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ABSTRACT

A semi-operational application of 17.5 g Al/ha Permethrin to

a 640 ha forest block in northern Ontario demonstrated environmental

effects similar to those documented from previous studies of Che same

application rate, Noticeable increases in the number of drifting

organisms occurred in the treatment block and 2.1 km downstream over

a 24 hour period immediately after the spray, followed by a slight

reduction in bottom fauna at the downstream station. Yellow perch,

Perea flavescens (Mitchill), exposed to the application in wire cages

indicated no lethal effects and did not accumulate detectable amounts

of the pesticide. Aboreal and flying invertebrates were affected to

a moderate degree, demonstrating a 24 to 36 hour increase in knock

down. Ground dwelling invertebrates experienced a slight reduction

in activity immediately following the application, but returned to

normal within 14 days. No measurable effects were encountered in

small mammal populations.

Permethrin residues in water persisted for less than 96 hours

and attained peak concentrations of 147.0 ug/R in ponds and 2.5 ug/£

in streams, but accumulations and persistance of pesticide in bottom

sediment were negligible. Insecticide residues in foliage, soil, and

litter were more stable and remained at detectable concentrations to

the end of the 58-day sampling period.

RESUME

Une application semi-operationnelle de Permethrine a raison

de 17,5 g MA/ha dans une foret de 640 ha dans le nord de l'Ontario

a produit sur l'environnement des effets slmilaires a ceux deja releves

en experimentant la meme dose d'application. Des augmentations

numeriques remarquables quant a la migration des organismes se sont

produites dans ce bloc de traitement et en aval sur une distance de

2,1 km dans les 24 heures consecutives au traitment, suivies d'une

legere diminution de la basse faune dans la station en aval. Exposee

au traitement dans des cages moustiquaires, la Perche jaune (Peraa

ftavesaens [Mitchill]) n'a accuse aucun effet mortal et n'a pas

accuinule de quantites notables du pesticide. Les invertebres volants

et non boreaux etaient moderement affectes, en paraissant plus abattus

durant 24 a 36 heures. Les invertebres au sol ont accuse une legere

reduction d'activite immediateTnent apres le traitement, mais on

retrouve leur etat normal en 14 jours ou moins. On n'a observe aucun

effet notable chez les populations de petits mammiferes■

Des residus de Permethrine ont persiste dans 1'eau durant moins

de 96 heures et ont atteint des concentrations maximales de 147,0 yg/S.

dans les etangs et de 2,5 ug/£ dans les ruisseaux, mais les accumula

tions et la persistance du pesticide sur les fonds sedimenteux ont

ete negligeables. Par ailleurs ces memes concentrations dans le

feuillage, le sol et la litiere se sont averees plus stables et sont

demeurees decelables jusqu'a la fin de la periode d'echantillonnage

qui a dure 58 jours.
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INTRODUCTION

Experimental applications of the synthetic pyrethroid, Per-

methrin, at various dosage rates, have been implemented by the Forest

Pest Management Institute to evaluate its suitability as a forest pest

control product. Previous assessments have indicated that applications

of 17.5 g Al/ha may be the maximum level acceptable for large scale

operational use in important salnonid production areas because of

disturbances to aquatic invertebrate populations caused by higher

dosages. Double applications at this dosage have been shown to cause

greater impact than single applications in that the second treatment

further reduced populations to a point at which recovery of numbers

was considerably slower than after the impact caused by a single

application (Kingsbury and Kreutzweiser 1979, and in press). Since

these experiments involved applications to small areas and short

portions of streams, it was necessary to validate these findings by

conducting an environmental impact study of Permethrin applied to an

entire headwater stream watershed and surrounding forest block under

simulated operational conditions.

Further to previous contract arrangements, Chipman Inc. was

granted additional funding by the Department of Supply and Services

through the unsolicited proposal program for research into the effects

of a semi-operational application of 17.5 g Al/ha Permethrin. The

assessment of environmental impact and fate of insecticide residues in

terrestrial and aquatic ecosystems of a northern Ontario forest block

was conducted by the Environmental Impact Section of the Forest Pest

Management Institute in cooperation with Chipman Inc.

SITE DESCRIPTION

The semi-operational Permethrin application was conducted in

the boreal forest region of northern Ontario, in an area adjacent to

Highway 11, 61 km east of Longlac. The 640 ha treatment block consists

mainly of mature black spruce, Pioea mariana (Mill.), with occasional

areas of balsam fir, Abies balsamea (L.) Mill., tamarak, Lavix larioina
(DuRoi) K. Koch, trembling aspen, Popullis tverniCloid.es Michx., and balsam

poplar, Povulus balsamifera h., and peripheral sections of speckled

alder, Alnus rugosa Spreng., willow, Salix spp., white birch, Bstula

papyrifera Marsh., and choke cherry, Prunus vivQiv.ia.rxi L.

The headwater stream system within the treatment block is

unnamed and was designated as Shaft Creek for the purposes of this

study. The creek originates in the northcentral and north-eastern

areas of the block and flows in a south-westerly direction to the

confluence with Flynne Creek, approximately 2.5 km below the treatment

area (Fig. 1). Two tributary stations (East Tributary and West Trib

utary), and a mainstream station (Upstream) were established for

aquatic sampling in the treatment block. A second mainstream station

was located 2.1 km below the southern boundary of the treatment block
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Figure 1

Permethrin treatment block

Longlac, Ontario

1979



and was designated as Downstream. Approximately 0.4 km below the

confluence of Shaft Creek and Flynne Creek, a fifth stream station

was established for water analysis only. Two ponds (PI and P2) are

located at the extreme headwaters of Shaft Creek, in a cleared sec

tion maintained for access to the trans-Canada gas pipeline (Fig. 2),

and were used for certain aspects of biological and chemical sampling

..

_1
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Figure 2. Headwater pond, PI, Longlac, Ontario

The Shaft Creek drainage system passes through black spruce

lowland areas (Fig. 3) and is characterized by a slow velocity, silt,

detritus, muck and clay bottom type, and a frequent interspersion of

beaver ponds in the upper portions. The lower 800 m section (Fig. 4)

changes considerably with increased velocity, rock, gravel, and sand

bottom type, and an abundance of riffles. Table 1 outlines the phys

ical and descriptive features of each sampling section.

Three terrestrial sampling areas (Tl, T2, T3) established on

the periphery of the treatment block (Fig. 1) were located in sections
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Figure 3. Upper section of

Shaft Creek,

Longlac, Ontario

WM.
Figure 4. Lower section

of Shaft Creek,

Longlac, Ontario



Table 1

Sice description for aquatic saraplinR stations

Lonfllae, Ontnrio

1979

Station

Control

Shaft Creek

Downs L t uara

iijis t ream

Eaa t trlbiitury

Wast crilmEnry

PI

•2

1

2

3-

2-

1

50

5

App rax.

'..'■ .. l,i

5 m

IJ m

6 in

3 m

Ml

m x 75 m

m x 60 ra

Approx.

11 e p t li

10-30 cm

15-50 cm

50-150 cm

50-100 cm

50 cm

2 m

1 n

Flow

Description

medium to fast

current-frequent

riffles

fruquent riffles

S 1 OM

slou to moderate

slou to moderate

standing vater—

h small ouElet

Btri?.itn .s

standing water

1 small outlet

st ream

Ins t ream

Cove r

3Z-i alien lo;;3

3%-bouldurs,

fallen Iors

5 7. fallen lop.s,

tin ilc re lit banks

none available

lX-fallen logs

-

-

Shoreline

Cover

10-2IU ennopy

aliler flanked by

ulliow, spruce

2O-50X ennopv

.11dc: r flanked by

niA l »te Kp nice

0-5 X canopy

marsli RraBSas, alder

Gama r.ic Ji

canopy, nldur

fl.tnkud liy mature

nice

75-95% canopy

alder, mature spruce

u, poplar

, cattails

shrubs

li o t t a in

Type

sand, jrave!, small

rocku

fir.ivel, rocks, boulders

aaud, muck, detrlLus

clav, muck, detrlCua

, muck, dutrltus

muck, detritus

muck, deCrlti



6

of forest consisting of a relatively dense composition of mixed hard

woods and coniferous trees. A fourth area (T4) was located near the

centre of the block and is comprised almost entirely of mature black

spruce.

The untreated control area was located approximately 12 km

west of the treatment block and included a small stream flowing

through a section of mixed forest consisting of white spruce, P. glauoa

(Moench) Voss, black spruce, poplar, white birch, willow, and alder.

METHODS

Insecticide Application and Deposit

Permethrin*, at a concentration of 17.5 g Al/ha, was applied

to the treatment block from 0705 to 0900 hours on 24th of June, 1979.

The insecticide was mixed with insecticide diluent 585** and automate

"B" dye, and delivered at a rate of 1.46 2./ha from a Pawnee D aircraft

fitted with model AU 3000 Micronair atomizers.

Deposit was measured on double aluminum plates, one plate

covered with a 100 cm2 Kromekote paper card. The plates were placed
at approximately 15 m intervals on 10 to 30 cm stakes in the pond,

streams, along the banks, and in the terrestrial sampling areas.

Following the application, the deposit samplers were transported to

the laboratory for volumetric deposit analysis. The aluminum plates

were washed with 5 ml of toluene and the amount of dye in the result

ing solution was measured colourimetrically. Deposit on the Kromekote

cards was determined using a spot-counting system (Hurtig et al. 1953).

Insecticide Residue Analysis

Pre and post-spray samples of water, sediment, fish, coniferous

and deciduous foliage, soil, and forest litter were taken in the treat

ment and control areas to determine the levels and persistance of

Permethrin residues. All solid samples were collected, sealed in

plastic bags, and frozen until subsequent laboratory analysis was

possible. Water samples were extracted in the field and later analyzed

in the laboratory.

The pesticide residues were determined by the Technical Depart

ment of Chipman Inc. in Stoney Creek, Ontario. The methods used for

*Permethrin 507. oil concentrate, 500 g Al/2,, Chipman Inc.

**Gulf stove oil supplied by Ashland Chemicals



determination of Permethrin residues were similar to those described

by Kingsbury and Kreutzweiser (1979), although changes were made in

the procedures for residue analysis of whole fish, and are described

below.

A representative 25 g sample of whole fish was ground for 3

minutes in the presence of 150 ml 20/80, V/V, acetone/hexane, and 100 g

of granular anhydrous sodium sulphate. The ground fish was transferred

to a Buchner funnel and filtered through a No. 4 Whatman filter paper

into an Erlenmeyer flask by suction. The filtered material was re-

extracted a second time in the presence of 50 ml of extraction solvent

and filtered as above. The blender container was rinsed twice with

50 ml acetone/hexane and the resulting solution drawn through the

previously filtered material, this time to dryness. The extract was

placed in a round bottomed flask and evaporated to dryness, then

transferred quantitatively to a graduated centrifuge tube and made up

to 10.0 ml with hexane, from which a 1.0 ml portion was taken and

allowed to percolate into a florlsil column at the rate of 1 ml/min.

The column was washed with 30 ml of hexane and the eluate discarded.

The eluate collected from a further washing with 100 ml of a 50%

diethyl ether in hexane solution was reduced to 2.0 ml for analysis,

A 7.5 yil aliquot of this elute was injected into a gas chromatograph

and a measurement of the peak height at the retention time of Per

methrin was recorded. Calculation of Permethrin residue levels were

made using the following expressions:

Residue (ug/g) = PK(s) x M(P) x V(s)

PK(p) x I(s) x M(s)

where PK(s) = sample peak height in millimetres

PK(p) = reference standard peak height in millimetres

V(s) = solvent volume in sample solution in millimetres

M(p) = Permethrin weight injected in reference standard

in micrograms

l(s) = sample solution injection volume in millimetres

M(s) = weight of crop equivalent in sample solution in

grams

Water Quality and Stream Flow Analysis

Water quality parameters were measured in the streams and ponds

at pre- and post-spray intervals using a Hach model AL-36B portable

field test kit. Scream flow calculations were made using the following

formula:

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

= m3/sec stream flow



Measurements were taken with a metre stick and either a Teledyne Gurley

Mo. 625 Pygmy Current Meter or a Teledyne Gurley No. 665 Direct Reading

Current Metre.

Aquatic Biological Sampling

Drifting Organisms. Numbers of drifting invertebrates in the

study streams were monitored with the use

of drift nets before and after the spray application. The nets, meas

uring 0.47 x 0.32 m, were positioned in the streams to collect drifting

organisms from a column of water for a predetermined length of time.

The nets were placed such that a water column was sampled from the

surface to the stream bottom where possible, and from the surface to

the net bottom where water levels exceeded the height of the net

opening. The current velocity and the depth of the water at the net

opening were measured and recorded with each sample. The collected

organisms were picked from the samples and preserved in 30% methanol

to be counted and identified in the laboratory. The resulting numbers

were then quantified and expressed as organisms per cubic metre of

water using the following formula:

number of organisms collected

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

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

Drift samples were taken twice daily, morning and evening,

before and after the spray, and at more frequent intervals immediately

following the treatment.

Eenthic organisms. Because of the unsuitable bottom type,

water depth, and stream flow at the trib

utary and Upstream stations, bottom fauna populations were measured

quantitatively only at the Downstream and Control sites with the use

of 0.093 m2 Surber samplers (Surber 1936) and random rock collections.
The Surber samples were picked immediately and preserved in 30% meth

anol and subsequently counted, identified and tabulated as mean number

and standard deviation of four samples. Organisms collected from four

randomly chosen rocks (approximately 15 cm in diameter) at the stations

were used to supplement the bottom fauna population assessment. The

invertebrates were picked and documented in the same way as described

for Surber sampling.

Clay bricks were placed on the stream bottom at the tributary

and Upstream stations to provide artificial substrate for colonizing

invertebrates, and were collected at specific intervals before and

after the application.

Caged invertebrates. Three groups of aquatic insects were

exposed to the application in small sub

merged holding cages placed in the Upstream and Downstream stations



and Control. The cages consisted of 30 cm lengths of 10 cm diameter

ABS tubing, screened at both ends, and fitted with a removable top

section. Several small stones were laid in the tubes Co provide sub

strate for the invertebrates. Caddisfly larvae (Trichoptera), dragon

fly nymphs (Odonata: Anisoptera), and stonefly nymphs (Plecoptera)

were counted and separated into several cages. The cages were placed

in the streams in a position that allowed the water to flow through

them, and were periodically checked for insect mortality after the

Pennethrin application.

Caged fish. Wire cages containing yellow perch, Perca

flavesaens (Mitchell) 10 to 15 cm in length,

angled from a nearby lake were submerged at the Upstream, Downstream,

PI, and Control stations prior to the Permethrin application and left

for the duration of the post-spray sampling period. The cages were

periodically checked for indications of fish mortality, and several

specimens were collected from each location at specific post-spray

intervals for laboratory analysis of pesticide accumulation.

Terrestrial Biological Sampling

Aboreal and flying invertebrates. Terrestrial insect knock

down 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 10m of surface water flowing

through the net, calculated as follows:

number of organisms

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

x sample duration (sec) x 10

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

to collect and quantitatively assess the knockdown of non-target

aboreal and flying invertebrates. In the three peripheral sampling

areas of the treatment block (Tl, T2, T3), the samples (5 at each

location) were placed under coniferous or deciduous canopy foliage.

The organisms were collected each evening prior to and following the

Permethrin application, counted, identified and presented as the

number of organisms per sampler, either of knockdown from coniferous

foliage or of knockdown from deciduous foliage. A similar arrangement

of collections and assessment was made in the control area.

A series of sampling buckets were also placed in a fourth area

within the treatment block (TA), Fifteen samplers were set at 10 m

intervals on a randomly selected compass transect located near the

centre of the treated area. The invertebrates from these samplers

were collected each evening before and after the spray, and were
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counted, identified, and recorded as the number of organisms per sam

pler.

Ground dwelling invertebrates. The level of activity of ground

dwelling invertebrates in the

treatment and control areas was monitored prior to and at intervals

following the Permethrin application with the use of pitfall traps.

The traps consisted of plastic containers measuring 12 cm x 12 cm set

in the forest litter such that the edges of the containers were flush

with the surface of the litter. A small amount of a weak salt and

detergent solution was added to the traps to act as a killing agent

preventing escape of collected organisms. Ten traps were placed at

approximately 7 m intervals on an arbitrarily chosen trap-line in each

of three treated sample areas (Tl, T2, T3), and control. The containers

were emptied every evening of the sampling period, and the invertebrates

were preserved in 30% methanol for subsequent counting and identifica

tion.

Although the samples contained significant numbers of foliage-

inhabiting and^flying invertebrates as well as ground dwelling organisms,

only those included in the Araneida, Hymenoptera (Formicidae), Coleoptera,

and Phalangida invertebrate groups were selected for this study. Pre

vious Investigations by Hydorn (1979), Varty (1977), and Buckner et al.

(1974) have identified these particular taxa as potential indicators

of ground dwelling invertebrate activity and pesticide effects.

Small mammals. Small mammal populations were sampled over a

five day period in both the treated (T4) and

control areas before and after the application. One hundred snapback

kill traps were baited with a mixture of rolled oats and peanut butter,

and set at approximately 5 m intervals in both areas, prior to the

spray. A post-spray sample consisting of 300 traps in T4 and 200 traps

in control was taken 36 to 40 days after the application. All animals

were preserved in 10% formalin and returned to the laboratory for

identification, aging, sexing, and determination of breeding condition.

RESULTS

Insectiaide Deposit

The amount of insecticide deposited on or adjacent to the

stream stations within the treatment block varied from a colourmetric

analysis of 7.53 to 17,81% and a spot counting determination of 3.36

to 33.49% of deposition of the emitted spray. The percent spray

deposited on the headwater ponds was calculated as high as 83.49%, while

the terrestrial sampling areas received from 3.39 to 30.39%. The

highest droplet densities and largest droplet sizes occurred in the

relatively open areas of the ponds and Upstream station, and fewer
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numbers and smaller sizes of droplets reached the samplers at the

tributary stations. Complete deposit analysis results from the

treatment area are listed on Table 2. No Permethrin deposits were

found on sample cards placed in the control area.

Insecticide Residues

Insecticide residues in standing water peaked 1 to 6 hours

after the application at levels of 147 and 121 ug/Jl, and dissipated

to non-detectable amounts after 6 to 24 hours. Heasureable quantities

of pesticide were found in the treated streams immediately after the

spray and reached a level of 2.5 \ig/Z at the Upstream station 1 hour

post-spray. Other determinations of residues in the treated streams

ranged from 0.05 to 0.89 ug/£ and persisted for a maximum of 96 hours.

Permethrin residues appeared 2.1 km downstream from the treatment

block at 6 hours postspray, reached a peak of 0.18 ug/£ at 12 hours

and did not persist beyond 96 hours. Sampling at the Flynne Creek

station located 2.9 km downstream from the treatment area and below

the confluence with the treated stream, indicated only a trace (0.07 ug/S.)

of pesticide 12 hours after the application. No detectable amounts of

Permethrin were found in the control pond or stream throughout the

sampling period (Table 3),

Accumulations of insecticide in pond sediment were minimal

(0.005 to 0,008 ug/g) and persisted for less than 7 days. No Per

methrin residues were found in stream sediments (Table 4). Yellow

perch exposed to the application in wire cages set in ponds and

streams did not accumulate detectable amounts of insecticide during

the sampling period (Table 5).

Levels of Permethrin residues found in coniferous tree

foliage ranged from 0.04 to 0.30 ug/g and persisted at a concentra

tion of 0.05 Mg/g to the end of the sampling period (57 days post-

spray). Deciduous foliage also contained residue levels ranging

from 0.02 to 0.78 ug/g and retained a concentration of 0.02 Mg/g for

at least 57 days (Table 6).

The amounts of pesticide accumulated in exposed soil in the

treatment block were fairly consistent (0.04 to 0.07 ug/g) and

although the residues disappeared in one sample area after 14 days,

the level of Permethrin concentration remained stable in the other

sample area to the end of the 58 day sampling period (Table 7).

Forest litter from within the treatment block contained 0.04

to 0.21 Mg/g of Permethrin residue after the pesticide application,

and remained at a relatively high level (0.07 ug/g) at least 58 days

(Table 8).



Table 2

Deposit annlysls of 17.5 f, Al/lia I'crnethrln applied at

an emission rate of 1.46 I/Ha to treatment lilock

L o n p. 1 a c , Ontario

24 June 1979

Shaft Creek Eas t Tributary

LnsEream

Shore 1 ine

Uest Tributary

T n ii t r e a in

Slio ru 1 In 12

II|*i±s t [unin

Instream

Shoreline

Downstream

Ins t ream

Slio rellne

lluaduater 1'und I'1

I'2

Tiirius trial Samplinj; Area Tl

T2

T3

T4

Colour ii strie Analysis

I/li

0.11

0. 12

0.12

0.17

0. 16

0. 26

0

0

0.75

1.00

0.44

0. 20

0.20

0. 30

7. deposit

7.53

8.22

8.22

11. 64

10.96

17.81

0

0

51 .37

68.49

30.14

13.70

13.70

20.55

Spot Councli-ip

I/ha

0

0

0

0

0

0

1

1

0

0

0

0

.07

.08

.05

.115

.49

.40

0

0

.20

.22

.44

.12

.05

.19

I d

4

5

3

3

33

27

82

83

30

a

3

13

An-ilvais

eposlt

.12

.20

.36

.36 •*

.49

.12

0

0

. 26

.49

.39

. 13

. 3 9

. 14

Mean Density,

L"£iL!L2. per cm")

4.73

4.21

4.07

4.34

19.34

18. 19

68.02

59.58

5.55

1.02

a. 37

Mean Droplet

Diameter Deposited (ji)

66.3

69. 1

63.2

f>3 .6

HO. 4

79.1

82 . 7

79.0

H4 . 3

(10. 3

80.3

72.7



Table 3

Permethrin residues* found in ponds and streams

Lonj» 1 ac , Ontario

12 June to 1 July 1979

Sample

Period

Prespray

1/

1

3

6

12

Ik

48

96

168

! hr

hr

hr

hr

hr

hr

hr

hr

hr

pos tspray

postspray

post spray

pos tspray

postspray

poa tspray

postspray

pos tspray

pos tspray

Con trol

Pond

-

-

-

ND

-

ND

ND

ND

ND

PI

ND

-

147.0

-

ND

ND

ND

ND

ND

ND

P2

ND

-

iio.o

-

121.0

78.0

0.20

Nl)

ND

ND

Control

Stream

NT).

-

-

-

ND

-

ND

ND

HD

Shaft Cr.

East Trih.

0

0

0

0

Nn

13

ND

22

11

09 ■

ND

ND

ND

ND

Shaft Cr.

West Trih.

ND

0.41

o.io

0. 07

0.06

0.05

0.06

ND

0.10

ND

Shaft Cr.

Upstream

0

2

n

ND

06

.50

89

ND

ND

ND

ND

ND

ND

Shaft Cr.

Downs tream

ND

ND

ND

ND

0.05

0.18

ND

NT)

0 .05

ND

Flynn

Creek

-

-

-

H

ND "

ND

0.07

ND

ND

ND

ND

^expressed as u g / £

Limit of detection - 0.05 P

Ml) = No detectable quantity



Table 4

Permethrin residues* found in pond and stream sediment

Lonplac, Ontario

11 June to 20 August 1979

Sample Period

(nays)

I'respray

1/4 postspray

1 postspray

4 pos tspray

7 postspray

14 pos tspray

23 pos tspray

36 pos tspray

58 postspray

Control

Pond

N.D.

N.D.

-

N.n.

N.D.

1! . D .

-

n.n.

PI

N.n.

N.I).

N.D.

0.005

N.n.

N.D.

n.D.

N.n.

N.n.

P2

N-n.

N.n.

0.008

0. 007

n.n.

N.D.

N.n.

N.n.

N.D.

Control

S t r e a m

N.n.

N.n.

N.D.

-

N.n.

N.I).

-

N.D*

N.n.

Shaft Crk

F.ast Trib .

N.n.

N.D.

N.D.

N.D.

N.n.

N.n.

N.n.

N.D.

S. D.

Shaft Crk

Upstream

N.n .

N.D.

N.D.

N.I).

N.n.

N.n.

N.n.

N.D.

N.D.

i " '—T

Shaft Crk

Downstream

N.D.

N.D.

N.D .

N.D.

N.n.

N.n.

N.D.

N.D.

N.n.

^expressed as \igf I

Limit of detection 0.004 \if-/l

.N.D. = !Jo Detectable Quantity
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Table 5

Permethrin residues* found in caged fish

Longlac, Ontario

11 June to 30 July 1979

Sample Period

1

5

7

8

14

23

36

(Days)

Prespray

pos tspray

post spray

postspray

pos tspray

pos tspray

postspray

pos tspray

C an t r o 1

Pond

N.D.

N.D .

-

-

N.D.

N.D .

-

-

P

-

-

N.

-

N.

N,

-

-

1

D .

D.

D.

Cont

Stre

-

N.

-

-

N.

N .

-

N.

rol

am

D.

D.

D .

D.

Shaft Crk.

Ups tream

-

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

Shaft

Downs

-

N.

-

-

N.

N.

-

Crk

t ream

D .

D .

D.

*Expressed as pg/g

Limit of Detection 0.01 Ug/g

N.D. a No Detectable Quantity
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Table 6

PermeChrin residues found in coniferous and deciduous foliage

Longlac, Ontario

11 June to 20 August 1979 ■

Sample Period

(Days)

Prespray

1/4 pos tspray

1 postspray

4 postspray

7 pos tsp ray

14 postsp ray

23 pos tspray

36 pos tspray

5 7 pos tspray

Coniferous

Control

N.D.

N.D.

N.D.

-

N.D.

N.D.

-

N.D,

N.D.

Coni ferous

Treated

N.D.

0.06

0. 30

0. 30

0. 30

0.23

0.09

0.04

0.05

Deciduous

Control

N.D.

N.D.

N.D.

-

N.D.

N.D.

-

N.D.

N.D.

Decidous

Treated

N.D .

0. IS

'0.78

0.55

0.63

0.53

0. 37

0.22

0.02

*Expressed as Jig/g

Limit of Detection 0.01 Ug/g

N.D. = No Detectable Quantity
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Table 7

Permethrin residues found in soil

Longlac, Ontario

11 June to 20 August 1979

Sample

(Days

1/4

1

4

7

14

23

36

58

?res

pos

pos

pos

pos

pos

pos

pos

pos

Period

)

pray

tspray

tspray

tspray

tspray

tspray

tspray

tspray

tspray

Control

N.D

N.D.

N.D.

-

N.D .

N.D.

-

N.D.

N.D.

T2

N.D.

0.05

0.07

0.06

N.D.

0.04

N.D.

N.D.

0.05

T3

N ,D.

0.04

N.D.

0.04

N.D.

0.07

N.D.

N.D.

N.D.

*Expressed as Ug/g

Limit of Detection 0.004 up,/ r

N.D. = No Detectable Quantity
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Table 8

Permethrin residues found in forest litter

Longlac, Ontario

11 June to 20 August 1979

Sample Period

(Days)

Prespray

1/4 pos tspray

1 postspray

4 pos tspray

7 postspray

14 postspray

23 postspray

36 pos tspray

58 pos tspray

Control

N.D

M.D.

N.D.

-

N.D.

N.D.

-

N.D .

N.D.

T2

N.D.

0.05

0.10

0.09

0.19

0.04

0.12

0.15

0.07

T3

N.D.

0.11

0.13

0.06

0.21

0.19

0.12

0.04

0.07

*Expressed as Ug/g

Limit of Detection 0.004 yg/g

N.D. = No Detectable Quantity
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Water Quality and Stream Flow Analysis

Water quality parameters measured in the streams and ponds

are listed on Table 9. Levels of dissolved oxygen were generally

found to be suitable for supporting aquatic fauna, although during

periods of reduced water levels and increased temperatures, concentra

tions as low as A.O to 5.0 mg/i were present at some sample stations.

The pH values recorded ranged from 6.8 to 9.0 and reflected similarly

high readings for total alkalinity and hardness (68.4 to 256.5 mg/£

CaCO3).

Stream flow calculations were made only within an 8 day period

of the application date, and were found to be relatively stable

(Table 10). According to recorded field notes, the volume of discharge

at each station began to decline noticeably approximately 10 days

after the spray, and by the 23 day post-spray sampling date (17 July,

1979), had been reduced to an e.itent that the discharge was immeasurable

Thirty-six days after the application (30 July 1979), the streams had

returned to near norraa] summer, levels.

Aquatic Biological Sampling

Drifting organisms. Although no quantitative invertebrate

sampling was carried out in the treatment

ponds, observations of insect activity following the pesticide applica

tion were recorded. Numbers of distressed backswimmers (Hemiptera:

Notonectidae), water boatmen (Hemiptera:Corixidae), and water striders

(Hemiptera:Gerridae) appeared on the surface of the ponds shortly

after the application. A 3 hour post-spray visual check showed

several predacious diving beetles (Coleoptera:Dytiscidae) distressed

on the pond surfaces. Twenty-four hours after the spray, a number of

adult dragonflies (Odonata;Anisoptera) were found lying on the surface

of the ponds.

All three stream stations within the treatment block demonstrat

ed an increase in drifting organisms ranging from 2.3 to 13.7 times

greater than the pre-spray average, immediately following the applica

tion (Fig. 5). The number of drifting organisms had returned to pre-

spray levels within 6 hours.

West Tributary showed the greatest increase in drift of the

three treated stations, with a 1 hour post-spray peak 13-.7 times

higher than the pre-spray average. The greatest proportion of the

increased drift (28.2-79.9%) was comprised of stonefly (Plecoptera)

nymphs, which had been completely absent from the drift prior to the

Permethrin application. Caddisfly larvae (Trichoptera), predacious

diving beetle larvae and riffle beetle adults (Coleoptera:Elmidae)

also demonstrated noticeable, though less dramatic, increases in

drift. A complete compilation of the drift sampling results from West

Tributary is included in Appendix Table A-l.
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Table 9

Summary of water quality parameters

Longlac, On tario

20 June to 20 Ausust 1979

Sample

Station

Control

Shaft Creek

East Tributary

West Tributary

Ups tream

Downstream

PI

P2

1 7

20

2

7

17

30

20

14

2

17

30

14

2

17

30

14

2

17

30

20

2

7

17

30

20

14

2

30

14

2

30

te

9

June

July

July

July

July

Aug.

June

July

Julv

July

June

July

July

July

June

July

July

July

June

July

July

July

July

Aufc.

June

July

July

June

July

July

Temp

°C

10.

11.

13.

9.

13.

12.

12.

13.

13.

14.

8.

9.

8.

12.

11.

13.

14.

14.

_

12.

13.

13.

14.

15.

9 .

19 .

20.

14.

23.

18.

0

5

0

0

0

0

0

5

0

0

5

0

0

0

0

0

0

0

5

0

0

5

0

0

0

0

0

0

0

°2
mil

10.0

3.0

9 .0

9.0

8.0

9.0

10.0

9.0

4.0

8.0

9.0

9 .0

7.0

7.0

10. fl

9 .0

6.0

8.0

9.0

10.0

10.0

8.0

9.0

10.0

7.0

8.0

6.0

6.0

6.0

5.0

8

8

9

8

8

8

8

8

8

8

8

8

8

7

8

8

8

7

8

9

9

9

8

8

7

7

7

7

7

6

pB

. 5

.2

.0

.5

.0

.9

.2

.2

.0

.0

.0

.0

.5

.7

.5

. 2

.0

. 7

.5

.0

.0

.0

.3

. 7

.7

.7

.2

.5

. 8

.8

mg/Z CaCO3

153.9

188.1

222.3

256.5

-

205 .2

119.7

153.9

171.0

-

102.6

119.7

153.9

-

102.6

136.8

153.9

-

136 .8

153.9

171.0

222.3

-

119. 7

85.5

119.7

-

102. 6

136.8

-

Hardness

m?Jl CaC03

171.0

188.1

205.2

256.5

205.2

222.3

119.7

153.9

133. 1

153.9

102.6

136.8

158.9

171.0

119 .7

136 .8

171.0

153.9

171.0

171.0

153.0

205.2

153.9

136.8

68.4

119.7

136.8

119 .7

153.9

153.9
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Table 10

Summary of stream flow calculations

L o n £1a c, Ontario

20 June to 28 June 1979

Sample

Station

Da

(19

20

24

28

20

24

28

20

24

28

20

24

28

20

24

78

te

79)

June

June

June

June

June

June

June

June

June

June

June

June

June

June

June

Volume of discharge

(m /sec . )

Control

Shaft Creek

East Tributary

West Tributarv

Ups tream

Downs tream

0.03

0.04

0.04

0.04

0.04

0.03

0.02

0.02

0.07

0.05

0.03

0.13

0. 12

0.14
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The number of drifting organisms in East Tributary also

increased immediately after the pesticide application, but to a lesser

extent. The 3 hour post-spray peak attained a level 5.5 times higher

than the pre-spray average. Mayfly nymphs (Ephemeroptera:Heptageniidae

and Baetidae) were not present in the drift prior to the application

but appeared 1/2 to 6 hours after the spray and comprised 25.0 to

87.2% of the total number of drifting organisms. Chironoraid larvae

(Diptera:Chironomidae), also increased from a pre-spray average of

0.04/m3 to a 3 hour post-spray peak of 1.40/m3. Appendix Table A-2
outlines the drift sampling results in detail.

The number of drifting organisms at the Upstream stations

increased only slightly after the Permethrin application with a post-

spray peak reaching 2.3 times higher than the average pre-spray level.

Although the total number of organisms did not change substantially,

a noticeable increase was evident among several invertebrate groups

including water boatmen, water strlders, ripple bugs (Hemiptera:

Velliidae), and riffle beetles. More detailed results from drift

sampling at the Upstream station are summarised in Appendix Table A-3.

Twelve hours after the Permethrin application the number of

drifting organisms at Downstream station reached a level 110.3 times

higher than the pre-spray average (Fig. 6). The peak in drifting

invertebrates was comprised almost entirely of Baetid mayfly nymphs

(Ephemeroptera:Baetidae), which increased from a pre-spray average of

0.005 to 32.72/m3, and stonefly nymphs, which increased from 0.0O3 to
77.28/m3. Virtually all the mayfly and stonefly nymphs found in the
drift were in first or early instar stages of development. A return

to normal drift levels was documented 24 hours after the application

(Appendix Table A-4).

The number of organisms drifting at the control station

remained relatively stable throughout the duration of the sampling

period, with numbers ranging from 0.0 to 1.57 organisms/m3 (Appendix
Table A-5).

Benthic organisms. The composition of stream bed at the three

treatment stations was such that bottom

fauna assessment by Surber sampling and rock collection was not

possible. Bricks placed in the streams as artificial substrate

produced variable results and because of low numbers of organisms

colonizing the bricks, did not provide sufficient data to determine

a level of impact. The results from brick sampling are listed in

Appendix Tables A-6, A-7, and A-8.

Surber and rock samples were taken periodically at the Down

stream station and control to monitor bottom fauna populations.

Although total numbers were relatively few, Surber sampling at the

Downstream station indicated a reduction in bottom dwelling organisms
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following the Permethrin application (Fig. 7). Bottom fauna popula

tions remained low for at least 13 days, with a return to or above

pre-spray levels after 23 days. Chironomid larvae were reduced to

the greatest extent from a pre-spray average of 3.26 to a 13 day

post-spray average of 0.26/0.093m2. Populations at the control stream
remained relatively stable throughout most of the sampling period with

a definite trend of increasing numbers beginning approximately 10 days

after the pesticide application to the treatment block.

A second noticeable reduction in bottom fauna at the Downstream

station was evident from Surber sampling 33 days after the spray.

This reduction, however, reflected a similar decrease in bottom

dwelling organisms in the control stream. Complete Surber sampling

results are listed in Appendix Tables A-9 and A-10.

Results obtained from rock sampling at the Downstream station

also indicated a noticeable but less dramatic decrease in botton fauna

(Fig. 8). A general trend of decline began 3 days after the applica

tion and continued for 23 days despite a sharp increase in the number

of organisms at the control station beginning 8 days after the

pesticide application to the treatment block. A reduction in bottom

fauna similar to the decline indicated by Surber sampling 33 days

after the spray, was also evident from rock sampling in the Downstream

and control stations.

Although total numbers obtained from rock sampling results

indicated a gradual decline, specific numbers showed a sharp reduc

tion in the number of Chironomid larva colonizing the rocks. From a

prespray average of 61.8 organisms per four rocks, Chironomids were

reduced to a 23 day post-spray average of 11.1 per four rocks. Con

versely, the number of blackfly larvae colonizing the rocks increased

sharply after the pesticide application. Appendix Tables A-ll and

A-12 outline rock sampling results in detail.

Caged invertebrates. Caddisfly larvae, stonefly nymphs, and

dragonfly nymphs placed in cages at the

Upstream and Downstream stations were unaffected by the Permethrin

application. No mortalities occurred for at least 4 days after the

spray. A loss of certain organisms at the Downstream station 8 days

after the spray reflected similar mortalities at the control station

(Table 11).

Caged fish. Extensive electro-shocking and trap setting prior

to the spray produced no evidence of native fish

populations in the study streams. Several specimens of what were

apparently sticklebacks, Gasterosteidae, were observed in the treatment

streams on two occasions following the application but were not in

adequate numbers far sampling. Yellow perch exposed to the application

in wire cages at the Upstream and Downstream stations indicated no

lethal effects.
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Table 11

Results from cage invertebrates

exposed to Perme thr in* application

Longlac, Ontario

1979

Shaft Creek

Caddisfly

Dragon fly

Stonefly

Shaft Creek

Caddisfly

Dragonfly

Stonefly

Control

Caddisfly

Dragon fly

Stonefly

Ups tream

larvae

nymphs

nymphs

Downstream

larvae

nymphs

nymphs

larvae

nymphs

nymphs

Presp ray

22

1

4

13

7

S

15

4

6

4 Day

Post-spray

-

-

-

13

7

8

-

-

—

8 Day

Post-sprav

22

0

4

4

5

6

10

2

2

A17 . 5 g Al/ha Permethrin applied on 2 4 June 1979

"-" indicates results not recorded
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Terrestiral Biological Sampling

Aboreal and flying invertebrates. The Permethrin application

to the treatment block

resulted in only moderate increases of terrestrial invertebrates float

ing on the stream surfaces (Appendix Tables A-13, A-14, and A-15).

The number of drifting terrestrial organisms did not alter significantly

at West Tributary, but did substantially increase at East Tributary

and Upstream (Fig. 9). The increases consisted mainly of dipterans

and springtails (Collembola) at both stations, as well as fewer but

noticeable numbers of adult stoneflies, treehoppers (Horaoptera), and

spiders (Araneida) at West Tributary, persisting in some instances

up to 56 hours (Fig. 10).

Terrestrial invertebrate drift at the Downstream station

varied in magnitude both before and after the Permethrin application

(Fig. 11). However, noticeable increases in the number of drifting

adult dipterans occurred 6 hours after the spray, and in the number of

thrips (Thysanoptera) 12 hours after the application. Total drift

numbers had returned to minimal pre-spray levels within 36 hours.

Appendix Tables A-16 and A-17 specifically outline terrestrial

organisms caught in drift nets set in Shaft Creek Downstream and

Control.

An increase in terrestrial invertebrate knockdown occurred

to some extent in all treated sample areas immediately following the

pesticide application, and persisted for less than 36 hours (Fig. 12

and 13). In the 3 selected treatment areas (11, T2, T3), knockdown

from deciduous foliage tended to contain comparable numbers but greater

diversification of invertebrates than that from coniferous foliage.

This coincided with the pattern of knockdown composition found in the

Control plots. The sample transect in T4 area received an invertebrate

knockdown similar in content but smaller in magnitude than the other 3

treated plots.

Although the knockdown composition varied to some degree with

in the sample areas, the most commonly occurring organisms included

adult dipterans, hemipterans, and tree hoppers. Peak increases in

knockdown exceeded prespray averages by 2.81 to 6.38 times from decid

uous foliage, 5.38 to 11.49 times from coniferous foliage, and 5.54

times from the forest canopy on the sample transect. Complete terres

trial knockdown results are listed in Appendix Tables A-18 to A-26.

Ground dwelling invertebrates. Pitfall trapping in Tl, T2,

T3 and Control plots produced

a great number and diversity of ground and foliage dwelling inver

tebrates as well as flying insects (Appendix Tables A-27 to A-30) .

Sampling results from ground dwelling invertebrates selected

for this study are presented in Tables 12 and 13. Spiders comprised
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the major portion of the selected organisms, followed by ants

(Hymenoptera:Formicidae), beetles and harvestmen (Phalangida). Prior

to the Permethrin application, trends in the total number of these

organisms collected in the treatment and control blocks paralleled

each other closely, with a substantial drop in numbers evident 2 days

before the spray. During the sampling period 1 to 4 days after the

application, numbers in the treated areas declined or remained rel

atively low while those in the control block increased significantly

(Fig. 14, 15 and 16). Eleven to fourteen days following the applica

tion, the numbers in Tl, T2, and T3 areas reflected similar patterns

found in the control area and by 32 days post spray, had paralleled

or in two instances had greatly exceeded the number of organisms

collected from the control plot.

Small mammals. Very low small mammal populations were encoun

tered throughout the sampling period in both the treatment and control

areas. Single adult males of the masked shrew, Sorex cinereus Ken,

and meadow jumping mouse, Zapus hudsonius Zimmerman, an adult female

masked shrew in breeding condition, and a juvenile red-backed mole,

CZetfcpionomys gapperi Vigors, were the only animals trapped during

the pre-spray trap period on the treatment plot. No specimens were

trapped during the five day pre-spray trapping period on the control

plot (Table 14) .

A moderate increase in trap success occurred during the post-

spray trap period when a total of 18 small mammals were trapped on

the treatment plot and 24 in the control area. A substantial portion

of the sample trapped on the treated plot was recorded as young of

the year (50 percent on the treated plot, 13 percent on the untreated),

and all adult female animals from both areas were in breeding condi

tion.

DISCUSSION AND CONCLUSIONS

Insecticide Deposit

The calculated volumes of the pesticide formulation deposited

in the treatment area are comparable to measurements obtained from

operational aerial forest pesticide applications. The amount of

emitted spray formulation deposited on the sample units placed at

ground level generally reflects the extent of the overhead forest

canopy. The greatest droplet density and largest droplet sizes

occurred at the unobstructed headwater ponds while the tributary

stream stations, with a 60-95% canopy cover, received fewer numbers

and smaller droplet sizes.



3
8

oo

*
H
/
I
V

I
S
'
i
l

1

j
o
q
s
n
o



T
o
t
a
l

n
u
D
b
c
r

o
f

g
r
o
u
n
d

d
w
e
l
l
i
n
g

i
n
v
e
r
t
e
b
r
a
t
e
s

i
n

£
r

6
€



T
o
t
a
l

n
u
n
b
e
r
s

o
f

g
r
o
u
n
d

d
w
e
l
l
i
n
g

I
n
v
e
r
t
e
b
r
a
t
e
s

I
n

C
r
a
p
s

I
'
.
j
f

^
I
/
h
a

P
g
r
n
e
t
h
r
i
n



Fast-spray

t Ine rctia

Tahle L4

Sm.ill mammal j»n pu la C Ion census

Ln treatment* .-mil control areas

, On c.ir Lo

1579

'/. apu s liudsoii i ii r,

?i y 11 il li t a m y s c o a \> G r 1

T.ineas uc r la t us

1't; roRiysctis raaiilculatiin

tt<ip(,Luza|>uii Insignia

cotnls

*Trfiated

7

0

a

□

0

0

o

7

2

1

1

1 1

0

0

I)

5

0

1

0

1

a

it

i)

2

1

2

1

n

0

ft

0

4

0

0

0

0

0

n

n

ti

10

4

2

2

0

0

n

13

0

0

n

0

1

0

L

2

0

0

0

[}

s

2

14

Prp~spray

Sore x clue Tens

Clethrionnmys R/tppcri

Y.ilp il!\ Illlrl ■; ■' ii ! •-: ::

totals

TreatmenE

ma Ins

aub-

adult

0

0

0

0

ad til t

1

0

1

2

Cb>a1*s

alib"

adult

0

1

0

1

as! ults

treading

I

0

0

I

no t breed lnp,

0

0

0

D

to Lai 3

2

1

A

Hales

SMb-

adult

n

a

0

0

atlult

COCO1
Control

females

aSui t

0

0

0

nil ill t s

breeding

0

u

0

0

0

0

t el t Jl 1

0

f]

13

0

0

0

0

!)

1

0

1)

1

L

1

0

0

1

Ci

a

a

n

D

0

0

i

5

0

(1

2

L2

'.

17.5 r M/ha Permetl.rln From 07^5 to 0900 lius on 24 June 197*1



42

Insecticide Residues

Accumulations of pesticide in water reached significantly high

levels (147 ug/A in ponds and 2.5 ug/A in streams) but were relatively

unstable and had been, greatly reduced by 6 to 24 hours after the applica

tion and had completely disappeared within 96 hours. In every instance,

the concentration of residual insecticide found in the treated water

correlated to the calculated volume of deposit at that station.

Despite relatively high amounts of pesticide in the treated

water, adsorption and accumulation of Permethrin was minimal in pond

sediments and absent in stream sediments and fish. The physical

properties of the spray formulation substantiate this indication that

dispersion of the insecticide below the surface of the water is

limited, unless induced by mechanical means. The formulation has a

density of 0.88 g/ml (lighter than water) and is basically non water

soluble, and therefore, will form a surface film when brought in con

tact with still or slowly moving water. This significantly reduces

the likelihood of the pesticide being exposed to bottom sediment and

fish in the treated ponds and streams. In the lower portions of Shaft

Creek, where dispersion of the formulation throughout the water was

possible by imbuing action of riffles and fast water, residual Per

methrin concentrations had been reduced to an extent that accumulations

of detectable residues were not probable.

Kingsbury and Kreutzweiser (1979) reported substantial accumula

tions of Permethrin found in fish caught in Quebec streams treated with

17.5 g Al/ha dosages in 1978. As a result of further development of

procedures for measuring Permethrin residues in fish tissue, prior to

and during the 1979 program, the analytical chemists involved have

suggested that these previous values are unreliable because of such

factors as inconsistent and incomplete labelling, contamination from

handling and poor transporting facilities. As well, the method of

laboratory analysis, only then being developed, contained several

extra steps that may have contributed to the possibility of contamina

tion through increased handling of the samples. Before any residue

sampling or analysis was initiated in the 1979 program, these problems

were identified and eliminated.

Insecticide residue found in the terrestrial sampling areas

appeared to be much more stable than those in the aquatic systems.

Sampling of deciduous and coniferous foliage indicated a slightly

greater accumulation of pesticide by deciduous species, but concentra

tions were noticeably reduced in both types by the end of the 57 day

post-spray sampling period. Permethrin residues in soil and forest

litter were not excessive but remained fairly consistent for at least

58 days.
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Effects of Insecticide on Aquatic Invertebrates

Recorded observations of the headwater ponds indicated that

the Permethrin application resulted in noticeable levels of distress

and mortality to surface and littoral Invertebrates, and produced

effects similar to the impact on lentic organisms documented from

previous studies (Kingsbury and Kreutzweiser, 1979) .

The three stream stations within the treatment block demonstrat

ed appreciable increases in the number of drifting aquatic organisms

following the application. However, despite insecticide residues

in the water reaching levels as high as 2.5 pg/£, the extent of the

increases did not approach the order of magnitude of drift increases

documented from studies of the same application rate to coldwater

streams in Quebec. Kingsbury and Kreutzweiser (1979) reported total

aquatic invertebrate drift increases of from 130 to 1900 times higher

than the pre-spray level after an application of 17.5 g Al/ha Per

methrin to streams in Temiscouata Country, Quebec, while drift

increases In Shaft Creek at the treated stations did not exceed a

level 14 times greater than the pre-spray average. The comparatively

lesser impact to the treated Shaft Creek stations reflects the extreme

ly low levels of pre-spray drift and, the apparent unsuitability of

the stream type for supporting large populations of aquatic insects.

The Increased number of drifting organisms in the treatment

block is significant, however, in that certain organisms (Ephemeroptera;

Heptageniidae and Baetidae, Plecoptera nymphs) were not represented

in the pre-spray drift samples, but comprised the major portion of

the immediate post-spray drift increases. This indicates that although

the populations of these aquatic insects were relatively low, the

impact of the Permethrin application was such that most or possibly

all of the organisms in the groups may have been adversely affected.

A major increase in the number of drifting baited mayfly and

stonefly nymphs was documented at the Downstream station, 2.1 km

below the treatment block, 12 hours after the application. This

increase correlates to the peak insecticide residue level of 0.1B ug/t

found in the water at this station in the 12 hour post-spray sample

period. Because of the low numbers of drifting invertebrates in

the treatment block, and the poor quality of stream type above the

Downstream sampling area, it is apparent that the drifting organisms

collected at the station had originated from the lower portions of

the creek. This demonstrates that residual insecticide from the

upstream treated sections had retained concentrations toxic to

certain aquatic invertebrates for at least 2 km downstream. The

increased drift was comprised almost entirely of first- or early-

instar baetid mayfly and stonefly nymphs, while much larger caged

stoneflys, caddisflys, and dragonfly nymphs were unaffected. The

apparent differences in sensitivity to that specific level of pes

ticide concentration may be due to taxonomical differences or varia

tions In stages of development.
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A noticeable reduction in the bottom fauna populations at the

Downstream station substantiates the probability of residual pesticide

retaining toxic though greatly reduced, concentrations to that point.

Recovery was relatively quick, with a return to or above pre-spray

levels within 23 days after the application. A second reduction in

bottom fauna populations was evident 33 days post-spray, but reflected

a similar decrease in bottom dwelling organisms in the control stream

and was apparently the result of drastically reduced water levels.

Effects of Insecticide on Terrestrial Invertebrates

The increase in knockdown of aboreal and flying invertebrates

was similar in composition and duration to the terrestrial inver-

ebrate knockdown recorded from previous studies (Klngsbury and McLeod

1979; Kingsbury and Kreutzweiser 1979). The magnitude of the knock

down was comparatively low, and may have resulted from the weather

conditions at the time of the spray. Air temperatures during the

period of application reached a low of -2°C, limiting the degree of

insect activity and thus reducing the probability of contact with

the pesticide. The extent of invertebrate knockdown generally cor

related to the volume of insecticide deposited, with areas receiving

the highest deposit values demonstrating the greatest invertebrate

knockdown.

The activity of ground dwelling invertebrates varied consid

erably throughout the sampling period and appeared to be most affected

by prevailing weather conditions and natural reproductive cycles. A

significant reduction in activity in both treatment and control areas

two or three days before the application corresponded to the persist

ently wet weather occurring at that time. A second low level of

activity in both areas was recorded 11 to 14 days after the spray and

may have been the result of unusually hot and dry conditions over 10

consecutive presample days. The large increases in the numbers of

ground dwelling invertebrates found during the 32 to 36 day post-

spray sampling were comprised primarily of recently hatched spiders.

Numbers in the treatment block declined appreciably imme

diately following the application while those in the control area

showed trends of increase, but despite relatively stable Permethrin

residues in the forest litter, invertebrate activity had regained a

level comparable to the control area within 14 days after the spray.

Effects of Inseaticide on Fish

Virtually no native fish populations existed in the treat

ment block streams and therefore an assessment of impact of the

pesticide on indigenous fish species was not possible. Yellow perch

exposed to the application in wire cages did not demonstrate any

adverse or sub-lethal effects, and did not accumulate detectable

amounts of Permethrin.
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Effects of Inseati.oi.de on Small Mammals

Because of the low number of small mammals encountered during

the pre- and post-spray sampling periods, the possible effects of

Permethrin on the mammals were not clearly defined . However, results

from the limited sample showed a high degree of animal fecundity,

indicating that while populations were naturally low the small mammal

complex was healthy and unaffected by the experimental treatment of

Permethrin. These results coincide with those of a more extensive

study previously reported (Kingsbury and McLeod 1979) .

GENERAL CONCLUSIONS

Residue analysis results substantiate indications from the

1978 study that residual Permethrin exhibits a rapid rate of disappear

ance in standing and flowing water. Peak accumulations of pesticide

in Shaft Creek exceeded those of previous applications by 51.2 times

in ponds and 1.4 times in streams. Despite higher initial concentra

tions of Permethrin in the water, adsorption of the pesticide to

bottom sediment was minimal and attained a level 5.0 times lower

than the peak accumulation in pond sediment resulting from the 1978

applications. No detectable amounts of insecticide were found in

pond sediment from Larose Forest resampled 455 days after the double

application in 1978.

Yellow perch exposed to the application in the streams and

ponds did not accumulate detectable amounts of Permethrin. Because

of alterations made in sampling and analysing procedures, it is felt

that these results provide a more reliable indication of the actual

pesticide accumulation in fish than those previously reported

(Kingsbury and Kreutzweiser 1979) .

The persistence of Permethrin residues in foliage, soil, and

litter was considerably more stable than in aquatic substrate. Con

centrations of the insecticide reached levels similar to those found

in the 1978 studies, and remained at measurable quantities to the

end of the 58 day sampling period. Fifteen month post-spray samples

of coniferous foliage and soil collected from the double application

area of 1978 contained no detectable amounts of Permethrin.

The effects of the Permethrin application on aquatic organisms

were similar to those resulting from previous applications of the

same dosage (Kingsbury and Kreutzweiser 1979) . Although the pattern

of biological effects reflected those of previous studies, the mag

nitude of impact was greatly decreased because of the poor quality of

stream habitat. Heavily silted and muck bottom types, minimal stream

flow, a frequent interspersion of beaver dams, and the absence of

riffles produced conditions less than ideal for sustaining viable

populations of fish and invertebrates.
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The Permethrin application resulted in a noticeable increase

in the number of drifting organisms in the treatment block and 2.1 km

downstream over a 24 hour period, followed by a slight reduction in

bottom fauna at the Downstream station. Because of the nature of the

stream, it was evident that the increase in drifting organisms at the

Downstream station was due to toxic levels of residual Permethrin

adversely affecting the invertebrates at that point rather than

affected organisms drifting down from the treatment area.

Aboreal, flying, and ground dwelling invertebrates demonstrated

an immediate but brief impact following the pesticide application.

No measurable effects were encountered in small mammal populations.

Despite the short-comings of this study because of the poor

quality of stream system, it is apparent that the single application

of 17.5 g Al/ha Permethrin to an entire watershed on a semi-operational

basis did not introduce or compound hazards to aquatic fauna or persist

ence of the pesticide further to those documented from small-scale

experimental applications of the same dosage rate.
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EpIiOai'l-OptLTd

iluratpLtd

tt,i\ [;■! hi.ii- .,i!u! I :.

DyLlaiutihie lurvde

Hutturjija-u mJu] [9

DlptGTU

Tipuliilac tltm

Cluoboilduc 1 .([■-■..,■

Cullcldae larvae

Slmuliidju larvae

J urviit:

11UJJJJ1!

t JITVdlL

3jii vae

Chiron001 ill

!lulei Jau

Hl:iii 14.I J c! ii ■:

Nematodu

-0 a*OU 0B00 0900 1900 +1 +1 +2 H2 +3 +3 +4 Hh +22 +23

ila lira. hlu. tittf. lira. -4m pn am pm um pia an pa pn am

12.56 12.56 12.18 12.18 12.18 12.18 12.lft 7U.Wt 13,32 13.32 13,32 15.23 12.43 12.18 2.54

0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.34 0.21 0.21 0.21 0.3A 0.24 0.18 0,12

0.05

O.DB

a.oh

a.oa

o.oa

G.OB o.oa

o.oa

0.08

u.LJ;!. ■!.!-.

0.

a.

D.

09

OS

rr.

0

a

.!!■;

.OS

0.OH

0.06 O.OB 1.57

liyJ riicarinu

0.24

0.O4

OrOB 0.08 O.OQ 0.16 0.32 (l.;S H,)S. 0.00 0.00 O.Ofr 0-16 D.OB 1.57

ji orgunfBBia/m of fluu thnnigli drlJt iitft



Tuiili! A-6

|iuillc (iigunliims cpIIbCC^J from t.i :. . placed In

yiisfl C^e&k Ensit Tilliittnicy*

':■■■, 1-u. h UuUrlo

1? June tu 29 Junu ]'J79

Ill 3(.t 5i6 1 & 1 ]U S&6 162 3&4 iib It2

L7 Jnnu IS June 19 June 20 June 21 June 22 Junu 23 June 2k Junt; ?5 Juad 2& June 27 June ZU June 29 June

E|itii:iiiui [=["(. l. fa

ft

■■

10

1

28

1

1

3

1

1

1

jlimil i [iUie larvae 3

i ;. : . i ■ ■ .! i .l Iuiuhl 1 3

LiiiduuLlfU'ti larvue

pupie

TucuJ 2 1 6 11 13 JO

• treated with 17.3 S *I/I»fl

-it UB40 htd Cft W JlUH



Table A-7

Ai]uul1c uEgLmiiins- collucteJ from bciirt.a ]i] uctd lp

Shaft. Cr^ek Utat Tributary*

Luil£luC. Ontario

17 June t.i 29 Jane 1979

hrlct Tiunbcr 1 U 3£4 U ti 145 311 5£6 1 U It2 3fi4 5ifi Ii2 3l4

D«te 17 June IB June 19 June 20 June 21 June 22 June 23 June 24 June 25 Junu 26 June 27 June 2a June 29 Jum

1HI 1 ('.j.-tLJiL-T.::

!'li= copter*

rrichopwr. larvae

luirvuii

1 1 1
11X2 i

1

1

* t us,iLed witli ] i . ■: v. Al/tid I1. rmi'Llirin

at OB40 tint oti 2ft June



Tut)le A-fi

Aquatic ullectud fr.im bricks plactd lit

l>LM:*Ei*J canLtul 3Cream

Longluc, Oilt-atto

10 June tu 29 June

Brick number

Data

U2 1 i 2 162 3 & *i U4 1 t 2 3H 5th Ib2 lit

!" June 17 June 13 June 19 June 20 June Zl June 22 June 23 Jinn 2k June 22 June 26 June 27 Junu 18 June £9 June

Biiut Itlut:

Trlchnpiwci

Colcopcera

LlalJae

! li ! : I'!,.,, .i, ,it- 1UCVJ.U

pnpiMi

45

4

10



Table A-9

:nuiia |tu|iul ^tiiMij*-,

Sliaft Cteek dOMUttrMI

LanBlack IJt«c-*ri"

II June lu 20 August

Dale fi June 10 June 19 June 27 June Z July 7 July 1? July 27 July 20 Augufl

Pematttxlii applinatlon -16 -U -5 +3 +H 413 +23 + 33 +17

, ( || .nlijHnu 0j3 • 0j5
p,Lrw.roj» era ^Jjj^ ' 03 t fl 5 g 5 , 1Q 0J t os

OJ&naia AiUt,o|»cera 0.3 : 0.5 0.3 i O.5 0.3 ! 0.5

n^capiew 1-0 1 3.0 0.3 * 0.5 O.i • 1. l> Q.3 1 0.5 1,0 • l.fl

Trictmptcra larvuu 0.5 i 0.6 0,3 • 0.5 (1.3 i 0.5 0.5 1 I.U 0.5 1 O.fc 2.11 1 2.4

pupu 2.5 1 1.3 0.3 i 0.5 8-3 t fl.6

CoLeaptcru l)yt lucldui; udnl c -0.3 t if. 5
0.5 t 1.0

unl(t«e ndulc 0.3 i O.S

l.D i

SltDulllJjc laivnc 0.3 1 0.5 1.0 * 1.4 O.R - 1.5 0.3 I 0.5 0.3 t 0.5 0.3 i 0.5 0.5 i 1.0

papjn 0.3 • O.S 0.3 * ti.5

CliironDtnidu.; lurvct- 2.0 i 4.0 3.5 1 4.1 4.3 t Z.6 0.3 1 0.5 0.5 1 1.0 3.5 * 1.1 0.5 r 0.6 I.H * 2.1

juipau 0.5 1 1.0 1.5 i 1.9 0.3 I 0.5 0.3 ± 0.5 0.3 • 0.5

0.B 1 1.5 0.3 1 0.5

O.tl ± i,& 1.1 r 2.5 0.3 i U.i 1.3 t 1.9

0.5 i 1.0 0.3 I Q.5

O.fl i 1.5 0.5 i 1.0

Gastropoda 0.3 1 0.5 0.3 t 0.5 0-8 * Ufl

ArdchniJn llyjrucarlna 0.5 t 0.6 0.3 1 0.5

Total 4.(1 1 5.4 10.3 1 13.? B.a - 3.9 1.3 l 1.9 1 .a t 0.5 3.8 t 1.9 13.a J 6.] 1.& ± 0.5 V.5 i A.I

"i j'.i;ii;.',j '.jH.-i ;,.l In Tuur 0.093 a1

** i..iL-.it<-i 2.1 kza di.urmi i L'iiin fron treatment

fired (treated WU|) J7.5 g Al/tia

EYrnkctlirlu from 0705 to (J'JIIQ hrfl on

24 .Iuilu 1&79).



Tali It: A-10

BbrtU!^ . .-il. ]■.,..,■.,I I,:'.■.',

uiiCTtactd control liLr-tain

.9 June to 20 August 197y

Oaya hufaiu uc

Aruchrti rlii

Tutala

B Juae 10 June 19 Jtinc; 27 Juni? 2 July 7 July 16 July 27 July 20 August

-16 -U -5 +3 +U +13 +22 433 +57

RplitinerBptcra

PlLJLi>|iLi:l'a

Trlthupctrj

Qilcapttr*

111 pl_i:ra

OlLLTEidliauta

Biiet 1 Jfle

Dyt iscIJiie

EltuJilje

'J'lpul liluc

Culicldae

SIniullidae

CLiroiLOfflfdist

HeleJdiflc

Tabimldae

! . ,i Itllil :.'

larvae.

ji-' :;i ,.■

larvae

larvae

lervai?

larviiu

larvae.

pupae

liirva-;

[JUptiU

larvau

larvae

larvae

larvae

1.1 t

1.0 t

0.3 ±

2.5 1

0.3 i

0.5 I

0.3 £.

O.S ±

1.3

2.0

0.5

5.0

0.5

i.O

0.5

0,6

4.5

0.5

O.B

0.3

o.a

0.3

±

i

t

±

t

i.

0.

I.

0.5

1,

0.

5

5

O.B i

0.8 i

0.5 ±

0.5 1

0.3 i

1.5

1.0

1.0

1.0

0.5

2.5 t

1.0 t

0.3 i

0.3 i

0.3 •

1.5 i

0.5 ;

2.6

0.6

0.5

0.5

1.3

0,6

1.0 *

0.3 i

0.5 ±

0.3 i

o.a ±

0.3 1

D.a

(1.5

1.0

2.0

0.5

0.5

2.0

1.0

1.3

2.5

O.B

8.0

1 .0

0.8

2.3

1

1

1

1

■L

*

1

2.7

1.2

1.5

2.5

1.5

6.El

1.4

1.5

2.1

2. a

1.0

5.3

0.3

6.5

1.0

0.5

0.3

O.fi

t

1

1

t

±

t

±

X

x

1

3.1

2,5

O.ft

9.e

0.5

4.8

1.4

1.0

0.5

0.5

2.0 i

1.0 ±

1.0 ±

4.B i

0.3 1

0.5 i

•

0.3 ±

2.4

1.2

2.0

4.1

0,5

0.6

0.5

a.a

1.3

12,0

0.5

0.3

2.8

0.5

(1.3

17.0

0.3

0.5

0.3

0.5

t 6.4

• 2.5

± 5-!l

i 1 .0

1 0.5

1 2.4

1 0.6

i 0.5

± 14.5

i D.5

i O.I.

i 0.5

1 O.G

0.3 i 0.!)

0.5 i 1.0 0.3 i 0.5 n.3 1 (1.5 O.S ± O.b

7.0 i 5.3 7.0 I 6.7 3.0 ± 3.2 B.5 i 3.9 3.5 i 4.0 20.0 ± 12.3 22.B i 12.? 9.S ± U.J V..B I 38.B

Surb-er

find utanriard ii-_■ ^l

lltCLejS In i . ■,;: 0.

unw uf



TdMe A-ll

Aqua-Llc inveirLebraxea* cpllecte-d f(Gm roe Us

taken [rum Shaft Creek Dutfiiatl'ttiWi StUClnn**
Lonj.liic, Out aria

fl June ta 20 August 1579

Qate 8 June 10 June 19 June 27 June 2 July 7 July 17 July 27 July 20 Au^uut

Dayu liefare or after

P^BftthFta application -16 «M -5 +3 + H +13 +23 +33 +57

l[- tao-rtlidue — — ~ — " — " ~ l'° * 1-'1
eie™™1""™ KtJL ' - - - °-5 * °-6 a-5* i-° °-B x 1-°

lBrva« 0.3 1 0.5 - — — 0-3 * 0-5 O.S 1 1.0 3.5 i 2.6 L.O J 1.4 7-0 1 4.2
pupae fl.3 t 0.5 0.5 i a.6 1-6 * 2.9 0.5 • K0 — — i.S t Ui 0.3 1 0,5 1.6 1 1.5

ElmlJae l«ry^ 0.3: 0.5 - ■ - 0.3 i 0.5 -;

Sin.uliidBa Ifltv.n; 2.1) 1 1.4 0.3 t 0.5 6.5 111.7 55.3ifll.5 24.5 S 43. B 13.8 1 26.2 4.3 1 4.0 2.0 i 4.0
pUpHe - - — 0.3 t 0.5 — - 0.3 10.5 - -

Chi ronayaditH luvvze 04.0 ± 20. B 53.5 172.5 47.Bt30.5 2.3 t 1.7 16.0 • 7.5 IB.5 112.9 7.a*10.6 5.5 t 5.6 24,1)119.2
pupae — 1.3 i 1.0 n.G t 3.7 0.3 i 0.5 0.5 ± O.& 0.3 i H.5 — — 0.5 1 O.6

______ — — O.3 I O.5

0.3 = 0.5

racarIna - - 0.3 i 0.5 - 0.3 1 0.5 - 0.3 1 0.5 0,5- 1.0

86.fl ± 20.5 55.5 1 73.3 69.3 * 27.7 53.5 t 81,5 41.3 ± 46.4 34.3 ± 26.4 iS.fl i 14.2 9.a - B,9 34^B 1 17.1

* Kaan nuitin;ra and utaiiduid dovlaclortji of

orguTiluiB-i collt-ettd from four cocks

upi>rci](Jni3Ci;ly 15 cm in dlainucur.

(j'LllL'd^lt UL".I

Total

I.uir.iltJ 2.1 km dohntetrCim from crcaLmcnt

acca (tceatud with 17.5 & Al/ha Ponochr

liom D7O5 ta Q'JDO tira on 24 June 1979).



Tub]o .1-12

c tc JnvcrLcbruLi'u* sal Itetui] Fruiu ruuVu

rum [.lit: untTMtsd control :.i.:e

B June to if)

Bute & J«W 10 June 19 June 27 June 2 July 1 July 1£> July 2? July 20

Dayn Uuforu of jkfttr

RMwebvIn epiillcatlon -10 -14 -5 +3 +B H13 +22 +33 4^7

nyptaBKniijJB 8.a i o.s
BatclJae 0.3 1 0.5 4.3 i 5.2 0.5 I 1.0 0.3 i 0.5 0.3 1 0,5 1-3 t 1.3 1J I US 1.1 1 l-f

Plecoytcrn 0.3 ± 0.5 2.0 i 2.2 fl.3 1 0.5 0.3 r 0.5 0,5 t I).6

HevLpeer.il nyupk 0.3 i 0.5

Trlclnjpt*r« Utvae 0.5 I 0,6 0.3 1 0.5 0.3 I 0.5 0-5 1 1.0 0.3 1 0.5 1.0 t X.', 7.a i fi.l 35.3 1 11.1

pupae 14.0 1 16.6 14.6 X 24.4 5.0 1 10.0 3,5 t 7.0 0.5 i 0.6 2.3 : 4.5 1.8 i 2.9 38.3 ± 23.4

SiaullldjG Iprvat 1.3 t US 1.0 t 1.4 0.3 1 0.5 1.8 1 2.2 0.3 I 0.5 0.3 I 0.5
ChiiroiioHil<l.ie larvae 1.0 i 1.4 U.B ( n,5 i.j . 1,0 2.3 ± 1.5 5.S 1 6.9 28.fl 1 22.4 67.B 1 42.7 24.3 i 19.0 13.5 1 11.0

pupae 0.5 t 0.6 0.5 1 0.6 0.5 i 1.0 0.5 1 1.0

UelsidiH larvae 0.3 i 0.5 1,3 1 2.5

Eapidldaa Inrvue 0.3 1 0.5 0.3 S 0.5

rupnc 0.3 ± 0-5

0.3 1 O.S

0.3 ± 0.5 0.3 t 0.5

rtiaclmltla llydiucurlnu 1.0 ± 1.2 0.3 1 0.5 (1.3 i 0.5

Tutfil 17.5 1 It.7 2[).3 1 23.7 8.1 • 9.7 7.S i H.S 7.^ - 7.5 38.5 t 23.S 70.0 i 43.2 3£..fl ± 12.7 69JJ * 24,7

" I1 ■■ n- .'.I.11 \, anil :• il.'ii.1 d^ulai icinu

uf orRfinliiiim cullcctfJ frofn Four rocku

U|ipr-nxliuati!ly 15 Lin In ttliMietur.



Tiiblu /-13

,, i ;.-.■. . i .1' .,;■>■ is1,! ,1 -.' ,.,:■/!.! In drift nuta net £n

SliafL Cr^ek V.iuit Tributary StucJou**

I.onglaL", GnLnrto

16 Juae tfl 2B June 1979

beforu or after -8 -fi -7 -7 -6 -6 -5 -i -4 -4 -1 -3 -2 -2 -l ~l

lEIWlo uppiitacJon am [>n> an [>n mn ]>n did pn an ]>io utn pn ittr- pm am |m

Mat maa nJ drift culuimi *i:-.- > 306 1H9 102 162 135 162 162 135 126 I l!i HI 91 SS 2J6

U.03 0.1)5 0.06 0.07 fl,35 O.tS 0.OH O.l^ O.d9 0,13 D.19

0.03 0.05 0.0b 0.00 0,07 0.00 0.25 0.15 0.08 0.15 0.49 0.12 0.19 0.00 —

d Pa atBimijSina/lOin* o-t Ht

fluulng tliroujih drift nut

*• rreated utlli 17,5 g

-ii OS40 turn uii 24 June 197?



A-13 (cunt'dl

Temistrial h>: c..ii! i.:;. ■-« „■-; s-=,! i L In drift ,./La sec

Sliatt C»ek East TrlLtitary LJtoLion**

Ijjnglac, Ontario

16 June ta 2E June

Daya bufoce ar after -Q HO +lj +1 +2 +3 46 +12 +1 *J +2 12 +3 +3 Hi

PilruuLliCln Ai-p] IC£"tlon ara 1>r Itr lir lir lir lir hr am pm am pm am pm am

Surface area at drift column (m-) 90 90 90 90 50 90 y0 90 169 139 133 135 US 135 1J5 108

Ortlioplera 0.11

FWopteui 0-11

lioniijitt ca 0.11

Dlptera &.I1 0.22 0.22 (1.11 0.11 0.11 0.22 0.11 0.11 0.05 U.44 0.15 O.0? 0.07 n.n?

Toial 0.11 0.33 0.22 0.11 0.11 0.1L 0.13 0.22 0.11 0.05 0,-44 0.15 0.07 0.07 0.07 0.00

exprnsuet! as organisms/10ir of utrcam

flouring through drift net

** trusted with 17.5 r Al/ha Pcrmuthrin

at Ofi^l) few on 24 Jujia



■■■!;■-:.;.:[;'! '-■■:-: -\.l: ■■„' cjugtit In drift nets set In

Shaft Ccuek Heat Tributary

LonjLac, Ontario

16 June to 28 June 1979

before or after -H -IS -7 -7 -6 -0 -!i -5 -4 -4

thrln application am pin Qm pa uia fun am pa am ppt

ici: area uf drift culuaii (ia2) 1B3 24 3 207 J06 16Z 162 1^6 204 I.1'- 90 "<■• 117 81 279 135

-3

an

-3

w»

-2

mo

-2 -1

aa

-1

|.i.

II..:, ■]ii.ur j 0.03

0,01 0.11

5 tapliyliiiJdaii

Ocliur

PIpteia 0.04 0.05 0.03 0.05 0.16 0.35 0t17

Aro-ctinlda

AtaneiJa 0.05 0.11

Total 0.05 Q.OB 0.05 0.(lC 0.00 0.0a O.lfi 0,00 0.16 0.11 0.35 0.17 0.00 0,00 0.00 n,00

" exprcaeeJ as organlsms/lOa of :i\i:\r

quiFuuc flawing through drift net

** trtnted ultli 17.5 g AI/h.a I'lfnaechrin

ut Ofi'.O 1ird <iti 2!. Juiie 1979





Table A-1S

Terrestrial ar&auiimia* BSUgbC in iltlEt nuts ant in

Sliafc GlEMl! !!,.!.l ; I.-..m Station**

Lun^luc, Ontario

16 Junu to 23 June 1979

l!aye before or after -B -B -1 -7 -& -6 -5 -5 -4 -4 -3 -3 -2 -2 -1 -1

tlcn an pm an ;■■:. uia pm Jim ;.:. a la pa bib [tin am pa am |im

Sucfeoe area at drift tolunui (olZ) 1B9 1B3 21b 162 135 243 2L& J41 243 24i 243 216 126 2l6 189 2l6

ColJtmbola 0.07 0.0B 0.14 0.21 Q.12 O.OB

Tliysanuptera

a 0.05

jUdrtptKi-u larvae 0.04

sengpt«ta 0-04

Stspliyllnldee 0-04 O.OA

QCttctr 0.05 0.05

0.1J 0.16 0.14 0.06 0.52 0.0S 0.14 0.12 0.21 0.16 0.25 0.19 0.0ft 0.14 O*1S

ArendiJo 0.5S 0.04 0.19

Total 0.16 0.74 0.19 0.06 0,59 0.24 0.33 Q.-55 0.21 0.2S 0,33 0,19 O\0& 0. J3 0.00 0,19

* <?xprei;a>;d flH organioins/lOni' of aiream

surface flculiji clirougli Jrift not

** twutd with 17.5 e Al/hii

uL OS50 lira on 24 I Lint



TaMu A-15 (cantrd>

TttrrtBcrfal organisms* cuiiglit In drifc nats net la

Slifift Craak Ur-jcrcasi Station**

Lungl.ac. Ontario

16 June co 23 June 1979

■

Days before or after -0 -K) +Jj II +2 +3. +6 +12 +1 +L +2 +2 +3 +3 +4 +4

i ■■ i. ■,..; Li'! ii ,.|i[il 't.iL iu:: am hr lir lir Lr tic hr hr Ha pm uln ;•:., aci |im am [>m

Surface arc-a of drift cnlumii (m^) 1B9 126 63 63 63 12 216 144 216 216 333 243 3^6 279 i?$ 243

QT21 0.16 1.75 0,63 0.38 0.09 2.10 0.16 0.03

0.07

TliyiJiinopcari) 0.05

Beaiptec* 0.07

D.16 0.16 0.Q9 0.03

Culauptcra

GtapKyLlcilJaK 0.05

OLjier 0,05

IMptSTB 0.58 0.48 0.4U 0.4B 1.43 0.14 0.42 0.49 0.2S 0.09 0.66 0.21 0.59 0.26 0.11 0.12

Arachnidu

Aranftidfl 0.4B 0.03 0.37 0.04

Total 1.05 0.64 0.4a 2.21 2 ,70 0.42 0.51 0.63 0.31 0.09 2.31 0.74 0.65 0.30 0.15 0.12

mirtaut fluvlng tliroujili flrlft net

** trofltiiJ ulcli 17.5 p AI/ha

flt ri',v> luu Oil 24 Jmici



A-16

i l': :i.s.( l-!.; ! ;k-/j.m J.;,, .■.-'■ l.^i.'Il! In drift nets net in

Shuft Creek. !■...■■!:.[ ;>..■ Station**

Loii£ lac , On c aria

16 June to 2fi June 1979

Dilytf befufc Or ofttr

Suifjcit artu of Jtlft column (.a?)

Cull nitlmla

I'lccoritera

llomoptera

iy 1 Inl

[Itptu-ra

."..'-::■-;[■],:

Aranuliia

TnCal

lurvae

-6

pa

-7

na

-6

an

-6

put

-5

am

-5

I'-1

-4

pn

-3 -3

pn

-2

an

-2

pen

-1

an

-1

pn

-0

urn

45D 3DQ 450 450 240 250 222 1B6 222 ]8S 20; 20^ 204 186 222 222

0.05

a. 02

Q.05

o.os

0.05

0.05

<!.'■■■

0.23

0.05

0.27 0.23 Q.51 0.22 0,21 D.2H 0.27 1.08 3,24 0.70 1.42 1.52 0.10 1.77 0.09 0.95 O.td

0.05

0.05 0,05 0.05

0.2? 0.23 0.53 0.22 0.21 0.29 0.11 1.13 3.29 0.70 1.72 1.57 0.1D L.7J 0.14 1.3! 0.16

* expressed 0a organliiiiut/lOiik"" of stream

surfuce flowing clirough drift net

** 2.1 km JowiiHCrtcin froia treatment nrett

(creactJ uIlIi 17.5 R Al/iia Ptnnectirin

ut (1705 ro U50Q lira on 21 June 1979)



A-!6 (contM)

l fil ■■! ,'.-iii !:..■' .,:■!.■!: In drift nulu act in

.■i..ii- ChiIc i1 -■■.-"! -I £ ■. j:.. U ,:«.(■ ii'-

LonjiliiC, Ontario

Hi Juna ro 28 June 1979

before or ufLi_-r

PtlB«tlil 111

40 11 +2 +3 44 +6 412 +1

hr lir hi hr lir hr »

SurFac« area of drift coluaii (c~) 136 ]Sli IB6 ltHi I8t 166

+1

162

ColJemboJa

UiiinlpCuru

i'i. I ;.L I.' [ .!

Slapi.y Lli

OtlLer

lufVue

U.Ui 0.27 Q.Ub

0.05

+ 2 42 +3 +3

ja v-b aw pa

0.05

0.12

ill pa

333 ?7a

0.05

0.05

0.16 0.05 0.04

o.tw

0.05 0.11 D.lt 0,1! O.JIB 0.3B 2.ii2 0.59 l.UB 0.25 0.11 0.27 0.58 0.70 O.IM 0.07

AcEichn Idii

To rj I

■ .'i

0.10 0,11 0.21 0,16 0.3B 0,5i 2.79 4.27 1 .DB 0.31 0.11 0.32 0.85 0.94 I).1)1 0,11

of i[

drift net

** 2.1 Lu [liruttut rt:tua fcua trcatnent am

rccsaCBd uitU 17.5 g AlAiu PeoMthrin
at 0705 lo O'JOO lira on 34 June J Q79>



Table A-17

Terrene r I ill urKuitlurnw* c.iggln In drift ru-'ta &t;t In

I'm ; ■ ..[ i .( .-..■:el:>! ::i.i--|,ii

lun^lai?, Ontario

16 Anus ra 2H Junt 1979

before or dfc«r -a -B -7 -1 -6 -6 -5 -5 -4 -k -3 -3 -2 -2

1Ji?riLi?l11r 11. li\.]A ii'.t l 1 Ji:! aa ]... lib i.:r. .■:.. |"— an j'"j im pua an pm jq p>i

Swfaea area 01 drift uiIumi («^) 219 162 270 270 160 ISO 216 216 216 189 DM 216 243 306

ColI Bubal a

Plucopt^ra Q.Q5

TLytiJiiHjjitcra 0.06

B«a[pran 0.04

![Linui|>L<dra 0.04 0.05

TrIchopLara 0.06

ttra lurvne

tera 0.07 0.07 0.06 0.14 0.04 0.03

5t-ipliy tin 1 Jzc

Other larvae

adulta 0.06 0.07 0.05

U.36 0.12 0.63 0.U 0.39 0.44 0.&3 0.1*1 0.3? O.fii 0.09 0.37 0.04 0.10

ArjcIiiiIJit

teaoaU-i u.i)4

Total 0.44 0.13 0.74 0.25 0.39 0.62 0. &B 0.32 0.32 0.90 0.69 0.42 O.Ofl Ih 11

" t!)t|irc>tt!ii!c| as ureunlams/lOin.' of

..;;... i l ; .-l_i■ :iL--_ ~.\... Ll.i ■,>ir-!.

drift ii&t



TuhJc A-17 (cDttt'd)

L't^iiil^aa* Cau^M In Jilft nrtd ACL lft

I1 i . i !.-.,! •. -: Control Station

UjiiuIjic, Onl;ir 111

lit June tu Hi Junu 1979

application

Surfjci; oreo of drift column

-1 -1 -0 40 +1 +2 +13 +1 +1 +3 +2 +3 +3

an poi an 1iC lit lir lie un pm aft I'm am pb.

«.,

!■.. i'-. 162 162 1S9 13'J 161> 21b 2*6

O.Ub 0.12 0.05

L !.■-:. ■ i s ■ ;-■ 7 i ■ r ■.

L«1>1 Jcnittro

(J.OC

0.03

clog

0,06 U.D5

Siafihyi Initial

OtUcr

od^hl C

At'UnclJa

0.06

0,12 0.25 0.12

0.06

0.56 1,00 0.25 0,23 0.16

0.01)

0.26 1X19

0.O5

Total — — 0.1B 0.31 0.50 O.0U O.?4 1.JO 0.35 0.32 0.21 0.00 0.3S 0.00

.:-!.■,,-.! Jib ■,: . ..;ii . ..' S i - of

net



Tubl« A-18

Terri;tf.[rl.il iuvuctcljcate fciiticWdnun*

Croa ci>ni.(t:ruuN (ullage In Tl arta",

Longlac, Ontario

7 Juan to 6 July 1979

tcfore or after _* „ _J _fi +&

1.0

0.5 !.» 0.5 0-5

0.5

ff.S

0.5 0,5 0.5 0,5 0.5

0.5

Other

11 ymi-[LtJ 1111± ra

OthK

0.5

0.5

0.5

0.5

1.0 0,5

0.5

0.5

0.5 0.5

0,5 1.0

1.5 1.0 0.5 0.5 0,5

0.5 0.5 O.5

0.5 O.i

1-0 3.52.0 J.O D.5

0.5

0.5

0.5

0.5

0.5

0.5

0.50-5

2.0 0.0 2.1) 2.0 Z.O 1.0 0.0 0.0 0.0 l.U 1.5 3,5 0.5 5.5 3.5 1.0 0.5 1.5 1.0 0.5 1.5 0.5 1.5 0,5 0.0 0.0 0.5 1.5

-:.p-- -_.■ .! aa in i-.iii [■.!. ■- per -.:>:■■

*L U710 hra an 21 June 1979



Turii'Mi lil inVOXtStHEBtie fcnuckduwii*

)!■;, ■*■■■■■ :■!>. -j.. foliage In Tl nteaJl,

l.an&Lac, Ontario

7 Juno to 8 July 1979

-*

Total

0.33

1 t li !i :;.i ■ . ■

D 11! 11! IJ

CliI njiiumtJ.ii;

HiOEldM

■;. .1 !,!,,.■

Other

formicidan

Other

0.6J

0.3]

0.33

1.00

3.30

2.00

Q.33 0.33 0.33 0.13

0.31

D.3J

u. jj

0.13

0+11

1.33 1.00 1.00 0.31

0.33 0.31

0.67 1.00 Q.33

0.67

1.33 CJ.fe7 0.33 0.33 0.33

0.6?

0.t,7 0.33

0.33 (1.67

0.33 0.33

0.33

CL&7 0,33 0.33

0.67 0.67

1.13

0.53

2.33 1.00 3.00 1.C0 1.33

0.67 0.33(1.67

0.13

0.13

U.3H 0.33

0.33

0.67

0.67 0.67

fl.3J

U.

0.33

0.13

0.33

0.13

Q.3J

0.07

0,67 D.33 0.33 0.33

II.Tl 0.33

ft.00 0.00 0.67 7.€7 2.61 1,31 2.DO O.OO O.OO 1.33 3.30 1.47 6.00 6.67 0.67 2.33 0.00 1.33 0.67 0.33 1.33 11.67 1.67 0.67 0.00 Q.33 1.00 1,00

* (iKpreneed u» OrgJulgms pec a

•* treated with 17.5 & At/ho Piim

Jit OHO tire on 24 Junt 1979



Tablu A-2()

ii (littiLid folli^u in T2

Ijb-n n 1 DC, Ont aflfl

7 Juna to a J"l

before or lifter

tn appllcaclon

At jlIiii 11.1.1

■■!■:.-.

mli;] Hi

lij L

Cl

Ik

Cl) 1 to

-17 -16 -15 -14 -13 -B -7 -& -S

2.0

,.■,!.■'■.': ldrvau

Cli liomiDiilat

SLliirldiJe

Othit

-3 -2 -1 0

U.5 0.5 1.0

1.0

L.O

0.5

o.s

0.5

+2 13

0.5 1.0

0.5 (1.5

0.5

+5 +fr +7

0.5

0.5

0.5 0.5 1.5 0.5 4.5 0.5 1.0 1.5 0.5

0.5

0.5

+11 +12 +1J

O.S

0.5

nthur 0,5 0,5 0.5

Tuiul 0.0 0.0 3.0 1.5 1.0 - 0.0 0.5 0.0 0.5 1),5 1,S 2.0 10,0 1.0 1.5 2.0 0.5 - 0.5 1.0 0.5 0.0 0.5 0.5 0.0 0.0 0.0

as

** truntt-d uiLh 17,5 g AI/1ia ^tirret-

at 0835 hru on 2< June 1979



Table A-21

Turrutitriul J i..- i. 1.1 .:t.- !.!.-;■■:!..!, ■_■.,'

,i ■-■!■!;! ■, tollugt! In T2 uri-J**,

LonyJue, Ontario

7 JuiW to S July 1975

^Jll£On -1? -16 "n -1' "13 "8 "7 "6 ^ "* ~'A "3 -1 ° +l +" « * *5 +6 +7 ^ « +1Q ^1! +12 +]3 +]S
Amcbalili

i'li^lui^l.Id ' 0.67 0.1] 0.33
Aruiitldj 0.13 0.13 0.33 Q.bi Q.bi 0.33 1.00 0, S3 0.33 0.33 0.33

Col li'mliolu 0.33

IbWlpttini 1.00 0.33

t(<iniii|ilii|-ti

CiteopldAS O.-67

Clcadalll&ie u.33 0.33 0.33 o, 31

Cult'OpiL-ra

Cui-^lilJjc 0.J3 0.33 0.33

Blat*rMtt u.33

dduiLu i.i j) 0.33

]arvac 0.33

larvae 0.33 0.53 0.13

Clilruiiamidnc 0.33 0.67

SimaltUat 0.67

SiMairidutr 0,33 ]_.uo 0,fc7 0.33

Phorldan 0.33
(!ii;Jl 1. j.l.ii- 0.33

Wh« 1.0Q 1.33 1.33 0.33 O+3i3 0.67 O.fi? 3.67 l.flQ O.il 2.67 0.67 0.67 0.13 0.3.3

anopten

PaCRlcUatl 0.33 0.33 D.G7 0,67 0.67

Otbiti 0.33 0.33 0.33 fl.33 0.33 1.00 1.33 0.33 0.33

1

-al i.33 n.^O ?.00 ?.33 2.67 1.33 i.33 1.00 0.l>0 1.33 0.33 2.67 1.33 9.67 1.33 3.00 2.67 0.67 0.33 2.00 0.67 1.33 1.60 O.HU 0.00 0.33 0.00 1.00

** tcaat«d with 17.5 g Al/lm Purm-ttirtu

Bt 0835 Itru un 24 Juni 1979



Table A-22

Ttrrusit rial Invertebrate knockdo-un*

from cnul f eroiia till luge In TJ arta**,

l.cini;]nc, Ontario

1 June to 8 July 1$79

or after

In
-17 -16 -15 -14 -13 -fl -7 -fi -5 -2 -1 0 +1 42 -il

0.5

J Jh.l;

1.5 0.5

c:iiii..|iu.iu

I'.i 1 1 i-s l.i : 1 ,1

BnLdopEatra

StjiphyUd

l-ljiLtcldua

■aJulCa 0.5

lurvue

D.J

0.5

1.0 0.5

0.5

0.5.

I). 5

0.5

O.5

0.5

0.5

'..5

0.5

0,5 0.5 1.0 0.5

0.5

0.5

49 tlO +11 +12 +13

0.5

1.0

Q.I

0.5

0.5

0.5

0.5 0.5

a.5 0.5

0.5

Oilier

TuLul 1.0 0.0 3.5 1.0 0.5 0.5 0,5 0.0 0.0 0.0 0.5 0.5 0.5 3.5 1.5 1.5 0.0

0.5

0.5

1.0 0.5 1.0 St.S 0.5 1.0 0.5 0.5 i.O

* exiitL-MiitiJ fia organisms per

•■ treated with 17.3 k klfba P

at QVQQ tira en 2A June 1979



Daya before

AraclmJila

Acurl

AtailUlJa

FilplopaJa

;!:■! ''. _■:. ;.■.!..

application

0.33

-15

0.

(3.

33

.(=7

-

Q

a

.67

.67

-n -a

0.33

0.33

i'.il.li A-2 3

tAEruStrlal invei'tubrJte knoekiJfiwii*

from iu ;■ 11, 'i. :,., '.:' \ I,' r •.: Ill T3 uree**,

Longlac, uu; ,i; i it

", June to H July 1979

-4 -3 -2 -1 0 +L +2 « +4 +5 +6 +7 +8 H9 -HO +11 +12 +13 +1^

0.33 0.33

0.33

0.33

0.33 0.33 0.33 0.33 1.00 0.3!

Unidentified 0.33

Culdupcero

Car^biJ^e 0.3J 0.33 (O3 0.67 0.33 0.33 0.67 0.G7

EtUftridM 0.33 0.67

Other 0.J3

I.qilJupCttJ Idt-Vie 0.33 0, 33

Ttpulida*- 0.33

tliiiOiiL-miJat 0.3^

■;l: .:i (i.!j; 0.67 0.33 D.33 0.33 1.67

flflker 1.67 0.33 0.33 0.33 0.67 0.33 0.33 0.33 0,33

Hymenuptera

Pomtddae 0.33 0.33 0.&7

Othur 0.33 0.33 0.33

rocul 0.6J 0.00 1*33 3.00 1.33 1.67 0.67 0.00 0.33 J.67 1.00 D.67 0.00 2.t7 0.33 0.67 0.0Q 0.33 — L.OO 1.00 2.33 1.0ft 0.00 2.00 0.00 0.67 8,3:3

* eitpr^yaeJ as DrgiinlHiLa per aamplL-r

** CreatiL-J u±Ui 17.5 r Al/lia PjL-riDisIhrln

at 0900 lira ui) 24 iuilfl



Table A-24

Ttrrest rival inutrembrace knockduwn*

from ffirtat canopy in T4 iirt-ja**,

! ,i:ii-,J .1.: , Ontario

J June- La H July 1979

]T« b«E-«te or a^Lut ^? _lfi ^ _^ _J3 _fl _? _fi _& _^ _3 _^ __j 0 +J +; +3 _,4 +5 ^ +7 +& H<j +10 +11 +12 +13

ramLlirLii ji>|'1 Icatlon

schnida

PlialartglJa 0.07

Acarl 0.07 0,07 0.07 0.07 0.07 0.07 0.13

AraneUa 0.07 0.33 U.07 0.13 0.27 0.07 0.27 0.07 0.27 D,07 0,07 0r20 0,07 0,07 0.07

Llopoda 0.07

lluuJiolu 0.13 0.07

nlj)tera 0.07 0.13 0.07 0.07 0.20 0.07

Othee 0.07 0.07 0.27 0-D7 0.07 0.07 0.07 0.20 0.07

L^uiilerj

Cuiabidat 0.07

0.07

0.07 0,07 0.07

Otliet 0.07

mciLjlepidoptrrd 0.07 0.07

Unltlenctiied larvae 0.07

Colicidae 0.07

diJranuiuIJjn! 0.07 0.07 0.07

Other 0.07 0.0V

Hyawopcera

Uthai

Total 0.53 0.S7 0.13 0.-10 0.00 0.73 — 0.33 0.20 0.47 0.40 O.SJ 0.33 2.27 O.OO 0.27 0.33 0.20 0.07 0.33 0.20 0.53 1.67 1.17 1.67 0.13 1.17 0.13

* cxprcascJ as urganlsua per sampler

** treutKd with 17.5 g .M f\xa l'i:cm«tlirin

at 0Q40 liro an 24 June l'j7'J

0.

u.

20

03

0

0

.07

.0}

0

U

u

.07

.07

.13

0.07

0.07

0.13

0.07

0.13

0.0?

0.13

0.13

0.07

0,13

0.117

0.

0.

13

20

0.07

0.13

0.13

0.07

0.60

0.20

0.13 0

0

.07

.07

0.0?

0.07

0.07

0.07

0.07

B.13

0.07

0.13

0.07

0.

0.

0.

07

0?

07

0.07

0.13

0.07

0.13

0.07

0.13

0.20

(J

D

D

,07

.07

0

0

.07

-07



TahU A-S5

Turtiisirlal Jui^-n^-benFe kn-jQl-'J'ivi

•■::■-■ ■->■■■.■ c >■■ . '■.ll.s'. Jn .:■!:■ i .',■;.■ i -::■., ,

[.uiigluc , Oncurio

7 June to 3 July 18 79

"7 "* "2 HI MA

0.J5 0.25 0.25 0.25

0.25

025

0 25

0.25 0.25

i i .1 I.Li,' _ _,

ji.ililiyliiii.1mj

ldri/ae

0.35

q ^

0 25

Poycbodtdw

Pharldaa

o.as

o.:

0.25

U-25 0.25 0.25 0.25

A.25

0.25 0,23 0.25

lud ddulta

larvae

TuNl1

0.50

0

0 25

L25

0,25

0,25

0-00 "■*» 0" 0-50 0.00 0.00 0.0D 0.75 0.25 0.00 0.25 0.75 0.75 0.5U 0.35 O.JO 0,!5 0,S0 — 1.50 1.0D n.OO 0.2i Q.OQ B.SS 0.50 0.35 0.75

. . Lir.-. i.



TnUu A-26

TcrruuLriul iiiver Unbrace: Icnockdovp*

from deciJoiius foliage In untreated control flmu,

7 June to 6 July 1979

fure or after ._ ,»,,,,.-

tiail ~17 -1& "** "u "13 "7 -fi -5 ^ "3 "2 -1 ° +l +2 +3 +il « +6 +7 +s +« *»o *» +1= +13 «4

Aroiitidfl O.P 0r&Q 0.1? 0.17 Q.I 7 0.13 0.17 0.17 0.17 0.17

DljiIdpuJii 0.17

OdooAca o. 17

IIi-mljiLuiji

CIcuJl'I 1 lijaa 0.17

Oilier 0.17

CiiJ vu^lcra

Curubldje 0.17 0.17 0.17 (J.l? 0.17 0.17

SL^pliylJnldaa 0.33

Other

LopUaptara

Unidentified larvae 0.53 0.17 0.17 O.fil 1,00 0.17 0.17

BlptBH

Tlpulidoft 0.17 0.17

Cullcidsc 0.17 O.LJ

SIiiiulHdjic 0.3] 0.17

SslarUae 0.50 0,50 0.17 0.17 0.50 0.17 O.i?
I'll-ii iii.u- 0.33

Dlf«" O.]7 0.17 D.33 0.17 Q.17 0.17

llyuL-finptera

t'oi-iiicldau n.33 0.17 0.17 0.17 0 17

OlileP 0.33 0.17 0.50 0.33

Tt)tjI °-i7 °-*0 1,W C83 1.17 0.33 0.17 0.00 0.33 0.00 0.S3 0.50 0.67 1.17 1.33 0.17 0.5O — 0.83 1,13 O,B3 1.50 0.17 0.50 0.33 0.33 1.31

* cKprehdL'd an organisms pur

0.1

0.

/

17

0.

0.

17

33

0 .33

0.

0.

17

17

0,

D,

1/

17 0. 17

0

LJ

.50

.17



ToMe k-'n

l arBintsinj caught In

pltf.ll] crapa eec !n Tl area*.

tungliid. Onearlo

7 June to 30 July

Htmuccida

Ciist ropoda

Acacfmlila

ViinlaiifjlJu

Cull^mbola

OJunuLa

Acrid lrti

DUier

;i-:, 1 ;■!-.■:■-

Ocker

Total

1

93

S

94

n

9 10

2

47 27

1 1

1 7

e l

2 1

1

3 4

1 1

27 31

1

June

20 21 22 1

1

b

58

1

3

14

1

L2

63

21 "434

2

21 20 10

1

26

3

25 26 27 2B

July

6 26 27 29 30

17 32 9

3(3 21 32

M 3 j

13

I

7 50

fl 322

1 13 21

HI

1

1

1

12 12

15 13

1 1

32

33

16

il

115

38

1

103

167

1

6a

96

1

106

H

7

59

1

56

2

6

10

22

19

2

lit

4

1

S

1

13

21

2

10

1

21

3

28

S3

4

32

J

1

19

13

7

11

7 13

5

at, 27

34 23

US IBtl 131 91 133 52 65 527 144 75 fll HI 44B 53 119 130 251 411 239 45R 21H 230

* treated: ultk 17.5 g Al/liu I'citneLhrln

jic 0710 hm on 24 June 1979



TaUlii A-28

Tnj-teaCrlJiJ orEPilpof caught In

pitfall traps eat In T2 area*,

l.ii.i.1!.:. , OnCutio

7 June to 30 July

Date
9 10 20 21 22 23 24 25 26 27

July

8 26 27 2B 29 30

Caa; s , ;i■-..!,-

Arachnids

!/!i = i .;-,;■ ill,.

Acari

1 11 1 117

51 40 1 655246559A3

28 8D 23 7 19 3 32 12 13 13 22 30 IB 15 !2 33 14

1 12 k <4

& 1H fl 14

SQ 23

1

2 4 1

Acrid Uijc

Other

Tliyauuojvieru

llemlptcirti

Cic-udtllldtie

Dthas

12

nldai:

Klaturidae

Unidentified

Qthur

Hecciptera

Tr Jell tip euro

Dlpttpp

Formic Uuti

larvat

adulta

udultt

lurvjii: 1

11

19

1

1

27

22

1

26

13

3

2

2

1

27

11

3

1

1

20

t!

4

2

2

1

11

2

9

a

3

1

21

11

4

23

4

1

1

1

& IS

3 10

2

1

16

17

14

7

2

3;

i

7

4

2

27

15

3

1

23

Id

3

2

1

64

18

4

2

50

IS

4

1

2

43 9

9 17

2

Tot.il 70 153 74 17 90 155 ') 56 4B 61 55 45 64 frJ 50 65 96 64 156 113 105 50

* treated wltli 17.5 g Al/lia rer

at 0935 l,t-i. an 24 June 1979



Tun:ublrlnl organisms cauglit In

l>lt!all ir.i|io set In T1 mttm.*,

I ,ii.j:!..., Unturln

7 JUme to 10 July 1979

Date

CuHCrupoda

Araciinlilj

riidlangiJu

Aeari

Collegia

Orlltupterii

Acilillilue

Hctpter.1

liuD u|i Li CJ

I.'. . i i.iii! -L-

ClcmlirlLldiLc

Other

Coleapten

i..! i ..!■ :-.,i:-

S tupLyl In L duo

ElacvrlJiu

UfilJunctf iud .jJiil i i.

UBidcnclf;ic4 larv-e

TrtchnHsxi

7

1

44

3

2

1

6

!

a

l

l

36

2

I

6

2

3

1

1

9

2

46

1

I

7

3

1

10

1

4

15

6

1

]

20

7

S

43

1

6

3

2

21

1

a

12

1

2

2

2

2

Inn

22

1

2

e

23

2

6

12

1

1

1

24

2
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