2t

J

I 2 > I

U.3 s 1 -

*:I3 tl
UJ 11. 0.2! 0.5 0.2 J 1.9 1-2 ■

rli-ld.u' Inrv.'ie

4a, t«w r



Table A-25 (concluded)

Hottorn fauna populations*

Mnnie Downstream**

Kamouraska County, Quebec

20 May Lo 24 September L980 (Concluded)
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(1,5 I B.fi 0.2 ! ».5 ii-2 ' U.5

Or2 1 11.5

a.2 i a.-s

(1,7 i B.5

(1.2 I 0.5

Tntnlfl 54.2 ± 32.2 1 31.S (-,/,-,/,.5 I 20.5 39.0 * 21.7 20.d ± 7.3 32.2 ; t .0 &8.0 ■ &5.fi 71.2 1 54.4 59.2 i 45^

* hjib « era ,n.J atnnJ.irLl devUtlwia 0t tfr&intwffl cctlecLert In f^.ir D.agi m3 Surbw BQ
H iL«d S11|..«xH,.i,!V 3 h>. dttWWtrW* fro. i.lmik .103 tr,ati:ri -JtL 17.5 g AI/b- pe^th

1500 KfS. On 15 lun

HI 1*30



Tafele A-26

Aquatic invertebrates* collected from rocks

taken from Manie Downstream**

Karaouraska County, Quebec

20 May fce 24 September

a.c. u.a * 13. ■ -

,•!..,•„,,...,,, "■• ' '"

3.3 2

j

.2 i

1:7

1 !)

2

1

■°

.2

t 2

1

■*

0.3 j

1.

l'"
11

i: B 1

R 1
ft •

1

fl

t|

,6

.5

: "
i~r ":-; s-i ts ■ & i\; ti a 5 a .... - a; a ....... -:».. -; «
L.hiirn'|i1i I I lil.tr I) ? t [IS

Itlpcei ;i i >. fl 4 ] .11

.tflWHA. tiltS mim miw 13* K m* j-j *•*«•* *■»**■• '-***=*
pupae

Allirri^l.t.if lar«Wt n-a * ".S
iil.piiarlirrlii.ia tarvav 1.0 * t.i( 1-5 1 L-S

I.'.ihl l i>|n«(ln

MyMr.t.i.rlnn 0.2 t n."i 1!.^ ! ft.f. 0.2 I 0.5

8.5 * 1-0

47.5 I l^.i> M.J * IB.fl 136.8 t ZHJ
.O U.8 ! 15.8 7-5 I 7.Z 7.5 ■ 1.1 flZ.fl » 51-3 8IJ.5 I 77.6 2H.ll i

.mil «!|:iii.]nr.l Ji;vldl Itnui of rrrfitUltflKM cullucLeil fr^m fc-ur rockii ji|i|iro^imntr]y 15 t:W in fli» lor.

mtMtely 1 h. dPwutre*. Fnw M-.ck 1QJ tr^.^l ultl. H.» b Al/1... peS^hrln « 0*59 m W&B tint, n * JWW I9flft, «-' "'■.;'1" ■»
1500 liru. Lbii I -i June I9RII.
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IHlile A-21

■'■ i11 " * tlVWrt*lir<fctHr<* CQllGtitVt] h<* rarliR t iikrii ( P'l" 1 fi-iil muni iuul ( imF fml dl r»v*m]l ii|'|<l *>* Lm-if r ^ y uric ". -- -i jif I Tbr iioi'inbH lit* I

l;.|.m ■ ,-: luii-., WinCim.ink a (liunty, Quotwc , 24 Ji-iy, I'fill .

F.|>1ir*t:toplern - iul,»l

tl.ll> L 1 l1.1L-

Kliiifiui' cell) due

lti.|)l.1epi|| IiLjc

I^|>ti>|>lllt:tll|ilj1n

TVIi-liriptefit - Total

Etpdrop*yctiUa4

lly.lrO|.T11 l.lae

t II P 1 1

l ' ■■ . li i 1 1 tine

H!i>rnrnrli 1 lt.hu-

l'll|V1<-

r.il i'ri|il<- ra : Ktra 1 ()«>■ 1 ar vm>

pM|ihsill il-ir^ Ljrv.i.'

Dtptara ■* Total

Heih.ir Icerlil.it 1 ,irv;i p

riil ifinnnlil.il! litrvjip

'■li£ii!n"rahirii? pupH

h.nj.LJLd.^ larvftu

I'lmiil 1 tifftG 1 m VHic

fiimul [ JiIti" |llipcfl

Tl fin 1 1 "Inc- l.irvnr

itrmaLOila

ArsrtitJ*: UyAraci etna

Tor.il

Cm

in,*,

I.T5

0,3

2ft. Ir

i>.;s

D.T3

3.J5

1.5

5.7S

0.5

1.5

3.25

0.25

0.J5

il ml

4

7

T

i

i

7
7

4

1

+

+

+

7

i

U,74

Z.22

O.Sfl

L9.1S

n.1

*.t£

O.^b

2.75

L. > 1

4.5

0.5ft

1.0

4.5J

(1.5

0.5

23.8*

11.1 ivtc

Pen

21,0

6,0

4.25

12.5

fi.25

0.25

-. S.25

2.0

0.75

ft -j 1

U.75

1.5

1.0

0.75

14.75

64.75

1-5

a.75

4,5

1.0

0.25

1(14.25

II,,

itr

*

"i
+

7

7
7
7
+

7

-!■

7
4-

t

i

4

+

4

t

I

I

4

1

■ ii nil

..I

20. 2B

b.B}

2.dli

1 d. bfl

11.5

D.5

5.J2

2.45

II. %

(1.5

0.96

1.92

2.0

0.96

3 7.'.A

14.aj

i ,fi

'l.li.

4.65

(UI2

11.5

47.ni

ILi.i

42.p

14.5

2-0

34.7 5

0.75

3.0

4.5

0. 75

2.25

i.n

n.5

0.25

101.75

!).5

(1.75.

tun

0.25

159.25

I*

i

4-

7
7
4-

+

4

*■

4

4

i

+

4

±

ID.46

A.73
4.11

1.116

0.9*

5.15

1.29

1.5

I.T1

1.41

(I.5JI

fl.5

13.71

i.n

i.-.

K,Mil

PdmubI

39-0

a. 74

0.25

10.1)

4.35

1.75

11.5

211.5

6.25

20,75

0.25i

2lr6.0

0.25

0.25

I).25

275.11

I

7
t

i

4

t

4

+

t

4_

t

4

I

4

4

a

CDU

0.5

lfl.74

4.(11

4.5

1 .11

ibl.BS

12.5

21,71

II. S

134. llr

B,5

tl.5

7AB.47

4.5

0.25

4.5

0.25

n.5

0.5

0. J5

0.25

4.5

0./5.

(.7.25

s.n

(>. S

55.25

3.5

H5.75

■i,

H

+

+

+

1

+

4-

+

4

4-

4

In Id 1

I.H5

0.5

1.91

o.s

n.5

1.0

1.5

(1.5

3.M

(1.5

fl 5 ■ CrH

b.b6

0.5fl

hi.1)

j.l 1

59.14

Down:

21.-/5

3.25

1 .?5

21.25

0.5

1.2S

».n

0.35

J.35

1.5

fr.25

22.25

1.15

5-25

tr.25

0.35

n.o

0.25

54.25

Ite

+

4

+

T

4-

i

t

4

4

4

T
4

+

1

4

i

..It!

Fttun

ll>.

2.

0.

fl.

1 .

1.

fl.

f>.

0.

1.

(1.

16.

t.

2-

i

67

54

0

B2

5

■!■■

n

'i

19

mi,

0.5

[J.

15.

fl.

'i

5d

5

-iu niiHiliiT!! mill ntnndard ri'- vine Innn of nrj|anii|iu (toHoClad frmn roekfl .ip |i rn«t t ni.ii" Ly 15 i in In ill .iiny
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h.n.iu

11,111-LK

_ ■(,-■)

Table A-29

LmccEclimtOB* collected f run drift nets sot Ln Rlvtsco St. Paoifl 3JH**

Hmmrjuikit Gxiity, <(*:l«-t:

2/ lliy 10 HI June LWHI

(>,(i] -K -ii -a ~u mir tjut nw '-tiir KJir Iflw H_ir II IJ <2 +2

MncLltrlait^lIc-tlDn » - *» 1" "' m *" ™ **
-II

AH

93

(Ml

fi.ll

-11

m

lJ3

ail

_

13.Ll

-B

W1

93

-

_

-8

IH

93

0.33

li.ll

_

-6

AH

■n

0.33

-

—

IH

101

O.36

~

-

-5

AH

HA

-

-

-5

lit

un

0.36

-

-

-0

84

0.30

-

-

Kiir

«

0.3O

0.2^

—

ill.r

8

0.30

-

-

H|,r

D

[1.311

-

-

« B H U L7 M HO 63 « l»7' »
0.30 0.30 0.30 B.TO O.T« 0.10 0.3(1 0.10 U.39 H.*S 0.1,7 0.67 B.67

__ 2.3^ t.lfl i.yj - n.5«jy - o.i-/ n.m 0,16 6.11
- 0.24 - -

o.lO ----- - . - - OJ? -

O.U DAI 0.11 OJM OJI 0-H3 0./.7 O.IO 0.59 3.5i 13.0 Mfl 7.10 9-W &-5J W3 0.59 2.73 J./.7 l.Tfl 0.53 0.32

0.32 0.12 O.I I 0.75 nJl OJO 0.^7 0-10 0,71 Vi4 lft.^7 IU^ IO.fi5 9.50 7.1 4,73 OJS 3.(1^ 4.'.I 2.0J 1.06 0.32

* depressed as urgintam i«r 10 iif ul mirfuce Hiter l\(> ■ tlirt^^ drift net

** loonied In b3i»J< W)l create, nidi 17.■> R AMm |wnn-il.riu at OlOO to 0720 his on 7 .kaw 1MW.

*** ittK trd r.i|O Uil i?il tr^a F;vfaai4>lit txce|*t Jvit.- actual caait Is 1ivI(l.i1o1 ly "k".



* ,

hiyti beturu or .illcr

|B:iin_tlirlii ,i|>pl teat ton

! infant .iriM ill •1il('l U31*111

Unrait vutacMy (nfeac)

l\l.ldl!li Li! iV:n.-|itl

Hnitric I

lltllL-P't

T.nnl

Table A-30

ftrnsecinl Inuerteiwite^ collected (ran drift not* set Riviera ft. Orals

27 Hiy in I/ Jiiim- I'HWl

-II -II -H -8 -(.

All IM All Iti AT'

■{■. -5 -3 Ulif I2iir Kht

IM ATI IH

127 102

0.45

(Lid IUII

KM \>l

ll.lt)

IJ.1U

•i

0.

0.'

0.

1

ft

/9

/il

Q.36

0.99

-

20

O.36

(WS

-

ti.iri

i.u! ui am 2.0/ atw

0.3*.

0.49

0,10 11.20 O.TJ 0.39 QU49

0.20 - 0-30 tt*4?

0.39 - IJ.20

o.ig

ll.ft 6.31

0.4'J

/III

40 IHO

(I. (ft

0.11

O.I I 0JD6

11.11 O.CJO

n.n

h.95 0.72

+1

IE!

0.0f.

0.17

0.0b

0*06

0.06

All

III}

run

(Kill

0.111

■12

IM

I]

M

+3

III

in? mi i>hi

L7fi 0.71 D.7J

Ik.lll

(i. in

8,19 -

O/if. 0.19 O.H'i

O.HB L.Bl lJt/3 L17 O.\£ (UB II.1 ll.fR> 1.33 0.49 0.W 0.W

* ewirasal 09 or^uil-rir pet lit rf uE 'iiirfatii v;i! it MihIiij', llit'ii^U tlrlf L m.-l.

** Inmicd flpppeuttaalely / t>ra .)cME'irc»n r^n a iiiotfc (H)L) Li™tiil ulili 13.5 g AI Aw poimllicln st 07iK> 10 W2(Hirs ^i ? Jina T



Table A-31

Terrestrial invertebrates* collected from drift nets set in Riviere Manie 304**

Kaicuraska County, Qjebec

6 June 1980

C&ys before or after

pernethrin application

Surface area of drift colom (nr )

Current velocity (m/sec)

CbllanboLa

Ebharsroptera

Plecoptera

Ifanlptera

Ibncptera

'fegaloptera

Cbleoptera

3^iphylinidae

Other

Lhidentified

Trichoptera

lepidoptera larvae

Diptera

H^nenoptera

Arachnida

.Yaneida

Arachnida

Total

-0 -Khr

AM

127 63

0.45 0.45

0.16

-

— —

0.16

-

0.1

— —

0.32

-

-

0,63

- -

0.24 12.6

0.16

- -

0.16

— —

0.24 14.3

+ftr

25

0.45

0.39

-

—

-

0.39

—

—

0.39

0.39

-

-

—

25.6

-

-

0.79

0.39

28.4

+lhr

25

0.45

1.18x

-

3.15x

1.18x

O.79x

—

-

0.79x

0.79x

-

10.39x
-

137.5

-

-

0.79x

—

146.6

+2hr

***

25

0.45

0.79x

0.79x

—

l.lftt

1.18x

-

—

-

0.39x

0.39x

O.39x

0.39x

33.1

0.39

-

O.79x

39.8

+3hr

25

0.45

-

-

0.39

1.58

1.18

—

—

—

-

-

-

0.39

27.9

-

-

0.39

—

3!. 5

46hr
***

63

0.45

0.16x

O.79x

0.47x

-

3.31

—

0.16x

l.IOx

-

—

3.31

150.8

3.3L

-

O.32x

—

163.8

-H2hr

127

0.45

-

0.32

0.08

0.08

0.24

—

024

0.16

-

—

0.16

5.28

0.39

-

0.08

7.01

* expressed as organises per 10 nf of surface water flowing through drift net
** located in block 304 treated with 17.5 g AIAia pernEthrin at 0647 to 0716 hrs on 6 June

198a

*** nuufcers extrapolated from subsample except Uiere actual count is indicated by "x".



'fable A-32
TrcnidErl.il Liwertetantes* cetlected frua ilrift nets ue( Ln Riviere llmk:

Kmonraskd QanL^i QbIbc

27 Iliy Lo IB June I'JWl

bofotfa or aftor ILntt -10 -10 -7 -f» -J5 -4 -A -4 -fl M** 'I*"1 +]lir *"a'r Hit *Wtt +12l«r
An ni ah hi ah 3M Ml 111 MS *** *** AM in m m

su-rac- ami of drift «i"." (i) 133 152 152 in IM uh Iffi KG 51 ™ 20 20 lo M SI 72( 138
flmmil VijlddU 0*54 O.V. 0L54 O.'.2 D.B n.(2 th.36 0.36 aT. (3.J& 0. A D.V' 0.36 0.3b 0.3h 0.SI ».

o.oa - ii.in - - - 0-21)

Qtllarfnta **J" - ~ "J*

I^H^nvt^ra - ".20 II. J 3

- 0^0 - 0.99 0.99

0.32

0,11

O.IKi

-

0.2*.

ail

0.15

0.10

-

-

0,08

0.I3H

"■5'

0.19

0.1(1

0.1(1

0.16

I

U'w O.?9 0,*

• 0.99 - - 0.21k - 0.13

o.iu - o^9 - 0.3* 0.14* - 0.B

0.^3 - 0,25 0.14 O.W 1.7? - 0,49 5.'i2 0.9? Klfl 2.% Uk& U-8 !?-(» 2.71

ao;

u«in-i-i^I as orffmlam pee I" m tif Bifffpca water Ciailng Ltim^i Ui ifL naE

loaitod In blw* W tnabed «iiii 17.5 e At/lui r^WEUtcln ai OftSS la O52H lir» on 6 Aim 19&J, and aftiln at 1430 ca 1500 lint...» L5 Mo 1^0
niniliiTH i>rtr;i|.»l«t-il f n™ rt.4u.iivl*' <.'Kcepl wtH;rt actual COOOt Is iMleMted by V



Table A-32 (concluded)

tylunttfi* ctiLlectcil trim drift in;ts set In KIvIltc Hinla

Kmrairoslui (Jjinty, CJulcc

11 Kiy to It) June L9M

AM HI AM m N\ m M ln m ]M Afl

f, 94 ,,(, l£4 lot n 7& H U 11 IS 13 l« Lh 24 34 ^ » ^

teadWirtaJ Ar;««ida 0.2 L U. I / - 0.2O - - 0.16 1,58 0.79 - - - JU2 0.11
f.,,1 mllllll [) || - - - - - 0.16 0.79 - - <>.79 - CIA2 - - "-13
iwmffi, 0.11 ----- 0.16 0.79 - Ll.79 0-U

Lbripten 0.11 - - 0.10 - n.ib u./y - - n.V,

0.7'.

„ - ii.if, - - 0.62 - 0-13 0.13

fOBOEftBSB 0.11

KonniiliLii"

0. lf>

ii. Lr.

0. l(>

II.Hj

_

11.16

(1.32

LSD

0.7'J

0.7^

B.79

-

_

O./9

-

0.79

-

-

-

- U.79 - 0^2 - - "-13

1 ■

8.71 Z.nf I.M *.W 0.B3 0.19

f..(X, 0.19 XO6 O^ft 1.58 4.W 12.6 3.16 n.00 0.79 17. V. MB 11.82 2.Vi 1.71 ^2 0.B3

* eiorCBaed na oi^pnion i>er HI if of Btfrfacs Kirer (UuU^ tiim^i *lrlEt net.
** [coated in bloc* Tin ttcBted vitl. 17.5 g Aijha poiBBthrtfl «i f>W to CBM ha on t Jbae I9S0, and ag^tn as 1VM) to tSOO lint en 15 .hue
*** rantora ndtsialflted f rm aiJ^.^iIe feXCCfK uhace actual cntut te Indicated l<y "x"'.



Table A-33

t:rrt-jtrliil ImcrU&Gatea* cnlleci<_il Frcra ilrlft note set lii RLvletto Nrata

I'll- ; ■ .: <J«ll1y, <(i'lt;r

25Hiy lo JH-luiv ['JRH

S.rEnce ««m of ,!rlft colm.. (i^ > IMS 189 IV. l« 163 K.I 2ff> Z<fS 205 4t 21 21 U 21 21 21 103 l'J> 19/ 1811 107
Qirrent \telocUy <»A»c) f.67 fo6j 0.55 0.55 S.58 O.tfl 0.71 0.73 U.73 0.73 0.73 <*./J o.n 0.73 D.73 0.73 0.71 ft.70 u.70 (U.^ o.7n

Iliyn before ur ,ifin first C1t -48 -Id -? -6-5-5-4 -4 +)ir ilhr H |ir »1ir Mb- 4r.*ir -+flir +71it 4|Cilf +1 H *2 »2
second anpllottlm AM IH «H W AM ill All ill *** **• *** ah n\ Art ih

- - EM% - 0.1IC. U.[ft - - 0.24 - - O+'i1} - - oJO OJ3I5

------ o.f)S - 0.10 - - Q.W 0.49 -----

- - - O,(tf, - - O.O-i ----- 0.49 - -

0,05 -_ _____ - 0./.9 - - - 0.22

_.,_____-.----.---■----- OJg

- - O.(fc - 0.05 - - 0.49 - O.',9 - - 0.1% -

l_1d_»_aro tun - 0.06 - O.Of. - O.JS - _____ ,,.CH
■ 11 _____. — -_ — — -■ — ------ — — (1 Urj« — U 17 —

Kittm" 0.69 "■<* "-2t> 0.12 all 0.1<J 1.31 0.3'J - 5.15 _ft.4 l.'.O 0.49 HI.- 3.111 4.31 1.47 GJBO O.JB
lljflii'iuipteni 0.-J3 ™ — I>—,4 IJ.IIK I'.Ui 11*03

■D,iaJ 0-79 0.11 OJ9 O^S 0.3/ O.« U-29 1.16 0A3 0JV9 ^J5 20.9 Mfi 2^1 0,'J7 lO.i 3.3" 4.W 1^7 1+39 0.37

* BKpre^Bra! .is nr^anfsna por 10 rf of surface wiiur HtNlng Uinm;li drift net

** liicat.tl ;i|>pm«iirnt<jry i kn donaCeeai (tan bl<«k 303 treated wldl 17.S g At^m penettirln it (MS3 in (H28 lira un & June I^Of', n«J sQ»ln aL C-Tk to

IMK) hra mi 13 Jlme IWO.

*** iiirrlior» extrainbited frra HiisMple except vhute ecttal cwni tn Indicated \iy "k".

tbiil Iftcd



Table A-33 (concluded)

inw-i liibtaus* cnllixled [m drill nets sl-I In Rlvtatfe Hull. 3lMWln.Mii**

23 Hiy Co l&Jtm nWf

atl-fld «-n Of drift MM (bF ) 120 116 l_ll 111 IB? KB 65 26 26 2b 11 11 38 « 3S V. ■ 39 99 107 90 8Z
flnrwil tt-tncHy (ra/seu) 0JJ5 I1.K2 (»Jt5 0.79 0.7_ 0T7!l 0M> f>M dM, (l.'i(» 0.55 9JS9 0i67 0/J 0A7 ft.fil 0.7B U.7n flJ6 CMifl O.SB

Hiyu l,f(iri; i>r ariL-r fimL or 13 +1 +A *^i (5 15 Hlir +_ir H-!ir *Sh_ +7lir tlllir 4]3_- ^13l^ -tl

secand fiimlicitlm AM IT1 Ali IM AH iH ***

qinBU-ptti- - - 0.15

PlBapau- - - fj.r>

ILinliiLcr.i —___-_

tlllir

0.2?

_

+1

in

_

_

+2

AM

_

-

+2

m

-

+3

AH

0.11
-

+3

M

-

-

1nir

h ichapura - o.ra - - - n. 10 -
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Table A-34 (concluded)
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